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Abstract
Purpose To compare oncological outcomes in men with clinical T3b prostate cancer who underwent
radical prostatectomy (RP) or a combination of radiation therapy plus androgen deprivation therapy (HT +
RT).
Materials and Methods Men with clinical T3b prostate cancer who underwent RP or HT + RT between 2007
and 2014 were evaluated. All patients were relatively healthy, with Eastern Cooperative Oncology Group
(ECOG) performance status of 0 or 1 without nodal or distant metastasis. Cancer-specific survival (CSS)
was analyzed. Age, biopsy Gleason score, and initial prostate specific antigen (PSA) concentration were
adjusted by propensity score matching. Cox proportional hazard model was used to assess factors
prognostic of CSS.
Results Of the 152 patients with clinical T3b prostate cancer, 45 underwent RP and 107 underwent HT + RT
between 2007 and 2014. Mean CSS was significantly longer in the RP than in the HT + RT group (p =
0.029). Age, biopsy Gleason score, and pretreatment PSA concentration were significantly higher in the HT
+ RT group. In the propensity score matched population of 34 patients each, CSS remained significantly
longer in the RP than in the HT + RT group (125.21 ± 5.10 months vs. 107.73 ± 9.01 months, p = 0.041).
Multivariate analysis showed that undergoing HT + RT was the only significant poor prognostic factor for
CSS (hazard ratio = 2.849; 95% confidence interval, 1.086–7.473, p = 0.033).
Conclusion CSS was significantly longer in men with clinical T3b prostate cancer who underwent RP than
HT + RT, suggesting that RP should be the initial treatment of choice for these patients.

Introduction
Prostate cancer (PC) is the most common cancer in men and the second leading cause of male cancer
deaths in Western countries (Jemal et al. 2006). PC is most frequently diagnosed in men aged 60–70
years, with most new cancers localized to the prostate gland (Xylinas et al. 2009). Definitive treatments of
organ confined PC include radical prostatectomy (RP) and external beam radiation therapy (EBRT)
(Bagshaw et al. 1994; Epstein et al. 1996; Gerber et al. 1996; Perez et al. 1993), although the lack of definite
and well-conducted randomized controlled trials have made the optimal therapy for prostate tumors
unclear (Arcangeli et al. 2009). RP is recommended for patients who are younger and healthier without
tumor fixation to the pelvic sidewall.
However, there are no precise criteria to decide definitive treatment and no definitive evidence to determine
which management provides better outcomes to patients. Current clinical guidelines suggest that either
treatment is suitable, with the difficult treatment dicision for patients with tumors at high or very-high risk.
Information from retrospective studies is therefore needed to determine the best treatment options for
patients with high or very high risk PCs (Arcangeli et al. 2009; Boorjian et al. 2011; Zelefsky et al. 2010). In
the present study, we focused on treatment options in men with cT3b PC categorized as being at very-high
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risk. Cancer-specific survival (CSS) was compared in men with cT3b PC who underwent RP or EBRT plus
androgen deprivation therapy (HT+RT).

Materials And Methods
Patient Population
This study retrospectively analyzed 152 Korean men with cT3b PC without nodal or distant metastasis,
including 45 (29.6%) who underwent RP and 107 (70.4%) who underwent HT+RT, from August 1999 to
December 2014. Patients with other malignancies were excluded.

Patient Evaluation
All patients were examined by chest X-rays, abdomino-pelvic computed tomography (CT), pelvic magnetic
resonance imaging (MRI), and whole-body bone scintigraphy to determine the clinical stage of PC.
Prostate volume was measured by trans-rectal ultrasonography. cT3b was defined as seminal vesicle (SV)
involvement, evaluated on T1- or T2-weighted multiparametric MRI images. SV invasion on T2-weighted
MRI images was defined as the disruption or absence of the normal appearance of the SV, focal or diffuse
areas of low signal intensity within the SV, low signal intensity within the SV causing a mass effect, or
direct extension of the low signal intensity of a tumor from the base of the prostate to the SV. Dynamic T1weighted images showing enhancing lesions on the SV wall were defined as SV invasion (Kim et al. 2008;
Yamamoto et al. 2014).

Radical Prostatectomy
Of the 45 patients who underwent RP, 17 (37.8%) underwent robot assisted RP and 28 (62.2%) underwent
open RP. Of these 45 patients, 43 (95.6%) also underwent pelvic lymph node dissection (PLND), including
extended PLND in 21 patients (46.7%). Thirty-three patients (75.6%) received neoadjuvant androgen
deprivation therapy (ADT) for a median 1.25 months (range: 0.1–4.7 months) before surgery. The choice
to administer neoadjuvant ADT was at each physician’s discretion. At last follow-up, 29 (64.4%) of the 45
patients had received adjuvant or salvage ADT, and 15 patients (33.3%) had received adjuvant or salvage
EBRT of 66 Gy or 72.6 Gy due to PSA failure or adverse pathological features, such as lymph node
metastasis or SV invasion.

External Beam Radiation Therapy and Androgen Deprivation Therapy
In our institution, high-risk or very high-risk PC patients received dose escalated whole pelvic radiation
therapy (Joo et al. 2013). Intensity modulated radiotherapy and image guidance were used to reduce the
toxicities related to radiation therapy. The gross target volume included the entire prostate and the involved
lymph nodes. The clinical target volume included the gross target volume, SVs, and the internal iliac,
external iliac, and obturator nodal regions. The planning target volume was 5–7 mm wider than the clinical
target volume. The doses and fractionation plans were modified in 2011 in our institute. Before 2011, the
whole pelvis and boost doses were 46 Gy and 76 Gy, respectively, administered in 2 Gy fractions. After
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2011, the fraction size was increased to 2.2 Gy, and the whole pelvis and boost doses were 44 Gy and 72.6
Gy, respectively.
Of the 152 patients who underwent RP or HT+RT, 140 (92.1%) received neoadjuvant ADT prior to the
definitive treatments, including five (3.6%) receiving bicalutamide alone, 32 (22.9%) receiving luteinizing
hormone-releasing hormone agonist, and 103 (73.5%) receiving maximal androgen blockade (MAB),
consisting of a combination of luteinizing hormone-releasing hormone agonist and bicalutamide.
In the RP group, two patients(3.8%) received neoadjuvant bicalutamide alone, 7patients(13.5%) received
luteinizing hormone-releasing hormone agonist alone and 24patients(46.2%) received MAB. Of the 107
patients who underwent HT+RT, 18 patients (16.8%) received neoadjuvant bicalutamide alone, 24 (22.4%)
received luteinizing hormone-releasing hormone agonist alone, and 65 (60.7%) received MAB. ADT was
administered to patients in the HT+RT group for a mean 40.08±35.90 months.

Statistical Analysis
Categorical variables in the HT+RT and RP groups were compared using Pearson’s Chi-square tests, and
continuous variables were compared using Student’s t-tests. CSS was determined using the Kaplan-Meier
method and compared using log-rank tests. Multivariate analyses Cox proportional hazard analysis was
performed to assess factors predictive of CSS. One-to-one propensity score matching was performed to
determine the effects of each treatment method. Propensity scores were calculated by multivariable
logistic regression analysis, with age, body mass index, Eastern Cooperative Oncology Group (ECOG)
Performance Status, prostate volume, initial prostate specific antigen (PSA) concentration, and biopsy
Gleason score (GS) being the matched covariates. Standardized differences below 0.2 were considered
well balanced. All statistical analyses were performed using SPSS ver. 25.0.

Results
The study cohort consisted of 152 Korean men with cT3b PC without nodal or distant metastasis,
including 107 patients (70.4%) who received HT+RT and 45 (29.6%) who underwent RP. The mean followup duration was 62.94±40.86 months. Table 1 shows the baseline characteristics of the overall population
and of the propensity score matched population of 34 patients in each group. Mean ages of patients in the
RP and HT+RT groups were 67.53±6.08 years and 73.71±6.45 years, respectively; and mean pretreatment
PSA concentrations were 17.1±13.97 ng/mL and 47.18±56.91 ng/mL, respectively. Biopsy GS was
significantly higher in the HT+RT group (p=0.035). Propensity score matching yielded 34 patients in each
group, well matched in age (69.62±4.93 years vs. 70.32±5.79), pretreatment PSA concentration
(18.41±15.37 ng/mL vs. 18.6±18.65 ng/mL), and biopsy GS.
Figure 1 shows the CSS of each group in the overall population. 5-yr and 10-yr CSS rate was significantly
higher in the RP group than the HT+RT group (100% vs 89%, 87% vs 73%, respectively, p=0.029). Following
propensity score matching, median CSS was significantly longer in the RP than in the HT+RT group
(125.21±5.10 months vs. 107.73±9.01 months (p=0.041; Figure 2)).
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Univariate analysis of factors prognostic for CSS showed that type of treatment (p=0.012) and biopsy GS
(p=0.039) were significantly associated with CSS (Table 2), whereas multivariate analysis showed that
treatment type was the only factor significantly prognostic of CSS (hazard ratio, 2.849; 95% CI, 1.086–
7.473, p=0.033).
The pathological results of patients who underwent RP are shown in Table 3. Of the 45 specimens, 26
(57.8%) had GS higher than 8. Twenty-one (46.7%) patients showed consistency between clinical T stage
and pathological T stage. In addition, six patients (13.3%) had nodal metastasis and 30 (66.7%) had
positive surgical margin. Twenty-nine patients (64.4%) experienced biochemical recurrence(BCR), which
required subsequent ADT. Eight patients (27.6%) received adjuvant RT and seven (24.1%) received salvage
RT.

Discussion
Although PSA screening has resulted in the earlier detection of PC (Ward et al. 2005; Xylinas et al. 2009),
some patients have high-risk disease at the time of diagnosis. In a study done by Arcangeli, G., et al., RP
has shown improved oncological outcomes in patients with high-risk PC when compared with EBRT
(Arcangeli et al. 2009). This was considered due to the lack of adequate balance of other prognostic
factors, such as pretreatment PSA concentration and clinical T stage. Indeed, when appropriately
balanced, disease outcomes were similar in patients who received RP and EBRT. By contrast, our study
showed that CSS was significantly longer in the RP than in the HT+RT group, even after adjusting for age,
pretreatment PSA concentration, clinical T stage, and biopsy GS.
According to NCCN guidelines, surgery is not generally recommended in patients with low or intermediate
risk PC and an estimated life expectancy of <10 years (Carroll and Mohler 2018). Results from the
Surveillance, Epidemiology, and End Results (SEER) database indicated that survival outcomes in patients
with an estimated life expectancy of ≥ 10 years at diagnosis were superior with RP than with EBRT or
observation (Sun et al. 2014). By contrast, both RP and HT+RT are proper management techniques in
patients with high or very high risk PC and an estimated life expectancy of > 5 yrs. The results of the
CaPSURE study showed that most high-risk PC patients underwent HT+RT, with only about 36% initially
treated with RP (Meng et al. 2005). The percentage of patients receiving RP as initial treatment may be
even lower in patients with SV invasion, defined as cT3b PC. In this study, only 29.6% of patients with cT3b
PC underwent RP.
The optimal management of clinically advanced localized PC remains unclear due to the lack of
conclusive, well-designed randomized trials (Hakenberg et al. 2006). A prospective randomized trial
comparing oncological outcomes in PC patients receiving ADT plus RP and HT+RT found that both
approaches yielded favorable long-term outcomes (Akakura et al. 2006). However, this study included
patients with clinical T2b PCs, which are considered intermediate risk, confusing the determination of
optimal therapy in patients with high or very high risk PC. Cancer-specific mortality in patients with cT3N01 PC was shown to be significantly lower after RP than after EBRT, but, because that study used the SEER
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database, information on ADT and chemotherapy was lacking (Bandini et al. 2018). Therefore, despite it
being a large scale study, the relative advantages of RP and EBRT could not be determined.
Ward et al. (2005) reported that among the patients with cT3 PC, 27% of patients turned out to be pT2
disease after RP. They concluded that RP might potentially cure 27% of patients who were overstaged.
Similarly, Carver et al. (2006) demonstrated their results about treatment outcomes of 176 patients with
cT3 PC and they reported that 24% of patients were pathologically downstaged to pT2. The pathological
results of patients who underwent RP in our study demonstrated that 46.7% had pT3b disease which
means that more than half of the patients were downstaged regarding the T stage. 20% of patients were
downstaged to pT2. These results suggest that RP should be the initial treatment recommendation when
cT3b PCs are encountered at the time of clinical diagonosis.
Hsu et al. (2010) reported that the 10-year CSS rates of 164 men with cT3 PC who underwent RP was 80%.
In our study, the 5-year CSS rate in RP group was 100% and 10-year CSS rate was 87%. These findings
demonstrate that RP as an initial treatment in cT3b patients were reasonable.
Yamamoto S.et al. (2014) demonstrated that cT3b stage was a very strong predictive factors of local
progression and CSS. They reported that cT3b PC had significantly poor prognosis regardless of type of
initial treatment. Joniau et al. (2012) reported the 10-year clinical progression free survival and CSS rates
of 51 patients with cT3b-4 treated with RP which were 73 and 92% respectively. Zelefsky et al. (2010)
reported that the 10-year CSS of cT3b patients treated with EBRT plus in conjunction with neoadjuvant and
concurrent ADT was 61%. The oncological outcomes were significantly worse in cT3b PC than that of
cT3a PC patients. In our study, the 10-year CSS of cT3b PC patients treated with HT+RT was 73%. Based
on these results, the development of effective adjuvant treatment after definitive treatment is urgently
needed for cT3b PC patients
Our study demonstrated that RP yielded longer CSS than HT+RT in men with cT3b PC. Data on patients
were precise, including type and duration of ADT, and dose and duration of EBRT. Because age,
pretreatment PSA concentration, and biopsy GS were significantly higher in the HT+RT group, variables
were adjusted by propensity score matching, minimizing selection bias. Baseline characteristics in the 34
pairs of propensity matched patients did not differ significantly. Even after propensity score match, CSS
was significantly longer in the RP than in the HT+RT group, a finding supported by multivariate Cox
proportional hazard analysis, which found that treatment with HT+RT increased the likelihood of cancerspecific death 2.849-fold compared with treatment with RP. To the best of our knowledge, there are only a
few studies which analyzed and compared survival outcomes of RP and EBRT in men with cT3b PC. The
patient data were of high quality, with almost no missing clinical and pathological information. Our study
results may give additional supportive evidence to previous studies that RP is an optimal treatment
options in cT3b PC.
This study had several limitations. First, the size of the total cohort was quite small, and few patients were
available for propensity score matching, limiting precise statistical assessment. Second, due to its
retrospective design, this study may have had selection bias. Third, treatment-related toxicity could not be
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determined. Treatment-related toxicity is important when deciding the best treatment option for each
patient. Further studies should include treatment-related toxicity for better comparison between the two
treatment options. Lastly, ADT and EBRT differed in the HT+RT group. The RT protocol changed in 2011 in
our institution and ADT protocols differed among patients. Larger cohort studies and randomized
controlled trials are needed to confirm these results.
In conclusion, RP should be recommended as the initial treatment option for men with cT3b PC. Other
treatments may be more sui table after biochemical recurrence or treatment failure.
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Tables
Table 1. Baseline characteristics of the overall population and the propensity score matched population
Overall population
RP

HT+RT

(n=45)

(n=107)

Age, yr

67.53±6.08

BMI, kg/m2

23.95±2.48

Propensity matched population
P
value

Std
diff

RP

HT+RT

(n=34)

(n=34)

73.71±6.45

<0.001

0.985

69.62±4.93

70.32±5.79

0.131

23.13±2.96

0.114

0.302

24.18±2.33

24.55±2.64

0.150

0.162

0.241

ECOG
performance
status, n (%)

Std
diff

0.113

0

5 (11.11)

5 (4.67)

3 (8.82)

2 (5.88)

1

40 (88.89)

102 (95.33)

31 (91.18)

32 (94.12)

Prostate
volume, cc

39.39±27.8

40.35±24.15

0.639

0.037

40.77±30.36

42.06±21.4

0.049

Pretreatment
PSA, ng/mL

17.1±13.97

47.18±56.91

<0.001

0.726

18.41±15.37

18.6±18.65

0.011

0.035

0.491

Biopsy GS, n
(%)

0.150

≤7

18 (40.91)

24 (22.43)

16 (47.06)

13 (38.24)

8

13 (29.55)

30 (28.04)

8 (23.53)

10 (29.41)

≥9

13 (29.55)

53 (49.53)

10 (29.41)

11 (32.35)
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Std diff, standardized difference; BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; PSA,
prostate specific antigen; GS, Gleason score.
Table 2. Univariate and multivariate Cox proportional hazards analyses of factors significantly associated
with cancer-specific survival
Hazard
ratio

95% CI

3.028

1.278

Age

1.034

BMI

0.950

Treatment
group

ECOG
performance
status

HT+RT

1

P
value

Hazard
ratio

95%
CI

7.175

0.012

2.849

1.086

7.473

0.033

0.988

1.082

0.147

1.003

0.955

1.054

0.909

0.861

1.048

0.309

0.992

1.005

0.688

Infinity

0.985

Prostate
volume

1.007

0.998

1.017

0.137

Pretreatment
PSA

1.001

0.996

1.006

0.828

0.999

0.039

1

Biopsy GS

P
value

≤7

1

0.073

8

1.117

0.495

2.520

0.791

1.080

0.471

2.477

0.856

≥9

2.305

1.082

4.913

0.031

2.111

0.980

4.544

0.056

CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; BMI, body mass index; PSA, prostate
specific antigen; GS, Gleason score.
Table 3. Pathological outcomes in patients who underwent radical prostatectomy
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n (%)
Pathologic Gleason score
≤7

15 (33.3)

≥8

26 (57.8)

NA

4 (8.9)

Pathologic T stage
T2

9 (20.0)

T3a

12 (26.7)

T3b

21 (46.7)

T4

1 (2.2)

NA

2 (4.4)

Pathologic N stage
N0

37 (82.2)

N1

6 (13.3)

NA

2 (4.4)

Positive surgical margin
Yes

30 (66.7)

No

13 (28.9)

NA

2 (4.4)

Lymphovascular invasion
Yes

22 (48.9)

No

21 (46.7)

NA

2 (4.4)

Biochemical recurrence
Yes

29 (64.4)

No

15 (33.3)

NA

1 (2.2)

NA, not available.
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Figure 1
Kaplan-Meier analysis of cancer-specific survival in patients in the overall population who received RP and
HT+RT (p=0.029)
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Figure 2
Kaplan-Meier analysis of cancer-specific survival in patients in the propensity matched population who
received RP and HT+RT (p=0.041)
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