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Abstract

Purpose—Whether racial differences exist in the pattern of local disease progression among men
treated with radical prostatectomy (RP) for localized prostate cancer (PCa) is currently unknown.
In this study we evaluate the pattern of adverse pathologic features in an identical cohort of AA
and Caucasian (CS) men with PCa.

Methods—The overall cohort consisted of 1,104 men (224 AA, and 880 CS) who underwent RP
between 1990 and 2012. We compared preoperative factors and pathologic outcomes following RP
across race groups. Multivariate analysis was used to identify factors predictive of adverse
pathologic outcomes. The impact of race on adverse pathologic outcomes and biochemical control
rate (BCR) was evaluated using multivariate regression model and Kaplan-Meier analysis.

Results—The 10-year BCR was 59 % vs. 82% in AA and CS men, respectively (p=0.003). There
was no significant difference in extraprostatic spread (EPE; p = 0.14), positive surgical margin
(SM; p=0.81), lymph node involvement (LNI: p= 0.71) or adverse pathologic features (p = 0.16)
across race groups. However, among patients with >1 adverse pathologic features, AA men had
higher rate of seminal vesicle invasion (SVI) as compared with CS men (51% vs30%; £=0.01).
Upon adjusting for known predictors of adverse pathologic features AA race remained a predictor
of SVI.

Conclusions—AA men have increased risk of SVI following RP, particularly among men with
Gleason <6 disease. This may represent racial differences in the biology of PCa disease
progression contributing to poorer outcomes in AA men.
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Introduction

African-American (AA) men are known to experience greater incidence of and mortality
from prostate cancer (PCa) than their Caucasian (CS) counterpartsl. AA men often present
with higher Gleason score and clinical stage of disease at time of diagnosis®. A number of
studies evaluating outcomes by race following radical prostatectomy have consistently
reported a higher rate of adverse pathologic features among AA men?3:5, These adverse
features include higher pathologic Gleason grade, positive surgical margins (SM), seminal
vesicle invasion (SVI), extraprostatic extension (EPE) and lymph node involvement (LNI).
Other studies have reported worse biochemical control rate (BCR) in AA men despite
favorable pathologic features following RP. A study from the SEARCH database showed
that despite early clinical stage presentation and similar pathologic characteristics AA men
were found to be at a slightly increased risk of biochemical disease recurrence®. A relatively
large study on results from the Shared Equal Access Regional Cancer Hospital (SEARCH)
and the Duke Prostate Center (DPC) databases also showed that despite favorable clinical or
pathological staging and low risk disease at time of diagnosis, AA men were found to be at
an increased risk of biochemical disease recurrence after RP”.

A recent study from the Johns Hopkins Hospital evaluated pathologic specimen of 200
prostatectomy samples (100 Caucasian men and 100 AA men) from men with very low-risk
disease to determine whether there are systematic pathological differences by race. They
demonstrated that AA men had a significantly higher prevalence of anterior cancer foci of
higher grade and larger volume as compared to Caucasian men8. Whether differing patterns
of local disease progression between race groups may account for worse outcomes in AA
men following RP is currently unknown. To this end we evaluated the pattern of adverse
pathologic features and biochemical outcomes among an identical cohort of AA and CS men
treated with radical prostatectomy.

Materials and Methods

Patient selection

The present study is a retrospective analysis of a prospective cohort of 1104 men (224 AA,
880 CS) with PCa treated with RP at the University of Pennsylvania Health System (UPHS;
Philadelphia, PA) recruited to the Study of Clinical Outcomes, Risk and Ethnicity (SCORE)
between 1990 and 2012°. The SCORE study includes information on patient age, race,
height, weight, clinical stage, clinical Gleason on diagnostic biopsy, preoperative prostate-
specific antigen (PSA) levels, surgical pathologic information (tumor grade, stage, surgical
margins status, extraprostatic extension, or seminal vesicle involvement, lymph node status)
and followup PSA levels for a mean and median of 51 and 29 months (IQR 10 to 79).
Patients who received androgen depravation therapy (ADT) or adjuvant radiotherapy (RT)
and/or ADT were included. Patients without adequate preclinical data including initial PSA,
or biopsy GS at diagnosis were excluded from the analysis. Patients of non-CS and non-AA
ethnicity were excluded. This study was approved by our Institutional Review Board.
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Preoperative staging

Treatment

Patients were evaluated at time of diagnosis by a thorough history and physical examination
(including digital rectal examination [DRE]) followed by routine laboratory studies,
including serum PSA levels, and GS determined by needle biopsy and reviewed at the
UPHS. All patients were staged according to the 1992 American Joint Committee on Cancer
staging system.10

Surgical treatment consisted of a radical retropubic prostatectomy or robotic-assisted radical
prostatectomy, and bilateral pelvic lymph node sampling. Adverse pathologic features
consisting of extraprostatic extension (EPE), seminal vesicle invasion (SVI), surgical margin
status (SM), and lymph node involvement (LNI) were noted and recorded. At the discretion
of the treating physician, patients with adverse pathologic features including EPE, SVI,
positive SM, or LNI were treated with adjuvant RT and/or ADT. ADT consisted of a
gonadotropin-releasing hormone agonist (leuprolide acetate or goserelin acetate) with or
without an antiandrogen (e.g. flutamide, bicalutamide).

Follow-Up and treatment endpoints

Patient information at each follow-up visit including DRE and serial PSA values were noted
and recorded. PSA failure was defined as a single PSA>0.2ng/ml or when two consecutive
PSA values of 0.2ng/ml were obtained after an undetectable value. Start of the prospective
follow-up (i.e., time zero) was defined at the date of surgery for all patients. If PSA was
never undetectable postoperatively, then PSA failure was assigned at time zero. The median
duration of follow up from time of surgery until last follow up PSA date was 27 months
(range 1 to 207).

Statistical analysis

Clinical and pathologic variables were compared across the race groups using an analysis of
variance model for continuous variables or contingency table x 2 test of homogeneity for
categorical variables. Predictors of adverse pathologic features were examined using logistic
regression models. Age, PSA, and year of surgery were examined as continuous variables. T-
stage (T1la—c vs. T2), biopsy GS, and race were examined as categorical variables.

For multivariate analysis of factors predicting adverse pathologic features, a forward-
stepwise logistic regression model was used with p<0.2 determining which variables were
entered into the model at each step. The variable with the highest p value was successively
deleted until only variables with p<0.2 remained. For survival analysis, the primary event of
interest was PSA failure (biochemical disease recurrence). Individuals who did not
experience PSA failure were censored at the time of last PSA measurement <0.2 ng/dl, or
loss to follow-up. Time to PSA failure was used as a surrogate for biochemical control rate
(BCR). The BCR was compared across the groups using a log-rank survivorship and
Kaplan-Meier analyses. Analyses were conducted using STATA statistical software version
13.0 (STATA Corporation).
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The patient clinical and pathologic characteristics are listed in Table 1. Preoperative factors
such as age, clinical T-stage, and year of RP were similar between groups. AA men had
higher PSA at diagnosis (p<0.001), and biopsy Gleason score (p<0.001), and body mass
index =30kg/m? (p<0.001). Following RP, AA men were found to have higher pathologic
Gleason score (p<0.001), as well as seminal vesicle invasion compared to CS men (5% vs.
10%; p=0.001). There was no significant difference in rate of Gleason score upgrade (31%
vs 32%; p=0.93), extraprostatic spread (23% vs 27%; p = 0.14), positive surgical margin
(17% vs 18%; p= 0.81), and lymph node involvement (0.7% vs 0.4%; p = 0.71) across race
groups. The use of post-operative radiotherapy was higher in AA men compared with CS
men (4% vs 1.5%, p = 0.016).

Among patients with low Gleason score disease defined as biopsy Gleason score <6, AA
men were diagnosed at a slightly younger age (median age: 58 vs 59; p=0.04), and higher
SVI (8% vs 2%; p<0.001) compared with CS men, (Table 2). There was no significant
difference in any clinico-pathologic parameter including rate of SVI by race among patients
with Gleason score of >7 (22% vs 26%; p=0.61; data not shown). Among patients with SVI,
median PSA was two-fold higher in AA men compared to CS men (12.3 vs 6.5; p=0.02).
However, there was no significant difference in prostate size, percentage gland involvement,
SVI1 laterality, and SVI with concurrent EPE or SM across race groups (Table 3).

Using the Kaplan-Meier survival analysis method, the impact of race on BCR was evaluated.
The mean and median follow-up time from RP date until last follow-up PSA date was 45
months and 28.6 (range 1 to 207) months respectively. The median follow up for CS men
was 27 months vs. 34.3 months for CS and AA men respectively. During this time period,
129 patients (11.6%) experienced biochemical recurrence. As shown in Figure 1, there was
no difference in rate of adverse pathologic features between race groups (p=0.2; Fig 1A),
however, AA men experienced worse 10-year biochemical control rates compared with CS
men (59 % vs 82%, p = 0.003; Fig 1B). Using a Cox proportional hazard model, the
predictors of biochemical control following RP were determined, (Table 4). In the
multivariate model race (HR 0.63, 95%CI 0.39-0.99; p=0.028), T stage (HR 0.53, 95%CI
0.30-0.93; p=0.03), clinical Gleason score (HR 3.2, 95%CI 1.98-5.17; p<0.001), pathologic
Gleason score (HR 2.11, 95%Cl 1.47-3.02; p=0.001), EPE (HR 2.32, 95%CI 1.39-3.87;
p=0.001), and SVI (HR 3.29, 95%CI 1.80-6.04; p<0.001) were predictors of biochemical
recurrence.

Using the logistic regression model predictors of adverse pathologic features following RP
were determined, (Table 5). In the initial univariate analysis, age, AA race, serum PSA,
clinical T-stage, Gleason score, and body mass index were predictors of seminal vesicle
invasion. However in the multivariate model, age (HR 1.06, 95%CI 1.01-1.12; p=0.02),
serum PSA (HR 1.12, 95%CI 1.07-1.17; p<0.001), clinical Gleason score <6 (HR 5.18,
95%Cl 2.67-10.1; p<0.001), and AA race (HR 2.00, 95%CI 1.01-3.94; p=0.046), were the
only significant predictors of seminal vesicle invasion, (Table 5). Thus, upon adjusting for
known predictors of adverse pathologic features AA race remained an independent predictor
of seminal vesicle invasion. Using the multivariate model, AA race was not a significant
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predictor of EPE, positive SM, or LNI. However, known predictors of adverse pathologic
features such as serum PSA, clinical T-stage and biopsy Gleason score remained significant.
Of note, body mass index (BMI) was a predictor for EPE (HR 2.81, 95%CI 1.02-1.10;
p=0.005), whereas year of prostatectomy predicted LNI (HR 3.31, 95%CI 1.34-8.17;
p=0.01). Both BMI and year of prostatectomy were predictive for positive SM, (HR 1.05,
95%CI 1.00-1.09; p=0.025) and (HR 1.05, 95%CI 1.01-1.09; p=0.024), respectively.

Discussion

In this report we show that AA men had worse BCR (Fig. 1) despite similar rate of Gleason
score upgrading, and adverse pathologic features following RP. This remained true after
accounting for other risk factors including body mass index, adverse pathologic features and
use of adjuvant radiotherapy in a multivariate model (Table 4). Furthermore, among patients
with =1 adverse pathologic features, AA men had higher rate of seminal vesicle invasion
(Table 1). This trend held true for patients with low Gleason score <6 disease (Table 2)
however, there was no significant difference in any clinico-pathologic parameter including
rate of SVI by race among patients with Gleason score of =7. This might be due the
relatively low patient numbers of patients with Gleason >7 disease to detect a difference by
race. AA men with SVI were found to have significantly higher PSA compared to their CS
counterparts (Table 3). In a multivariate model, AA race remained a significant predictor of
seminal vesicle invasion (Table 5).

Patients with seminal vesicle invasion following RP have a poorer prognosis when compared
with other adverse pathologic features such as EPE and positive SM11:12, SV is found in
approximately 5-15% of men with radical prostatectomy. Earlier studies evaluating the
probability of biochemical recurrence by pathologic stage, Gleason score, and margin status
showed that patients with SVI and LNI had similar 5- and 10- year BCR of 37% and 13%,
respectivelyl3. Long-term outcomes data on disease progression and survival rates following
RP in 3,478 consecutive patients showed a 10-year disease BCR of only 26% in patient with
SVI, even though some patients received adjuvant radiotherapy4. In a more recent study by
Pierorazio et, al.15, patients with SVI had a 75% biochemical failure rate and 23% death rate
by 12 years. In another study in which patients with LNI was excluded, patients with SVI
only had a biochemical fail rate and mortality rate of 73% and 28% respectively, and
increased to 88% and 34% in patients with concurrent EPEL6. Numerous studies have shown
poor outcomes in patients who have SVI, with concurrent Gleason score 8 to 10 disease,
positive margins, and/or elevated initial PSA >10ng/mI17-19, These data suggest that SVI
portends to a very high risk of failure and poorer prognosis.

D’Amico and colleagues initially proposed that patients with a 2-year PSA failure rate of
>50% be offered adjuvant intervention due to the increased risk of subsequent metastatic
disease. In that study almost all patient with SVI had a 2-year PSA failure rate of >50%%°,
Since then, adjuvant RT has been shown in randomized trials to improve PSA-relapse free
survival 21-23 distant metastasis-free survival and overall survival,?4 in patients with SVI or
EPE and/or positive SM. A subset analysis of the South West Oncology Group 8794 trial
evaluated the effect of SVI on outcomes after post-prostatectomy adjuvant RT. With a
median follow up of 12.2 years the 10-year BCR and overall survival was only 22% and
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61%72°. However, patients with SVI who received adjuvant radiation showed an
improvement in 10-year BCR from 12% to 36%, and overall survival from 51% to 71%. The
authors conclude that although SVI is a negative prognostic factor, long-term control is
possible especially if patients are given adjuvant radiation therapy2®. In an attempt to
determine the optimal treatment for patients with SVI after RP, Bastide and colleagues
evaluated BCR according to different adjuvant treatments. They report that RP appears to be
insufficient as monotherapy in patients with SVI, however ADT in combination with
adjuvant RT provided substantial biochemical control benefitS.

The biologic mechanism for the increased SVI among AA men is not well understood.
Nonetheless, our data showed that the difference in SVI by race was most significant in
patients with biopsy Gleason score <6 disease (Table 2). This observation has major
implications for treatment recommendations, which includes potentially undertreating
biopsy Gleason score 6 disease due to the inability to adequately identify adverse risk
features on biopsy. There is recent data to suggest that this could be a result of decreased
sensitivity of transrectal ultrasound guided biopsies in AA men due to differences in tumor
location by race. A study by Sundi et, al., showed that AA men with very low-risk disease
have a significantly higher prevalence of anterior cancer foci that are of higher grade and
larger volume?®. In fact, this group also showed that in a cohort of patients who were
eligible for active surveillance but underwent RP, AA men had a higher frequency of
aggressive pathological findings compared to Caucasian men®.

It is imperative to accurately predict the risk of SVI prior to radical prostatectomy in patients
with organ-confined PCa. Furthermore, other local therapies such as prostate seed
implantation, external beam radiotherapy, and high-intensity focused ultrasound have gained
popularity for the treatment organ-confined disease. These modalities although very
effective do not always adequately treat cancer in the seminal vesicles. Therefore, better
diagnostic techniques are needed to enhance the detection of SVI particularly in AA men
prior to the initiation of treatment in order to provide appropriate treatment
recommendations and improve outcomes in this patient population. Several studies have
developed nomograms to improve the detection of SVI by utilizing the extent and location of
cancer in systematic biopsies,27-28 or the status and percentage of cancer in prostate base2®.
More recently, the clinical utility of endorectal magnetic resonance imaging (MRI) in
predicting SVI has gained some attention. A report by Wang et a/. studied 573 patients to
determine whether endorectal MRI findings provided additional value to the existing
predictive nomogram for SVI. In this study, they showed that the addition of endorectal MRI
findings significantly improved predictability of SVI above either nomogram alone or MRI
alone30. Given the data from this study and others, AA men with low Gleason grade <6
disease and elevated PSA may require a more thorough staging work up to include
endorectal MRI, with or without saturation biopsies as part of the initial assessment prior to
recommending treatment.

A major limitation to this study is that it has a relatively small number of AA compared with
CS men, and represents the experience from a single tertiary center. BCR outcomes were not
adjusted for socioeconomic factors, diet, and comorbid conditions, and adherence to
treatment recommendations. Information on tumor volume or percentage of cores positive
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for tumor were inconsistently reported, and hence we could not adequately evaluate the
impact of these factors on the patterns of local PCa disease progression.

In conclusion, AA race predicts for increased SVI in a cohort of PCa patients with low
Gleason disease following RP. This pattern of local disease progression may contribute to
the observed worse BCR outcomes in AA men. This highlights the need for further studies
to evaluate the biologic mechanisms that may contribute to disparities in patterns of local
disease progression and aggressive phenotype in this patient population.
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FIG. 1.
(A) Distribution of adverse pathologic features by race, and (B) Kaplan-Meier curves for

biochemical control rate by race in prostate cancer patients treated with radical
prostatectomy at University of Pennsylvania, 1990-2012.

Abbreviations: BCR- Biochemical control rate. $Adverse pathologic features: extraprostatic
extension, seminal vesicle invasion, positive surgical margin and/or lymph node
involvement.
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TABLE 4

Page 17

Univariate and multivariate regression models of factors predicting biochemical recurrence in prostate cancer

patients following radical prostatectomy at University of Pennsylvania, 1990-2012.

Cox proportional regression analysis of factors predicting biochemical recurrence

Univariate analysis
Age

Race

Serum PSA

Clinical stage

Clinical gleason score
Extraprostatic spread
Positive surgical margins
Seminal vesicle invasion
Pathologic gleason score
Body Mass Index
Adjuvant radiotherapy

HR
0.99
1.73
1.06
1.29
4.53
421
4.09
5.07
3.28
1.07
55

95% ClI p-Value
0.97 to 1.03 0.97
1.20to 2.51 0.003
1.04 to 1.08 <0.001
0.84 to 1.99 0.24
3.10to0 6.61 <0.001
2.971t05.97 <0.001
2.88t0 5.82 <0.001
3.341t07.69 <0.001
2.491t04.31 <0.001
1.02t01.11 0.002
2.991t0 10.15 <0.001

Multivariate model of factors predicting biochemical recurrence

Age

Race

Serum PSA

Clinical stage

Clinical gleason score
Extraprostatic spread
Positive surgical margins
Seminal vesicle invasion
Pathologic gleason score
Body Mass Index
Adjuvant radiotherapy

0.99
0.63
1.02
0.53
3.2
2.32
1.63
3.29
211
1.01
0.64

0.96 to 1.02 0.44
0.39t0 0.99 0.028
0.99 to 1.05 0.18
0.30t0 0.93 0.03
1.98105.17 <0.001
1.39to 3.87 0.001
1.39t0 3.87 0.055
1.80to 6.04 <0.001
1.47 t0 3.02 0.001
0.96 to 1.06 0.71
0.96 to 1.06 0.24

NOTE. Boldfaced values represent statistically significant differences between groups.

Abbreviations: PSA- Prostate-specific antigen, P values derived from a Cox proportional hazards model. Age, PSA, and body mas index were

examined as continuous variables. T-stage (T1a—c vs. T2), clinical Gleason score, and race were examined as categorical variables.
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TABLE 5

Page 18

Univariate and multivariate regression models of factors predicting adverse pathologic outcomes? in prostate

cancer patients following radical prostatectomy at University of Pennsylvania, 1990-2012.

Univariate analysis of factors predicting seminal vesicle invasion

Variables HR 95% ClI p value
Age 1.06 1.02t01.10 0.003
African-American Race 2.34 1.3710 3.99 0.002
Serum PSA 1.13 1.09t0 1.16 <0.001
Clinical stage 1.6 1.14t0 2.27 0.007
Clinical gleason score < or > 6 9.1 521t0 16 <0.001
Year of prostatectomy 1.02 0.97 to 1.07 0.51
Body mass index, continuous 1.06 1.00t0 1.12 0.07

Multivariate forward stepwise model of factors predicting seminal vesicle invasion

Variables HR 95% ClI p value
Age 1.06 1.01t01.12 0.02
Serum PSA 1.12 1.07to 1.17 <0.001
Clinical stage 1.86 0.91 to 3.80 0.089
Clinical gleason score < or > 6 5.18 2.67t010.1 <0.001
Year of prostatectomy 1.07 1.01to1.16 0.055
African-American Race 2.00 1.01to0 3.94 0.046

Multivariate forward stepwise model of factors predicting extraprostatic extension

Variables HR 95% ClI p value
Serum PSA 112 1.08t01.16 <0.001
Clinical stage 1.69 1.08 to 2.64 0.02
Clinical gleason score < or > 6 2.54 1.62 to 3.98 <0.001
Body mass index, continuous 2.81 1.02t0 1.10 0.005

Multivariate forward stepwise model of factors predicting positive surgical margin

Variables HR 95% ClI p value
Serum PSA 1.08 1.04t01.11 <0.001
Clinical gleason score < or > 6 1.67 1.02t02.73 0.04
Year of prostatectomy 1.05 1.01to 1.09 0.024
Body mass index, continuous 1.05 1.00 to 1.09 0.025

Multivariate forward stepwise model of factors predicting Lymph node involvement

Variables HR 95% ClI p value
Age 0.89 0.78 t0 1.03 0.13
Serum PSA 1.2 1.07t0 1.34 0.003
Clinical gleason score < or > 6 7.22 0.92 to 56.58 0.06
Year of prostatectomy 331 1.34t08.17 0.01
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NOTE. Boldfaced values represent statistically significant differences between groups.

Abbreviations: PSA- Prostate-specific antigen, Cl- confidence intervals,

fAdverse pathologic features: seminal vesicle invasion, extraprostatic extension, positive surgical margin, and/or lymph node involvement. P values
were derived from a forward-stepwise logistic regression model. Predictors of adverse pathologic features were examined using logistic regression
models. Age, PSA, and year of surgery were examined as continuous variables. T-stage (T1a—c vs. T2), clinical Gleason score, and race were
examined as categorical variables.
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