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Introduction

Radical prostatectomy (RP) is a therapeutic option for 
patients with prostate cancer. However, recurrence is 

frequently observed in patients with high-risk features in 
surgical specimens such as positive surgical margin (PSM) or 
extracapsular extension (ECE) [1,2]. Moreover, the incidence of 
recurrence and metastasis is generally high in patients who 
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Materials and Methods: A total of 168 patients with prostate cancer received PORT after RP, with a follow-up of ≥12 months. 
Biochemical failure after PORT was defined as prostate-specific antigen (PSA) ≥0.2 ng/mL after PORT or initiation of androgen 
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experience biochemical failure (BCF) after RP [3]. Therefore, 
adjuvant treatment should be considered for patients with 
a high risk of recurrence after RP. In fact, adjuvant radiation 
therapy (RT) can reduce the risk of recurrence in such patients 
[4]. Furthermore, several randomized studies of adjuvant RT 
versus the wait-and-see approach after RP strongly suggested 
the use of adjuvant RT immediately rather than waiting when 
the level of prostate-specific antigen (PSA) increases in high-
risk patients [5-7].

Although the incidence of prostate cancer is lower in Korea 
than in western countries, there has been a rapid increase in 
the prevalence. By 2017, prostate cancer was the third most 
common cancer (304.1 per 100,000 Korean men). However, the 
5-year survival rate increased from 55.9% during 1993–1995 
to 93.9% during 2012–2016 in Korea [8,9]. Moreover, most 
Korean hospitals recommended the use of postoperative 
radiation therapy (PORT) in patients with high-risk features 
after RP [10]. However, most clinical data about PORT have 
been obtained in western countries, and there are only a few 
reports about the results in Korea. Therefore, we aimed to 
analyze the treatment results of PORT performed at a single 
institution and evaluated the associated prognostic factors.

Materials and Methods

1. Patients
Patients with prostate cancer who received PORT after RP 
between January 2006 and December 2015 were included in 
this study. The inclusion criteria were as follows: patients who 
received PORT after RP for histologically confirmed localized 
adenocarcinoma of the prostate and follow-up duration 
of ≥12 months. The exclusion criteria were patients who 
experienced distant metastases before PORT, those who had 
received prior pelvic radiotherapy or previous chemotherapy, 
and those with a history of another malignancy. All patients 
underwent routine examinations including a digital rectal 
examination and serum PSA measurements every 3 months 
during the first 3 years, every 6 months over the next 2 
years, and annually thereafter. Imaging workups—including 
computed tomography, magnetic resonance imaging, whole 
body bone scintigraphy, and positron emission tomography/
computed tomography—were performed in patients with 
suspected recurrence during the follow-up period. This study 
was approved by the Institutional Review Board at Chonnam 
National University Hwasun Hospital (No. CNUHH-2019-111).

2. Treatments

Patients with prostate cancer were asked to choose between 
RP and RT in the Department of Urology. Patients who 
underwent RP received PORT as adjuvant or salvage treatment 
if indicated. Adjuvant RT was defined as RT delivered to 
patients with adverse pathologic features such as ECE, PSM, or 
seminal vesicle invasion even when PSA levels were ≤0.2 ng/
mL after RP. Salvage RT was defined as RT delivered when PSA 
levels were >0.2 ng/mL at the start of RT or owing to clinical 
failure. The clinical target volume (CTV) was confined to the 
surgical bed only in patients with no evidence of pelvic lymph 
node involvement or those with a probability of pelvic lymph 
node involvement less than 20% according to the Roach 
formula, 2/3×PSA+(Gleason score-6)×10 [11].

If the probability of pelvic lymph node involvement was 
more than 20% or pelvic lymph node involvement was 
confirmed in surgical specimens, CTV was whole pelvis 
including the surgical bed, and the internal iliac, external iliac, 
and common iliac lymph nodes. The CTV was expanded to 
form planning target volume in all directions by 8 mm except 
5 mm posteriorly for CTV of prostate fossa. The RT techniques 
used for patients were intensity-modulated RT (IMRT), three-
dimensional-conformal RT (3D-CRT), and a combination of 
3D-CRT and IMRT. The simultaneous integrated boost technique 
was used for the surgical bed when the fraction exceeded 2.0 
Gy, while 1.8 or 2.0 Gy per fraction was administered to the 
pelvic nodal region. For bladder and rectum preparation, each 
patient was instructed to empty bladder and rectum, and then 
drink two cups of water 1 hour before acquisition of planning 
CT and each treatment. For verification of patient’s position, 
daily electronic portal image via 6D ExacTrac (BrainLAB, 
Feldkirchen, Germany) and weekly cone beam CT were obtained 
in Novalis Tx (Varian Medical Systems, Palo Alto, CA, USA), or 
daily megavoltage CT was obtained in helical tomotherapy. 
Dose constraints for rectum and bladder were as follows: V66 
< 1 mL and V35 < 40% for rectum; V68 < 1 mL and V45 < 40% 
for bladder. To adjust for various dose fractionations, the total 
equivalent dose (EQD2/2) was calculated in 2-Gy fractions 
for prostate cancer (α/β ratio = 2.0). Most patients received 
androgen deprivation therapy (ADT). Neoadjuvant ADT (NA-ADT) 
was ADT administered prior to 1 month before RT. Concurrent 
ADT was ADT administered within 1 month before RT and at 
least 1 month during RT. Adjuvant ADT was ADT maintained for 
at least 12 months after RT. 

3. Statistical analysis
Biochemical failure-frees survival (BCFFS) was the duration 
between the first date of PORT and the date of serum PSA 
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level of ≥0.2 ng/mL according to the Nara definition, which 
was similar to the BCF definition after RP [12]. Clinical failure-
free survival (CFFS) was the duration between the first date 
of PORT and the date of disease progression including local 
failure, regional failure, and distant metastasis on imaging 
or histology. Distant metastasis-free survival (DMFS) was 
the duration between the first date of PORT and the date of 
metastases to distant organs or non-regional lymph nodes on 
imaging or histology. Overall survival (OS) was the duration 
between the first date of PORT and the date of the patient’s 
death or censored to the final date of follow-up. Cancer-
specific survival (CSS) was the interval between the first date 
of PORT and the date of death from progressive prostate 
cancer or treatment complications. Radiation-related toxicity 
was evaluated according to the Common Terminology Criteria 
for Adverse Events (version 5.0). Kaplan–Meier models were 
used for survival analysis of all potential factors that affected 
treatment results and were tested by using the log-rank test. 
A Cox proportional hazards model was used for multivariate 
analysis. A chi-squared test was used to determine the 
treatment factors related to toxicity. On statistical analysis, 
p-values less than 0.05 were considered significant. All 
statistical analyses were performed using SPSS version 19.0 
(IBM SPSS, Armonk, NY, USA).

Results

1. Patients and treatment characteristics
A total of 168 patients were eligible in this study. The patient 
and treatment characteristics are summarized in Table 1. 
The time interval between RP and PORT ranged from 1 to 19 
months (median, 4) in the adjuvant aim and from 1 to 128 
months (median, 14) in the salvage aim. In all patients, the 
median preoperative PSA level and PSA level at the time of 
PORT were 14.930 ng/mL (range, 2.140 to 177.000 ng/mL) 
and 0.275 ng/mL (range, 0.001 to 97.184 ng/mL), respectively. 
In total, 120 patients (71.4%) received salvage RT. Of the 
120 patients, 109 received RT owing to elevated PSA levels 
>0.2 ng/mL without clinical failure and 11 patients owing to 
locoregional clinical failure. In patients with adjuvant and 
salvage RT, the median PSA level at the time of RT were 0.009 
ng/mL (range, 0.001 to 0.200 ng/mL) and 0.546 ng/mL (range, 
0.001 to 97.184 ng/mL), respectively. The radiation field was 
confined to the surgical bed only in 46 patients and to the 
whole pelvis in 122. The dose fractionation schedule consisted 
of 1.8 or 2.0 Gy fractions (n = 99), 2.1 or 2.2 Gy fractions (n 
= 62), or mixed fractions of 2.0–2.5 Gy (n = 7). The nominal 

Table 1. Patients and treatment characteristics

Characteristic Value
Age (yr) 68 (50–78)
Surgery type

Laparoscopic 79 (47.0)
Robotic 53 (31.6)
Retropubic 33 (19.6)
Transperineal 3 (1.8)

Pathologic T stage
1–2 54 (32.2)
3a 65 (38.7)
3b–4 46 (27.3)
Unknown 3 (1.8)

Pathologic N stage
0 159 (94.6)
1 9 (5.4)

Postoperative Gleason score
≤6 10 (6.0)
7 72 (42.8)
≥8 82 (48.8)
Unknown 4 (2.4)

Resection margin
Negative 89 (53.0)
Positive 79 (47.0)

Lymphovascular invasion
No 143 (85.1)
Yes 25 (14.9)

Perineural invasion
No 39 (23.2)
Yes 129 (76.8)

PSA level (ng/mL)
Initial 14.930 (2.140-177.000)
At PORT (ng/mL) 0.275 (0.001-97.184)

Treatment setting
Adjuvant 48 (28.6)
Salvage 120 (71.4)

RT dose 67.2 (60.0–72.6)
RT dose, EQD2/2 69.3 (60.0–76.2)
RT volume

Surgical bed only 46 (27.4)
Whole pelvis 122 (72.6)

RT method
IMRT 121 (72.0)
3D-CRT 24 (14.3)
Mixed 23 (13.7)

NA-ADT
No 113 (67.3)
Yes 55 (32.7)

CA-ADT
No or unknown 41 (24.4)
Yes 127 (75.6)

Values are presented as median (range) or number (%).             
PSA, prostate-specific antigen; PORT, postoperative radiotherapy; 
RT, radiotherapy; EQD2/2, equivalent dose in 2 Gy fractions at α/
β ratio of 2.0; IMRT, intensity-modulated radiotherapy; 3D-CRT, 
three-dimensional conformal radiotherapy; NA-ADT, neoadjuvant 
androgen deprivation therapy before PORT; CA-ADT, concurrent or 
adjuvant androgen deprivation therapy with PORT.
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dose of RT ranged from 61.6 to 76.0 Gy (median, 66.0) in the 
adjuvant aim and from 60.0 to 72.6 Gy (median, 68.0) in the 
salvage aim. The median duration of NA-ADT was 4 months 
(range, 1 to 66 months) and the median duration of concurrent 
and/or adjuvant ADT (CA-ADT) was 17 months (range, 1 to 
70 months). Of 55 patients who received NA-ADT, 46 patients 
received CA-ADT while 9 did not. Among 127 patients who 
received CA-ADT, 24 patients (14.3%) received concurrent ADT 
only, 14 (8.3%) received adjuvant ADT only, and 89 (53.0%) 
received both. 

2. Treatment outcomes and pattern of failure
The median follow-up duration was 64 months (range, 12 
to 157 months). Overall, the estimated 5-year BCFFS, CFFS, 
DMFS, OS, and CSS rates were 78.3%, 94.3%, 95.0%, 95.8%, 
and 97.3%, respectively (Fig. 1). During the follow-up period, 
BCF was observed in 31 patients (18.4%) and clinical failure 
in 11 (6.5%). Among these 11 patients with clinical failure, 2 
patients (1.1%) experienced locoregional failure alone, 5 (3.0%) 
showed distant metastasis alone, and the remaining 4 (2.4%) 
experienced both. Among 25 patients with lymphovascular 
invasion (LVI), 5 patients (20%) developed clinical failure: 4 
patients developed distant metastasis and 1 patient developed 
both regional and distant failure. In 143 patients without 
LVI, only 6 patients (4.2%) developed clinical failure. Four 
patients (2.4%) died due to progression of prostate cancer 
among the 11 patients (6.5%) who died during the follow-up 
period. Among 55 patients who received NA-ADT, the BCFFS 

(87.6% vs. 18.8%; p < 0.001) and OS (96.6% vs. 60%; p = 
0.011) were significantly higher in the 46 patients treated with 
CA-ADT than in the 9 patients treated without CA-ADT. The 
treatment outcomes were not significantly different among 
the subgroups of patients who received concurrent ADT only, 
those who received adjuvant ADT only, and those who received 
both. Among patients who received salvage RT, the treatment 
outcomes of the 109 patients with persistently elevated PSA 
without clinical failure did not differ significantly from those 
of the remaining 11 patients with clinical failure.

3. Prognostic factors related to treatment outcomes
The results for univariate analysis of prognostic factors are 
shown in Table 2. Among these factors, the Gleason score and 
PSA level at the time of RT were significant factors commonly 
affecting BCFFS, CFFS, and DMFS. The results of multivariate 
analysis using above 15 variates are shown in Table 3. The PSA 
level >1.0 mL at the time of PORT was a significant factor for 
BCFFS, CFFS, and DMFS. Among the pathologic features, the 
presence of LVI was an adverse prognostic factor for CFFS and 
DMFS (Fig. 2). NA-ADT was an adverse prognostic factor for 
BCFFS and CFFS. CA-ADT was a favorable prognostic factor for 
BCFFS and CFFS. 

4. Treatment-related toxicity
Treatment-related toxicity was acceptable during the follow-
up period (Table 4). After a median of 25.5 months after PORT 
completion (range, 1 to 78 months), grade 2 or 3 genitourinary 
(GU) toxicities developed in 40 patients. In addition, 5 patients 
developed grade 2 or 3 gastrointestinal (GI) toxicities after a 
median of 29.4 months (range, 10 to 60 months) after PORT 
completion. Grade 3 GU toxicity was mostly gross hematuria 
requiring intervention. Three patients (1.8%) reported grade 2 
GI toxicity of hematochezia, and 2 patients (1.2%) had grade 3 
toxicity with rectal bleeding, requiring endoscopic coagulation. 
Three patients had both GU and GI toxicities of grade 2 or 
3. There was a significant relationship between EQD2/2 and 
complications. Among 42 patients with grade 2 or 3 toxicities, 
30 patients received PORT with an EQD2/2 dose of ≥69.3 Gy and 
12 patients received PORT with an EQD2/2 dose of <69.3 Gy (p 
= 0.002). Of 30 patients who received an EQD2/2 dose of ≥69.3 
Gy, 19 (63.3%) received PORT with fractions of more than 2 
Gy. Among surgery-related complications at the last follow-up, 
urinary incontinence remained in 63 patients (37.5%). Erectile 
dysfunction was observed in 135 patients (80.4%), unknown 
in 27 patients (16.1%), and the function was preserved in the 
remaining 6 patients (3.5%). 
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Table 2. Univariate analysis of prognostic factors for 5-year survivals

Variable No. of 
patients

BCFFS CFFS DMFS
% p-value % p-value % p-value

Age (yr) 0.517 0.669 0.236
≤67 82 77.3 92.0 92.0
>67 86 79.1 96.3 97.6

Initial PSA (ng/mL) 0.102 0.069 0.218
≤10 52 86.7 95.9 98.0
10–20 53 78.3 98.1 98.1
>20 63 71.2 89.8 89.8

Gleason score 0.046 0.045 0.032
≤7 82 87.6 98.8 98.8
8–10 82 68.6 90.7 92.2

pT stage 0.073 0.231 0.227
1–2 54 82.8 97.9 100
3a 65 82.0 96.0 96.0
3b–T4 46 68.1 88.9 88.9

pN stage 0.010 0.060 0.353
0 159 80.4 94.9 95.7
1 9 37.5 80.0 80.0

Resection margin 0.468 0.366 0.149
Negative 89 78.8 96.4 97.7
Positive 79 78.4 91.5 91.5

PNI 0.478 0.927 0.829
No 39 88.6 93.8 93.8
Yes 129 74.9 94.6 95.5

LVI 0.300 0.001 <0.001
No 143 79.8 96.6 97.4
Yes 25 71.1 79.5 79.5

PSA at PORT (ng/mL) <0.001 <0.001 <0.001
≤0.2 73 96.6 97.8 97.8
>0.2 and ≤0.5 33 83.2 100 100
>0.5 and ≤1.0 24 78.4 100 100
>1.0 38 37.0 78.7 81.8

Treatment aim 0.001 0.222 0.300
Adjuvant 48 97.0 96.8 96.8
Salvage 120 70.8 93.3 94.3

EQD2/2 (Gy) 0.569 0.254 0.214
<69.3 82 74.3 97.3 97.3
≥69.3 86 80.4 92.3 93.6

RT volume 0.254 0.182 0.265
Surgical bed 46 88.6 96.2 96.2
Whole pelvis 122 74.4 93.5 94.5

RT method 0.007 0.265 0.306
IMRT 121 81.2 93.1 94.2
3D-CRT 24 59.8 91.7 91.7
Combination 23 89.5 100 100

NA-ADT 0.231 0.009 0.018
No 113 79.2 97.3 97.3
Yes 55 76.9 87.2 89.6

CA-ADT <0.001 0.037 0.187
No or unknown 41 39.4 86.6 86.6
Yes 127 89.2 96.6 97.5

BCFFS, biochemical failure-free survival; CFFS, clinical failure-free survival; DMFS, distant metastasis-free survival; PSA, prostate-
specific antigen; PNI, perineural invasion; LVI, lymphovascular invasion; PORT, postoperative radiotherapy; EQD2/2, equivalent dose in 
2 Gy fractions at α/β ratio of 2.0; RT, radiotherapy; IMRT, intensity-modulated radiotherapy; 3D-CRT, three-dimensional conformal 
radiotherapy; NA-ADT, neoadjuvant androgen deprivation therapy before PORT; CA-ADT, concurrent or adjuvant androgen deprivation 
therapy with PORT.
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Discussion and Conclusion

The application of adjuvant RT may reduce the probability 
of recurrence in patients, and the clinical benefit of adding 

adjuvant RT after RP has been confirmed in several randomized 
trials [5-7]. PORT is also effective as a salvage treatment [13,14]. 
Immediate adjuvant RT after RP, compared with salvage RT, 
was associated with improved BCFFS, DMFS, and OS rates in 
patients with ECE or PSM [15]. In the present clinical settings, 

Table 3. Multivariate analysis of prognostic factors for survivals

Variable
BCFFS CFFS DMFS

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
LVI

No Ref Ref Ref
Yes - NS 9.73 (2.06–45.87) 0.004 5.96 (1.41–25.22) 0.015

pN-stage
No Ref Ref Ref
Yes 8.74 (2.38–32.14) 0.001 - NS - NS

PNI
No Ref Ref Ref
Yes 11.86 (3.03–46.39) <0.001 - NS - NS

PSA at PORT (ng/mL)
≤0.2 Ref Ref Ref
0.2–0.5 - NS - NS - NS
0.5–1.0 - NS - NS - NS
>1.0 32.19 (5.82–177.85) <0.001 19.62 (2.17–176.76) 0.008 10.46 (1.27–85.82) 0.029

NA-ADT
No Ref Ref Ref
Yes 7.72 (2.81–21.25) <0.001 11.10 (2.44–50.37) 0.002 - NS

CA-ADT
No or unknown Ref Ref Ref
Yes 0.05 (0.02–0.15) <0.001 0.14 (0.02–0.70) 0.017 - NS

BCFFS, biochemical failure-free survival; CFFS, clinical failure-free survival; DMFS, distant metastasis-free survival; HR, hazard ratio; 
CI, confidence interval; LVI, lymphovascular invasion; PNI, perineural invasion; PSA, prostate-specific antigen; PORT, postoperative 
radiotherapy; NA-ADT, neoadjuvant androgen deprivation therapy before PORT; CA-ADT, concurrent or adjuvant androgen deprivation 
therapy with PORT.
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immediate adjuvant RT is not generally administered to 
high-risk patients because of older age and the presence of 
comorbidities [16,17]. Nevertheless, PORT including salvage 
RT resulted in excellent treatment outcomes: both the 5-year 
OS and CSS rates were more than 90% [13,18]. In the present 
study, the use of PORT resulted in 5-year BCFFS, CFFS, DMFS, 
OS, and CCS rates of 78.3%, 94.3%, 95.0%, 95.8%, and 97.3%, 
respectively. These outcomes obtained in the present study 
were similar to those obtained in the previous studies.

Among pathologic features, one study showed that LVI 
was observed in 12.2% of patients who received RP [19]. 
The presence of LVI is an unfavorable factor associated with 
poor treatment results [20-24]. In patients who underwent 
RP, BCFFS was worse in patients with LVI compared to those 
without LVI (30% vs. 92%; p = 0.001) [23]. In a systematic 
review, patients with LVI had a higher probability for BCF after 
RP (hazard ratio [HR] = 2.05; 95% confidence interval [CI], 
1.64–2.56; p < 0.001) [19]. Currently, only a few studies have 
evaluated the prognostic significance of LVI in patients treated 
with PORT. LVI is a poor prognostic factor for BCFFS in patients 
who received salvage RT after RP (45% vs. 100% at 3 years; 
p = 0.0169) [20]. In a retrospective study of 160 patients who 
underwent PORT after RP, LVI was a significant prognostic 
factor for BCFFS [25]. The 5-year BCFFS rate was 27.8% for 
patients with LVI compared to 71.2% for those without LVI (p 
< 0.001). In 18 patients with LVI, the median RT dose was 60.9 
Gy and only 1 patient received ADT with PORT. In the present 
study, the 5-year BCFFS rate of patients with LVI (71.1%) was 
better than those observed in previous studies, because most 
patients with LVI (21 of 25 patients) received ADT with PORT 
and the dose of RT was higher than those reported in the 
other studies. In the present study, LVI was not significantly 
associated with BCFFS. This might be because CA-ADT could 
have reduced the significance of LVI for BCFFS. However, 
the presence of LVI maintained its significance for CFFS and 
DMFS, suggesting that patients with LVI had more potential to 
develop clinical failure after RT regardless of using CA-ADT. 

The PSA level at the time of PORT can be an independent 
factor associated with treatment results. The BCFFS and DMFS 
were observed to decrease with increasing levels of PSA at the 

time of PORT [26]. The 5-year BCFFS rate was 71% for patients 
with PSA levels of 0.01–0.2 ng/mL, 63% for those with PSA 
levels of 0.21–0.50 ng/mL, 54% for those with PSA levels of 
0.51–1.0 ng/mL, 43% for those with PSA levels of 1.01–2.0 
ng/mL, and 37% for those with PSA levels of >2.0 ng/mL (p 
< 0.001). Other studies also proved that the PSA level at the 
time of PORT was an independent prognostic factor for BCFFS 
[18,27]. Thus, early PORT when the patient has low levels of 
PSA could improve the treatment results of patients who 
underwent RP. On multivariate analysis in the present study, 
the PSA level >1.0 ng/mL at the time of PORT was significantly 
associated with worse BCFFS, CFFS, and DMFS. There was no 
prognostic relevance for OS or CSS in patients with PSA levels 
of at the time of PORT.

The addition of ADT to PORT could be beneficial after RP. 
The results of a randomized trial, RTOG 9601, advocated 
the use of CA-ADT for patients who received postoperative 
salvage RT [28]. The 12-year OS (76.3% vs. 71.3%; p = 0.04) 
and CSS (94.2% vs. 86.6%; p < 0.001) were higher in the ADT 
group than in the placebo group. Another randomized trial, 
GETUG 16, also demonstrated the superiority of adding CA-
ADT to postoperative salvage RT [29]. The 5-year BCFFS was 
significantly different between the ADT and placebo groups 
(80% vs. 62%; p < 0.001). No additional complications of 
adding ADT were reported in both studies. In the present study, 
the 5-year BCFFS was also more favorable in patients who 
received CA-ADT (89.2% vs. 39.4%; p < 0.001). Currently, the 
clinical benefit of adding CA-ADT to PORT is obvious, but the 
optimal timing of ADT and the duration remain unknown when 
PORT is administered. Two ongoing randomized clinical trials, 
RADICALS and GETUG-17, are expected to confirm the efficacy 
of adding ADT to PORT. In the present study, the treatment 
outcomes of patients receiving NA-ADT were worse compared 
to those of patients not receiving NA-ADT. Of the 55 patients 
who received NA-ADT, ADT was administered to 39 patients 
(71%) owing to biochemical failure of PSA >0.2 ng/mL or 
clinical failure. This might have resulted in the delay in starting 
PORT and negatively affecting the results of PORT. 

Generally, the radiation doses of 60–64 Gy for adjuvant RT 
and 66–70 Gy for salvage RT are commonly used after RP with 

Table 4. Treatment-related complications

Complication Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
Genitourinarya) 115 (68.5) 13 (7.7) 34 (20.2) 6 (3.6) 0 (0.0)
Gastrointestinala) 163 (97.0) 0 (0.0) 3 (1.8) 2 (1.2) 0 (0.0)

Values are presented as number of patients (%). 
a)Evaluated by Common Terminology Criteria for Adverse Events version 5.0.
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conventional fraction sizes. In our institution, EQD2/2 ranges 
from 61.5 to 70.0 Gy in the adjuvant setting and from 60 to 
76.2 Gy in the salvage setting. Increasing the EQD2/2to >66 Gy 
during postoperative salvage RT was significantly associated 
with improved BCFFS (HR = 0.81; 95% CI, 0.71–0.91; p = 0.001) 
[26]. In a meta-analysis of dose-response of postoperative 
salvage RT, the EQD2/2 of 70 Gy was significantly associated 
with a BCFFS rate of 58.4% compared to 38.5% for a dose of 
60 Gy [30]. However, the present study showed that EQD2/2 
≥69.3 Gy was not a significant factor for clinical outcomes, 
which might be owing to using CA-ADT in most patients. An 
ongoing randomized trial of patients undergoing RP assigned 
to receive EQD2/2 of either 64 or 70 Gy is expected to reveal the 
role of dose escalation [31].

Some urologists have advocated waiting to administer 
PORT until the PSA level increases rather than immediately 
performing adjuvant RT because of concerns about toxicities. 
The PORT is often delayed until PSA is rising because it can 
adversely affect recovery of urinary continence after surgery. 
However, the risk of toxicities was not significantly increased 
in the PORT group compared with the observation group [5,7]. 
In a randomized trial that compared EQD2/2 of 64 Gy and 70 Gy 
for salvage RT after RP, the incidence of acute grade 2 and 3 
GU or GI toxicities was similar between the groups [31]. Acute 
grade 2 or 3 GU complications were reported in 13.6% of 
patients treated with 64 Gy and in 18.3% of patients treated 
with 70 Gy (p = 0.2). Acute grade 2 or 3 GI complications were 
reported in 16.6% of patients treated with 64 Gy and in 17.7% 
of patients treated with 70 Gy (p = 0.8). Patients receiving 
>70 Gy had clinically related worsening urinary symptoms. 
In a retrospective study, the risk of grade ≥2 complications 
increased when radiation EQD2/2 doses exceeded 72 Gy during 
PORT (19% vs. 6%; p = 0.007) [32]. In the present study, a 
higher radiation dose was associated with treatment-related 
toxicities, but mostly with >2 Gy fractions. Therefore, we 
recommend that ≤2 Gy fractions should be used during PORT 
when the radiation dose is to be increased.

The present study has several limitations. The primary 
limitation is the retrospective design and inherent selection 
bias associated with patient heterogeneity. Moreover, we could 
not obtain information regarding the administration of CA-
ADT in 6 patients (3.5%). Nevertheless, the number of those 
patients is small and adding CA-ADT was an independent 
prognostic factor for BCFFS and CFFS.

In conclusion, for patients with adverse pathologic findings, 
PORT should be initiated as early as possible after continence 
recovery after RP. Even after administering PORT, LVI was an 

unfavorable predictive factor in the present study, and further 
intensive adjuvant therapy should be considered for these 
patients.
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