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Objective: The aim of this study was to evaluate the biochemical recurrence (BCR) in patients
with high-risk prostate cancer (PCa) treated with radical prostatectomy (RP) or radiotherapy
(RT) plus androgen deprivation therapy (ADT).

Methods: Subjects were patients with National Comprehensive Cancer Network-defined high-
risk PCa treated with either RP or RT plus ADT. We calculated BCR-free survival in patients
with those treatments and evaluated risk factor against BCR.

Results: A total of 114 patients, 71 RP and 43 RT plus ADT, were evaluated. A total of 59 and
20.9% of patients experienced BCR in the RP and RT treatment groups, respectively. The 5-year
BCR-free survival probabilities improved significantly for patients who received RT compared
to those who received RP (81.3 vs 37.3%, P<0.001). According to the number of risk factors,
59.2% of patients in the RP and 51.2% of patients in the RT treatment groups were classified
with one risk factor (P<0.014). The 5-year BCR-free survival probabilities for patients treated
with RP were 46.6 and 21.7% for one and multiple risk factors, respectively (P=0.008). On
univariate analysis, only the number of risk factors had a significant impact on the risk of BCR.
Meanwhile, there were no significant differences in the 5-year BCR-free survival probabilities
between one and multiple risk factors in patients treated with RT.

Conclusion: Among patients treated with RP, a marked heterogeneity existed in the oncological
outcomes. Based on these findings, the number of risk factors should be emphasized to decide
the optimal treatments for patients with high-risk PCa.

Keywords: high-risk prostate cancer, radical prostatectomy, radiotherapy plus androgen depri-
vation therapy, biochemical recurrence, number of risk factors

Introduction

Prostate cancer (PCa) is the most common malignancy in men in Western industrialized
countries.! PCa is an extremely heterogeneous affliction that ranges from organ confined
to a metastatic disease, and 15% of all PCa cases are diagnosed as high-risk disease.>
Radiotherapy (RT) plus androgen deprivation therapy (ADT) is recommended as the
primary management for patients with high-risk PCa, and radical prostatectomy (RP)
is a second option.>* However, due to the lack of prospective randomized controlled
trials between these two modalities, the optimal treatment for high-risk PCa is still a
matter of controversy. Several retrospective studies that compared outcomes after RP
and RT for high-risk PCa have shown widely disparate results. Some reported better
outcomes after RP>7 while others reported improved outcomes after RT,*® and a few
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reported equivalent efficacy.'®!! The reasons for the differ-
ences in treatment outcomes may be due to various factors,
including selection biases, definition of high-risk disease
and the use of adjuvant therapy after local treatment. It has
been reported that patients who received RP are younger and
healthier than patients who received RT.'?!* Also, according
to the definition of high-risk category, D’ Amico classification
defines clinical T2c as a high-risk factor,'* whereas National
Comprehensive Cancer Network (NCCN) classifies clinical
T2c¢ as an intermediate risk.> Furthermore, adjuvant therapies,
including RT and ADT, after surgery may significantly delay
the time to biochemical recurrence (BCR). In this situation,
it is important to precisely evaluate the clinical efficacy of
RP monotherapy. However, few studies have compared the
oncological outcomes after RP monotherapy and RT plus
ADT, although guidelines recommend RP or RT plus ADT
for high-risk PCa.

Currently, the defined risk classification of PCa consists of
risk features that include initial prostate-specific antigen (PSA),
biopsy Gleason score (G-S) and clinical stage. Although this
classification is simple and useful, the range is wide, especially
in the high-risk category. Recently, several investigators have
reported that a subclassification of high-risk PCa is beneficial
for predicting PCa-specific mortality (PCSM) and BCR after
RP and RT."**! They concluded that high-risk PCa is a hetero-
geneous cohort and does not have a uniform prognosis after
definitive local treatment. Again, however, these reports also
include patients who had received secondary interventions,
such as RT and/or ADT after local treatment.

In this study, we compared BCR-free survival after RP
monotherapy and RT plus ADT for patients with high-risk
PCa. Furthermore, we determined whether the classification
of high-risk PCa with the numbers of risk factors is associated
with the incidence of BCR.

This study was approved by the Institutional Review
Board (IRB) of Nara Hospital, Kindai University Faculty
of Medicine. Patient consent was omitted by the IRB of our
hospital by the following measures. To ensure a patient’s pri-
vacy, personal data were managed as unlinkable anonymous
data. The personal data were deleted from the data of this
research objective, and to hold anonymity of the research
objective, a new number was given for each research objec-
tive. A correspondence list between new numbers and the
research objective was not created.

Methods

We retrospectively investigated patients with high-risk PCa
who had been treated with RP alone or RT plus ADT at Nara

Hospital, Kindai University Faculty of Medicine, between
January 2007 and December 2013. Patients with an Eastern
Cooperative Oncology Group Performance Status of O or 1 at
diagnosis were eligible for this study. Initial PSA >20 ng/mL,
biopsy G-S 8-10, or clinical stage T3a is defined as a high-
risk PCa according to the NCCN guidelines. Digital rectal
examination (DRE), abdominal computed tomography (CT),
pelvic magnetic resonance imaging (MRI), and bone scan
were performed in all patients. Patients who had clinical
evidence of regional lymph node disease or distant metas-
tasis were excluded. In the RP group, patients who received
concurrent ADT and/or adjuvant RT were also excluded.
All needle biopsy specimens were reviewed by a single
pathologist. The decision for patients to undergo RP or RT
plus ADT was at the discretion of the attending physician
and patient preference. RP was performed using an open ret-
ropubic approach, along with bilateral pelvic lymphadenec-
tomy. BCR after RP was defined as PSA level >0.2 ng/mL
with two consecutive increases or PSA not decreasing to
<0.2 ng/mL after RP? If BCR was diagnosed, salvage ADT
or RT was started immediately. As an external beam RT,
three-dimensional conformal RT (3D-CRT) was carried out
until December 2010 and, thereafter, intensity-modulated RT
(IMRT) was delivered. 3D-CRT was delivered by a standard
fractionation scheme, for a total dose of 70 Gy in 35 frac-
tions. IMRT was delivered by a volumetric modulated arc
therapy under computerized optimization to avoid critical
organs with inverse planning for a total dose of 78 Gy in 39
fractions. All patients received concurrent ADT consisting of
a luteinizing hormone—releasing hormone (LH-RH) agonist
with an antiandrogen. Because of the retrospective nature of
this study, the period of concurrent ADT was decided at the
discretion of the attending physician. BCR after RT plus ADT
was defined with the use of Phoenix definition (nadir plus
2 ng/mL).% If BCR was diagnosed, salvage ADT was started
immediately. Adverse events as a result of RT plus ADT were
evaluated at each visit during and after treatment. Severity of
adverse events was graded according to NCI-CTCAE v4.0.
The primary objective was to compare the incidence of BCR
between RP and RT plus ADT. Baseline patient characteris-
tics were also evaluated for their impacts on the incidence of
BCR. BCR-free survival was calculated by the Kaplan—-Meier
method. Univariate analyses were performed using the Cox
proportional hazards regression model for evaluation of base-
line patient characteristics to the incidence of BCR. P-value
<0.05 was considered to be significant. Statistical Package
for the Social Sciences Version 23.0 (SPSS, Chicago, IL,
USA) was used for all statistical analyses.
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Results

Patient characteristics

A total of 114 patients, 71 RP alone and 43 RT plus ADT
group, met the eligibility criteria and were evaluable for this
analysis. The median follow-up periods were 59.1 (range,
9.0-106.9) and 54.5 (range, 29.2—107) months in the RP and
RT plus ADT groups, respectively (P=0.345). Table 1 shows
the baseline characteristics of the patients in each group.
Patients who received RT plus ADT were significantly older
than those who received RP, with a median age of 73 and
70 years, respectively (P=0.027). Also, patients who received
RT plus ADT had higher PSA (P=0.007) and higher biopsy
G-S (P<0.001) than those who received RP. According to the
number of risk factors, 59.2, 36.6 and 4.2% of patients in
the RP alone and 51.2, 23.2 and 25.6% of patients in the RT
plus ADT were classified with one, two and three high-risk
factors, respectively (P=0.014). In the RT plus ADT groups,
15 patients received 3D-CRT and 28 patients received IMRT.
All patients received concurrent maximal androgen block-
ade. LH-RH agonists had been administered in all patients.
Thirty-one patients received leuprolide, and 13 patients
received goserelin acetate. A total of 93.2% of the patients
received bicalutamide, and the remaining patients received
flutamide. Sixteen patients received neoadjuvant ADT and,

Table | Clinical characteristics of patients

the remaining 27 patients received both neoadjuvant ADT
and adjuvant ADT. The median duration of concurrent ADT
was 21.4 (range, 9.2-28.9) months.

Treatment outcomes

Overall BCR-free survival is shown in Figure 1. Patients who
experienced BCR were 59.2% (n=42) in the RP and 20.9%
(n=9) in the RT plus ADT. No patients died in the RP group,
whereas two patients died, including one patient who died from
PCa, in the RT plus ADT group. The 5-year BCR-free survival
probabilities improved significantly for patients who received
RT plus ADT (81.3%) compared with patients who received
RP (37.3%) (P<0.001). In the RP group, surgical pathology
showed T3a in 52% (n=37) and T3b in 12.7% (n=9). Two
patients with pT3b had pathological lymph node metastasis
(Table 1). Patients with pT3b received immediate RT because
their PSA level did not decrease to <0.2 ng/mL after surgery.
Patients with pT3a were observed without any adjuvant therapy
until BCR was confirmed. Salvage treatments including RT and
ADT were administered immediately following BCR. Eventu-
ally, of the 42 patients with BCR, 30 patients received salvage
RT and the remaining 12 patients received salvage ADT. No
significant difference was observed between 3D-CRT and
IMRT for BCR-free survival probabilities (data not shown).

Variable Category RP (n=71), n (%) RT + ADT (n=43), n (%) P-value
Median age at diagnosis (range), years 70 (56-82) 73 (58-83) 0.027
Median PSA at diagnosis (range), ng/mL 11.9 (4.3-63.9) 17.6 (4.7-204) 0.007
Baseline Gleason score <7 35 (49.3) 7 (16.3) <0.001
8-10 36 (50.7) 36 (83.7)
Clinical T stage Tlc 6 (8.5) 1(2.3) 0.048
T2a I521.1) 6 (14.0)
T2b 342 6 (14.0)
T2c 10 (14.1) 11 (25.6)
T3a 37 (52.1) 19 (44.1)
Number of high-risk factors | 42 (59.2) 22 (51.2) 0.014
2 26 (36.6) 10 (23.2)
3 342 11 (25.6)
Pathological Gleason score <7 41 (57.8) -
8-10 30 (42.2) -
Pathological T stage T2a 5(7.0) -
T2b 7(9.9) -
T2c 15 21.1) -
T3a 37 (52.1) -
T3b 9 (12.7) -
Pathological lymph node involvement 2 (2.8) -
Median duration of ADT (range), months - 21.4 (9.2-28.9)
NADT only - 16 (37.2)
NADT + AADT - 27 (62.8)
Median follow-up periods (range), months 59.1 (9.0-106.9) 54.5 (29.2-107) 0.345

Abbreviations: AADT, adjuvant androgen deprivation therapy; ADT, androgen deprivation therapy; NADT, neoadjuvant androgen deprivation therapy; PSA, prostate-specific

antigen; RP, radical prostatectomy; RT, radiotherapy.
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Figure | Kaplan—Meier analysis of biochemical recurrence-free curves for patients
treated with radical prostatectomy and radiotherapy plus androgen deprivation therapy.
Abbreviations: ADT, androgen deprivation therapy; RP, radical prostatectomy;
RT, radiotherapy.

In the RP group, 42 patients had one risk factor and 29
patients had multiple risk factors. Patients with multiple risk
factors were observed to have significantly worse BCR-free
survival than those with one risk factor. The 5-year BCR-
free survival probabilities of patients with one and multiple
risk factors were 46.6 and 21.7%, respectively (P=0.008,
Figure 2). In the RT plus ADT group, 22 patients had one
risk factor and 21 patients had multiple risk factors. In
contrast to the RP, there was no significant difference in
the 5-year BCR-free survival probabilities between one
and multiple risk factors. The 5-year BCR-free survival
probabilities of patients with one and multiple risk factors
were 86.3 and 80.1%, respectively (P=0.589, Figure 3).

As shown in Table 2, the univariate analysis shows that
neither the age at diagnosis nor the risk factors including pri-
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Figure 2 Kaplan—Meier analysis of biochemical recurrence-free curves according
to the number of high-risk factors for patients treated with radical prostatectomy.
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Figure 3 Kaplan—Meier analysis of biochemical recurrence-free curves according to
the number of high-risk factors for patients treated with radiotherapy plus androgen
deprivation therapy.

mary PSA, baseline G-S and clinical T stage were associated
with the incidence of BCR in the RP group. Only the number
of risk factors had a significant impact on the incidence of
BCR (hazard ratio [HR], 1.826; 95% confidence interval
[CI], 1.043-3.534; P=0.018). On the other hand, in the RT
plus ADT group, no baseline variables were associated with
risk of BCR based on the univariate analysis. Additionally,
differences in the risk of BCR were not observed relative to
the number of risk factors (HR, 1.487; 95% CI, 0.436-7.320;
P=0.589).

These results suggest that neither baseline variables nor
the number of risk factors may influence the incidence of
BCR for patients who received RT plus ADT.

Adverse events

According to the RT plus ADT group, adverse events of any
grade were experienced by 14 patients (32.6%). The most
common adverse events were diarrhea (16.3%), anal pain
(9.3%) and urinary frequency (9.3%). Only two patients
experienced grade 3 adverse events (Table 3). No patients
experienced therapy interruption due to adverse events.

Discussion

In this study, we evaluated patients with NCCN-defined high-
risk PCa treated with RP alone or RT plus ADT. The 5-year
BCR-free survival probabilities were significantly lower in the
RP group compared to those in the RT plus ADT group, even
though the RT plus ADT group had higher PSA and higher
biopsy G-S than those in the RP group. Although no large-
scale prospective randomized trials have been established,
several retrospective studies have compared RP with RT.
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Table 2 Association of clinical factors with biochemical recurrence-free survival

Variable RP RT plus ADT

HR (95% CI) P-value HR (95% CI) P-value
Age at diagnosis, years
<70 Referent Referent
>70 0.897 (0.484—1.660) 0.728 0.303 (0.078-1.386) 0.111
Primary PSA, ng/mL
<20 Referent Referent
>20 1.050 (0.535-19.135) 0.887 1.697 (0.424-6.792) 0.450
Baseline Gleason score
6-7 Referent Referent
8-10 1.645 (0.880-3.075) 0.085 0.431 (0.099-1.877) 0.250
Clinical T stage
Tle-T2c Referent Referent
T3a 1.222 (0.654-2.281) 0.529 1.349 (0.336-5.410) 0.673
Number of high-risk factors
| Referent Referent
2o0r3 1.826 (1.043-3.534) 0.018 1.487 (0.436-7.320) 0.589

Abbreviations: ADT, androgen deprivation therapy; Cl, confidence interval; HR, hazard ratio; RP, radical prostatectomy; RT, radiotherapy; PSA, prostate-specific antigen.

Table 3 Adverse events following RT plus ADT

Category Adverse events All grade, Grade
n (%) 23, n (%)
Gastrointestinal disorders Diarrhea 7 (16.3) 0
Anal pain 4(9.3) 1(2.3)
Rectal bleeding 2 (4.7) 0
Urinary disorders Urinary frequency 4 (9.3) 0
Dysuria 2 (47) 0
Hematuria 2(47) 1(2.3)
Urinary tract pain 2 (4.7) 0
Cardiac disorders Hypertension 2 (4.7) 0
Arrhythmia 1 (2.3) 0

Abbreviations: ADT, androgen deprivation therapy; RT, radiotherapy.

Boorjian et al'! reported the outcomes after RP and external
beam RT (EBRT) for 1,847 patients who were classified
with high-risk PCa according to the NCCN criteria. Nearly
two-thirds of the patients received RP, and the remaining
patients received EBRT with or without ADT. The oncological
outcome was evaluated with the use of systemic progression
defined as metastases on bone scan or on biopsies outside of
the prostatic bed. The estimated 10-year probabilities of sys-
temic progression-free survival rates were 85, 88 and 81% for
patients treated with RP, EBRT plus ADT, and EBRT alone,
respectively. They concluded that treatment modality did not
affect the systemic progression. Arcangeli et al® reported
outcomes for 284 patients with high-risk PCa treated with RP
or RT in combination with 9 months of ADT. They showed
an improvement in 3-year BCR-free survival favoring RT in
combination with ADT (86.8 vs 69.8%; P=0.001). With regard
to RT plus ADT, our result on the BCR rate is similar to that
of this previous report. However, the BCR rate after RP may
be rather inferior to previous reports and the reason for that

may be that no patients received adjuvant RT and/or ADT in
our study, whereas in the previous study, 68% of the patients
received adjuvant therapies. Indeed, the EORTC trial 22911
reported that adjuvant RT after RP demonstrates an improve-
ment in BCR-free survival compared with no postsurgical
treatment (74.0 vs 52.6%, P<0.001).%*

In this study, we compared the incidence of BCR as an
early oncological outcome. However, a recent study described
that BCR after RP and RT is associated with different risks of
PCSM because of the different definitions of BCR for each
modality.”® Another study has also shown that the time to BCR
after RT may be longer when compared with RP.2® On the
contrary, some evidence suggests that the interval from BCR
to metastatic progression is shorter after RT when compared
with RP.?"2 Their findings suggest that BCR may not be an
adequate surrogate marker of metastatic progression or PCSM
when the different definitions of BCR are used. Therefore, our
results should be interpreted with caution and further follow-
up is needed. Furthermore, with respect to RT plus ADT, the
possible influence of the concurrent androgen suppression
should be taken into account. These patients experienced
transient testosterone suppression. Arcangeli et al’ reported
that the median interval to reach normal testosterone level
(=3 nmol/L) after ADT was 25 months for patients with
high-risk PCa. In this study, the median follow-up period was
relatively short and may reduce the incidence of BCR. Based
on these factors, our results should be interpreted.

This study has also shown that the number of risk factors
had a significant impact on risk of BCR for patients treated
with RP. Meanwhile, in the RT plus ADT, differences in
the incidence of BCR were not observed according to the
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number of risk factors. Several studies have reported the
association between preoperative variables and oncological
outcomes for patients with high-risk PCa. Yossepowitch et al?
stratified high-risk PCa patients who received RP into eight
subgroups based on preoperative variables. According to
this classification system, the 5-year relapse-free probability
after surgery alone ranged from 49 to 80%. They concluded
that high-risk PCa does not have a uniform prognosis after
RP. Joniau et al'® proposed more simplified classification
of high-risk PCa treated with RP. They stratified patients
into three groups, and the 10-year OS rates were 88.3, 88.8
and 79.7% for the good, intermediate and poor prognosis
subgroups, respectively. Considering these reports, the onco-
logical outcomes of RP in high-risk PCa may vary with the
use of novel classification system. Some investigators have
also showed the association between the number of risk fac-
tors and oncological outcome for patients who received RP.
Walz et al'® reported that in the 887 RP series, patients with
only one risk factor had the most favorable 5-year BCR-free
survival probabilities (50.3%), relative to patients with more
than two risk factors (27.5%). The authors concluded that the
BCR-free survival may vary substantially, depending on the
number of high-risk factors. Reese et al* also investigated the
5-year BCR-free survival rates of 798 patients with high-risk
PCa treated with RP. They reported that the 5-year BCR-free
survival probabilities with one and multiple risk factors
were 51.2 and 40.0%, respectively (P<0.01). Our result on
the 5-year BCR-free survival is similar with these reports.
In our study, the 5-year BCR-free survival probabilities of
RP were 46.6 and 21.7% for one and multiple risk factors,
respectively (P=0.008). These results suggest that nearly half
of the patients with one high-risk factor may be cured with
RP monotherapy. On the other hand, it may be difficult to
cure with RP alone for patients with multiple risk factors.
Yamamoto et al'” reported that curing patients with multiple
high-risk factors using RP monotherapy is difficult; there-
fore, RP for them should be considered as a first step to be
followed with further treatments that include ADT and RT.
Meanwhile, in the RT plus ADT group, differences in the
risk of BCR were not observed relative to the number of risk
factors. Most studies focused on surgically managed high-risk
PCa. To the best of our knowledge, only one retrospective
study has evaluated a classification system of high-risk PCa
treated with RT. Muralidhar et al examined 1,185 patients
with high-risk PCa treated with RT.?! They showed that
favorable high-risk patients defined as T1c with either G-S
4+4=8 and PSA <10 ng/mL or G-S 6 and PSA >20 ng/mL had
significantly better PCSM than other patients with high-risk

disease (adjusted HR 0.42, P=0.049). Our findings differed
from these results, and the differences could be attributable
as follows. First, they excluded patients with any Gleason
grade 5 disease because of the significantly worse outcomes
in prior work. However, our study included patients with
Gleason grade 5 disease (70.5%). In men with high-risk PCa
treated with definitive therapy, Gleason grade 5 disease had
worsened the time to PSA failure compared to those without
grade 5 component.*® Second, they included patients who
were not given concurrent ADT. One-third of the patients did
not receive ADT, and the remaining patients received only
4 months of ADT. Moreover, patients with favorable high-risk
disease were less likely to receive ADT than those with other
high-risk diseases. Our study excluded patients who had not
received concurrent ADT. NCCN recommends 2-3 years
ADT for high-risk PCa when treated with RT. These factors
may have contributed to the different outcomes.

There are some limitations in this study, including its
retrospective nature, the relatively small number of patients
analyzed and the relatively short duration of concurrent ADT
for RT patients. A significant limitation of our analyses is
the use of BCR as a primary endpoint. Different definitions
of BCR for RP and RT may cause difficulty in comparing
oncological outcomes. Furthermore, with not a long follow-
up period resulting in a very few events, especially in RT plus
ADT, further studies with longer follow-up will be needed.

Conclusion

We reported the oncological outcomes of RP monotherapy
and RT plus ADT for patients with high-risk PCa. The
5-year BCR-free survival probabilities were significantly
lower in the RP group than in the RT plus ADT group.
However, among patients who received RP, a marked hetero-
geneity existed in the oncological outcomes. Our findings
suggest that the number of risk factors should be taken into
account when deciding the optimal treatment for patients
with high-risk PCa.
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