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Radical prostatectomy for high-risk prostate cancer: Biochemical
outcome
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Objectives: To determine the biochemical outcome following radical prostatectomy alone in patients with high-risk prostate cancer.
Methods: Between January 2002 and August 2007, 252 patients underwent radical retropubic prostatectomy. Those who received neoadju-
vant hormone therapy were excluded from this analysis. Based on pre-operative data, we stratified the patients into low, intermediate, and
high-risk groups according to the risk criteria of the National Comprehensive Cancer Network in 2003, respectively. Prostate-specific antigen
(PSA) failure was defined as any detectable PSA level higher than 0.2 ng/mL.
Results: The PSA failure-free survival rate for the high-risk group (n = 46) was 64.5% after a median follow-up period of 39 months. Among
patients with high-risk disease, none with pathologically organ-confined cancer (n = 19) and a negative surgical margin had PSA failure. The PSA
failure-free rate in patients with non organ-confined cancer (n = 27) was 39.5%. Among the pretreatment variables, a positive biopsy core
percentage (the number of positive biopsy cores/total biopsy core) �30 was a significant independent predictor of extra prostatic extension.
Conclusions: Radical prostatectomy is feasible in high-risk prostate cancer patients, only if they have a pathologically organ-confined disease.
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Introduction

Radical prostatectomy is one of the common therapeutic modalities for
clinically localized prostate cancer. With the advent of prostate-specific
antigens (PSA), prostatic carcinoma is more frequently diagnosed as a
clinically localized disease. While patients with low-risk prostate
cancer can expect an excellent prognosis after radical prostatectomy or
radiotherapy, the benefits of various treatment options for those with
high-risk or high-grade disease remain unproven.1 Some investigators
have argued that poorly differentiated cancers are infrequently cured
with radical prostatectomy alone. Rioux-Leclercq et al. reported that
high-grade prostate cancer has an unfavorable outcome, even if the
cancer is organ-confined , and that the outcome cannot be predicted by
preoperative clinicopathological data.2 Both the guidelines of the Euro-
pean Association of Urology (EAU) and the National Comprehensive
Cancer Network (NCCN) recommend that the treatment for men with
high-risk prostate cancer with a life expectancy of more than 5 years
should involve a combination of androgen deprivation and external
irradiation, with radical prostatectomy being an optional therapy.3,4

In a recent series involving treatment with radical prostatectomy
alone, the 5-year disease-free probabilities for low-, intermediate-, and
high-risk prostate cancer were 92.5%, 78.3%, and 65.1%, respectively,
at a single institution,5 and the disease-free survival of patients with
high-risk disease at another institution was 68% after a median
follow-up period of 3.1 years,1 based on the risk criteria of D’Amico
et al.6 Other reports have also indicated that high-grade cancer is a
potentially surgically curable disease if the cancer is pathologically
organ-confined.7–10 Although ‘high-grade’ is not equal to ‘high-risk’, in
that the latter includes both high-grade and advanced diseases, the
selection of the treatment modality for prostate cancer has recently

been recommended to be carried out according to risk criteria based on
pretreatment parameters. In the contemporary setting, we examined the
biochemical outcome after radical prostatectomy in patients with a high
risk of recurrence, according to the risk criteria of the NCCN in 2003.3

To our knowledge, this is the first report on the oncological outcome of
radical prostatectomy in Japanese men with high-risk prostate cancer.

Methods

The patients underwent a prostate biopsy and were diagnosed with
prostate cancer in our and associated institutions. Transrectal
ultrasound-guided prostate biopsies were carried out in our and asso-
ciated facilities. Six to 16 cores (median number of cores: 10) were
collected during these biopsies. In addition to the conventional sextant
biopsy-cores, biopsy specimens were appended from the far lateral,
apex, and/or transition zones.

Between January 2002 and August 2007, 252 patients underwent a
radical prostatectomy, carried out by the seven surgeons of our institu-
tion. The patients were classified into three risk groups according to the
criteria of the NCCN.3 Of these, the patients who received neoadjuvant
hormone therapy were excluded from this analysis; thus, the low-
(Gleason score 6 or less, PSA lower than 10, and T1 to T2a),
intermediate- (Gleason score 7, or PSA between 10 to 20, or T2b to
T2c), and high-risk (Gleason score 8 to 10, or PSA higher than 20, or
T3a to T3b) groups contained 25, 149, and 46 patients, respectively.

A single pathologist (M. E.) evaluated the degree of malignancy in
the biopsy and prostatectomy specimens according to the Gleason
grading system11 and pathological stage based on the 2002 TNM clas-
sification.12 Prostatectomy specimens were inked over their entire
surface and fixed in 10% buffered formalin. The prostate was sectioned
into 3-mm slices in the plane perpendicular to the long axis of the
gland , from the prostate apex to the tip of the seminal vesicles, fol-
lowed by hematoxylin-eosin staining and determination of extra pros-
tatic extension (EPE). EPE was defined as a tumor extending from the
prostate to the periprostatic soft tissue. The presence of tumor cells at
the inked margin of the resection was judged as a positive surgical
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margin (pSM). Organ-confined disease (OCD) was defined as pT2
without lymph node metastasis, and specimen confined disease
(SCD) was defined as pT2 to pT4 without a pSM or lymph node
metastasis.

The follow-up schedule following the radical prostatectomy involved
a PSA assay every 3 months for the first 2 years and every 6 months for
the next 3 years, and yearly thereafter. The date of disease recurrence or
PSA failure was defined as when the serum PSA level exceeded
0.2 ng/mL or when a radical prostatectomy was carried out if the PSA
did not decrease below 0.2 ng/mL after surgery. The patients that
underwent radical prostatectomy were subsequently treated with radia-
tion therapy or hormone therapy only after they suffered biochemical
recurrence as described above. So postoperatively, none of the patients
received any adjuvant therapy.

All statistical analyses were carried out using JMP 5.1.2 software
(SAS Institute Inc., Cary, NC, USA). Clinicopathological parameters
were analyzed using the c2 test. The PSA failure-free rate was deter-
mined by the Kaplan–Meier method. The significance of the clinico-
pathological parameters associated with PSA failure was assessed by
the Cox proportional hazards regression model. P values < 0.05 were
considered to be statistically significant.

Results

The clinicopathological characteristics of the three risk groups are
shown in Table 1. There were no differences in patient age among the
groups. According to the prostatectomy Gleason score, the low-risk,
intermediate-risk, and high-risk groups had high-grade (Gleason score
8 or higher) tumors in 4.0% (1/25), 11.4% (17/149), and 56.6% (26/46)
of cases, respectively. The tumor was organ-confined in 72.0% (18/25),
70.5% (105/149), and 41.3% (19/46) of cases, respectively. Lymph
node involvement was found in one patient in the high-risk group. After
the median follow-up period of 39 months, the PSA failure-free rates in
the low, intermediate, and high-risk groups were 87.8%, 87.3%, and
64.5%, respectively (Fig. 1). The difference between the intermediate
and high-risk groups was significant (P = 0.0007).

With regard to the high-risk group, the number of biopsy cores was
�10 and 8–6 in 33 and 13 patients, respectively, and the median
number of biopsy cores was 10. The number of biopsy cores varied6–16

because the patients underwent prostate biopsy in several hospitals. The
median PSA before surgery was 8.1 ng/mL. Thirty-five patients
(76.1%) had a biopsy Gleason score of �8. Twenty-eight patients
(60.9%) had non-palpable disease (cT1c). The Gleason scores for the

Table 1 Clinocopathological characteristics of 220 patients according to risk group

Risk group Low Intermediate High

Total number of patients 25 149 46

Median age (range) 60 (47–72) 64 (47–76) 65.5 (51–75)

No. clinical stage (%)

T1 22 (88.0) 111 (74.5) 28 (60.9)

T2 3 (12.0) 38 (25.5) 10 (21.7)

T3 – – 8 (17.4)

Preoperative PSA (%)

4.0 or less 4 (16.0) 13 (8.7) 3 (6.5)

4.1–10.0 21 (84.0) 112 (75.2) 27 (58.7)

10.1–20.0 – 24 (16.1) 7 (15.2)

Greater than 20.1 – – 9 (19.6)

Biopsy Gleason score (%)

6 25 (100) 3 (2.0)

7 – 146 (98.0) 11 (23.9)

8 – – 26 (56.5)

9 – – 9 (19.6)

Final Gleason score (%)

5 – 1 (0.7) –

6 3 (12.0) 3 (2.0) –

7 21 (84.0) 121 (81.2) 20 (43.5)

8 1 (4.0) 14 (9.4) 13 (28.3)

9 – 3 (2.0) 13 (28.3)

Unknown – 7 (4.7) –

Pathological stage (%)

pT2 18 (72.0) 105 (70.5) 19 (41.3)

pT3a 6 (25.0) 33 (22.1) 22 (47.8)

pT3b – 5 (3.4) 4 (8.7)

pT4 1 (4.0) – 1 (2.2)

Un-known – 6 (4.0) –

pN1 – – 1 (2.2)

Number of patients with various clinical characteristics (percentages shown in parentheses). pN+, positive lymph node metastasis; PSA, prostate-specific

antigen; pre-PSA, PSA just before surgical treatment.
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RP specimens were lower than those for the biopsy cores (downgraded)
in 14 patients (30.4%) and higher (upgraded) than those in the biopsy
cores in nine patients (19.6%). Only one (7.1%) of the downgraded
groups had PSA failure; whereas, seven (77.7%) of the upgraded and
seven (30.4%) of the same-graded groups had PSA failure.

In Cox proportional hazards analysis of the high-risk group, there
were significant differences in the specimen confined status and cancer
volume between the patients with and those without PSA failure
(Table 2). We could not calculate the hazard ratio of PSA failure for
extra prostatic extension without the hazard ratio becoming infinitely
high, because none of the patients without EPE had PSA failure
(Fig. 2). However, preoperative variables such as patient age, preopera-
tive PSA, the number of positive biopsy cores, clinical tumor stage,
biopsy Gleason score, and the maximum cancer length of biopsy cores
were not significant predictors in univariate analysis (Table 2).
Although no preoperative variables were able to predict biochemical
failure, the biochemical recurrence-free rates for patients with and
without EPE were 45.0% and 100%, respectively (P = 0.0001) (Fig. 2).

We then examined whether any preoperative variables were associ-
ated with EPE in the high-risk patients. A positive biopsy core percent-
age of 30 or more (number of positive biopsy cores/total biopsy cores)
was a significant independent predictor of EPE in univariate and mul-
tivariate analysis (P = 0.007, P = 0.043, respectively). PSA, clinical
stage, and biopsy Gleason score were not independent predictors
(Table 3). Maximum cancer length was excluded from the multivariate
analysis because it could not be measured in eight patients whose
biopsy specimens were fragmented; however, in univariate analysis of
the other 38 patients, maximum cancer length was a significant risk
factor for EPE.

Prostate-specific antigen failure-free survival in patients with
specimen-confined (i.e. margin-negative) disease was significantly
higher than in those with non-specimen-confined disease (P < 0.0001)
(Fig. 3). Eighty-five percent (11/13) of the patients with non-specimen-
confined disease had PSA failure, while in those with specimen-
confined disease, the PSA failure-free rate was 87.9% after a median
follow-up of 39 months. When the patients were stratified according to
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Fig. 1 Kaplan–Meier estimates of prostate-specific antigen (PSA) failure-

free survival according to risk grouping. P = 0.0028.
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Fig. 2 Kaplan–Meier estimates of prostate-specific antigen (PSA) failure-

free survival according to the extent of disease. EPE, extra prostatic exten-

sion. P = 0.0001.

Table 2 Relationship between the variables and prostate-specific antigen (PSA) failure

Variable Odds ratio P 95% CI

Univariate

Age 0.972 0.437 0.904–1.051

PSA 1.031 0.081 0.995–1.063

Biopsy Gleason score �7 vs �8 1.028 0.924 0.601–1.955

cT1c vs cT2 or T3 1.032 0.903 0.597–1.721

% Positive biopsy core <30% vs �30% 1.368 0.230 0.820–2.365

Maximum cancer length <6 mm vs �6 mm (n = 38) 1.505 0.160 0.841–2.770

Final Gleason score 7 vs �8 1.934 0.023* 1.089–4.054

Specimen-confined vs non-specimen-confined 3.180 <0.001* 1.844–6.082

Total cancer volume 1.091 0.018* 1.018–1.154

Multivariate

Final Gleason score �7 vs �8 2.060 0.039* 1.034–5.210

Specimen-confined vs non-specimen confined 3.031 0.006* 1.595–6.572

Total cancer volume 1.094 0.046* 1.002–1.198

*Statistically significant. CI, confidence interval.
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pathological stage and SM status, there were no pT2pSM(+) patients.
The PSA failure-free survival rate at the median follow-up of
39 months in the pT2pSM(-) patients (100%) was significantly higher
than that in both the pT3pSM(-) (71.4%) and pT3pSM(+) patients
(10.0%), (P = 0.025 and P < 0.0001, respectively) (Fig. 4).

Discussion

In terms of the risk criteria, the ‘high-risk’ group included both high-
grade (aggressive) cancers irrespective of their progression and
advanced cancers irrespective of their aggressiveness. High-risk pros-
tate cancer leads to significant morbidity and mortality if left untreated
because of its aggressive behavior.3 In the pre-PSA era, radical pros-
tatectomy was not a feasible option for high-grade prostate cancer
(Gleason score of 8–10) because of its advanced stage (94%), high
incidence of nodal metastasis (75–100%), and poor prognosis between
the 1960s and 1970s.3,13 Over time, lymph node metastasis in high-
grade cancers decreased to 17–40%,14–17 and organ-confined disease
was observed in 8–13% of patients with high-grade cancer between the
early 1980s and early 1990s,14–17 while the 4-year disease-free prob-
ability after radical prostatectomy alone remained low (28%).17 With
the advent of PSA, the rate of organ-confined cancer increased to

26–30% for high-grade disease,7–10 and the 5-year disease-free rate
after radical prostatectomy alone for high-risk disease has increased to
41–75% in contemporary series1,2,8,10,18–23 (Table 4).

We analyzed the outcome of radical prostatectomy alone for patients
with high-risk disease. In the current study, the disease-free rate of
high-risk patients was 64.5% (31/46) after a median follow-up period
of 39 months. Of the 46 high-risk patients, 19 with organ-confined
disease (EPE(-) and pSM(-)) had no PSA recurrence, while 15 of 27
subjects with EPE had PSA failure (Fig. 2). It is of note that EPE was
a significant predictor, although we could not reveal the odds ratio, as
described above. As a result, the surgical margin status is a significant
predictive factor of PSA recurrence in univariate and multivariate
analysis (Table 2). Our result that 64.5% of high-risk patients showed
no evidence of recurrence after a median follow-up period of
39 months is comparable with those reported in recent series (Table 4).
Mian et al. reported that among 188 patients with high-grade cancer,
the subgroup with specimen-confined disease had an 84% PSA failure-
free rate and emphasized that it is important to resect high-risk prostate
cancer completely by radical prostatectomy.8,24 In their series, among
the patients with specimen-confined disease, those with organ-confined
cancer had a higher PSA failure-free rate than those with non-
organ-confined cancer. In another recent study of high-grade disease,
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Fig. 3 Kaplan–Meier estimates of prostate-specific antigen (PSA) failure-

free survival obtained by comparing specimen-confined disease (SCD) and

non-SCD. P < 0.0001.
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free survival according to pathological stage and surgical margin status.

pSM, positive surgical margin. P < 0.0001.

Table 3 Relationship between the preoperative variables and extra prostatic extension

Variable Odds P 95% CI

Univariate

PSA 1.107 0.050 1.022–1.257

Biopsy Gleason score �7 vs �8 0.485 0.089 0.033–1.078

cT1c vs T2 or T3 1.086 0.790 0.595–2.013

% Positive biopsy core <30% vs �30% 2.525 0.007* 1.329–5.250

Maximum cancer length <6 mm vs �6 mm (n = 38) 2.754 0.009* 13.45–6.409

Multivariate

% Positive biopsy core <30% vs �30% 1.145 0.043* 1.048–4.570

PSA 1.056 0.089 1.004–1.246

cT1c vs T2 or T3 1.438 0.700 0.584–2.372

*Statistically significant. CI, confidence interval; PSA, prostate-specific antigen.
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the 5-year PSA failure-free rate was 84.7% for organ-confined cancer,
while it was 55.2% for non-organ-confined cancer7 (i.e. high-grade
cancer is a potentially surgically curable disease if the cancer is patho-
logically organ-confined).7–10,15–18 Therefore, the selection of patients
who are expected to have pathologically organ-confined cancer is
important for surgical treatment of high-risk disease.

However, the rate of organ-confined disease in high-grade prostate
cancer is still low (14–37%).7–10 In our entire cohort, 26 (56.6%)
patients had high-grade disease (Gleason score 8 or more). Nine
(34.6%) of those 26 patients had organ-confined disease, and five
(29.4%) of the remaining 17 patients with non-organ-confined cancer
were PSA failure-free after a median follow-up period of 39 months;
therefore, we should take care to select candidates with high-grade
cancer for radical prostatectomy.

We analyzed the predictive variables for organ-confined disease
among the pre-operative parameters (Table 3). In the present study, the
patients without EPE had a significantly smaller number of positive
cores and a shorter maximum cancer length in their biopsy specimens
than those with EPE cancer. Thus, it may be possible to predict the
oncological outcome of radical prostatectomy alone for patients with
high-risk prostate cancer based on the percentage of positive cores and
the maximum cancer length in biopsy specimens, although we should
consider that our series included patients with various numbers of
biopsy cores. In other series, the percentage of positive biopsy cores
may be useful for predicting disease recurrence in men with high-risk
cancer.1 Historically, the rate of organ-confined cancer among patients
with high-grade characteristics has increased over time. A favorable
disease-free probability could be obtained with radical prostatectomy
alone, especially if the cancer is confined to the prostate; therefore,
radical prostatectomy will have an increasing role in high-risk disease
due to early detection and proper patient selection.

Donohue et al. reported that in their series of patients with a high-
grade biopsy Gleason score, 45% had a lower Gleason score (i.e. 7 or
less) in their surgical specimen, and downgraded cases had a better
outcome of biochemical recurrence-free rate than those with a Gleason
score of 8 or more in their radical prostatectomy specimen.18 Therefore,
they suggested that patients with clinical stage T1c and a high-grade
Gleason biopsy score should be considered for radical prostatectomy
because their final histological grade would be expected to be lower.

Similarly, in our series, only one of 14 patients with downgraded
disease displayed biochemical recurrence.

Despite migration of the clinical stage with the advent of PSA
screening, locally advanced prostate cancer is still found.19 Of the
present high-risk patients, eight (17.1%) were diagnosed as clinical T3a
(advanced). Freedland et al. reported that their cohort, who were diag-
nosed with clinical T3 prostate cancer and treated by radical prostate-
ctomy, had almost 50% biochemical progression-free survival and
87% cancer-specific survival after the median follow-up period of
10.3 years.19 In their series, the rates of EPE and pSM were 91% and
22%, respectively. They concluded that radical prostatectomy is a con-
siderable therapeutic option for selecting cohorts of men with clinical
stage T3a disease. In the present study, six of eight patients with clinical
T3a had pathological T3a, and three with pathological T3 had bio-
chemical failure. In our series, the biochemical recurrence-free rate
was also higher in the pT3pSM(-) than in the pT3pSM(+) patients
(P = 0.0118) (Fig. 4). Although it is known that surgical margin status
at the posterolateral border is related to the probability of relapse,25 the
anatomical sites of pSM were not located disproportionately: postero-
laterally (n = 4), apical (n = 3), anterior (n = 3), posterior (n = 1), base
(n = 1) and seminal vesicle (n = 1). We recently referred to information
about magnetic resonance spectroscopic imaging and diffusion-
sensitive magnetic resonance imaging to confirm when the cancer
extent indicates that we should take special care during radical pros-
tatectomy;26,27 however, it is still challenging to surgically cure a locally
advanced high-grade cancer. Although the number of cases in our series
was small, almost 90% of cases with pSM suffered biochemical
relapse, and so it is important to achieve a negative surgical margin
even in locally advanced cases.

We acknowledge that there are several limitations in the present
study. First, the number of the patients was small. Second , the median
follow-up time was short. Nevertheless, the biochemical outcome of
high-risk disease may appear earlier because of its aggressiveness;
therefore, the results of our study could provide reference data for
urologists. Although radical prostatectomy cannot be recommended for
all high-risk patients, we can select patients who will benefit from
radical prostatectomy alone with appropriate staging evaluation by
considering the number of positive cores and maximum cancer length
of the biopsy specimen.

Table 4 Contemporary series of radical prostatectomy for high risk disease

Investigators Patients (n) Biochemical

recurrence free

rate (%)

Follow up

(median, months)

Organ-confined

(%)

Patient characteristics

Grossfeld1 547 68 37 ND PSA >20, Bx GS �8 or cT1c-3

Manoharan10 54 41 24.7 20 F GS �8

Rioux-Leclercq2 27 68 30.6 100 F GS �8 and OC

Mian8 188 68 60 31 F GS �8

Donohue18 238 61 49 41 Bx Gs �8

Carver20 176† 48 77 30 cT3

Freedland19 58 50 156 9 cT3

Zwergel21 275‡ 75 120 53 PSA >20

Brandli22 50 52 60 74 PSA >20

May23 191‡ 68 36 ND PSA >20

Present study 46 65 39 47 PSA >20, Bx GS �8 or cT1c-3

†Including neoadjuvant hormone therapy. ‡Including adjuvant hormone therapy. Bx GS, biopsy Gleason score; F GS, final Gleason score; ND, no data; OC,

organ-confined; PSA, prostate-specific antigen.
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Conclusions

A favorable disease-free probability for high-risk cancer can be
obtained with radical prostatectomy alone, especially if the cancer is
pathologically organ-confined; therefore, the selection of patients who
are expected to have organ-confined disease is important for surgically
treating high-risk prostate cancer.
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