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Abstract

Background—Phenotype of prostate cancer at diagnosis has changed through the years. We aim 

to evaluate the impact of year of surgery on clinical, pathologic and oncologic outcomes of high-

risk prostate cancer patients.

Patients and methods—We evaluated 1,033 clinically high-risk patients, defined as the 

presence of at least one of the following risk factors: pre-operative prostate specific antigen (PSA) 

level >20 ng/ml, and/or clinical stage ≥T3, and/or biopsy Gleason score ≥8. Patients were treated 

between 1990 and 2013 at a single Institution. Year-per-year trends of clinical and pathologic 

characteristics were examined. Multivariable Cox regression analysis was used to test the 

relationship between year of surgery and oncologic outcomes.

Results—We observed a decrease over time in the proportion of high-risk patients with a pre-

operative PSA level >20 ng/ml or clinical stage cT3. An opposite trend was seen for biopsy 

Gleason score ≥8. We observed a considerable increase in the median number of lymph nodes 

removed that was associated with an increased rate of LNI. At multivariable Cox regression 

analysis, year of surgery was associated with a reduced risk of biochemical recurrence (HR per 5-

year: 0.90; 95% CI: 0.84–0.96; p=0.01) and distant metastasis (HR per 5-year: 0.91; 95% CI: 

0.83–0.99; p=0.039), after adjusting for age, pre-operative PSA, pathologic stage, lymph node 

invasion, surgical margin status, and pathological Gleason score.
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Conclusions—In this single center study, an increased diagnosis of localized and less extensive 

high-grade prostate cancer was observed over the last two decades. High-risk patients selected for 

radical prostatectomy showed better cancer control over time. Better definitions of what 

constitutes high-risk prostate cancer among contemporary patients are needed.
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Introduction

High-risk prostate cancer was originally defined more than 15 years ago [1] as the presence 

of at least one of the following risk factors: high pre-operative prostate specific antigen 

(PSA) level, and/or advanced clinical stage, and/or biopsy Gleason Score ≥8. This definition 

is still in wide use, and is part of treatment algorithms such as that of the National 

Comprehensive Cancer Network (NCCN) and the European Association of Urology (EAU) 

guidelines [2,3].

Historically, surgical treatment of high-risk prostate cancer was discouraged in this patient 

population [4,5], mainly because systemic spread of the disease was considered inevitable 

[6,7]. Radiotherapy and androgen deprivation therapy were more typically used for the 

initial management of high-risk prostate cancer. In contrast, surgery plays a major role in the 

management of contemporary high-risk patients. Indeed, radical prostatectomy combined 

with an extended pelvic lymph node dissection emerged as a valid strategy, providing 

important pathologic information and achieving good oncologic outcomes either alone or 

within the context of a multi-modal therapeutic approach [8-10].

Due to the increasing use of radical prostatectomy for high-risk patients, and the 

introduction of active surveillance for low risk patients, a stage migration towards more 

aggressive prostate cancer was recently reported for patients treated with radical 

prostatectomy, both in European and North-American series [11-13]. Moreover, there is 

evidence that the phenotype of prostate cancer at diagnosis has changed through the years 

due to PSA screening and changes in Gleason grading [14,15]. In this study, we aim to 

determine whether tumor characteristics have changed over time in the high-risk population 

and whether this has resulted in a change in oncologic outcomes.

Mterials and methods

Patient population

After Institutional Review Board approval, we identified 7884 consecutive prostate cancer 

patients treated with radical prostatectomy and pelvic lymph node dissection at our 

Institution between 1990 and 2013. Only patients with complete clinical and pathologic data 

who did not receive neo-adjuvant therapies were eligible. Of 5238 evaluable patients, 1033 

met the criteria for high-risk disease, with at least one of the following risk factors according 

to the NCCN and the EAU guidelines [2,3]: PSA level >20 ng/ml, and/or clinical stage cT3, 

and/or biopsy Gleason Score ≥8. Of these, 124 (12%) patients met the criteria for very high-
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risk disease identified by the 2015 NCCN guidelines [2]: T3b-T4, primary Gleason pattern 

5, or >4 cores with Gleason score 8-10. All patients were pre-operatively staged with bone 

scan and abdominopelvic computerized tomography.

Surgical technique

All patients were treated with radical prostatectomy preceded by extended pelvic lymph 

node dissection, regardless of tumor characteristics. Surgical procedures were performed by 

15 different surgeons, who used standardized techniques [16] and applied the same anatomic 

template during pelvic lymph node dissection, as previously described [17].

Pathologic evaluation

All radical prostatectomy specimens were embedded in paraffin, cut at 3 mm, and stained 

with haematoxylin-eosin. Pelvic lymph node specimens were submitted for pathologic 

evaluation in multiple packages. Fat tissue containing lymph nodes were fixed in 10% 

buffered formalin. For each anatomic group, the number of nodes, the size of the largest 

node and any gross features were described.

Adjuvant treatments

Adjuvant therapy indications were based on the clinical judgment of each treating physician, 

according to patient and cancer characteristics. Additional treatments were considered as 

adjuvant therapies if administered within 3 months after surgery, regardless of post-operative 

PSA value. Adjuvant treatments consisted of radiation therapy and/or androgen deprivation 

therapy. Specifically, 358 patients (35%) received adjuvant radiation therapy, that was 

applied using the previously described technique [18]. Conversely, androgen deprivation 

therapy consisted of maximal androgen blockade, or luteinizing hormone-releasing hormone 

agonist alone, or bicalutamide in monotherapy. Adjuvant hormonal therapy was intended to 

be used lifelong. However, given the retrospective nature of the cohort, it is uncertain 

whether patients discontinued treatment after a period of androgen deprivation therapy. 

Overall, 219 patients (21%) received adjuvant hormonal therapy, alone or in combination 

with adjuvant radiation therapy.

Variable definition

We included age at surgery, preoperative PSA level, clinical stage, and biopsy Gleason score 

as clinical data, while pathologic data consisted of pathologic stage, pathologic Gleason 

score, surgical margins status, lymph node invasion (LNI), specimen confined disease, 

number of total lymph nodes removed and number of positive lymph nodes.

Pre-operative PSA level (AxSYM PSA assay; Abbott Laboratories, Abbott Park, IL, USA) 

was measured before digital rectal examination and transrectal ultrasound. Clinical stage 

was assigned by the attending urologist and was categorized as cT1, cT2, and cT3, while 

pathologic stage was categorized as pT2, pT3a, and pT3b/pT4. Both biopsy and pathologic 

Gleason score were reported as ≤6, 7, and ≥8. Positive surgical margin was defined as tumor 

extension to the inked surface of the radical prostatectomy specimen, while LNI was defined 

as involvement of one or more dissected pelvic lymph node. Finally, specimen confined 
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disease was defined as pathologic stage pT2 / pT3a, negative surgical margins, and absence 

of LNI.

Outcome definition

The aim of this study was to evaluate changes in clinical and pathologic features among 

high-risk prostate cancer patients over time. Furthermore, we aimed to address the 

relationship between year of surgery and oncologic outcomes (namely, biochemical 

recurrence, distant metastasis, and cancer specific mortality). Biochemical recurrence was 

defined as a PSA value of 0.2 ng/ml or greater after surgery. Men who developed distant 

metastasis after radical prostatectomy and died from an unknown cause were assumed to 

have died from prostate cancer.

Statistics

Statistical analyses consisted of three main steps. First, Kernel-weighted local polynomial 

smoothing (lpoly) methods were used to observe the variation of clinico-pathological 

characteristics, and administration of adjuvant treatments in the study period. Changes over 

time were analyzed using either logistic or linear regression.

Second, locally weighted scatter plot smoothing (lowess) methods were used to examine the 

relation between year of surgery and oncologic outcomes (namely, biochemical recurrence 

rate at 3 years, distant metastasis rate at 5 years, and cancer specific mortality rate at 10 

years). Changes over time were analyzed using Cox regression.

Third, multivariable Cox regression analysis was used to test the relationship between year 

of surgery and oncologic outcomes. Covariates consisted of patient age, pre-operative PSA, 

pathologic stage (≤pT3a vs. ≥pT3b), lymph node invasion (no vs. yes), positive surgical 

margins (no vs. yes), and pathological Gleason Score (≤6 vs. 7 vs. ≥8).

All statistical analyses were performed using Stata (StataCorp LP, College Station, TX, 

USA) version 12.0, with a 2-sided significance level set at p < 0.05.

Results

Descriptive characteristics of the study population are summarized in Table 1. The total 

number of radical prostatectomies performed yearly in high-risk patients considerably 

increased over the course of the study, from 5 procedures in 1990 to more than 100 

procedures in 2011. However, the proportion of high-risk patients over the cohort of men 

surgically treated at our institution remains stable among time. Additionally, 124 (12%) 

patients met the criteria for very high-risk disease identified by the 2015 NCCN guidelines 

[2]. That proportion did not significantly change from the first half (n=25, 11%) to the 

second half of the study period (n=99, 12%; p=0.2).

In the first step of our analyses, we examined the changes in clinical and pathologic cancer 

features over time. All the estimates for outcomes changes were reported per 5-year and 

were listed in Table 2.
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With respect to changes in clinical characteristics (Figure 1), we observed a significant 

decrease of patients diagnosed with a pre-operative PSA level >20 ng/ml. An opposite trend 

was seen for biopsy Gleason Score ≥8. The rate of clinical stage cT3 decreased between 

1990 and 2000, and remained virtually stable thereafter. The number of high-risk factors at 

diagnosis (PSA >20 ng/ml, and/or clinical stage cT3, and/or biopsy Gleason Score ≥8) 

slightly changed between 1990 and 2013. Specifically, we observed a modest increase of 

patients with a single high-risk factor over time that was not statistically significant. 

Conversely, the rate of patients presenting with all three high-risk factors at diagnosis was 

relatively constant.

Changes in pathologic characteristics between 1990 and 2013 are shown in Figure 2. The 

rate of pathological stage pT3b/pT4 significantly decreased, while the rate of pathological 

Gleason Score ≥8 increased dramatically. On the other hand, the rate of positive surgical 

margins increased between 1990 and 2000, and remained virtually stable thereafter. 

Moreover, we observed a considerable increase in the median number of lymph nodes 

removed that was associated with both an increase in the median number of positive lymph 

nodes removed and an increase rate of LNI. Finally, we evaluated the variation of favorable 

pathologic outcome over time, which was defined as specimen confined disease (namely, 

pathological stage pT2/pT3a, negative surgical margins, and absence of LNI). We found a 

slight increase in the rate of specimen confined disease, which was not statistically 

significant.

Figure 3 illustrates the administration of adjuvant treatments over time. The number of 

patients that received adjuvant radiation therapy increased between 1990 and 2005, and 

significantly decreased after 2005. Similarly, the use of androgen deprivation therapy 

increased between 1990 and 2000, and dramatically decreased after 2005.

In the second step of our analyses, we assessed the relationship between year of surgery and 

oncologic outcomes (namely, biochemical recurrence rate at 3 years, distant metastasis rate 

at 5 years, and cancer specific mortality rate at 10 years) (Figure 4). We observed a 

significant decrease of biochemical recurrence rate at 3 years after surgery (hazard ratio 

[HR] per 5-year: 0.91; 95% CI: 0.86–0.95; p<0.001). Similarly, the decreased rate of distant 

metastasis at 5 years after surgery was statistically significant (HR per 5-year: 0.94; 95% CI: 

0.88–0.99; p=0.01). Cancer specific mortality at 10 years also decreased between 1990 and 

2003, although changes over time were not statistically significant (HR per 5-year: 0.86; 

95% CI: 0.63–1.17; p=0.3).

In the third step of our analyses, we assessed the relationship between year of surgery and 

oncologic outcomes using multivariable Cox regression analyses (Table 3). After adjusting 

for age, pre-operative PSA, pathologic stage, lymph node invasion, surgical margin status, 

and pathological Gleason score, year of surgery emerged as a significant predictor of 

biochemical recurrence (HR per 5-year: 0.90; 95% CI: 0.84–0.96; p=0.01) and distant 

metastasis (HR per 5-year: 0.91; 95% CI: 0.83–0.99; p=0.039). Conversely, year of surgery 

was not significantly associated with cancer specific mortality (HR per 5-year: 0.97; 95% 

CI: 0. 88–1.06; p=0.4).
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Discussion

In this study we evaluated changes of clinical and pathologic tumor characteristics over time, 

as well as the impact of year of surgery on oncologic outcomes in high-risk prostate cancer 

patients. Several results of our study deserve attention. First, we found that high-risk patients 

treated with radical prostatectomy showed a lower PSA level at diagnosis, as well as a lower 

rate of locally advanced disease and a higher rate of high grade prostate cancer over time. 

Changes in PSA level and clinical stage at diagnosis were somewhat expected for the 

introduction of PSA screening programs, as similar results were shown in a recent 

population-based study [19]. Moreover, such results confirmed previous studies that showed 

a stage migration towards more aggressive prostate cancer for patients treated with radical 

prostatectomy [11-13].

Second, we observed a slight increase in the proportion of patients with specimen confined 

disease at final pathology. That outcome combines pathologic stage pT2 / pT3a with the 

absence of both positive surgical margins and LNI. Interestingly, the decreased rate of 

locally advance disease at final pathology was associated with a concomitant increase in the 

proportion of patients with LNI that reached a very high rate in the last years (approximately 

40%). Compared to previous series, such LNI rate was significantly higher and was likely 

related to the increased number of lymph nodes removed over time. Specifically, 

Yossepowitch et al. found an increased rate of LNI in high-risk patients compared to low / 

intermediate risk categories (23% vs. 7%) [6]. Similarly, Walz et al. showed a LNI rate of 

11% in a multi-institutional series of high-risk patients [20]. These findings vary 

considerably from our own, highlighting the role of extended pelvic lymph node dissection 

for accurate staging. Indeed, there is evidence that the higher the number of dissected LNs at 

time of surgery, the higher the likelihood of identifying metastatic disease [21]. Therefore, 

the increase of LNI rate in high-risk patients at our Institution may be related to an increased 

sensitivity of pelvic lymph node dissection secondary to better surgical technique. However, 

more extensive indications to surgical treatment over time may explain the increase of pN1 

disease as well. Conversely, the rate of positive surgical margins remained virtually stable 

after 2000 (approximately 40%). This finding was in line with previous multi-institutional 

studies that showed a similar rate of positive surgical margins in high-risk patients [22,23].

Third, the use of adjuvant therapies largely decreased after 2005. This result was probably 

due to the developing opinion that not all men with pT3 stage or pT2 and positive surgical 

margins benefit from adjuvant radiation therapy. This is supported by the long-term results 

of two randomized trials (the EORTC 22911 and the ARO 96-02) where, despite lower 

biochemical recurrence on adjuvant radiation, there was no affect on clinical progression nor 

cancer specific and overall survival [24,25]. On the contrary, the 13 years results of the 

SWOG trial showed that postoperative irradiation did improve metastasis-free survival and 

overall survival in T3N0M0 patients [26]. Therefore, the correct post-operative management 

of patients with advanced and / or aggressive disease still remains a matter of debate, as the 

selection of salvage rather than adjuvant radiation therapy still represents a complex issue.

Fourth, surgical treatment has provided better cancer control over the years. Indeed, we 

observed a decreased biochemical recurrence and distant metastasis rate over the study 
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period. These results are even more important in the context of an increase of LNI and high-

grade disease at final pathology, even if during the decades patients presented with more 

benign features at diagnosis (i.e. lower clinical stage and PSA). However, these findings may 

be highly influenced by patient selection for surgical treatment.

Fifth, we did not observe a significant reduction of cancer specific mortality rate over time. 

This can be explained by the fact that the follow-up of patient treated in the most recent 

years is not yet long enough to show any improvements in survival. However, the 

encouraging results concerning biochemical outcome and clinical relapse may translate to 

better cancer control in the future, especially with a longer follow-up.

Our study has important clinical implications for management of prostate cancer. The “high-

risk” term appears nowadays anachronistic. In light of novel trials investigating systemic 

agents in a neo-adjuvant context before surgery, we are in need of a novel high-risk 

definition possibly including molecular markers to define truly high-risk disease at 

diagnosis. Moreover, improvements in diagnosis with judicious use of PSA, more extensive 

biopsy sampling and adjustments in Gleason grading, have allowed for diagnosis of 

aggressive disease at earlier stages. While stage migration may have certainly impacted on 

early diagnosis, increase in Gleason grading over time might not reflect a real shift towards 

more aggressive disease. Rather, it may only represent a change towards more accurate 

histological assessment by pathologists. In addition to stage migration, cancer control 

improvement may be due to several reasons, such as patient selection, refinements in 

surgical technique as well as increasing surgical expertise of each treating physician [27,28]. 

All together, these data strongly support a change in cancer features and outcomes over time 

in the high-risk setting, where better cancer control rates can be expected after surgery in 

more contemporary patients as compared to what reported in historical series. This is 

especially as improved cancer control was paralleled by a decreased use of adjuvant 

treatments. Therefore, our data suggest that surgery alone can guarantee good cancer control 

in a significant proportion of high-risk patients, while multi-modal approaches can be 

reserved only for patient sub-groups having more adverse pathologic features. As suggested 

by a recently published study [29], our findings reiterate the need for contemporary and 

novel definitions of high-risk disease that should exclude those patients with more favorable 

outcomes and focus on lethal prostate cancer. Additionally, patient risk is simply a 

continuous variable ranging from 0% to 100%, and the categorization into risk groups (e.g. 

low- vs. intermediate- vs. high-risk) assumes discontinuities in risk at specific cut-points, 

with all patients within a risk category at similar risk. This can be a reasonable assumption at 

low-risk, but can be highly misleading at high-risk. As an example, a patient with PSA 21 

ng/ml, clinical stage T1c, Gleason score 7 (3+4) in 3 positive cores is considered at the same 

risk of a different patient with cT3 disease and Gleason score 9 (4+5) in 12 positive cores. 

Recently, the 2015 NCCN guidelines [2] identified a sub-group of patients as “very high-

risk”: T3b-T4, primary Gleason pattern 5, or >4 cores with Gleason score 8-10. This is a 

good attempt to face the problem of categorization. However, contemporary definitions 

including imaging parameters and / or genomic markers are welcome to go beyond 

traditional definitions based on clinical characteristics, and to develop a personal risk 

evaluation for each single patient.
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The single Institution nature of the current study allows for important strengths. First, the 

same surgical technique for radical prostatectomy and the same template for extended pelvic 

lymph node dissection were used through the years and by different surgeons, all of which 

have trained under the same master. Second, pathologic evaluation of all radical 

prostatectomy specimens was performed with the similar technique.

Despite its strengths, our study is not devoid of limitations. Specifically, patients treated at a 

single institution might not be representative of the overall population of high-risk patients. 

In particular, tertiary referral centers might attract the most challenging cases. Moreover, all 

these patients, despite their aggressive cancer features, were considered eligible for surgery, 

thus introducing another important possible patient selection bias. Second, an internal 

revision of Gleason grading either at biopsy or at radical prostatectomy was not performed, 

thus potentially limit the validity of changes in grade reported over time. Despite this 

limitation, it has to be acknowledged that all pathologists used the same standardized 

approach at the same high volume centre. Third, the MRI usage could represent a further 

reason for the increase of specimen confined disease over time. However, this retrospective 

study focused on a 20-years time span, and we were unable to test such hypothesis. Fourth, 

the lack of standardized indications for adjuvant treatments as well as the lack of 

standardized adjuvant treatment protocols represent a further limitation of our study that 

could impact on oncologic outcomes. Lastly, the length of follow-up limits the 

interpretations of oncologic outcomes, with special regards to long-term cancer specific 

survival.

Conclusions

In this single center study, an increased diagnosis of localized and less extensive high-grade 

prostate cancer was observed over the last two decades. In this context, high-risk patients 

selected for radical prostatectomy showed better cancer control over time. These results 

underline the need for a better definition of what constitutes high-risk prostate cancer among 

contemporary patients.
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Figure 1. 
Changes of clinical characteristics over the study period. Figures represent the proportion of 

patients diagnosed with PSA >20ng/ml (Figure 1A), clinical stage cT3 (Figure 1B) and 

biopsy Gleason score ≥8 (Figure 1C). Figure 1D represents the proportion of patients 

classified according to the number of high-risk factors at diagnosis. Green solid line: 1 high-

risk factor. Orange dashed line: 2 high-risk factors. Red dotted line: 3 high-risk factors. 

Shaded area: 95% confidence interval.
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Figure 2. 
Changes of pathologic characteristics over the study period. Figure 2A: pathologic stage 

≥pT3b. Figure 2B: pathologic Gleason score ≥8. Figure 2C: positive surgical margins. 

Figure 2D: lymph node invasion. Figure 2E: number of total (blue line) and positive (red 

line) lymph nodes removed. Figure 2F: specimen confined disease. Shaded area: 95% 

confidence interval.

Fossati et al. Page 12

BJU Int. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Adjuvant treatments administration over the study period. Blue solid line: adjuvant radiation 

therapy. Red dashed line: adjuvant hormonal therapy. Dotted lines: 95% confidence interval.
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Figure 4. 
Year – per – year trend analysis of oncologic outcomes over the study period. Blue solid 
line: Biochemical recurrence rate at 3 years after surgery. Red dashed line: Distant 

metastasis rate at 5 years after surgery. Green dotted line: Cancer specific mortality rate at 

10 years after surgery.

Fossati et al. Page 14

BJU Int. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Fossati et al. Page 15

Ta
b

le
 1

D
es

cr
ip

tiv
e 

ch
ar

ac
te

ri
st

ic
s 

of
 1

,0
33

 h
ig

h 
ri

sk
 p

ro
st

at
e 

ca
nc

er
 p

at
ie

nt
s 

tr
ea

te
d 

w
ith

 r
ad

ic
al

 p
ro

st
at

ec
to

m
y 

an
d 

ex
te

nd
ed

 p
el

vi
c 

ly
m

ph
 n

od
e 

di
ss

ec
tio

n 
at

 a
 

si
ng

le
 te

rt
ia

ry
 r

ef
er

ra
l c

en
te

r 
be

tw
ee

n 
19

90
 a

nd
 2

01
3.

 A
ll 

nu
m

be
rs

 a
re

 m
ed

ia
ns

 (
in

te
r-

qu
ar

til
e 

ra
ng

e)
 a

nd
 f

re
qu

en
ci

es
 (

pr
op

or
tio

ns
).

 P
 v

al
ue

s 
te

st
 th

e 

hy
po

th
es

is
 th

at
 v

ar
ia

bl
es

 d
id

 n
ot

 c
ha

ng
e 

ov
er

 ti
m

e.

V
ar

ia
bl

es
19

90
-1

99
4

(n
=6

8;
 7

%
)

19
95

-1
99

9
(n

=9
8;

 9
%

)
20

00
-2

00
4

(n
=2

00
; 

19
%

)
20

05
-2

00
9

(n
=3

78
; 

37
%

)
20

10
-2

01
3

(n
=2

89
; 

28
%

)
p 

va
lu

e

H
ig

h-
ri

sk
 p

at
ie

nt
s 

ov
er

 t
ot

al
nu

m
be

r 
of

 c
as

es
68

 (
18

%
)

98
 (

19
%

)
20

0 
(2

0%
)

37
8 

(1
8%

)
28

9 
(1

7%
)

0.
1

A
ge

, y
r

69
 (

63
, 7

2)
66

 (
61

, 7
1)

67
 (

62
, 7

2)
66

 (
61

, 7
1)

67
 (

62
, 7

1)
0.

2

P
SA

, n
g/

m
l

21
.0

 (
9.

6,
 3

0.
1)

22
.3

 (
13

.3
, 3

6.
0)

20
.6

 (
9.

1,
 3

1.
8)

10
.0

 (
6.

4,
 2

5.
0)

8.
9 

(5
.3

, 2
1.

0)
<0

.0
00

1

C
lin

ic
al

 s
ta

ge
<0

.0
00

1

 
cT

1
5 

(7
%

)
10

 (
10

%
)

68
 (

33
%

)
85

 (
22

%
)

77
 (

26
%

)

 
cT

2
14

 (
21

%
)

27
 (

28
%

)
53

 (
27

%
)

85
 (

22
%

)
68

 (
24

%
)

 
cT

3
49

 (
72

%
)

61
 (

62
%

)
79

 (
40

%
)

20
8 

(5
6%

)
14

4 
(5

0%
)

B
io

ps
y 

G
le

as
on

 s
co

re
<0

.0
00

1

 
≤6

48
 (

71
%

)
61

 (
62

%
)

65
 (

33
%

)
11

3 
(3

0%
)

57
 (

20
%

)

 
7

14
 (

20
%

)
22

 (
22

%
)

57
 (

28
%

)
10

0 
(2

6%
)

85
 (

29
%

)

 
≥8

6 
(9

%
)

15
 (

16
%

)
78

 (
39

%
)

16
5 

(4
4%

)
14

7 
(5

1%
)

P
at

ho
lo

gi
ca

l s
ta

ge
0.

00
1

 
pT

2
26

 (
38

%
)

37
 (

38
%

)
60

 (
30

%
)

15
5 

(4
1%

)
10

4 
(3

6%
)

 
pT

3a
10

 (
15

%
)

10
 (

10
%

)
47

 (
23

%
)

96
 (

25
%

)
76

 (
26

%
)

 
pT

3b
/p

T
4

32
 (

47
%

)
51

 (
52

%
)

93
 (

47
%

)
12

7 
(3

4%
)

10
9 

(3
8%

)

P
at

ho
lo

gi
ca

l G
le

as
on

 s
co

re
<0

.0
00

1

 
≤6

34
 (

50
%

)
36

 (
37

%
)

32
 (

16
%

)
49

 (
13

%
)

26
 (

9%
)

 
7

20
 (

29
%

)
43

 (
44

%
)

91
 (

46
%

)
17

4 
(4

6%
)

13
4 

(4
6%

)

 
≥8

14
 (

21
%

)
19

 (
19

%
)

77
 (

38
%

)
15

5 
(4

1%
)

12
9 

(4
5%

)

P
os

it
iv

e 
su

rg
ic

al
 m

ar
gi

ns
5 

(7
%

)
21

 (
21

%
)

87
 (

44
%

)
15

7 
(4

2%
)

10
8 

(3
7%

)
<0

.0
00

1

L
N

 r
em

ov
ed

16
 (

12
, 2

2)
13

 (
9,

 1
8)

14
 (

10
, 1

8)
19

 (
14

, 2
5)

18
 (

13
, 2

5)
<0

.0
00

1

BJU Int. Author manuscript; available in PMC 2017 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Fossati et al. Page 16

V
ar

ia
bl

es
19

90
-1

99
4

(n
=6

8;
 7

%
)

19
95

-1
99

9
(n

=9
8;

 9
%

)
20

00
-2

00
4

(n
=2

00
; 

19
%

)
20

05
-2

00
9

(n
=3

78
; 

37
%

)
20

10
-2

01
3

(n
=2

89
; 

28
%

)
p 

va
lu

e

L
N

I
19

 (
28

%
)

29
 (

30
%

)
69

 (
34

%
)

11
5 

(3
0%

)
11

4 
(3

9%
)

0.
04

5

Sp
ec

im
en

 c
on

fi
ne

d 
di

se
as

e
32

 (
47

%
)

37
 (

38
%

)
78

 (
39

%
)

18
5 

(4
9%

)
13

4 
(4

6%
)

0.
1

IQ
R

 =
 in

te
rq

ua
rt

ile
 r

an
ge

; P
SA

 =
 p

ro
st

at
e 

sp
ec

if
ic

 a
nt

ig
en

; L
N

I 
=

 ly
m

ph
 n

od
e 

in
va

si
on

; L
N

 =
 ly

m
ph

 n
od

es
.

BJU Int. Author manuscript; available in PMC 2017 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Fossati et al. Page 17

Table 2

Estimates for outcomes changes per 5-year interval in year at surgery. Results are presented in terms of odds 

ratio for binary outcomes and coefficients for continuous outcomes.

Outcome Estimate 95% CI p value

1 high risk factor at diagnosis 1.11 0.98, 1.26 0.11

2 high risk factors at diagnosis 0.90 0.79, 1.02 0.10

3 high risk factors at diagnosis 0.98 0.73, 1.32 0.9

PSA > 20 ng/ml 0.64 0.57, 0.73 <0.001

Clinical stage cT3 0.90 0.80, 1.01 0.07

Biopsy Gleason score ≥ 8 1.65 1.45, 1.88 <0.001

Pathologic stage ≥ pT3b 0.82 0.73, 0.92 0.001

Pathologic Gleason score ≥ 8 1.41 1.24, 1.60 <0.001

Positive surgical margins 1.34 1.18, 1.52 <0.001

Lymph node invasion 1.12 0.99, 1.26 0.08

Number of nodes removed 2.01 1.44, 2.58 <0.001

Number of positive nodes 0.54 0.12, 0.96 0.01

Specimen confined disease 1.08 0.97, 1.22 0.17

Adjuvant radiation therapy 0.51 0.36, 0.73 <0.001

Adjuvant hormonal therapy 0.24 0.15, 0.38 <0.001
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Table 3

Multivariable Cox regression analysis assessing the relationship between year of surgery and oncologic 

outcomes (namely, biochemical recurrence, distant metastasis, and cancer specific mortality) in 1,033 high risk 

prostate cancer patients treated with radical prostatectomy and extended pelvic lymph node dissection between 

1990 and 2013 at a single institution. Models were adjusted for age at surgery, pre-operative prostate specific 

antigen, pathologic stage (≤pT3a vs. ≥pT3b), lymph node invasion (no vs. yes), positive surgical margins (no 

vs. yes), and pathologic Gleason score (≤6 vs. 7 vs. ≥8).

Oncologic Outcomes HR 95% CI p value

Biochemical Recurrence 0.90 0.84, 0.96 0.01

Distant Metastasis 0.91 0.83, 0.99 0.039

Cancer Specific Mortality 0.97 0.88, 1.06 0.4

HR = hazard ratio per 5-year interval at surgery; CI = confidence interval.
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