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Purpose
The purpose of this study was to investigate the clinical outcomes of postoperative radio-
therapy (PORT) patients who underwent radical prostatectomy for localized prostate cancer.

Materials and Methods

Localized prostate cancer patients who received PORT after radical prostatectomy between
2001 and 2012 were identified retrospectively in a multi-institutional database. In total,
1,117 patients in 19 institutions were included. Biochemical failure after PORT was defined
as prostate-specific antigen (PSA) > nadir+2 after PORT or initiation of androgen deprivation
therapy (ADT) for increasing PSA regardless of its value.

Results

Ten-year biochemical failure-free survival, clinical failure-free survival, distant metastasis-
free survival, overall survival (0S), and cause-specific survival were 60.5%, 76.2%, 84.4%,
91.1%, and 96.6%, respectively, at a median of 84 months after PORT. Pre-PORT PSA< 0.5
ng/ml and Gleason’s score < 7 predicted favorable clinical outcomes, with 10-year OS rates
of 92.5% and 94.1%, respectively. The 10-year OS rate was 82.7% for patients with a PSA
> 1.0 ng/mL and 86.0% for patients with a Gleason score of 8-10. The addition of long-
term ADT (= 12 months) to PORT improved OS, particularly in those with a Gleason score of
8-10 or > T3h.

Conclusion

Clinical outcomes of PORT in a Korean prostate cancer population were very similar to those
in Western countries. Lower Gleason score and serum PSA level at the time of PORT were
significantly associated with favorable outcomes. Addition of long-term ADT (> 12 months)
to PORT should be considered, particularly in unfavorable risk patients with Gleason scores
of 8-10 or > T3b.
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Introduction

65% of those patients will develop overt clinical failure
and/or metastases and the majority will die from prostate
cancer [2]. Postoperative radiotherapy (PORT), the only

Radical prostatectomy (RP) is frequently recommended as
curative treatment for patients with localized prostate cancer.
Although RP provides excellent cancer control, approxi-
mately one-third of patients experience recurrence during
long-term follow-up [1]. An increase of serum prostate-spe-
cific antigen (PSA) > 0.2 ng/mL, termed biochemical recur-
rence, is usually the initial sign of recurrence. If left untreated,
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potentially curative treatment for such patients, sterilizes
microscopic diseases around the surgical bed. As a salvage
treatment for biochemical failure after RP, PORT signifi-
cantly reduces the risk of disease progression by diminishing
the incidence of distant metastasis and overall mortality [3,4].
In addition, adjuvant PORT, even before biochemical failure
after RP, has a proven clinical benefit for patients with unfa-
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vorable features, such as positive surgical margins, extracap-
sular extension, or involvement of the seminal vesicles [5,6].

Nevertheless, long-term outcome data after PORT in pati-
ents who undergo RP are still limited and the natural history
of those men is not fully understood. In addition, the optimal
management of PORT in men with prostate cancer is still
under investigation. Only a few analyses about the delivery
of PORT, for example regarding the timing of radiotherapy
(RT), total dose, field size, or a combination of other treat-
ments, have been performed. There is a lack of consensus on
the definition of biochemical failure after PORT, so most
studies have had to use their own definition to evaluate the
clinical endpoint. Due to the long interval before prostate
cancer shows clinically evident recurrence after biochemical
failure [7], longer follow-up periods with larger sample sizes
would be appropriate for clinical assessments. In addition,
most previous studies were based on data from Western
countries, and clinical data after PORT in the Korean popu-
lation are very limited. The Korean Radiation Oncology
Group (KROG) 18-01 protocol was designed to evaluate clin-
ical outcomes, including biochemical failure-free survival
(BCFEFS), clinical failure-free survival (CFFS), distant metas-
tasis-free survival (DMFS), overall survival (OS), and cancer-
specific survival (CSS) after PORT as a multi-institutional
retrospective study. Prognostic variables predicting out-
comes and long-term toxicity associated with PORT were
also assessed.

Materials and Methods

1. Patient populations

This study included patients who were treated with PORT
from January 2001 to December 2012 at 19 KROG member
institutions. Inclusion criteria were patients who received
PORT either adjuvant or salvage after RP for histologically
confirmed localized adenocarcinoma of the prostate, and
who completed the entire PORT schedule until December
2012. Patients who had evidence of distant metastases, prior
pelvic radiation or prostate brachytherapy, previous or con-
current cytotoxic chemotherapy for prostate cancer, insuffi-
cient follow-up after PORT (< 12 months), or a history of
another malignancy were excluded. We identified 1,117 pati-
ents with prostate cancer, drawn from 19 institutions, who
met the study inclusion criteria. The patients were followed
up through June 2018. The routine postoperative follow-up
generally included a digital rectal examination and serum
PSA measurements every 3 months during the first 2 years,
every 6 months over the next 3 years, and annually there-
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after.
2. Treatments

All patients underwent RP. The most common type of RP
was retropubic RP (n=575), followed by robotic-assisted RP
(n=365), transperineal RP (n=104), and laparoscopic RP (n=73).
When PORT was given, radiation was delivered to the pro-
state bed only (n=456), and in addition to the seminal vesic-
ular bed (n=226), true pelvis (including regional lymph
nodes) (n=18), whole pelvis (including common iliac lymph
nodes) (n=414), and whole pelvis plus para-aortic area (n=3).
The dose fractionation scheme consisted of conventional
fractionation (n=842), hypofractionation (n=274), and mixed
conventional and hypofractionation (n=1). To adjust for dif-
ferent dose fractionation, the total equivalent dose was cal-
culated in 2 Gy fractions for prostate cancer (a/p ratio=2.0).
A median RT dose of 66.7 Gy (interquartile range [IQR], 64.6
to 70.0) was delivered to the clinical target volume (CTV).
The RT techniques used at each institution were three-
dimensional (3D)-conformal RT (n=568), intensity-modu-
lated RT (n=530), two-dimensional-RT (n=7), proton beam
therapy (n=>5) and a combination of 3D-conformal RT and
intensity-modulated RT (n=7). Androgen deprivation ther-
apy (ADT) was administered before the PORT referral
(n=106) or concurrently with PORT (n=579). Adjuvant PORT
was defined as PORT given when PSA < 0.2 ng/mL within
1 year from RP, and with no history of ADT. Salvage PORT
was defined as PORT given for biochemical or clinical failure
after PORT.

3. Statistical analysis

Time to recurrence and follow-up were calculated from the
first day of PORT. Biochemical failure after PORT was defi-
ned as serum PSA level > nadir+2.0 ng/mL or the initiation
of salvage ADT regardless of the PSA value, based on the
result of a pooled analysis conducted using the Radiation
Therapy Oncology Group (RTOG) 0534 protocol [8]. Distant
metastasis was defined as radiographic or histological evi-
dence of prostate cancer involving distant organs or non-
regional lymph nodes. Clinical failure referred to any type
of disease progression, including local failure, regional fail-
ure, and distant metastasis diagnosed by radiological or his-
tological examinations. OS was defined as the interval
between the first day of PORT and the date of death due to
any cause. CSS was defined as the interval between the first
day of PORT and the date of death from progressive prostate
cancer or treatment complications. The curves for BCEFS,
CFFS, DMFS, OS, and CSS were constructed using the
Kaplan-Meier method and compared in univariate analysis
using the log-rank test. A Cox proportional hazards model
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Table 1. Patient characteristics

Age at PORT (yr)

<67 575 (51)

> 67 542 (49)
Initial PSA level (ng/mL)

<20 791 (71)

>20 326 (29)
Gleason score

2-6 85 (8)

7 596 (53)

8-10 433 (39)
pT category

T2 335 (30)

T3a 422 (38)

>T3b 355 (32)
PN category

NO-Nx 1,051 (94)

N1 65 (6)
Resection margin

Negative 379 (34)

Positive 725 (66)
PSA level at PORT (ng/mL)

<02 415 (37)

0.2to<0.5 346 (31)

0.5to<1.0 192 (17)

>1.0 164 (15)
Treatment setting

Adjuvant 81(7)

Salvage 1,036 (93)
Total dose, EQD2

<64 245 (22)

64-67 322 (29)

=67 to<70 122 (11)

>70 425 (38)
RT volume?

Surgical bed only 670 (64)

Including regional lymphatic 381 (36)

(Continued)

was used for the multivariate analysis. The variables inclu-
ded for predicting outcomes were: initial preoperative PSA
(< 20 ng/mL vs. > 20 ng/mL), Gleason score (2-7 vs. 8-10),
pathologic T category (T2 vs. T3a vs. = T3b), resection margin
status (negative vs. positive), pre-PORT PSA level (< 0.5
ng/mL vs. >0.5-1.0 ng/mL vs. > 1.0 ng/mL), treatment aim
(adjuvant vs. salvage), total RT dose (< 70 Gy vs. = 70 Gy),
RT volume (surgical bed vs. surgical bed-+regional lymphatic
area), and concurrent ADT (none vs. short-term vs. long-
term). Initial PSA levels were divided into < 20 ng/mL and

Table 1. Continued

ADT

Pre-PORT
No 1,011 (91)
Yes 106 (9)

Concurrent ADT®
No 538 (48)
Short-term (< 12 mo) 178 (16)
Long-term (= 12 mo) 295 (26)

PORT, postoperative radiotherapy; PSA, prostate-specific
antigen; EQD2, equivalent dose in 2 Gy fractions; RT,
radiotherapy; ADT, androgen deprivation therapy. ¥Patie-
nts with N(+) were excluded, ®A history of ADT use lon-
ger than 6 months before PORT including perioperative
ADT, 9ADT given within 6 months before PORT to any
time after PORT as the (neo)adjuvant, therapy but not as
salvage therapy for biochemical failure after PORT.

>20 ng/mL based on the PSA cutoff value for the high-risk
group stratification [9]. Total RT dose was divided into < 70
Gy and = 70 Gy, with reference to another dose escalation
study [10]. The efficacy of elective nodal irradiation was
assessed for patients with pNO-Nx disease. Patients who had
a history of ADT use longer than 6 months before PORT were
excluded from the assessment regarding concurrent ADT.
Concurrent ADT included ADT given within the period from
6 months before PORT to any time after PORT as the
(neo)adjuvant, but not as salvage for biochemical failure after
PORT. Short- and long-term ADT referred to courses < 12
and > 12 months, respectively. p-values of < 0.05 were con-
sidered significant. The hazard ratio and corresponding 95%
confidence intervals were calculated using the Cox propor-
tional hazards model in subgroup analysis of the association
of long-term ADT with OS. The chi-square test was used to
compare differences in the baseline characteristics between
two groups. Radiation-related toxicity was evaluated accord-
ing to the RTOG radiation toxicity criteria. Statistical analyses
were carried out using STATA software (ver. 9.0, Stata Corp.,
College Station, TX).

4. Ethical statement

KROG 18-01 was approved by the institutional review
boards of each participating hospital and performed in accor-
dance with the ethical principles of the Declaration of
Helsinki and the International Conference on Harmonization
guideline E6: Good Clinical Practice. Written informed con-
sent was waived due to retrospective nature of the study.
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Fig. 1. Kaplan-Meier estimates of biochemical failure-free
survival (BCFFS), clinical failure-free survival (CFFS), dis-
tant metastasis-free survival (DMFS), overall survival (OS)
and cancer-specific survival (CSS) of all patients.

Results

The patient characteristics are summarized in Table 1. The
median age at diagnosis and at PORT was 66 years (IQR, 61
to 70 years) and 67 years (IQR, 62 to 72 years), respectively.
A total of 433 patients (38.7%) had a Gleason score of 8-10 in
the pathologic specimen and 777 patients (69.6%) were of
pathologic stage T3-4. Most patients had negative lymph
nodes, except 60 patients who had N1 disease (5.4%). Sixty-
three patients (5.6%) presented with local recurrence after RP
at the time of referral for PORT. The median initial PSA (pre-
operative) and pre-PORT PSA were 12.4 ng/mL (IQR, 7.5 to
23.9ng/mL) and 0.30 ng/mL (IQR, 0.06 to 0.64 ng/mL), res-
pectively. The median interval from surgery to initiating
PORT was 11.5 months (IQR, 4.5 to 27.6 months). Escalated
dose RT (= 70 Gy) and elective nodal irradiation were deliv-
ered to 38% and 39% of all patients, respectively. ADT given
for longer than the 6-month period before PORT referral
(pre-PORT ADT) was identified in approximately 10% of
patients (n=106). Concurrent ADT was administered to 42%
of patients (n=473): short-term in 16% (n=178) and long-term
in 26% (n=295). ADT was not given to 538 patients (48%).

The median follow-up duration was 84 months (IQR, 67 to
108 months) from the first day of PORT and 103 months
(IQR, 79 to 130 months) from RP. Overall, the estimated
10-year BCFFS, CFFS, DMFS, OS, and CSS were 60.5%,
76.2%, 84.4%, 91.1%, and 96.6%, respectively (Fig. 1). A total
of 343 patients (31%) experienced biochemical failure and 186
patients (17%) developed clinical failure. Clinical failure was
seen in 100 patients with loco-regional failure and 128 pati-
ents with distant metastasis (42 patients had both types of
recurrence). Sixty-nine men (6.1%) died during the observa-
tion period and 25 (2.2%) died due to progression of prostate
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cancer. The Kaplan-Meier curves for BCFFS, DMFS, CFFS,
0S5, and CSS were generated according to the pre-PORT PSA
level for four groups (< 0.2 vs. 0.2-0.5 vs. 0.5-1.0 vs. > 1.0). As
shown in Fig. 2A, higher pre-PORT PSA level showed unfa-
vorable results in all five endpoints (p < 0.05). The pre-PORT
PSA < 0.2 and 0.2-0.5 groups showed no significant differ-
ences in BCFFS, DMFS, CFFS, OS, or CSS; hence, we com-
bined them into one group with pre-PORT PSA < 0.5 for the
prognostic factor analysis. Additionally, Kaplan-Meier
curves were generated for BCFFS, DMFS, CFFS, OS, and CSS
in three groups classified according to the Gleason score
(2-6 vs. 7 vs. 8-10). As shown in Fig. 2B, the results showed
that a higher Gleason score was associated with unfavorable
outcomes in all five endpoints (p < 0.05). Due to the small
number of patients with Gleason scores of 2-6, they were
combined with those with a Gleason score < 7 for the prog-
nostic factor analysis.

The results of the univariate analysis of prognostic factors
are shown in Table 2. Among variables related to conditions
before the PORT referral, higher Gleason score, advanced
pathological T category, and higher pre-PORT PSA level
were significant predictors of unfavorable clinical outcomes
on all five clinical endpoints, including BCFFS, CFFS, DMFS,
0S, and CSS. Initial PSA level and resection margin status
were not associated with any clinical endpoints. Adjuvant
PORT showed significantly better BCFFS and CFFS than sal-
vage PORT. An escalated RT dose was significantly associ-
ated with an improved BCFFS, but not with any other
endpoint. Elective nodal irradiation was associated with
worse CFFS and DMFS compared to surgical bed-only RT in
pNO-NXx patients (n=1,051). The use of concurrent ADT, par-
ticularly long-term, was associated with improved BCFFS,
CFFS, and OS.

The results of the multivariate analysis for prognostic fac-
tors are summarized in Table 3. The most important deter-
minants of an increased risk of biochemical failure were
Gleason score 8-10, pT3a and > pT3b, and pre-PORT PSA 0.5
to < 1.0 and = 1.0. Adjuvant PORT, escalated RT dose, and
concurrent short- and long-term ADT were associated with
improved BCFFS. In terms of CFFS, Gleason score 8-10,
> pT3b, and pre-PORT PSA 0.5 to < 1.0 and > 1.0 were signif-
icantly related to increased risk of clinical failure. On the
other hand, concurrent long-term ADT was associated with
a decreased risk. Regarding DMFS, Gleason score 8-10,
>pT3b, and pre-PORT PSA > 1.0 were associated with a poor
outcome of DMFS. In both OS and CSS, patients who had a
Gleason score of 8-10 or pre-PORT PSA = 1.0 had a signifi-
cantly higher risk of death after treatment. In contrast, com-
bined long-term ADT was related to an increased OS. We
conducted subgroup analyses according to Gleason score,
pre-PORT PSA level, and pathological T category to further
analyze survival improvements due to concurrent long-term
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PORT+ADT  PORT only
Subgroup —_—— HR (95% CI) p-value
10-Year overall survival rate
Overall 91 98.1 90.3 ——0 | 0.24(0.08-0.66) 0.006
Gleason score
<7 501 98.8 93.1 o | 0.14(0.02-1.02) 0.052
8-10 288 97.0 84.9 —-o | 0.28 (0.08-0.94) 0.039
Pre-PORT PSA
<05 516 98.4 92.1 —o | 0.23 (0.05-1.00) 0.050
05-<10 160 97.7 90.9 I o i 0.34(0.04-2.69) 0.305
>10 117 96.6 81.1 —o | 0.20(0.03-1.54) 0121
pT category
pT2 257 98.3 90.4 —o i 0.25(0.03-1.90) 0.178
pT3a 321 98.4 95.5 —e | 0.24(0.03-1.93) 0.181
> pl3b 212 97.4 81.8 —o | 0.20 (0.05-0.87) 0.032
02 04 10 25
Combined ADT better  RT alone better

Fig. 3. Effect of long-term androgen deprivation therapy (ADT) on overall survival in patients receiving postoperative radio-
therapy (PORT). HR, hazard ratio; CI, confidence interval; PSA, prostate-specific antigen.

Table 4. The most severe types of radiation-related toxicity observed during follow-up

Grade 1 Grade 2 Grade 3 Total
Genitourinary
No. of patients (%) 171 (15) 145 (13) 44 (4) 352 (32)
Median interval from PORT (mo) 1.3 27.5 51.9 8.2
Gastrointestinal
No. of patients (%) 182 (16) 48 (4) 9(1) 241 (22)
Median interval from PORT (mo) 2.3 1.3 10.7 1.3

Evaluated by Radiation Therapy Oncology Group toxicity criteria. PORT, postoperative radiotherapy.

ADT with PORT (Fig. 3). Patients who had a history of pre-
PORT ADT and pathological N(+) were excluded from this
analysis. As shown in Fig. 3, the effect of concurrent long-
term ADT on OS was most pronounced in the unfavorable
subgroups, including Gleason score 8-10 and pathology
>T3b.

In general, long-term radiation-related toxicity was accept-
able during the observation period (Table 4). In total, 145
patients (13%) experienced grade II genitourinary toxicity,
and 44 patients (4%) developed grade III genitourinary tox-
icity, mostly gross hematuria requiring intervention. Forty-
eight patients (4%) reported grade II gastrointestinal toxicity,
and nine patients (1%) had grade III gastrointestinal toxicity
with rectal bleeding requiring endoscopic coagulation. Con-
cerning the interval from PORT to severe adverse events
(= grade ITI), a much longer time was taken for genitourinary

toxicity to manifest (51.9 months) than gastrointestinal toxi-
city by PORT (10.7 months).

Discussion

This study analyzed the long-term outcomes of PORT in
Korean patients with prostate cancer who underwent RP.
The estimated 10-year OS and CSS rates were 91% and 97%,
respectively, and were comparable to or higher than those
reported for western countries. Previous large retrospective
series reported 10-year OS rates of 77%-89% and 10-year CSS
rates of 82%-90% after PORT [3,11], including patients with
relatively poor prognoses who had median pre-PORT PSA
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BCF definition No. of events 10-Year BCFFS (%)
1. PSA > 0.2 ng/mL 369 57.8
2.PSA>1.0 ng/mL 246 69.5
3.PSA>2.0 ng/mL 202 73.8
4. PSA > nadir+2.0 ng/mL 178 76.0
5. PSA = nadir+2.0 ng/mL or 343 60.5

initiation of salvage ADT

Fig. 4. Biochemical failure (BCF)-free survival (BCFFS)
rates according to the biochemical failure definition. PSA,
prostate-specific antigen; ADT, androgen deprivation
therapy.

levels of 0.6-0.7 ng/mL compared to a median of 0.3 ng/mL
in the present study. Approximately 60% of patients remai-
ned free of biochemical failure at 10 years after PORT. The
efficacy of PORT was quite impressive, as most patients had
already experienced a biochemical failure before PORT.
Because KROG 18-01 adopted the definition of biochemical
failure used for definitive RT cases, such as the Phoenix def-
inition [8] of a serum PSA level > nadir+2.0 ng/mL, BCFFS
may be higher than in other studies in which a lower PSA
cutoff value was used for biochemical failure [12]. The BCFFS
rates according to various definitions of biochemical failure
are illustrated in Fig. 4. As shown, the 10-year BCFFS rate
increased with a higher PSA cutoff value. However, when
we considered initiation of ADT before PSA had reached the
nadir+2.0 ng/mL as biochemical failure (BCF definition #5),
the 10-year BCFFS rate was similar to that of BCF definition
#1 (60.5% vs. 57.8%, respectively). The optimal biochemical
failure cutoff for predicting the ultimate survival outcome
remains controversial and will be a topic for further research.

In the prognostic factor analysis, a lower Gleason score and
the use of PORT at a lower PSA level were strongly associ-
ated with a favorable outcome on all endpoints. The survival
disadvantage related to higher pre-PORT PSA level was only
seen when the value was > 1.0 ng/mL. A pre-PORT PSA
level of 0.5-1.0 ng/mL was a significant predictor of poor
BCFFS, CFFS, and DMFS outcomes, but was not predictive
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of OS or CSS. Stephenson et al. [12] conducted a multi-insti-
tutional cohort study with 1,540 patients to assess the prog-
nostic determinants after PORT with a median follow-up of
56 months. Their primary endpoint of “progression-free
probability” referred to a serum PSA value > 0.2 ng/mL
above the nadir, initiation of systemic therapy, or clinical
progression [12]. In their study, pre-PORT PSA level, Glea-
son score, PSA doubling time, surgical margins status, ADT
before or during PORT, and lymph node metastasis were sig-
nificant determinants of progression-free probability [12].
When Pre-PORT PSA level was stratified into four groups,
of <0.50, 0.51-1.00, 1.01-1.50, and > 1.50 ng/ mL, a significant
difference in progression-free probability was observed
among the groups [12]. Stish et al. [11] conducted a retrospec-
tive analysis of 1,106 patients with prostate cancer who re-
ceived PORT. They estimated the clinical outcomes,
including OS and the cumulative incidence rates of biochem-
ical failure, distant metastases, and cause-specific mortality,
with a long follow-up of approximately 9 years. In the prog-
nostic factor analysis, pathological tumor stage, Gleason
score, and pre-PORT PSA level were significant predictors
of biochemical failure, distant metastasis, cause-specific mor-
tality, and OS [11]. The 10-year cumulative incidence rates
for biochemical failure, distant metastasis, and cause-specific
mortality were significantly different between pre-PORT
PSA level < 0.5 ng/mL and > 0.5 ng/mL groups [11]. Overall,
our study yielded similar results to these previous studies,
demonstrating decreased survival with a higher pre-PORT
PSA level. Starting PORT before reaching a serum PSA level
<0.5ng/mL (or 1.0 ng/mL at the latest) appears to be critical
to achieve a favorable outcome, although the earlier PORT
is initiated, the better.

Approximately 7% of patients in this study receiving
adjuvant PORT demonstrated significantly better BCFFS and
CFFS compared to patients who received salvage PORT
(Table 2). Interpretation of these results requires caution
because we cannot exclude the possibility of lead-time bias
in the comparisons. Randomized clinical trials have shown
that adjuvant RT after RP provides significantly lower rates
of disease progression and a possible improvement in sur-
vival compared with watchful waiting in patients with
adverse features in pathologic specimens [5,6]. However,
arguments against adjuvant PORT include increased mor-
bidity from treatment, high financial cost, unnecessary treat-
ment of 50%-60% of patients, and high initial salvage rates
in some patients [13]. For these reasons, clinicians have been
hesitant to proceed with PORT in patients with undetectable
PSA after RP [14], as we report in the present study. As an
alternative, close surveillance and selective PORT for bio-
chemical recurrence is a preferable option after RP. Briganti
et al. [15] conducted a propensity-matched analysis to com-
pare adjuvant RT versus initial observation followed by early
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Table 5. Comparison of baseline characteristics between two different groups regarding RT field

Variable Prostate bed only Prostate bed+elective nodal RT p-value?
Initial PSA level (ng/mL)
<20 535 (80) 224 (59) <0.001
>20 136 (20) 154 (41)
Gleason score
<7 486 (73) 168 (45) <0.001
8-10 184 (27) 208 (55)
pT category
T2 246 (37) 84 (22) <0.001
T3a 261 (39) 144 (38)
>T3b 161 (24) 148 (39)
PSA level at PORT (ng/mL)
<0.2 483 (72) 237 (63) <0.001
0.5to<1.0 123 (18) 58 (15)
>1.0 65 (10) 83 (22)

Values are presented as number (%). RT, radiation treatment; PSA, prostate-specific antigen; PORT, postoperative radio-

therapy. ¥Chi-square test.

salvage RT in pathological T3 prostate cancer [15]. In their
study, early salvage RT given at a postoperative PSA < 0.5
ng/mL showed a comparable PSA control rate to those of
adjuvant RT [15]. The findings of the present study support
those results. As shown in Fig. 2A, few differences were
observed between the pre-PORT PSA subgroups (< 0.2
ng/mL vs. 0.2-0.5 ng/mL) among the clinical endpoints.
Although neither the interval since RP nor the effect of pre-
PORT ADT use were considered, these results suggest that
early salvage PORT when PSA < 0.5 ng/mL has persistent
efficacy and could be a reasonable treatment option after RP.

The prescribed RT dose of > 70 Gy significantly improved
BCFFS, but not the other endpoints, in our study. Although
primary RT for localized prostate cancer has sufficient data
supporting dose-escalated RT [16], the dose-response rela-
tionship is not fully understood in PORT. King and Kapp [17]
analyzed the dose-response relationship of PORT and BCFFS
in published data and compared it with that of primary RT
for macroscopic disease. Of note, they demonstrated very
similar dose-response curves for PORT and primary RT, and
dose-escalated PORT achieved significantly better BCFFS
[17]. Some researchers have suggested that a 66.6 or 70 Gy
threshold dose of PORT is associated with improved BCFFS
[18,19]. Latacz et al. [20] compared 66 and 70 Gy doses deli-
vered to the prostate bed in patients referred for salvage
PORT. The 70 Gy PORT group showed significantly impro-
ved BCFFS compared to the 66 Gy PORT group in a multi-
variate analysis with a mean follow-up of 28 months [20].
The SAKK 09/10 is an ongoing randomized clinical trial per-
formed by the Swiss Group, comparing 64 and 70 Gy PORT
in patients with prostate cancer [10]; in the near future, its

results should answer questions related to dose-response.
The optimal CTV for PORT remains an unresolved issue.
In particular, whether CTV should include regional nodes or
not remains controversial, particularly in high-risk patients.
In the present study, elective nodal irradiation was a signif-
icant predictor for decreased CFFS and DMFS in univariate
analysis; however, the results were non-significant in multi-
variate analysis. The discrepancy might have been due to
confounding factors, such as selection bias in retrospective
analyses, particularly in relation to baseline characteristics
(Table 5); men who initially had advanced or high-risk dis-
ease were more likely to receive a wider field of radiation,
including regional lymphatic coverage. Overall, excellent
loco-regional control after elective nodal irradiation was off-
set by increased distant metastasis. In addition, larger RT
field was associated with an increased risk of adverse effect
(Grade 2 or higher) in our sub-analysis (51 Table). Caubet et
al. [21] conducted a retrospective analysis comparing pro-
state bed RT with whole-pelvic RT in patients with high-risk
prostate cancer after RP. Postoperative whole-pelvic RT
failed to show any benefits in terms of disease progression,
exhibiting only a lower OS and increased toxicity compared
to prostate bed RT [21]. On the other hand, Pollack et al. [22]
announced the preliminary results of a three-arm random-
ized trial, the NRG Oncology /RTOG 0534 SPPORT trial, in
which they compared freedom from progression after
prostate bed RT (arm 1), prostate bed RT plus short-term
ADT (arm 2) or whole-pelvic RT plus short-term ADT (arm
3) in postoperative patients with recurrent prostate cancer.
They reported that whole-pelvic RT results in meaningful
reductions in failure compared to prostate bed RT with or
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without short-term ADT after a median follow-up of 5.4
years [22]. Nevertheless, because of the potential increased
risk of complications from the extended RT field, postopera-
tive whole-pelvic RT cannot be recommended outside of a
clinical trial until the advantages become evident.

When combined with RT in prostate cancer, the major ben-
efits of ADT are control of subclinical distant metastasis and
some local effects [23]. Because a combined RT and ADT reg-
imen is the treatment of choice for locally advanced prostate
cancer [24], this combination may be a rational approach for
high-risk prostate cancer. The RTOG 9601 trial reported that
adding 24 months of bicalutamide to PORT significantly pro-
longs patient survival compared to PORT alone, and also
decreases distant metastasis [25]. The 12-year cancer-specific
mortality rate decreased even further, from 13.4% to 5.8%, in
the group receiving bicalutamide (p < 0.001) [25]. The effect
of short-term ADT combined with PORT was also investi-
gated in the GETUG-AFU 16 trial [26]. patients assigned to
PORT plus short-term ADT had a significantly lower likeli-
hood of disease progression than those in the PORT alone
group at 5 years (80% vs. 62%, p < 0.001) [26]. Our results are
generally consistent with the findings of those randomized
studies. In the multivariate analysis, concurrent long-term
ADT and PORT contributed not only to lower hazard ratios
of BCFFS and CFFS, but also that of OS compared to PORT
alone. Clinical benefits of concurrent short-term ADT were
also seen for BCFFS, but not for any other endpoint. We iden-
tified 106 patients who had a history of ADT use longer than
6 months before PORT, and excluded these patients from the
analysis regarding the efficacy of concurrent ADT. For those
patients, postoperative ADT was given prior to PORT refer-
ral for various reasons (but mostly due to disease progres-
sion), which led to a subsequent delay of PORT, which may
have negatively affected the outcome of PORT.

In the RTOG 9601 trial, a post-hoc analysis performed to
determine the efficacy of concurrent long-term ADT showed
that the greatest OS improvement was seen in patients with
more aggressive disease, such as the subgroup with pre-
PORT PSA > 1.5 ng/mL or Gleason score >7 [25]. However,
the OS improvement in the subgroup with a Gleason score
of 8-10 was not statistically significant, probably due to the
small number of patients in that subgroup [25]. As shown in
Fig. 3, in the current study OS improvement due to concur-
rent long-term ADT was most notable in patients with unfa-
vorable features (Gleason score 8-10 and > pT3b). Although
significant OS improvement was not seen in all subgroups
regarding pre-PORT PSA, the improvement was much
greater in the higher pre-PORT PSA group (6.3% in subgroup
PSA < 0.5 vs. 15.5% in subgroup PSA > 1.0). To achieve suf-
ficient statistical power, a larger sample in the subgroup with
pre-PORT PSA > 1.0 would be required (n=117). On the other
hand, patients with a Gleason score < 7, < pT3a, or pre-PORT

178  CANCER RESEARCH AND TREATMENT

PSA < 1.0 were less likely to obtain a survival benefit from
concurrent ADT. Further studies are warranted to determine
the patients who would benefit most from adjuvant ADT.

Approximately 4% and 1% of patients suffered from severe
genitourinary and gastrointestinal toxicity in this study. Late
genitourinary toxicity > grade 3 after PORT has been repor-
ted as 7%-10% cases in other studies [25,27]. We observed
that most of the gross hematuria caused by radiation occur
many years after PORT (median, 52 months). Cozzarini et al.
[27] analyzed clinical factors predicting severe urinary toxi-
city after PORT in 742 patients, and suggested a history of
> grade 2 acute toxicity, older age, and greater radiation dose
as predictors for an increased rate of severe toxicity after sal-
vage PORT. Filling of the bladder is a common procedure to
prevent toxicity; however, this procedure can be difficult
because patients often experience problems maintaining con-
sistent bladder-filling after a prostatectomy [28]. Even given
the technological advances in RT for prostate cancer, the con-
formal technique was less effective at reducing the risk of
bladder toxicity compared to late radiation-induced proctitis
[29]. Because most patients undergoing PORT have a long
life expectancy (over 90% had 10-year OS in the present
study), clinicians may have to pay close attention to men at
risk.

A limitation of this study was its retrospective nature,
which may have led to unknown selection biases. However,
we attempted to minimize potential bias in the analysis by
using a large sample size and a multivariate analysis, to
account for variables potentially affecting the outcomes. In
addition, given the fact that pre-PORT PSA values are a sig-
nificant prognostic factor predicting OS and DSS, there could
be a lead-time bias when calculating survival from the day
of the first PORT instead of the day of RP. To eliminate this
lead-time bias, we re-calculated the survivals from the day
of RP. In this analyses, pre-PORT PSA was consistently a sig-
nificant factor predicting OS (p=0.003) and CSS (p < 0.001)
(S2 Fig.). Although PSA doubling time has proven to be an
important predictor for the prognosis of PORT [4,12], we
were unable to calculate this parameter because of the low
number of PSA tests performed, due in turn to early PORT
in some patients and inconsistent use of ADT. Meanwhile,
this study provides valuable data on clinical outcomes after
PORT in a Korean population with prostate cancer. Although
the prognosis after PORT is primarily affected by intrinsic
factors related to tumor and host factors, we identified sev-
eral modifiable treatment-related factors. Early administra-
tion of PORT before the PSA level reaches 0.5 ng/mL seemed
to be an essential component of successful treatment.

In conclusion, the clinical outcomes of PORT in a Korean
population with prostate cancer were very similar to those
published in Western countries. Gleason score and lower
serum PSA level at the time of PORT were significantly asso-
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ciated with favorable outcomes in all clinical endpoints.
Adding long-term ADT (> 12 months) to PORT should be
considered in patients with an unfavorable prognosis with
Gleason scores of 8-10 or > T3b. Further studies are war-
ranted to refine treatments based on their unique risks and
benefits.
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