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ABSTRACT

Purpose. Published data have shown heterogeneous out-
comes for high-risk prostate cancer. Thus, we tried to
identify more precise risk stratification system for con-
temporary high-risk prostate cancer.

Methods. Classifying patients according to National Com-
prehensive Cancer Network risk groups, we reviewed data of
1,905 men who underwent radical prostatectomy (RP) at our
institution from 2006 to 2013. For our analyses, high-risk
prostate cancers meeting at least one of two following factors
were categorized as unfavorable high-risk prostate cancer:
biopsy primary Gleason pattern 5 and/or multiple (>2) high-
risk criteria present. All other men with high-risk prostate
cancer were designated as having favorable high-risk disease.
Postoperative outcomes, including biochemical recurrence-
free survivals were assessed and compared via log-rank test
and Cox proportional hazards model.

Results. In multivariable analysis, primary Gleason 5 pat-
tern on biopsy (p = 0.008) and multiple (>2) high-risk
criteria (p < 0.001) were observed to be independent pre-
dictors of the risk of biochemical recurrence amongst high-
risk group undergoing RP. Favorable high-risk prostate
cancer group showed a significantly higher 5-year bio-
chemical recurrence-free survival than unfavorable high-risk
group (56.35 vs. 18.75 %; log-rank test: p < 0.001). Favor-
able high-risk group demonstrated significantly lower 5-year
biochemical recurrence-free survival than intermediate-risk
group (56.07 vs. 82.05 %; log-rank test: p < 0.001).
Conclusions. A significant heterogeneity existed in bio-
chemical outcomes of contemporary patients with high-risk
prostate cancer who underwent definitive RP. According to
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primary Gleason pattern and number of high-risk criteria
present, high-risk group should be stratified further into
favorable and unfavorable disease.

With high risk of disease recurrence and progression, the
management of high-risk prostate cancer (PCa) has
remained a challenging task.' Due to the lack of high-level
evidence from randomized trial, optimal treatment for
high-risk PCa is yet to be defined.”® Through the years,
outcomes following radical prostatectomy (RP) in men
with high-risk PCa have not improved significantly.
Although RP is known to offer good prognosis in a pro-
portion of patients with high-risk disease, many others still
require secondary treatment after undergoing RP. Currently
no reliable method is available to accurately differentiate
between the two groups.

Published data demonstrate that outcomes of high-risk
PCa vary considerably. Such phenomenon may be largely
due to two factors. First, there is currently no definitive
consensus on the definition of high-risk PCa.”~® Depending
on the definition applied, 5-year biochemical recurrence-
free survival after RP in high-risk group has been reported
to range from 49 to 80 %.'° Second, as heterogeneity in
outcomes among high-risk patients defined by the same
criteria also has been observed, subgroups within high-risk
PCa may well exist. It can be hypothesized that currently
defined high-risk group can be stratified further to identify
subsets of men with relatively better and worse prognoses.
Identification of such subgroups among patients with high-
risk PCa using a tool that can easily be applied in actual
clinical setting would contribute to the selection of candi-
dates for adjuvant, multimodal treatment, or clinical trials.

Previous reports showed on the potential predictors of
outcomes after RP among high-risk group.''™'* Meanwhile,
considerable proportions of such RP series encompassed
men who underwent RP before this millennium. With
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increase of prostate-specific antigen (PSA) screening, stage
migration, and improvement in surgical technique since the
introduction of D’ Amico risk classification system in 1998,
the characteristics of high-risk PCa may well have evolved
with time as well.'"* Contemporary high-risk group should be
re-evaluated since the current risk-stratification system is
derived from historical information. In addition, it should be
reminded that the modifications of Gleason grading system
were introduced by International Society of Urological
Pathology (ISUP) in 2005."

Thus, with goal of developing more precise risk strati-
fication system for contemporary high-risk PCa that can be
applied easily in clinical setting, we investigated the
postoperative outcomes of patients who underwent RP for
high-risk PCa during relatively recent period.

MATERIALS AND METHODS
Patient Population

With approval from our institutional review board, we
reviewed the records of 1,908 patients who underwent RP
from 2006 to 2013 at our institution. Three patients were
excluded due to lack of pathologic records. The National
comprehensive cancer network (NCCN) risk classification
of the 1,905 total patients was as the following: 655
(34.38 %) were low-risk, 704 (36.96 %) intermediate-risk,
and 546 (28.66 %) high-risk.

All biopsy and RP specimens were pathologically ana-
lyzed by at least two uro-pathologists. For our study,
adverse pathologic features were defined as extracapsular
extension (ECE) of tumor, seminal vesicle invasion (SVI),
and lymph node invasion (LNI). We performed an exten-
ded PLND according to NCCN guidelines.'

Analysis of postoperative biochemical recurrence (BCR)
was limited to patients who underwent RP from 2006 to 2012
(n = 197). BCR was defined as a PSA value >0.2 ng/ml on
two consecutive measurements following RP.'®

Favorable Versus Unfavorable High-Risk Disease

Within the high-risk cohort, high-risk PCa that met at
least one of the following two factors were considered to be
unfavorable high-risk group: biopsy Gleason score primary
pattern 5 and/or the presence of two or three high-risk
criteria. All other high-risk patients were considered to be
favorable high-risk group.

Statistical Analysis

Characteristics of patients were analyzed by using
ANOVA test and Chi-test. y* analysis also was used to

compare rates of adverse pathologic outcomes between
patient groups. Cox univariable and multivariable regres-
sion models were used to identify the association between
clinical risk factors and BCR. Postoperative BCR-free
survivals of patient groups were calculated and compared
using the Kaplan—Meier (K—M) with a log-rank test. SPSS
v. 19.0 was used for all statistical analyses. p value <0.05
was considered statistically significant.

RESULTS

Table 1 shows the baseline characteristics of patients
according to the number of high-risk criteria. Of the 546
total high-risk PCa patients, 366 (67.03 %), 144 (26.37 %),
and 36 (6.59 %) met one, two, and three risk criteria for
high-risk PCa, respectively.

As for the rates of adverse pathologic features observed
according to the type of high-risk criteria met by the patients,
there were no significant differences among the three high-
risk criteria (clinical stage >T3a, biopsy Gleason score >8,
and PSA >20 ng/ml): ECE (59 vs. 484 vs. 56 %,
p = 0.285), SVI (28.2 vs. 17.4 vs. 16.9 %, p = 0.237), and
LNI (10.7 vs. 2.4 vs. 6.0 %, p = 0.128), respectively.
Meanwhile, there were significant differences in the rates of
adverse pathologic features between patients meeting only
one high-risk criterion and those with two or three criteria:
ECE (53 vs. 82.2 %, p < 0.001), SVI (18.3 vs. 47.8 %,
p < 0.001), and LNI (4.9 vs. 12.1 %, p = 0.004).

Mean duration of postoperative follow-up was
45.1 months. Among high-risk patients who met only one
high-risk criterion, no significant differences in 5-year
postoperative BCR-free survivals were shown: clinical
stage >T3a (n = 82, 22.4 %) versus biopsy Gleason score
>8 (n = 139, 37.98 %; log-rank test: p = 0.410), clinical
stage >T3a (n = 82, 22.4 %) versus PSA >20 ng/ml
(n = 145, 39.62 %; log-rank test: p = 0.655), and biopsy
Gleason score >8 (n = 139, 37.98 %) versus PSA >20 ng/
ml (n = 145, 39.62 %; log-rank test: p = 0.689). How-
ever, patients with two or three high-risk criteria were
observed to have significantly worse 5-year BCR-free
survival than those with only one criterion (14.05 vs.
55.52 %; log-rank test: p < 0.001). When high-risk
patients were stratified according to biopsy Gleason score,
BCR rates for patients with Gleason 5 + 4,5 + 3,4 + 4,
and 4 + 3 PCa were observed to be significantly different
(82.6 vs. 50 vs. 42.1 vs. 39.3 %; log-rank test: p = 0.002).

In a multivariable Cox proportional hazards model,
including age, prostate volume, clinical stage, PSA, primary
Gleason pattern 5, and number of high-risk criteria, only the
two variables of primary Gleason pattern 5 and number of
high-risk criteria were observed to be independent predictors
of BCR risk among the high-risk group (Table 2). As
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TABLE 1 Characteristics of high-risk prostate cancer group
Patients with high-risk PCa
All 1 Criterion 2 Criteria 3 Criteria p value
No. of patients 546 366 144 36
Mean (SD) age (years) 67.02 (6.18) 66.92 (6.40) 67.26 (5.57) 67.03 (6.31) 0.855
Mean (SD) BMI (kg/m?) 24.76 (10.33) 24.33 (2.59) 26.07 (19.67) 23.92 (2.63) 0.211
Mean (SD) prostate volume (cm®) 38.01 (16.54) 37.82 (17.18) 38.12 (15.16) 39.59 (15.28) 0.837
Clinical stage, n (%)
<T2a 401 (73.4) 312 (85.2) 89 (61.8) 0 <0.001*
T2b-T2c 26 (4.8) 15 4.1) 11 (7.6) 0
T3a 76 (13.9) 28 (7.7) 28 (19.4) 20 (55.6)
T3b 43 (7.9) 11 (3.0) 16 (11.1) 16 (44.4)
Mean (SD) PSA (ng/mL) 27.66 (25.65) 21.91 (21.86) 38.00 (29.88) 44.69 (22.86) <0.001
PSA level, n (%)
<10 119 (21.8) 114 (31.1) 5@3.5) 0 <0.001*
10-20 105 (19.2) 86 (23.5) 19 (13.2) 0
>20 322 (59.0) 166 (45.4) 120 (83.3) 36 (100)
Biopsy Gleason score, n (%)
6 54 (9.9) 53 (14.5) 1(0.7) 0 <0.001*
7 173 (31.7) 152 (41.5) 21 (14.6) 0
8 219 (40.1) 116 (31.7) 81 (56.3) 22 (61.1)
9 86 (15.8) 35 (9.6) 38 (26.4) 13 (36.1)
10 14 (2.6) 10 2.7) 32.1) 1(2.8)
Biopsy core number, n (%)
6-11 39 (7.1) 22 (6) 14 (9.7) 3 (8.3) 0.328*
>12 507 (92.9) 344 (94) 130 (90.3) 33 91.7)
Mean (SD) positive biopsy core (%) 47.37 (26.23) 42.32 (23.92) 55.13 (27.38) 71.92 (25.36) <0.001
Pathologic Gleason score, n (%)
6 6 (1.1) 6 (1.6) 0 0 <0.001*
7 328 (60.1) 269 (73.5) 51 (35.4) 8 (22.2)
8 61 (11.2) 32 (8.7) 23 (16.0) 6 (16.7)
9 151 27.7) 59 (16.1) 70 (48.6) 22 (61.1)
Extracapsular extension of tumor, n (%) 342 (62.6) 194 (53.0) 115 (79.9) 33 (91.7) <0.001*
Seminal vesicle invasion, n (%) 153 (28.0) 67 (18.3) 59 (41.0) 27 (75.0) <0.001*
Lymph node involvement, n (%) 36 (6.6) 15 (4.1) 15 (10.4) 6 (16.7) <0.001*

PCa prostate cancer, SD standard deviation, BMI body mass index, PSA prostate-specific antigen

? Chi-test

aforementioned, patients in the high-risk group with at least
one of these two factors were designated as having unfa-
vorable high-risk disease (196 patients, 35.9 %), whereas the
others were considered to have favorable high-risk disease
(350 patients, 64.1 %) for this study.

Comparison of adverse pathologic features between
unfavorable and favorable high-risk groups showed signifi-
cant differences. The unfavorable high-risk demonstrated
significantly higher rates of adverse pathologic features as
follows: ECE (52.3 vs. 81.1 %, p < 0.001), SVI (16.0 vs.
48.0 %, p < 0.001), and LNI (4.5 vs. 12.2 %, p = 0.002;
Table 3).

As for postoperative BCR-free survival, we found a
significant difference between the favorable and the unfa-
vorable high-risk group (5-year BCR-free survival rate:
56.35 vs. 18.75 %; log-rank test: p < 0.001; Fig. 1). Still,
compared with intermediate-risk group, favorable high-risk
group was shown to have significantly worse biochemical
outcome (5-year BCR-free survival rate: 56.07 vs.
82.05 %; log-rank test: p < 0.001).

When biochemical outcomes of unfavorable high-risk
patients having both of the two unfavorable risk factors
(n = 22) and those having only one unfavorable risk factor
(n = 140) were compared, a significant difference was
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TABLE 2 Univariate and multivariate analyses for the identification of significant predictors of postoperative biochemical recurrence-free

survival among the high-risk group

Univariate

HR (95 % CI)

Age
TRUS volume

One vs. two criteria or all three criteria
Stage (<T2c vs. >T3a)

PSA (<20 vs. >20)
Primary pattern 5

0.992 (0.970-1.015)
1.000 (0.992-1.008)
3.110 (2.341-4.131)
1.600 (1.154-2.218)
1.513 (1.128-2.030)
2.407 (1.603-3.616)

Multivariate
p value HR (95 % CI) p value
0.515 0.991 (0.968-1.016) 0.482
0.941 0.999 (0.990-1.008) 0.866
<0.001 2.862 (1.985-4.126) <0.001
0.005 1.114 (0.774-1.602) 0.562
<0.001 1.005 (0.698-1.448) 0.978
<0.001 1.777 (1.164-2.715) 0.008

Multivariate cox model, including age, TRUS volume, clinical stage, PSA, bGS (primary pattern 5), number of criteria

PSA prostate-specific antigen, HR hazard ratio, CI confidence interval

TABLE 3 Pathologic outcomes of favorable and unfavorable high-
risk groups

Variable Extracapsular Seminal Lymph Surgical
tumor vesicle node margin
extension invasion  involvement positive

Favorable 183 (52.3) 59 (16.0) 13 (4.5) 152 (43.8)

high risk
(n = 350),
n (%)
Unfavorable 159 (81.1) 94 (48.0) 23 (12.2) 123 (65.4)
high risk
(n = 196),
n (%)
p value <0.001 <0.001 0.002 <0.001

Chi-test; unfavorable = Gleason primary pattern 5 or two more high-
risk criteria; upgrading tumor = pathologic Gleason score upgrade
compared with biopsy Gleason score

observed in BCR rates (60 vs. 86.4 %; log-rank test:
p = 0.013).

DISCUSSION

In this study, we observed heterogeneous pathologic and
biochemical outcome among contemporary patients who
underwent RP for high-risk PCa. Specifically, we found
that high-risk PCa patients undergoing RP could be strat-
ified further into the two subsets of favorable and
unfavorable high-risk groups according to the presence of
primary Gleason pattern 5 on biopsy and/or the number of
high-risk criteria. Having significantly shorter postopera-
tive BCR-free survival than intermediate-risk group,
patients in the favorable high-risk group were shown to
have significantly longer BCR-free survival than the
unfavorable high-risk group. Overall, our findings support
more precise characterization of high-risk PCa than cur-
rently offered by NCCN risk group.
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FIG. 1 Biochemical recurrence-free survivals of intermediate-risk,
favorable high-risk, and unfavorable high-risk groups

Assessing the outcome of RP in patients with pretreat-
ment PSA >20 ng/ml, Spahn et al. observed that PSA
>20 ng/ml associated with biopsy Gleason score <7
resulted in 10-year PCa-specific mortality rate of 5 %,
whereas 10-year PCa-specific mortality rate was 35 %
when associated with biopsy Gleason score >8.'7 From
their findings, they suggested that biopsy Gleason score
was the strongest predictor of progression and mortality in
men with PSA >20 ng/ml undergoing RP. In a multi-
institutional study of patients undergoing RP for high-risk
PCa, Walz et al. found that men who met only one high-
risk criterion had most favorable 5-year BCR-free survival
(50.3 %) relative to patients meeting two or more high-risk
criteria (27.5 %)."® Also, they observed that men with
Gleason score 8—10 had significantly worse BCR-free
survival than those who had ¢T3 tumor, demonstrating the
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heterogeneity of high-risk PCa according to the type of risk
criteria. From assessing the outcome of 798 men who
underwent RP for high-risk PCa, Reese et al. found that the
5-year BCR-free survival was 51.2 % for men with only 1
high-risk criterion, significantly higher than 40.0 % for
men with multiple criteria present.'> Meanwhile, Reese
et al. also observed no significant difference in BCR-free
survival rates according to the type of criterion met among
the patients who met only one high-risk criterion. Similar
to our finding, only a trend of high (=8) Gleason score
being a stronger prognostic factor than two other high-risk
criteria was observed in Reese et al.’s series. As the clinical
significances of Gleason score and/or number of high-risk
criteria among high-risk group have been confirmed in
these relevant studies, it can be suggested that findings
from these published studies corroborates our results.
Gleason pattern 5 is defined as adenocarcinoma with
essentially no glandular differentiation, composed of solid
sheets, cords, or single cells (comedocarcinoma with cen-
tral necrosis surrounded by papillary cribriform or solid
masses).'” One of the notable finding from our study would
be that the primary Gleason pattern 5 on biopsy, instead of
the Gleason sum, was shown to be an independent pre-
dictor of BCR-free survival among the high-risk group.
When stratifying our subjects by biopsy Gleason patterns,
men with Gleason 5 + 3 tumors were shown to have sig-
nificantly worse biochemical outcome than those with
Gleason 4 + 4 tumor. Admittedly, Gleason sum may well
have proven to be a significant prognostic factor in this
study with a larger cohort or different endpoint, such as
metastasis-free or PCa-specific survival. Although patients
with high Gleason score was not observed to have statis-
tically worse BCR-free survival than others among men
with a single high-risk criterion in our study, we believe
that our findings on primary Gleason pattern 5 provide
further evidence that Gleason score is a strong predictor of
outcome even among high-risk group. Sundi et al. tested 28
different permutations of adverse grade, stage, and cancer
volume by comparing their hazards ratio for metastasis and
cancer-specific mortality in a cohort of 753 men who
underwent RP for high-risk localized PCa."' Similar to our
findings, they observed that a subgroup of high-risk group
who have particularly poor oncologic outcome, which they
designated as very high-risk group, was best defined by
primary Gleason pattern 5, >5 cores with Gleason score
8-10, or multiple high-risk criteria. Meanwhile, in addition
to reports of the presence of Gleason pattern 5 being
associated with outcome after primary treatments of PCa,
others have observed that the proportion of Gleason pattern
4 or 5 may be a strong predictor of long-term outcome
following definitive treatment as well.'"*> D’Ambrosio
et al. reported from evaluating patients who underwent

primary radiotherapy that the percentage of biopsy tissue
containing Gleason pattern 4 or 5 was shown to be an
independent predictor of BCR and furthermore, only sig-
nificant predictor of distant metastasis following
radiotherapy.26 Even though we could not assess the per-
centage of biopsy tissue containing Gleason pattern 4 or 5
in this study, such parameter should be evaluated as a
potential tool to upgrade the current risk-based classifica-
tion system in the future.

Recently, a relatively simple pretreatment prognostic
model for high-risk PCa was reported. By constructing
multivariable regression models to predict PCa-specific
survival as a function of high-risk criteria, Joniau et al.
stratified 1,360 high-risk PCa patients who underwent RP
at 8 European centers based on a model that includes 3
subgroups: good prognosis subgroup (1 single high-risk
criterion); intermediate prognosis subgroup (PSA >20 ng/
ml and stage cT3—4); and poor prognosis subgroup (GS 8—
10 in combination with at least 1 other high-risk crite-
rion)."* According to this classification system, the 5- and
10-year PCa-specific survival rates were 98.7 and 95.4,
96.5 and 88.3, and 88.8 and 79.7 %, for the good, inter-
mediate, and poor prognosis subgroups, respectively,
demonstrating that outcomes significantly worsened in a
stepwise fashion from the good to the poor prognosis
subgroups. Meanwhile, more than 30 % of men included in
this study underwent RP during the period of 1987 to 1996,
more than half undergoing RP before year 2000. Since RP
has been considered as a first-line treatment option for
high-risk PCa in more recent period, subjects included in
their study may well be a highly selected group of patients.
Stage migration and change in the profile of PCa diagnosed
since 1990s also should be considered.””-*®

In our study, we observed that unfavorable high-risk
group with two unfavorable risk factors (Gleason pattern 5
and also having more than 2 high-risk criteria) had sig-
nificantly worse biochemical outcome than those with only
a single risk factor. Such finding would justify further
stratification of the unfavorable high-risk group. However,
because the number of patients with two unfavorable risk
factors was relatively small in our study, further evaluation
of such strategy of substratification would be needed.

We acknowledge that this study has some limitations.
First, our study design is retrospective. Second, distribution
of patients among various subgroups in our study was not
even, mostly due to the modest size of our cohort. In
addition, because only patients with high-risk PCa opting
for RP were included in this study, our findings may not be
applicable to high-risk patients undergoing radiotherapy or
systemic therapy. Furthermore, follow-up duration of our
subjects did not allow analyses of metastasis-free or can-
cer-specific survival.
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CONCLUSIONS

A distinct heterogeneity exists in both pathologic and

biochemical outcomes among the contemporary patients
with high-risk PCa who underwent definitive RP. Due to
the significantly different prognosis according to the pre-
sence of primary Gleason pattern 5 and the number of high-
risk criteria, the high-risk group should be substratified into
favorable and unfavorable subgroups. Such minimal mod-
ification of the NCCN risk stratification system would be
easy to use and help to select optimal candidates for
adjuvant or multimodal treatments and clinical trials.

DISCLOSURE All authors have no conflict of interest with any
institution or product.
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