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Introduction The aim of this study was to compare the long-term oncological results of patients with

the diagnosis of prostate cancer who underwent open radical retropubic prostatectomy (RRP) and subse-
quent adjuvant (ART) or salvage radiotherapy (SRT).

Material and methods A total of 145 patients underwent open RRP for prostate cancer and subsequent

ART or SRT postoperatively between 2010 and 2019. ART (n = 56) is defined as the group of patients with
prostate-specific antigen (PSA) <0.2 ng/mL or with positive lymph nodes without PSA increase who re-
ceived radiotherapy within the first 6 months of urinary continence. SRT (n = 89) is defined as the group
of patients with PSA >0.2 ng/mL who received RT before PSA amounted to 0.5 ng/mL.

Results Statistically no significant difference was found between groups in terms of age, prostate volume,
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INTRODUCTION

Biochemical or radiological recurrence is detected
in about a quarter of patients undergoing radical
retropubic prostatectomy (RRP) [1]. Biochemical
recurrence or radiological progression is more like-
ly, especially in patients with high serum prostate-
specific antigen (PSA) or locally advanced pathology
or adverse pathological features. Surgical treatment
alone does not provide adequate oncological control
in these patients in the long term, which requires
multimodal treatments, including radiotherapy
(RT) [2-6]. The current European guideline specifies
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final pathology Gleason scores, lymphadenectomy, duration of androgen deprivation therapy (ADT),

time to relapse after radiotherapy, development of biochemical recurrence and disease progression.
Extraprostatic extension, seminal vesicle invasion and surgical margin positivity were significantly higher
in the ART group. No difference was found between the groups in terms of biochemical recurrence-free
survival, while cancer-specific survival and overall survival rates were significantly higher in the SRT group.
Conclusions It was found that cancer-specific and overall survival was better in the SRT group. It will

be more appropriate to follow-up until the recurrence and then to perform SRT after the relapse in the

the path to be followed in patients with an increased
risk of local recurrence, negative lymph node in-
volvement and PSA <0.1 ng/mL in two options. One
of them is to perform adjuvant radiotherapy (ART)
within the first six months postoperatively, in which
the patients have urinary continence while the oth-
er option is to perform a close biological and clini-
cal follow-up and then salvage radiotherapy (SRT)
before the PSA value exceeds 0.5 ng/mL. Similarly,
the guideline recommends androgen deprivation
therapy (ADT) or ADT additional RT or follow-up
protocol in patients with positive lymph node in-
volvement [7].
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Prospective randomized studies support the role of
ART in reducing the risk of biochemical recurrence
[3]. However, the fact that the patients who were
administered the follow-up protocol, no recurrence
was observed more than 40% of the patients in the
10-year follow-up and the long and short-term side
effects of RT, the negative effects of RT on patient
comfort and treatment costs restricted the adoption
of ART [4, 8, 9, 10]. A study evaluating the National
Cancer Data Base records on this subject is also sup-
portive. According to the study, it has been found that
postoperative ART has decreased from 9.1% to 7.3%
in recent years [11]. In this regard, the radiothera-
py option performed in the presence of biochemical
recurrence after the priority follow-up has become
the mainly preferred treatment protocol despite
the absence of randomized studies [12].

The absence of prospective randomized studies com-
paring both methods in the current literature does
not provide a clear consensus about which method is
more appropriate in these patients. In this respect,
we aimed to compare the long-term oncological re-
sults of patients with the diagnosis of prostate can-
cer who underwent open RRP and subsequent adju-
vant or salvage radiotherapy.

MATERIAL AND METHODS
Patient selection

One hundred forty-five patients who underwent
open RRP for prostate cancer in our clinic between
2010 and 2019, and then underwent adjuvant or
salvage RT were included in our study. The demo-
graphic, clinical and pathological features of the pa-
tients were evaluated retrospectively. ART has been
defined as the group of patients with PSA level below
0.2 ng/mL or who had positive lymph node involve-
ment without increased PSA level and received RT
as soon as possible within the first 6 months of uri-
nary continence. SRT is defined as the patient group
with PSA value above 0.2 ng/mL and receiving RT
before reaching 0.5 ng/mL. Patients who had meta-
static disease or underwent preoperative hormono-
therapy or RT were excluded from the study.

Radiation therapy

Radiation treatment was administered to the pros-
tate bed, seminal vesicle bed and if necessary the pel-
vic lymph nodes area. All patients were treated with
linear accelerators with high-energy photon beams
(10-16 MV). Three-dimensional conformal RT using
individual blocks or multileaf collimation, or intensi-
ty-modulated RT with different techniques was used

as an alternative. Delineation of the clinical target
volume was made on computed tomography (CT) im-
ages and included the pelvic lymph nodes area and
the prostatic and seminal vesicle bed. Clinical and
pathological findings, pre-surgery CT or magnetic
resonance imaging (MRI) scans of the pelvis as well
as surgical clips were used to guide the clinicians in
defining clinical target volume. The planned target
volume was defined as clinical target volume plus
a margin of 8-10 mm to capture set-up error or organ
motion. Doses of 50 Gy were delivered to the pelvic
lymph nodes and 60-70 Gy to the prostate bed and sem-
inal vesicle bed with doses per fraction of 1.8-2.0 Gy.
Radiotherapy was administered to patients by a sin-
gle radiation oncologist.

Follow-up

The follow-up of the patients was performed with
a detailed history, physical examination and serum
PSA value every 3 months in the postoperative pe-
riod. In addition, imaging methods were used for
symptomatic patients or for those with high PSA,
according to the clinician's preference. Biochemical
recurrence was considered as a PSA increase of >0.2
ng/mL evidenced by at least two measurements after
RT, or a PSA increase of >0.5 ng/mL in a single mea-
surement. Patients with radiologically or pathologi-
cally proven metastatic disease after RT were consid-
ered as the progression of the disease.

Table 1. Clinicopathological features of the patients

63.2 £6.8 (42-77)
22.4+29 (1.1-149)
413 +17.8 (11-138)

42.5 +24 (3-100)

Age (years) — mean +SD (min-max)

Diagnostic PSA value(ng/mL) — mean +SD (min-max)
Prostate volume(mL) — mean +SD (min-max)
TRUS biopsy tumor rate (%) —

RRP — ISUP grade group — n (n/%)
1

mean +SD (min-max)

17.2%

25( )
29 ( )
19 (13.1%)
30( )
42 ( )

b wN

29. O%

Pathological stage — n (n/%)
pT2a 19 (13.1%)
pT2b 7 (4.8%)
25 (17.2%)
pT3a 36 (24.8%)
54 (37.2%)
4(2.8%)
73 (

50.3%)
14 (9.7%)
55.9 +41.8 (7-205)

Surgical margin positivity —n (n/%)
Lymph node positivity — n (n/%)

Follow-up time (months) — mean +SD (min-max)

PSA — prostate-specific antigen; TRUS — transrectal ultrasonography; RRP — radical
retropubic prostatectomy; ISUP — International Society of Urological Pathology;
n —number of patients; SD — standard deviation
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Ethics

The present study is approved by the local Ethics
Commission is registered with the project number
2020/0513 and is performed in line with the prin-
ciples of the Declaration of Helsinki.

Statistical analysis

SPSS program was used for statistical analysis. While
evaluating the study data, descriptive statistical meth-
ods (mean, standard deviation, median, frequency,
ratio, minimum, maximum) as well as the suitability
of quantitative data to normal distribution were test-
ed by Shapiro-Wilk test and graphical examinations.
Independent samples t test was used for compar-
ing two groups of normally distributed quantitative
variables, while Mann Whitney U test was used for
comparing two groups of non-normally distributed

quantitative variables. Pearson chi-square test and
Fisher's exact test were used to compare qualitative
data. Kaplan Meier was used for survival analysis and
Log-rank test was used to compare groups. Statistical
significance was accepted as p <0.05.

RESULTS

One hundred forty-five patients who underwent
open RRP for prostate cancer and subsequent adju-
vant (n = 56) or salvage (n = 89) radiotherapy in
our clinic were evaluated retrospectively, accord-
ing to their clinical, pathological and demographic
characteristics (Table 1). Additionally, comparative
analysis was performed in terms of biochemical re-
currence-free survival, cancer-related survival and
overall survival.

In our study, no statistically significant difference
was found between patients receiving ART and

Table 2. Comparative analysis of the adjuvant and salvage radiotherapy

Adjuvant (n = 56) Salvage (n = 89) p
Age (years) — mean +SD 62.9+7.3 63.4 6.6 0.653
Diagnosis PSA (ng/mL) — mean +SD 32.7+38.7 15.9+18.3 0.001
Prostate volume (mL) — mean +SD 40.3+13.6 42 +20.1 0.593
PSA density <0.15 —n (n/%) 4(7.1%) 22 (24.7%) 0.007
PSA density 20.15 — n (n/%) 52 (92.9%) 67 (75.3%) :
RRP Gleason score —n (n/%)
3+3 7 (12.5%) 8(20.2%)
3+4 10 (17.9%) 0(22.5%)
4+3 8 (14.3%) 10 (11.2%) 0.224
4+ 4 11 (19.5%) 4 (15.7%) :
3+5 0 5(5.6%)
4+5 11 (19.5%) 16 (18%)
5+5 9(16.1%) 6 (6.7%)
Pathological stage — n (n/%)
pT2a 4(7.1%) 15 (16.8%)
pT2b 1(1.8%) 6 (6.7%)
pt2c 5 (8.9%) 20 (22.5%) 0.001
pT3a 12 (21.4%) 24 (27%)
pT3b 30 (53.6%) 24 (27%)
p T4 4(7.1%) 0
Extraprostatic extension —n (n/%) 41 (73.2%) 38 (42.7%) 0.001
Seminal vesicle invasion —n (n/%) 35 (62.5%) 24 (27%) 0.001
Perineural invasion — n (n/%) 45 (80.4%) 69 (77.5%) 0.686
Surgical margin positivity — n (n/%) 39 (69.9%) 4 (38.6%) 0,002
Lymphadenectomy —n (n/%) 39 (69.6%) 3(59.6%) 0.219
Lymph node positivity — n (n/%) 12 (30.8%) 2 (3.8%) 0.001
ADT —n (n/%) 48 (85.7%) 55 (61.8%) 0.002
ADT duration (months) — mean +SD 27.7+23.3 28.2+24.6 0.929
Time to relapse after RT (month) — mean +SD 18.07 +13.6 20.88 +19.09 0.647
Biochemical recurrence — n (n/%) 14 (25%) 17 (19.1%) 0.399
Progression —n (n/%) 10 (17.9%) 9 (10.1%) 0.178
Follow-up time (months) — mean +SD 46.6 +32.6 61.7 +45.8 0.034

ADT - androgen deprivation therapy; RT — radiotherapy; PSA — prostate-specific antigen; RRP — radical retropubic prostatectomy;

deviation

n —number of patients; SD — standard
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Figure 1. Kaplan-Meier survival analysis showing the biochem-
ical recurrence-free survival curve after adjuvant and salvage
radiotherapy. Biochemical recurrence-free survival was higher
in the adjuvant radiotherapy group, but this was not statisti-
cally significant (p = 0.912).

Survival

p=0,006
M Adjuvan RT
SSalvage RT

*‘1 +- Adjuvan RT-censored
- = =k —+— Salvage RT-censored

0,87

0,6+

0,4

Cancer-specificsurvival

0,27

0,04

T T
0 50,0 100,0 150,0 200,0 2500

Follow-up

Figure 2. Kaplan-Meier survival analysis showing the cancer-
specific survival curve after adjuvant and salvage radiother-
apy. Cancer-specific survival was significantly higher in the
salvage radiotherapy group (p = 0.006).

SRT in terms of age, prostate volume, RRP Gleason
scores, lymphadenectomy, duration of ADT, time
to relapse after RT, development of biochemi-
cal recurrence and disease progression (Table 2)
(p >0.05).

Preoperative PSA level and density were higher
in the ART group compared to the SRT group,
which was found to be statistically significant.

Figure 3. Kaplan-Meier survival analysis showing the overall
survival curve after adjuvant and salvage radiotherapy. Over-
all survival was significantly higher in the salvage radiothera-

py group (p = 0.014).

In the comparative analysis of the patients based
on their pathological stages, the pathological stages
of pT3a and below were found to be higher in the
SRT group, while the pathological stages of pT3b
and above were higher in the ART group, which was
found to be statistically significant. Extraprostatic
extension (EPE), seminal vesicle invasion (SVI) and
surgical margin positivity (CS), which were among
the adverse prognostic markers, were statistically
found to be significantly higher in the ART group
(p = 0.001, p = 0.001 and p = 0.002, respectively).
In patients with perineural invasion, there was no
significant difference between the groups. Although
there was no statistically significant difference in
the patients who underwent lymphadenectomy,
lymph node positivity was found to be statisti-
cally higher in the ART group than in the SRT
group (p: 0.001). Again, while the use of androgen
deprivation therapy was higher in the ART group
(p = 0.002), there was no significant difference
between the groups in terms of ADT duration
(p = 0.929). There was no significant difference
between the groups in view of biochemical recur-
rence, time to relapse after RT and progression.
Considering the survival analysis, biochemical re-
currence-free survival was found to be higher in the
ART group, but this was not statistically significant
(p = 0.912), (Figure 1). However, cancer-specific
survival and overall survival rates were statisti-
cally found to be significantly higher in the SRT
group than in the ART group (p = 0.006, p = 0.014,
respectively), (Figure 2 and Figure 3).
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DISCUSSION

There are some studies comparing the effectiveness
of adjuvant and salvage radiotherapy in the current
literature. One of them is a study by Fossati et al.
evaluating patients who underwent postoperative
RT after RP. Although the purpose of this study was
to test the hypothesis that ART is better in cancer
control and survival than SRT, the study results re-
vealed no significant difference between patients in
view of both metastasis-free survival and overall sur-
vival. With this retrospective study, it was concluded
that SRT performed after follow-up and biochemi-
cal recurrence does not jeopardize cancer control
in patients with adverse pathology, and thus, unnec-
essary excess therapy performed due to ART can be
reduced [12]. Another study, conducted by Mishra
et al. evaluated the results of 186 patients with ad-
verse pathology [13]. The analysis of this study re-
vealed that there was no difference in view of sur-
vival between the two methods in the multivariate
analysis of the correction made with the propensity
score in the ART group, although the 10-year sur-
vival in both metastasis and biochemical recurrence
was significantly superior to SRT. In addition, it was
stated in the study that the patients who had adverse
pathology but did not undergo RT and who did not
have biochemical recurrence were not included in the
study [13]. Although it was stated in the systematic
review that Gandaglia et al. evaluated postoperative
RT, the adjuvant RT after RP decreased the risk of
recurrence in patients with aggressive disease, but it
was stated that these patients had an increased risk
in terms of long and short-term side effects related
to RT. The study also revealed that observation of
these patients and SRT performed at the first sign
of relapse can be used as a permanent cancer con-
trol method in the selected patients [14]. In another
study in which Tilki et al. evaluated 773 lymph node
positive prostate cancer patients, the SRT which is
administered at a PSA value below 0.5 ng/mL had
a significantly lower risk of metastasis than patients
with a PSA level above 0.5 ng/mL [15]. Although ad-
verse pathological features, PSA and pathological
stage are significantly higher in the ART group, the
administration of SRT before PSA exceeds 0.5 ng/mL
suggests that cancer-specific survival and overall
survival may be higher in the SRT group.

In our study, biochemical recurrence was observed
in only 19.1% and progression in 10% of patients
who underwent SRT after RRP. Although these rates
were lower than the ART group, they were not sta-
tistically significant. There is no difference between
the two groups in terms of progression and bio-
chemical recurrence after RT, which suggests that

waiting for PSA relapse to perform RT in patients
with advanced prostate cancer can prevent unnec-
essary excessive treatment and possible RT toxicity.
In the RADICALS-RT study conducted by Parker
et al., 1396 patients who underwent ART and post-
follow-up SRT were prospectively evaluated. Efficacy
and safety of both treatments were analyzed. It was
stated that the use of ART and SRT after RRP did
not make a difference in terms of progression-free
survival, that routine use of ART increased the risk
of morbidity and therefore is not recommended [16].
In another randomized phase 3 study, Sargos et al.
evaluated 424 patients. It has been shown that there
is no difference in event-free survival in a mean fol-
low-up of 75 months, and that ART increases geni-
tourinary toxicity and erectile dysfunction [17]. An-
other randomized controlled, non-inferiority study
recommends SRT because it has similar results
with ART in terms of biochemical control at the end
of the study, although SRT does not match the non-
inferiority criteria of the study at a mean follow-up
of 6.1 years [18]. Vale et al. evaluated 2153 men in
their meta-analysis. It is recommended that ART
should not increase event-free survival in an average
follow-up of 60-78 months, and early SRT should be
preferred because it protects many patients from RT
and RT-related side effects [19].

In the article published by Tilki et al., it was empha-
sized that the follow-up period in these prospective
studies was short in order to assess metastasis-free
survival, and the rate of high-risk patients in these
studies was relatively low at 10-20%. It has been
stated that there may be results in favor of ART
in long-term follow-up [20]. Ghadjar et al. empha-
sized that RT was started in only 33-54% of the pa-
tients in the SRT group and that biochemical pro-
gression was not observed in 88-90% of the patients,
therefore longer follow-up was required [21].

In the current European urology guideline, ART
is recommended in the presence of two of three high-
risk features (ISUP grade 4-5, pT3, and positive
surgical margin) [7]. In our study, surgical margin
positivity, pT3b and above was higher in the group
receiving ART.

In the literature, three randomized controlled
trials have investigated the effectiveness of adju-
vant radiotherapy (ART). These are Arbeitsge-
meinschaft Radiologische Onkologie und Urolo-
gische Onkologie of the German Cancer Society
(ARO/AUOQO) study, European Organization for Re-
search and Treatment of Cancer (EORTC) study
and Southwest Oncology Group (SWOG) study.
In these studies, with more than ten years follow-
up, it was concluded that ART should be considered
more prominently in patients with adverse pathol-
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ogy compared to follow-up protocol alone [3, 4, 5,
22, 23, 24]. In all three studies, it was concluded
that ART was better than progression-free survival
compared to the follow-up protocol. It was stated
only in the SWOG 8794 study that it had a positive
effect on overall survival [5, 22]. In our study, 145
patients who underwent radical prostatectomy and
who received adjuvant or salvage RT were evalu-
ated. When the survival analyses of both groups
were evaluated, cancer-related and overall survival
was found to be statistically significantly higher
in the SRT group. There was no significant differ-
ence in biochemical recurrence survival rates be-
tween the two groups. These results are not similar
to the randomized studies mentioned before. The
reason for this is that despite the positive results
of these studies, there are some potential limita-
tions. Firstly, the primary result of the studies
is that there is no survival analysis, which caused
the strength of the end point of the studies to be
low. Secondly, less than half of those who developed
recurrence in the follow-up stage received SRT.
In addition, approximately 40% of the patients in the
follow-up protocol never developed recurrence [3, 5,
25]. The third is that only about one-third of those
receiving ART presented with undetectable PSA
values, and the protocol performed to the remain-
ing patients is not adjuvant, but technically early
salvage radiotherapy [22, 23]. In consideration of
the above-mentioned prospective studies, the most
important point in RT performed after RP is the
right patient selection. In this regard, postopera-
tive RT administration in locally advanced prostate
cancer patients was performed as recommended by
current guidelines in our study, and patients with
proven metastasis who received hormonal therapy
or RT before RRP, who had proven metastasis and

REFEICNCES  .......oeeeeeeeeeeeeeeeeeeeeeeeeeeeee e s eee

could not be followed up were excluded from our
study and thus the biases were minimized.

The main limitation of the study is its retrospective
nature. However, the limited number of randomized
comparative studies in the current literature sug-
gests that our study may be used as reference in fu-
ture prospective studies. Another limitation of the
study is that postoperative RT is performed at a dif-
ferent center by a single radio-oncologist. In this re-
spect, close follow-up of the patients could not be per-
formed after RT and side effects related to RT could
not be evaluated. Another limitation is that analysis
cannot be repeated with intergroup propensity score.
Although significant differences were found between
the groups in view of adverse pathological features,
PSA and pathological stage; we believe that obtain-
ing undetectable PSA values for ART and PSA below
0.5 ng/mL for SRT in RT protocol minimized the bi-
ases and represent a strength of our study.

CONCLUSIONS

Although there was no difference in terms of bio-
chemical recurrence-free survival, salvage RT group
showed longer survival in both overall and cancer-
specific survival analyses. Close follow-up until dis-
ease recurrence in the post-operative period followed
by RT did not affect long-term survival. Therefore,
salvage RT should be considered in the foreground
in patients who will adapt to regular follow-up.
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