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Abstract

Purpose To evaluate biochemical recurrence (BCR) risk in men with localized prostate cancer (PC) of pathological Gleason
score (pGS) 8—10. Although such patients have low BCR-free survival (BCRFS) following radical prostatectomy (RP), they
are not recommended for adjuvant radiation therapy (ART) as per current guidelines.

Methods Among an adjuvant treatment-naive cohort between 1995 and 2015, 1272 men were identified and categorized
into group 1 [pGS7 (3+4) and pT3; n=654], group 2 [pGS7 (4 +3) and pT3; n=408], and group 3 (pGS 8-10 and pT2;
n=210). The BCR risk of group 3 was compared with that of groups 1 and 2 who are the candidates for ART.

Results At a median follow-up of 60 months (interquartile range: 39-86), 432 men experienced BCR. BCRFS was lower in
group 3 than in groups 1 and 2 (»p <0.001 and p=0.021, respectively). In multivariate analysis, this association persisted and
surgical margin (SM) was found to be a significant BCR predictor. Although statistically not significant, BCRFS was lower
in group 3 with positive SM (PSM) than in group 2 with PSM (p =0.101). BCRFS was significantly worse in group 3 with
negative SM (NSM) than in group 1 with PSM (p =0.038), while it was better in group 2 with PSM (p =0.297).
Conclusion Localized high-grade PC with PSM showed lower BCRFS and that with NSM showed better BCRFS without
statistical significance than locally advanced GS 7 PC with PSM that are eligible for ART.
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Introduction

While radical prostatectomy (RP) is one of the standard
treatments for localized and locally advanced prostate cancer
(PC), 40% of the patients with localized PC show biochemi-
cal recurrence (BCR) following RP, even with excellent sur-
gical cancer control (Chang and Cookson 2006). Despite
radiation toxicity, adjuvant radiation therapy (ART) reduces
the BCR risk and improves overall survival (Thompson et al.
2004; Van der Kwast et al. 2007). Thus, identification of
patients who have a high risk of BCR is important.
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During pre-treatment assessment, the clinical staging
of PC includes radiological imaging, the prostate-specific
antigen (PSA) level and the biopsy Gleason score (GS). GS
8-10, which is considered as high-grade, is one of the most
important prognostic factors and indicates a high risk of
PC (D’Amico et al. 1998). After RP, the pathological stage
of PC is determined by examining the tumor extent in the
prostate, seminal vesicles, and pelvic lymph nodes (if lym-
phadenectomy is performed). Pathological staging is more
useful than clinical staging in predicting outcomes. The
pathological features that are associated with BCR include
a high GS (8-10), positive surgical margin (PSM), extrapro-
static extension (EPE), seminal vesicle invasion (SVI), and
lymph node invasion (LNI) (American Joint Committee on
C and Amin 2017; Menon et al. 2010; Pound et al. 1997).
As expected, a pathologically localized tumor (pT2) shows
significantly better outcomes than a locally advanced one
(pT3) (Van Poppel et al. 2000).

The current guidelines recommend an adjuvant androgen
deprivation for patients who have LNI and ART for patients
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who either have adverse pathological features (PSM, EPE,
or SVI) or detectable PSA levels after RP without consid-
eration of RP GS (Cornford et al. 2017; Mohler et al. 2016;
Thompson et al. 2013). However, the 5-year disease-free
survival rate following RP is low in patients with RP GS
8-10 and localized PC (Han et al. 2003; Lau et al. 2002;
Mian et al. 2002). Whether an adjuvant therapy is necessary
in case of high RP GS remains controversial (de la Taille
et al. 2002; Kamat et al. 2003; Van der Kwast et al. 2007).
Several studies have analyzed the predictors of BCR after
ART to identify patients who might benefit from radiother-
apy; nonetheless, the predictive impact of high RP GS was
not proved consistently.

In cases of pathologically localized high-grade PC, where
GS and pT stage do not match with regard to the risk clas-
sification, the oncological outcomes, and application of ART
are questionable. We hypothesized that the oncological out-
comes in men with localized high-grade PC may be worse
than or similar to those in men with locally advanced PC
with RP GS 7 who are currently the candidates for ART. We
evaluated BCR risk in a single-center cohort of patients who
did not receive adjuvant treatment.

Patients and methods

This retrospective study received approval from the institu-
tional review board (IRB) of Yonsei University Severance
Hospital (IRB number: 4-2018-0206) for the collection of

data of the 4969 patients who underwent RP for PC at our
institution between 1995 and 2015.

Among 1787 patients with RP GS 7 and pT3 and RP
GS 8-10 and pT2, we excluded those patients who: had
received a neoadjuvant treatment (n=138), had meta-
static disease at initial diagnosis (n= 19) or post-RP LNI
(n= 33), had an incomplete clinicopathological or fol-
low-up data (n= 12), had received an adjuvant treatment
(n=17), and had persistent PSA after RP (n= 296). In
total 1272 men were identified. G7 (3 +4) and G7 (4 +3)
show different prognosis (Epstein et al. 2016); thus, based
on the RP GS and the pT stage, the cohort was divided into
the following three groups: group 1, consisting of 654 men
with G7 (3 +4) and T3; group 2, consisting of 408 men
with GS 7 (4 + 3) and T3; and group 3, consisting of 210
men with GS 8-10 and T2 (Fig. 1).

The pathological stages were assigned in accordance
with the American Joint Committee on Cancer staging
system (American Joint Committee on C and Amin 2017).
Pathological analysis of the RP specimens was performed
at our institute by an experienced uropathologist (NH
Cho). Briefly, the entire surface of the resected prostate
specimens was coated with India ink, fixed in neutral-buff-
ered formalin, and embedded in paraffin blocks. Whole-
mount step sections were then transversely cut at regular
intervals, from the apex of the prostate to the tips of the
seminal vesicles. Each section was examined for EPE,
SVI, and PSM (Jang et al. 2016).

Fig. 1 Flow chart for study
inclusion. GS Gleason score, RP
radical prostatectomy

4,969 men who underwent
RP between 1995 and 2015

A

1,787 with RP GS 7 and pT3 Excluded:
or RP GS 8-10 and pT2 - Incomplete or missing data
(n=12)

- Metastatic disease at initial
diagnosis (n=19)

A 4

- Neoadjuvant therapy (n=138)
- Lymph node invasion in
pathology (n=33)

A 4 -

Adjuvant therapy (n=17)

1,272 patients were identified.

- PSA persistence after surgery
(n=296)

, } }

GS 7(3+4) and pT3
(Group 1)
(n=654)

GS 7(4+3) and pT3 GS 8-10 and pT2
(Group 2) (Group 3)
(n=408) (n=210)

@ Springer



Journal of Cancer Research and Clinical Oncology (2020) 146:221-227

223

Postoperative PSA follow-up was undertaken at 3-month
intervals for the first 2 years and at 6-month intervals for
the subsequent 3 years; an annual PSA follow-up was rec-
ommended thereafter. BCR was defined as two consecu-
tive increases over 0.2 ng/mL in the PSA levels following
an undetectable PSA after RP, or any secondary treatment
for PSA elevation (Cookson et al. 2007; Cooperberg et al.
2011). Biochemical recurrence-free survival (BCRFS) was
defined as the time from RP to BCR.

Baseline characteristics and pathological outcomes were
compared using the Chi-squared test for categorical data and
the Kruskal-Wallis test for continuous data. BCRFS was
estimated using the Kaplan—Meier method and log-rank test
was used to compare these estimates among groups. Multi-
variate Cox regression analyses were performed to identify
the predictive factors for BCR. The level of significance
was set at 0.05 in all analyses. All statistical analyses were
performed using SPSS version 23.0 (IBM Corp., Armonk,
NY, USA).

Results

The baseline characteristics of the patients are summarized
in Table 1. Significant intergroup differences in PSA lev-
els, year of surgery, and PSM were observed (all p <0.05),
while there was no difference in age among the three groups
(p=0.058). Preoperative PSA levels of groups 2 and 3 dif-
fered significantly (p =0.176), but they were higher than
those of group 1 (group 2: p=0.005, group 3: p=0.001).
While the PSM rates of groups 1 and 2 were not significantly
different (p =0.555), group 3 showed a significantly lower
PSM rate than the other two (all p <0.001). Group 1 showed
a greater EPE than group 2 (92% vs. 87%).

Among the 1272 men studied, 432 (34.0%) experienced
BCR at a median follow-up of 60 months (interquartile
range: 39-86). The 5-year BCRFS rates were 72.1%, 60.3%,
and 49.2% in groups 1, 2, and 3, respectively. The 10-year
BCREFS rates were 59.7%, 49.4%, and 36.6% in groups 1,
2, and 3, respectively. The BCRFS was significantly lower
in group 3 than in the other two groups (group 1: p <0.001,
group 2: p=0.021, overall: p <0.001; Fig. 2).

In multivariate models (Table 2), the BCR was higher
in group 2 (adjusted hazard ratio [AHR]: 1.626, 95%
confidence interval [CI] 1.311-2.018, p <0.001) and in
group 3 (AHR: 2.185, 95% CI 1.673-2.852, p <0.001),
than in group 1. The PSA level (AHR: 1.008, 95% CI

1.0
0.8
0.6

04

0.2

Log rank=41.538, p<0.001

0.0

Biochemical recurrence-free survival

0 50 100 150 200
Months after surgery

Fig.2 Kaplan—Meier plots of biochemical recurrence-free survival.
Group 1—radical prostatectomy Gleason score 7(3 +4) and patholog-
ical T3, group 2—radical prostatectomy Gleason score 7(4+3) and
pathological T3, group 3—radical prostatectomy Gleason score 8—10
and pathological T2

Table 1 Patient characteristics

Group 1* Group 2° Group 3¢ p value
No. patients 654 408 210
Age, years (median [IQR]) 66 (61-70) 67 (62-71) 67 (61=72) 0.058
PSA, ng/ml (median [IQR]) 7.95 (5.69-12.42) 8.93 (6.06-15.16) 9.72 (6.00-18.43)  0.008

Year of surgery (median [IQR])
PSM

EPE

SVI

Follow-up, months (median [IQR])

BCR

2011 (2009-2013) 2010 (2008-2012) 2012 (2009-2014) < 0.001

363 (55.5) 234 (57.4) 61 (29.0) < 0.001
602 (92.0) 355 (87.0) -

52 (8.0) 53 (13.0) -

60 (41-83) 65 (43-91) 49 (35-79)

176 (26.9) 161 (39.5) 95 (45.2) <0.001

Data are expressed as n (%) unless otherwise specified

BCR Biochemical recurrence, EPE extraprostatic extension, /QR interquartile range, PSA prostate-specific
antigen; PSM positive surgical margin; SVI seminal vesicle invasion

*Radical prostatectomy Gleason score 7(3 +4) and pathological T3

"Radical prostatectomy Gleason score 7(4 +3) and pathological T3

“Radical prostatectomy Gleason score 8—10 and pathological T2
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Table 2 Cox regression analysis
of biochemical recurrence

Univariable model

Multivariable model

HR (95% CI) p value AHR (95% CI) p value

Age 1.006 (0.998-1.020) 0.361 1.003 (0.989-1.017) 0.681
PSA 1.008 (1.007-1.010) <0.001 1.008 (1.006-1.010) <0.001
Year of surgery 1.057 (1.020-1.094) 0.002 1.073 (1.036-1.111) <0.001
Surgical margin

Negative 1 (Reference) 1 (Reference)

Positive 1.789 (1.470-2.178) <0.001 1.955 (1.598-2.393) 0.001
Group®

1 1 (Reference) 1 (Reference)

2 1.578 (1.274-1.954) <0.001 1.626 (1.311-2.018) <0.001

3 2.166 (1.686-2.782) <0.001 2.185 (1.673-2.852) <0.001

AHR Adjusted hazard ratio, CI confidence interval, PSA prostate-specific antigen

4Group 1—radical prostatectomy Gleason score 7(3 +4) and pathological T3, group 2—radical prostatec-
tomy Gleason score 7(4+3) and pathological T3, group 3—radical prostatectomy Gleason score 8—10 and

pathological T2
Table3. Biochemical recurrence Group 1* Group 2° Group 3¢
according to surgical margin
status PSM NSM PSM NSM PSM NSM
No. patients 291 363 174 234 149 61
BCR, 1 (%) 52 (17.9) 124 (34.2) 47 (27.0) 114 (48.7) 57 (38.3) 38 (62.3)
BCR-free survival
5 years, % 82.8 63.9 72.6 51.1 53.9 38.6
10 years, % 70.1 52.4 62.7 39.5 - 23.8
BCR Biochemical recurrence, NSM negative surgical margin, PSM positive surgical margin
“Radical prostatectomy Gleason score 7(3 +4) and pathological T3
PRadical prostatectomy Gleason score 7(4+ 3) and pathological T3
“Radical prostatectomy Gleason score 8—10 and pathological T2
1.006-1.010, p <0.001) and year of surgery (AHR: 1.073,
95% CI 1.036-1.111, p<0.001) were found to be associ-
ated with the BCR. PSM was also a significant predictor
of BCR (AHR: 1.955, 95% CI 1.598-2.393, p <0.001). T 10
Additionally, we analyzed the relationship between §
BCR and the surgical margin status. The BCR rate was o 08
higher when the RP GS was higher, irrespective of &
whether the surgical margin status was positive or not. é’ 06|  m . T T T T T T G 3(73(::;);:20
When the GS was identical, the BCR rate in case of PSM g ~ G7(3+4)T3R1
was higher than in case of negative surgical margin (NSM) § 04
(Table 3). In case of PSM, BCRFS in group 3 was signifi- ‘_‘; z .
cantly lower than in group 1 (p <0.001), whereas though g 02 L"'—"'—'"—"';—' G8-10T2R1
not statistically significant, it was lower than in group 2 2 - G7(4+3)T3R1
(p=0.101). Regarding NSM, BCRFS in group 3 was lower é 0o| Logrank=92.965,p<0.001

than in groups 1 and 2 (p <0.001 and p=0.001, respec-
tively). Furthermore, group 3 with NSM showed signifi-
cantly lower BCRFS than group 1 with PSM (p =0.038);
however, it showed better BCRFS, though not statistically
significant, compared to group 2 with PSM (p =0.297)
(Fig. 3).
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Discussion

Management after RP depends on the preoperative PSA
level and the pathological features such as RP GS, sur-
gical margin status, EPE, SVI, and LNI. About 30% of
the patients who underwent an RP showed PSM, EPE,
and SVI. Such patients had a 60% recurrence rate at
5 years after RP (Bolla et al. 2012; Swanson et al. 2007).
According to the results of the European Organisation for
Research and Treatment of Cancer (EORTC) trial 22911,
ART in patients with adverse risk factors (PSM, EPE, or
SVI) diminished the risk of BCR and improved the local
control of the disease despite the associated radiation tox-
icity (Thompson et al. 2004; Van der Kwast et al. 2007).
Thus, the current guidelines recommend ART for patients
with adverse pathological features or detectable PSA lev-
els after RP. However, these guidelines do not include RP
GS 8-10 as a criterion for selecting patients eligible for
ART (Cornford et al. 2017; Mohler et al. 2016; Thompson
et al. 2013). Previous studies have indicated that high RP
GS is related to BCR after RP. Furthermore, Menon et al.
also reported that one of the strongest predictors of BCR
was RP GS 8-10 (HR: 5.37,95% CI 2.99-9.65, p <0.001)
(Menon et al. 2010). Eisenberg et al. evaluated the out-
comes in patients with pT3aNO PC and observed that RP
GS was significantly associated with BCR (HR: 1.84, 95%
CI 1.6-2.1, p<0.001) (Eisenberg et al. 2013). Further-
more, Suardi et al. reported that the 3-year, 5-year, and
7-year BCRFS rates for RP GS 8-10 were lower than those
for RP GS <7 and that RP GS 8-10 was an independent
predictor of BCR (HR 5.14, p=0.004) (Suardi et al. 2012).

Indeed, there has been a controversy over whether ART
is necessary in patients with a high-grade PC. De la Taille
et al. evaluated ART failure in patients with BCR after
RP and showed that GS (p =0.0395) was an independent
predictive factor (de la Taille et al. 2002). Conversely, Van
der Kwast et al. analyzed pathological data on specimens
from participants of the randomized controlled EORTC
trial 22911 and identified no statistically significant pre-
dictive impact of RP GS (p>0.1) (Van der Kwast et al.
2007). Kamat et al. investigated BCRFS in patients who
received ART for PSM and reported that GS>7 (4 +3)
was predictive of BCR in univariate analysis, but not in
multivariate analysis (Kamat et al. 2003). Thus, it is cru-
cial to identify patients who are at a high risk for the devel-
opment of BCR.

While patients with RP GS 8-10 PC are at a high risk
of BCR, combinations of favorable pathological features
could modify the BCR risk. Although the definition of
recurrence differed, previous studies have evaluated the
relationship between localized high-grade PC and recur-
rence-free survival. Lau et al. reported that 104 patients

had a 5-year progression-free survival rate of 53%. They
defined progression as local recurrence, systemic progres-
sion, or a PSA value of 0.4 ng/mL or greater. However,
41% of the localized high-grade PC patients had PSM and
the survival rate was not estimated according to the surgi-
cal margin status (Lau et al. 2002). Mian et al. reported
that the 5-year disease-free survival rates were 82% for
58 patients with NSM and 80% for 14 patients with PSM,
while disease recurrence was defined as a local or distant
disease, or a PSA value of 0.1 ng/mL or greater (Mian
et al. 2002). Fischer et al. also examined the association
between localized high-grade PC and BCR. They defined
BCR as a single PSA value greater than 0.2 ng/mL, two
values of 0.2 ng/mL, or a secondary treatment for an ele-
vated postoperative PSA level. The 5-year BCRFS rates
were 38% for 140 patients with NSM and 16% for 89
patients with PSM (Fischer et al. 2016).

In the present study, the 5-year BCRFS of patients with
localized high-grade PC was significantly lower than that
of patients with locally advanced RP GS 7 PC. We also
analyzed BCR according to the surgical margin status after
consideration of the verified relationship between PSM and
BCR on multivariable Cox regression analysis. The 5-year
BCRES rates of patients with localized high-grade PC were
53.9% for men with NSM and 38% for men with PSM.
Moreover, while the BCRFS in group 3 with both PSM
and NSM was significantly lower than that in group 1 with
PSM, it was not significantly different from that in group 2
with PSM. Localized high-grade PC with NSM, which is
currently ineligible for an ART, showed a lower or similar
BCRFS compared to locally advanced RP GS 7 PC with
PSM. This finding was notable, as PSM is one of the adverse
pathological features taken into consideration for ART.
Overall, even without the presence of such features, high RP
GS indicates a high BCR risk. Hence, patients with localized
high-grade PC are excellent candidates for ART. Irrespective
of the guidelines, physicians differ in their opinions with
respect to the adoption of ART, regarding the possible uri-
nary, bowel, and sexual side-effects of radiotherapy (Kim
et al. 2013; Showalter et al. 2012). With additional concern
regarding overtreatment, localized high-grade PC with NSM
could be considered for salvage radiotherapy instead of ART
(Pisansky et al. 2019). To confirm our results, further studies
evaluating the benefit of adjuvant treatment in large number
of patients with localized high-grade and locally advanced
low-grade PC are required.

The present study has some limitations. First, our results
may not be generalizable, because all data were collected
from a single institution and retrospectively reviewed. Sec-
ond, the present cohort was not reclassified according to
the updated Gleason grading system in 2014, because our
institution adopted the system in 2016. As major update was
the restricted definition of the grade pattern 3 (Epstein et al.
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2016), some cases of RP GS 7 may have been reclassified
as RP GS 8 and the reclassified RP GS 8 disease may have
a better prognosis than our findings. Therefore, the current
results should be reassessed in accordance with the updated
Gleason grading system. Finally, the comorbidity and ter-
tiary Gleason pattern in RP GS were not included in the
analysis.

Conclusion

Pathologically localized high-grade PC with PSM showed
lower BCRFS and that with NSM showed better BCRFS
without statistical significance compared to locally advanced
RP GS 7 PC with PSM that are eligible for ART. These
findings suggest that high RP GS, though localized stage,
indicates a high BCR risk.
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