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Abstract

Purpose Compared to low-grade disease, high-grade
prostate cancers exhibit a higher rate of disease progres-
sion. As a result, there has been a trend to treat high-risk
disease with methods other than surgery. The purpose of
this study is to evaluate the long-term survival following
radical prostatectomy (RRP) for non-metastatic Gleason
8-10 prostate adenocarcinoma (CaP).

Methods All patients 75 years or less with Gleason 8-10
CaP that underwent RRP were identified from the SEER
18 database. Patients with metastatic disease, those who
underwent other modalities of treatment, or with more than
one primary cancer, were excluded. Data were analyzed for
demographics, stage at presentation, treatment modality,
and overall survival and cancer-specific survival.

Results A total of 30,379 men met inclusion criteria.
Mean age was 62.5 years and 82.5 % of patients were
white. A total of 52.8 % of patients had T2 disease, and
73.1 % had node-negative disease, 80.2 % of patients
underwent pelvic lymph node dissection, and 12.9 %
underwent adjuvant radiation therapy. Overall survival for
the entire cohort was 92.8, 78.6, 59.5, 38.6, and 20.0 % for
5, 10, 15, 20, and 25 years, respectively. Cancer-specific
survival was 96.4, 89.5, 82.0, 72.9, and 68.8 % for 5, 10,
15, 20, and 25 years, respectively.

Conclusions Although historically underutilized in
patients with poorly differentiated disease, radical prosta-
tectomy provides excellent long-term survival and should
be offered to healthy patients.
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Introduction

Prostate cancer is the most common cancer in men. In
2012, approximately 241,740 patients in the USA were
diagnosed with prostate cancer and approximately 28,170
patients were died from the disease [1].

Compared to low-grade disease, high-grade prostate
cancers exhibit a higher rate of disease progression [2]. Up
to 85 % of men with high-grade disease will have distant
metastases by 5 years [3], and if left untreated, up to 87 %
of these men will die of the disease within 15 years of diag-
nosis [4]. Multiple studies have shown pathologic grade
to be an independent risk factor for disease prognosis [5,
6]. Patients with poorly differentiated prostate cancer usu-
ally have a high tumor volume and are more likely to have
extraprostatic disease.

There is reluctance among some urologists to offer radi-
cal prostatectomy because of the higher incidence of lymph
node metastasis, local and systemic recurrence, and poor sur-
vival [7, 8]. As a result, there has been a trend to treat high-
risk disease with methods other than surgery. An investiga-
tion of prostate cancer treatment patterns from the Cancer of
the Prostate Strategic Urological Research Endeavor disease
registry showed that when compared to surgical treatment,
patients with Gleason 8-10 cancers were 1.9 times more
likely to have external beam radiation therapy and 3.9 times
more likely to receive primary androgen deprivation [9].

The current study evaluates the long-term survival fol-
lowing radical prostatectomy (RP) for poorly differentiated
prostatic adenocarcinoma.
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Methods

All patients with a diagnosis of poorly differentiated ade-
nocarcinoma of the prostate between 1973 and 2009 were
identified from the SEER 18 registry dataset (1973-2009)
of the US National Cancer Institute. SEER is a population-
based cancer registry and currently collects and publishes
cancer incidence and survival data from population-based
cancer registries covering approximately 28 percent of the
US population. The SEER Program registries routinely
collect data on patient demographics, primary tumor site,
tumor morphology and stage at diagnosis, first course of
treatment, and overall survival (OS) and cancer-specific
survival (CSS).

Database search, patient population, and definitions

The SEER 18 database was searched in March 2013 for all
men from the SEER 18 registry with a diagnosis of prostate
cancer (ICD-09 code 16.9), adenocarcinoma (ICD-09-03
code 8140/3), and poorly differentiated (grade III) disease.
Limitations were set to include patients between 20 and
75 years in whom surgery was performed and to exclude
patients with metastatic disease, those that had radiation
prior to surgery, patients that had intra-operative radiation,
or those patients in which the sequence of radiation with
surgery was unknown. A total of 91,135 patients were gen-
erated with this search. There were 76,308 patients with the
surgery procedure codes 50, 60, or 70 that correspond to
RP, RP with PLND, and prostatectomy. After excluding the
Gleason 7 prostate cancers, 30,379 patients with Gleason 8,
9, or 10 CaP were identified and included in the study.

The lymph node fields were used to confirm the RRP
patients that underwent PLND. The clinical T and the N
stages were determined by different EOD fields. Gleason
8-10 cancers are classified as poorly differentiated cancer
in the SEER database. In the year 2003, Gleason 7 was also
classified as poorly differentiated cancers. The CS site-spe-
cific staging fields were used to identify the patients with
Gleason 8-10 prostate cancer and exclude the Gleason 7
cancers from the analysis. Pathologic staging is only avail-
able for patients diagnosed after 1995 and was not included,
and therefore, the clinical stage (cT) was used for this analy-
sis. The ISPOR Scientific Task Force Report guidelines for
conducting retrospective database studies were followed.

Statistical analysis

The primary and secondary end points of the study were
CSS and OS. Data were presented as mean £+ SD or
median (IQR—interquartile range). Kaplan—Meier analy-
sis, life table analysis, competing risk analysis, and the log-
rank tests were used. Multivariate Cox regression analysis
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was conducted, and the model was adjusted for age at diag-
nosis, race, node status, year of diagnosis, T stage, and N
stage. Hazard ratios with 95 % confidence intervals are
shown where appropriate. The JMP®10 software was used
for statistical analysis.

Results
Baseline characteristics

A total of 30,379 men met inclusion criteria. The mean age
was 62.5 years, and 82.5 % of patients were white. 52.8 %
of patients had T2 disease, and 73.1 % had node-negative
disease. A total of 80.2 % of patients underwent pelvic
lymph node dissection, and 12.9 % patients underwent
adjuvant radiation therapy. The baseline characteristics are
shown in Table 1.

Survival
Overall and cancer-specific survival

The overall survival for the entire cohort was 92.8, 78.6,
59.5, 38.6, and 20.0 % for 5, 10, 15, 20, and 25 years,
respectively. Cancer-specific survival was 96.4, 89.5, 82.0,
72.9, and 68.8 % for 5, 10, 15, 20, and 25 years, respec-
tively. Both the overall survival and the cancer-specific
survival are shown in Table 2 as well as in Kaplan—Meier
survival plots in Fig. 1.

The overall survival and cancer-specific survival by
baseline characteristics are represented in Table 2 as well
as in Cox regression multivariate analysis tables given in
Table 3. Age did not significantly affect survival, and there
was no difference in survival seen in race between whites
and blacks; however, patients in the other races had a sig-
nificantly higher survival (p < 0.001).

cT stage and N stage

Overall survival for T staging was 85.5 % at 10 years
and 414 % at 20 years for cTl, 80.2/43.1 % for T2,
73.5/33.1 % for cT3 (NOS), 80.4 %/NA for T3a,
62.5/26.5 % for cT3b, and 64.3/28.6 % for T4 (p < 0.0001).
Cancer-specific survival for cT1 was 93.9 % for 10 years
and 84.1 % for 20 years, 91.2/77.9 % for cT2, 90.0/72.0 %
for T3 (NOS), 92.3 %/NA for cT3a, 74.3/51.5 % for cT3b,
and 77.7/61.6 % for cT4 (p < 0.0001). The overall sur-
vival by N stage was found to be 81.1 % at 10 years and
42.2 % at 20 years for NO, and 59.4/25.0 % for N1 stag-
ing (p < 0.0001). For 10-/20-year overall survival, the
cancer-specific survival was 91.5/76.8 % for NO stage and
71.3/47.9 % for N1 stage at p < 0.0001.
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Table 1 Patient demographics and baseline characteristics

Table 2 Overall versus cancer-specific survival

N=130,379 N (%)

Age Mean 62.5+£6.9
<50 1,218 (4.0 %)
50-64 16,081 (52.9 %)
65-75 13,080 (43.1 %)

Race White 24,897 (82.0 %)
Black 3,594 (11.8 %)
Other 1,888 (6.2 %)

cT stage cT1 5,897 (19.4 %)
cT2 16,050 (52.8 %)
¢T3 NOS 809 (2.7 %)
cT3a 2,677 (8.8 %)
cT3b 3,177 (10.5 %)
cT4 1,762 (5.8 %)
Tx 7 (~0 %)

N stage NO 22,202 (73.1 %)
N1 2,228 (7.3 %)
Nx 5,949 (19.6 %)

# of nodes 0 22,202 (73.1 %)
1 1,337 (4.4 %)
2 445 (1.5 %)
3 175 (0.6 %)
>4 271 (0.9 %)
Unknown 5,949 (19.6 %)

PLND Yes 24,366 (80.2 %)
No 5,397 (17.8 %)
Unknown 616 (2.0 %)

Adjuvant RT Yes 3,915 (12.9 %)
No 25,976 (85.5 %)
Unknown 488 (1.6 %)

Overall survival by number of nodes was found to be
at 81.1 % at 10 years and 42.2 % at 20 years for 0 node,
62.6/29.2 % for 1 node, 60.2/20.9 % for 2 nodes, 51.1 %/NA
for 3 nodes, and 47.6 %/NA for > 4 nodes (p < 0.0001).
Cancer-specific survival for number of nodes was found to
be 91.5 % at 10 years and 76.8 % at 20 years for O node,
75.2/54.0 % for 1 node, 72.0/41.8 %for 2 nodes, 60.5 %/NA
for 3 nodes, and 57.9 %/NA for >4 nodes (p < 0.0001).

A significant decrease in survival was found in patients
with a stage ¢T3 or worse. Also, patients who were posi-
tive for nodes were found to have a significant decrease in
survival than those who were negative for nodes. Finally,
patients with increased number of nodes were found to have
a worse prognosis compared to patients with less number
of positive nodes—specifically those with 3 or more posi-
tive nodes as compared to 2 or less positive nodes. These
are all represented in Table 2 as well as in Figs. 2, 3, and 4
in Kaplan—Meier plots.

Entire cohort

Overall survival
(%)

Cancer-specific
survival (%)

5 years 92.8 96.4
10 years 78.6 89.5
15 years 59.5 82.0
20 years 38.6 72.9
25 years 20.0 68.8

T stage (p < 0.0001)

10-/20-year OS
(in %)

10-/20-year CSS
(in %)

T1 85.5/41.4 93.9/84.1
T2 80.2/43.1 91.2/77.9
T3 (NOS) 73.5/33.1 90.0/72.0
T3a 80.4/NA 92.3/NA

T3b 62.5/26.5 74.3/51.5
T4 64.3/28.6 77.7/61.6

N stage (p < 0.0001)

NO
N1
# of nodes (p < 0.0001)

10-/20-year OS
(in %)

81.1/42.2

59.4/25.0

10-/20-year OS
(in %)

10-/20-year CSS
(in %)

91.5/76.8

71.3/47.9

10-/20-year CSS
(in %)

0 81.1/42.2 91.5/76.8
1 62.6/29.2 75.2/54.0
2 60.2/20.9 72.0/41.8
3 51.1/NA 60.5/NA
>4 47.6/NA 57.9/NA
PLND (p < 0.001) 10-/20-year OS 10-/20-year CSS
(in %) (in %)
No 79.1/37.6 91.1/73.6
Yes 78.3/38.7 89.1/72.9
Adjuvant RT (p < 0.0001) 10-/20-year OS 10-/20-year CSS
(in %) (in %)
None 79.8/38.9 90.7/74.6
Yes 69.4/34.2 80.3/61.6

Adjuvant/secondary therapies

Overall survival by pelvic lymph node dissection was not
found to be significant (79.1/37.6 % 10- and 20-year OS,
respectively, without PLND, compared to 78.3/38.7 %
with PLND). However, cancer-specific survival was found
to be 91.1 % at 10 years and 73.6 % at 20 years in those
without PLND, compared to 89.1 % at 10 years and 72.9
at 20 years (p < 0.01). Overall survival of adjuvant radio-
therapy was found to be 79.8 % at 10 years and 38.9 % at
20 years in those without treatment, and 69.4 % at 10 years
and 34.2 % at 20 years in those who had received treat-
ment (p < 0.0001). Cancer-specific survival was 90.7 % at
10 years and 74.6 % at 20 years without radiotherapy, and
80.3 % at 10 years and 61.6 % at 20 years in those who had
received radiotherapy (p < 0.0001). Therefore, patients who
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Fig. 1 Survival of entire cohort. Dotted lines plot the survival while taking the competing risks into account

underwent PLND and radiotherapy were found to have
hazard ratios that were worse as compared to those without
the treatment. This is represented in Table 3 as well as in
Fig. 5.

Discussion

There are several advantages to performing RP in patients
with high-grade prostate cancer. It provides accurate tumor
staging and grading by pathologic examination of the surgi-
cal specimen and can help predict which patients are more
likely to benefit from adjuvant therapy. In addition, a sig-
nificant proportion of these patients are down-staged on RP.
Two recent reports suggest that more than one-third of the
patients with a GS of 8§-10 on biopsy will be down-staged
to GS of <7 in the RRP specimen [10, 11], and another
recent study shows that almost half of the diagnosed GS
8-10 cancers will have a lower Gleason score in the RP
specimen [12].

In comparison with other treatments, studies show that
RP can often provide a better outcome. Based on outcomes
of one randomized controlled clinical trial, when watch-
ful waiting and RP are compared, RP was associated with
a lower risk of cancer recurrence, cancer-related death,
and improved survival [13]. Tewari et al. [14] found that
in Gleason 8—10 prostate cancer, the risk of cancer-specific
death following RP was 68 % lower than for conserva-
tive treatment and 49 % lower than for RT (p < 0.001 and
0.053, respectively) and concluded that RP had the great-
est impact on decreasing cancer-specific mortality in men
with poorly differentiated prostate cancer. Finally, Shao
et al. [15] found in a multivariate analysis that compared to
radiation therapy in intermediate-/high-risk patients (Glea-
son 8-10), RP had a significantly higher prostate cancer-
specific survival rate (76.3 % as compared to 63.3 %).

@ Springer

In this study, the survival after RP in high-grade prostate
cancer was a major point of interest. The 10- and 20-year
overall survival was 78.6 and 38.6 %, respectively, while
the 10- and 20-year cancer-specific survival was 89.5 and
72.9 %, respectively. Previous studies also report improved
survival following prostatectomy for Gleason 8—10 pros-
tate cancer. Mian et al. [16] studied a group of 188 patients
with GS 8-10 who underwent RRP. The 5- and 7-year OS
rates were 71 and 55 %, respectively. Lughezzani et al. [17]
found the 5- and 10-year CSS in a study of 578 patients
with GS 8-10 was 87.3 and 69.5 %, respectively. Tewari
et al. [14] studied men with Gleason 8—10 prostate cancer
undergoing RP and found that a median OS was 9.7 years,
while median CSS was more than 14 years. Gerber et al.
[18] studied men with high-grade prostate cancer under-
going RP and found that 10-year CSS was 77 % (range
65-86 %).

There are several pathologic criteria that help deter-
mine prognosis. The most important factors are tumor
grade, surgical margin status, extracapsular disease,
seminal vesicle invasion, and pelvic lymph node involve-
ment [16, 19, 20]. Mian et al. [16] noted through multi-
variate analysis that pathologic tumor stage was the most
significant predictor of disease recurrence after RRP for
Gleason 8-10 cancers, and Brimo et al. [21] found that
the tumor grade at the positive margin and total length of
positive margin are major independent predictors of prog-
nosis after RP.

In particular, seminal vesicle invasion and lymph node
involvement are independent prognostic factors of substan-
tial importance both in this study and in previous studies. In
this study, the 10- and 20-year OS for patients with seminal
vesicle involvement (T3b) was 62.5 and 26.5 %, respec-
tively, while the 10- and 20-year CSS was 74.3 and 51.5 %,
respectively. Several other studies have also demonstrated
seminal vesicle invasion to be an independent risk factor,
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Table 3 Cox regression multivariate analysis of cancer-specific
survival

HR 95 % CI p value
Age
<50 Ref - -
50-64 0.849 (0.684-1.054) 0.137
>65 1.042 (0.840-1.294) 0.708
Race
Black Ref - -
Other 0.654 (0.518-0.825) <0.001
White 0.936 (0.822-1.067) 0.324
cT stage
T1 Ref
T2 1.388 (1.222-1.578) <0.0001
T3 (NOS) 1.493 (1.200-1.857) <0.0001
T3a 1.958 (1.472-2.606) <0.0001
T3b 3.189 (2.736-3.717) <0.0001
T4 2.562 (2.190-2.996) <0.0001
N stage
NO Ref - -
NI 2.784 (2.485-3.118) <0.0001
Nx 2.377 (2.050-2.756) <0.0001
# of nodes
0 Ref - -
1 2.436 (2.107-2.817) <0.0001
2 2.575 (2.053-3.229) <0.0001
3 3.295 (2.398-4.527) <0.0001
>4 4.892 (3.897-6.142) <0.0001
Unknown 2.353 (2.029-2.729) <0.0001
PLND
Yes Ref - -
No 0.547 (0.461-0.650) <0.0001
Unknown 0.605 (0.341-1.073) 0.086
RT
Yes Ref - -
No 0.650 (0.587-0.719) <0.0001
Unknown 0.730 (0.522-1.020) 0.065

as well as being associated with an increased risk of recur-
rence of the disease and increased mortality [4, 22, 23].
With regard to lymph node involvement, in this study,
7.3 % of patients had positive lymph nodes. This corre-
lates with the findings of Mian et al. [16] who found that
for men with Gleason 8—10 prostate cancers, 6 % had posi-
tive nodes. However, other studies note a higher incidence.
Lau et al. [24] found the rate of nodal involvement to be
27 %, and Schiavina et al. [25] found 26 % of lymph node
metastases in high-risk prostate cancer. Along with this, our
study found the 10- and 20-year OS for patients with posi-
tive lymph nodes to be 59.4 and 25.0 %, respectively, while

the 10- and 20-year CSS was 71.3 and 47.9 %, respectively.
Using Cox regression multivariate analysis to define CSS,
we found that with one node or two nodes, the hazard ratio
was 2.44 and 2.58, respectively. With 3 or >4 nodes, the
hazard ratio was 3.295 and 4.892, respectively; these num-
bers were significantly higher. We can therefore conclude
that there is a worse prognosis with increased positive
nodes, specifically with three or more positive nodes as
compared to two or less. Other studies have demonstrated
worsening prognosis with increasing number of positive
nodes. Cheng et al. [26] found that the 5- and 10-year CSS
for patients with lymph node metastasis was 94 and 83 %,
compared to those without lymph node metastasis being
99 and 97 %. This study also found that the hazard ratio
for cancer-specific death was 1.5 for one positive node, 6.1
for two positive nodes, and 4.3 for three or more positive
nodes. Briganti et al. [27] found that patients with more
than two positive nodes had a significantly worse CSS out-
come at 15-year follow-up (62 %) than did those patients
with 2 or less positive nodes (84 %). Finally, Daneshmand
et al. [28] found that patients with 1 or 2 positive lymph
nodes had a recurrence-free survival of 70 and 73 %,
respectively, as compared to 49 % in those with 3 or more
positive nodes.

In our study, there was no change in the overall sur-
vival of the patients treated with RP and pelvic lymph
node dissection as compared to those who did not receive
PLND. However, we did note that there was improved
CSS survival. Therefore, it can be hypothesized that
PLND does not affect the overall survival, but does
improve staging which may lead to better adjuvant treat-
ment options and possibly indirect improved survival.
The extent of lymph node dissection could not be ascer-
tained in our study, and this may also lead to have a lower
positive nodal rate and hence demonstrated no overall
survival benefit. Patients that required adjuvant radio-
therapy had a significantly poorer survival when com-
pared to patients that did not require adjuvant radiation.
This likely reflects the fact that this group of patients had
worse pathology and not that adjuvant radiation confers a
negative survival benefit.

This study has the distinct advantage of assessing long-
term survival following RP in a very large series of patients
with Gleason 8-10 prostate cancer. This is the first study to
demonstrate excellent 20-year cancer-specific survival of
men with Gleason 8-10 prostate cancer. This study does
have certain limitations which are inherent to large popula-
tion database studies that may have confounded the results.
Firstly, because this is a cancer database representing many
institutions, there was no standardization with regard to how
the pathologic specimens were interpreted. Secondly, data
regarding PSA measurement and surgical margin status are
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Fig. 4 Survival by number of nodes. Dotted lines plot the survival while taking the competing risks into account

not recorded in the SEER database and could not be ana-
lyzed. In addition, there are no available data regarding dos-
ing of adjuvant radiation, and therefore, no dose-dependent
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benefits or complications could be ascertained. Finally,
there are no data available regarding patient comorbidity,
adjuvant anti-hormonal therapy, or metastasis-free survival.
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Conclusion

Excellent long-term survival can be achieved with prosta-
tectomy for Gleason 8-10 prostate cancer. Pelvic lymph
node dissection for these patients does not seem to increase
survival significantly, but increasing the number of posi-
tive nodes was associated with worse survival. Patients that
required adjuvant radiotherapy had a significantly poorer
survival when compared to patients that did not require
adjuvant radiation.
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