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ABSTRACT
Objectives: To identify the potential indicators for higher-risk disease and poor outcome in younger
prostate cancer (PCa) patients (age � 50) who had undergone radical prostatectomy (RP) in the pros-
tate-specific antigen (PSA) era.
Materials and Methods: A total of 186 PCa cases of age � 50 who underwent RP between 2003 and
2010 at our center were included for study. High-risk disease after RP was defined as cases with pre-
PSA � 20ng/ml and/or Gleason score (GS) � 4þ 3 and/or pT stage � 3. The poor outcome group
was defined as cases with biochemical recurrence (BCR) and/or metastasis (Mets) and/or all-cause
death. Multivariate logistic regression models were performed to identify independent risk factors for
both high-risk disease and poor outcome.
Results: Among 186 younger PCa patients aged � 50, 36 cases (19.5%) had high-risk disease and 24
cases (12.9%) had poor outcome. The presence of biopsy perineural invasion (BxPNI) was significantly
associated with high-risk disease and showed a trend to correlate with worse outcome in univariate
analysis. On multivariate logistic regression analysis, BxPNI was shown to be a significant independent
risk factor with covariate of D’Amico for poor outcome (p¼ 0.047) and an independent risk factor with
covariate of BxGPC for high-risk PCa excepting the variables to define high-risk disease (p¼ 0.013).
Prognostically, cases with BxPNI showed a poor BCR-free survival in univariate analysis but did not
reach significance (p¼ 0.063).
Conclusion: Our results show that BxPNI could be considered as a risk classification factor to identify
the best candidates among younger PCa patients for further treatment and may also be used for
developing active surveillance (AS) selection criteria for younger PCa patients.

Abbreviations: AS: Active surveillance; BCR: Biochemical recurrence; Bx: Biopsy; GPC: Greatest percent-
age of cancer involvement; GS: Gleason score; PCa: Prostate cancer; PNI: Perineural invasion; PSA:
Prostate-specific antigen; RP: Radical prostatectomy
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Introduction

Prostate cancer (PCa) remains the most commonly diagnosed
non-cutaneous cancer and the second leading cause of can-
cer-related death among men in the US and Europe [1]. For
many years, PCa was considered as a disease of elderly men
because the incidence of PCa showed a peak age around
65 years old with an �80% rate [2]. It is known that man’s
androgen (A) levels drop dramatically after the age of 50 [3]
and both androgen/androgen receptor (AR) play critical roles
in the development and progression of PCa [4]. Although
the incidence of patients diagnosed with PCa at an age
equal or younger than 50 years old (age � 50) was rare in
the pre-PSA era (about 1%), the widespread use of PSA
screening contributes markedly to a 5.0-fold increase in the
detection of younger patients with PCa [5].

Contrary to the earlier findings of more aggressive tumor
characteristics in younger patients, which more likely includ-
ing distant metastasis and poor survival in the pre-PSA era
[6–9], contemporary analyses found that younger PCa
patients who underwent RP showed more favorable clinico-
pathological features and better oncological outcomes when
compared to older men in the PSA era [10–15]. The natural
history of early screening PCa vs early onset PCa is still
poorly understood. It was speculated that early onset PCa
could potentially be biologically different and represent a
larger proportion of hereditary disease from cancer seen in
older men [16]. Given the controversy regarding the prog-
nostic impact on younger men, and considering their longer
life expectancy, fewer comorbidities, expectation of favorable
convalescence and the perception that they will ultimately
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require intervention, currently, radical prostatectomy (RP)
remains as the standard treatment for localized PCa for
younger patients, although the active surveillance (AS) treat-
ment option has been highly recommended for indolent or
low-risk PCa patients in recent years [17,18].

Intrinsic high-risk factors including PSA, pathologic T stage
(pT) and RP Gleason score (GS) were well established and
known to correlate with poor oncological outcomes [19].
Using PSA, clinical T stage (cT) and biopsy GS, D’Amico risk-
group classification has been widely used for PCa risk stratifi-
cation [20]. Perineural invasion found in biopsy specimens
(BxPNI) was reported as an indicator of adverse pathological
features and biochemical recurrence (BCR) after RP [21], how-
ever, the conclusion remains uncertain since the results in
multivariate analysis from different study cohorts were
inconsistent.

The aim of this study is to identify the clinical and patho-
logical characteristics correlated with high-risk and poor
oncological outcomes in a cohort of younger PCa patients at
age equal or less than 50 years old (age � 50) who under-
went RP. Results from this study will help the selection of
the younger men suffering from PCa who will benefit the
most for advanced and aggressive treatment. In addition, our
study result may also be helpful for selecting the best AS
candidates diagnosed with PCa at a younger age.

Materials and methods

Following Institutional Review Board approval, using a PCa
database of the Departments of Urology and Pathology at
Massachusetts General Hospital between 2003–2010, 2093
localized PCa cases were reviewed after applying exclusion
criteria including neoadjuvant treatment or direct postopera-
tive adjuvant therapy, positive lymph nodes, postoperative
PSA persistence or loss to PSA follow-up. Of these, 186
younger patients at age � 50 years old (8.9%) were identi-
fied and were included in this study for further analysis.

Data collected for analysis included pre-surgery data: age
at diagnosis, PSA, race, family history, cT, biopsy Gleason
score (BxGS), BxPNI, number of positive biopsy cores
(BxPCN), greatest percentage of tumor on biopsy core
(BxGPC), D’Amico risk group category and post-surgery data:
prostate weight, GS on RP specimen (RPGS), pT, positive sur-
gical margin (PSM), PNI in RP specimen (RPPNI), as well as
oncological outcome data: BCR was defined as a post-nadir
detectable serum PSA level of � 0.2 ng/ml, followed by a
confirmatory value. Metastatic disease (Mets) was defined by
the diagnosis of PCa recurrence in a lymph node or at a dis-
tant site by clinical impression and radiographic evidence.
Information on death was taken from death certificates,
patient charts or physician correspondence.

In this study, the high-risk group was defined as any case
with PSA � 20 ng/ml and/or RPGS � 4þ 3 and/or pT � 3;
poor outcome was defined as any case with an outcome of
BCR and/or metastasis and/or all-cause death.

Descriptive statistics of categorical variables focused on
frequencies and proportions. Medians and interquartile
ranges (IQR) were reported for continuous variables.

Statistical analysis was performed using the Kruskal-Wallis H
test for continuous variables and Pearson’s Chi-squared test
or Fisher’s exact test for categorical variables. Univariate
logistic regression models, as well as multivariate models fit-
ted with selected variables which showed significance on
univariate analysis were created to compute odds ratios for
risk predictors. All tests were 2-sided with statistical signifi-
cance set at p< 0.05. All statistical analyses were performed
with Stata14 (College Station, TX).

Results

The association between pre-surgical or post-surgical clinico-
pathological features and the defined high-risk or poor out-
come is shown in Table 1. In this cohort of 186 younger
patients at age � 50 who underwent RP, 36 cases (19.5%)
were identified as high-risk, and 24 cases (12.9%) were iden-
tified as poor outcome (from 23 cases of BCR, five cases of
Mets and two cases of all-cause death) with a median fol-
low-up of 9.7 years. We found that high-risk cases were sig-
nificantly associated with poor outcome (p< 0.001). Of the
high-risk cases, all RP pathologic features and PSA were sig-
nificantly adverse characteristics consisting with the defin-
ition, and BxGS, cT and D’Amico risk were significantly higher
in this high-risk group. In addition, we found that in this
younger age cohort, BxPNI (8.7% vs 38.9%, p< 0.001), BxPCN
and BxGPC were significantly associated with high-risk.
Furthermore, we found that cases with high-risk were associ-
ated significantly with BCR rate (p< 0.001), metastasis
(p¼ 0.005) and all-cause death (p¼ 0.037). For outcome ana-
lysis, poor outcome is correlated significantly with higher
PSA (6.1 vs 4.2 ng/ml, p< 0.001), intermediate to high
D’Amico risk (p¼ 0.002) and higher BxGS (p¼ 0.001).
Although not reaching statistical significance, BxPNI and cT
showed a trend of association with poor out-
come (p¼ 0.055).

When establishing the multivariate logistic regression
model with the presurgical variables which showed statistical
significances in univariate analysis, we excluded PSA, BxGS
and D’Amico risk group, which were already included as
high-risk definition to identify additional risk stratification
factors. We found BxPNI and BxGPC showed significant asso-
ciation with high-risk disease (p¼ 0.013 and p¼ 0.003,
respectively). For predicting poor oncological outcome, PSA,
cT, BxGS, D’Amico risk and BxPNI were all significantly associ-
ated with poor outcome in univariate analysis. However, only
D’Amico remained as an independent and significant pre-
dictor in multivariate analysis. To avoid any multicollinearity
in the model, further analysis was performed after removing
PSA, cT and BxGS, factors already included in the D’Amico
risk classification. By this analysis, BxPNI showed as an inde-
pendent predictor with covariate of D’Amico risk as shown in
Tables 2 and 3 (p¼ 0.047).

The prognostic impact of BxPNI on BCR outcome was also
tested in our study. As shown in Figure 1, BxPNI positive
younger PCa patients showed a trend of unfavorable BCR-
free survival in Kaplan-Meier survival analysis (p¼ 0.063).
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Discussion

Over the years, PCa has been considered as an aging disease
of older men. Recently, understanding the clinicopathological
characteristics and its associated oncological outcomes of
younger PCa patients is of great interests since the entity has
been increasing rapidly in the PSA era [22,23]. The previous
knowledge from pre-PSA era showed that an early onset PCa
could potentially be biologically different from PCa seen in
older men and represent a larger proportion of hereditary dis-
ease [16]. Despite a steady increase in treating PCa with AS in
recent years [18], younger PCa patients are often counseled
towards active treatment because of their longer life expect-
ancy, fewer comorbidities, expectation of favorable convales-
cence and the perceived likelihood that intervention will
ultimately be required. Recently, a multicenter study reported
a similar AS outcome in younger patients (age � 60) as the
older counterpart, providing the evidence to recommend AS
for selected younger patients with low-risk PCa [24,25].

The prevalence of younger patients age � 50 in our study
cohort was 8.9%, which was similar to the results obtained

from previous studies with the larger RP cohorts in the PSA
era in the US. Parker et al. [13] reported a frequency of 9.3%
of younger patients age < 50 in their 5195 RP cohort and
Samadi et al. [26] reported a 10.9% frequency of younger
patients age � 50 in a 2495 RP cohort. In our study, about
20% of patients were identified as high-risk cases based on
the well-known intrinsic high-risk factors. With a median
9.7 years follow-up, BCR was found in 12.4% of the patients
(n¼ 23), metastasis was found in 2.7% of patients (n¼ 5),
and all-cause death incidence was 1.1% of the entire cohort
(n¼ 2). Based on these oncologic outcomes, about 13% of
patients in our cohort were identified as the poor out-
come group.

Between the high-risk group and low-risk group, we
found no significant difference in the rate of America African
(AA) patients (8.3% vs 4.7%) or positive family history (27.8%
vs 28.7%). Previously, AA was associated with a significantly
higher incidence in the younger age group [13]. In our
cohort, only 10 AA cases were identified, however the rate of
AA in high-risk group was much higher. Although family his-
tory was found previously in higher frequency among

Table 1. Clinical and pathologic characteristics of 186 patients age �50 who underwent RP between 2003 and 2010.

Total �50 low-risk �50 high-risk p �50 favorable outcome �50 poor outcome p

Patients (%) 186 (100) 150 (80.5) 36 (19.5) 162 (87.1) 24 (12.9)
Age (years) (IQR) 48 (46–50) 49 (47–50) 48 (45–49) 0.551 49 (46–50) 47 (44–49) 0.192
PSA (ng/ml) (IQR) 4.5 (2.8–6.4) 4.1 (2.6–5.9) 6.2 (5.1–11) 0.001 4.2 (2.7–6.0) 6.1 (5.3–11) <0.001
Weight (g) (IQR) 36 (30–40) 35 (30–40) 36 (29–39) 0.916 35 (30–40) 36 (29–41) 0.882
Follow-up (years) (IQR) 9.7 (6.7–12) 9.6 (6.2–11) 11 (8.2–12) 0.048 9.7 (6.3–12) 11 (8.5–13) 0.055
Race (%) 0.300 1.000
White 169 (90.9) 137 (91.3) 32 (88.9) 146 (90.1) 23 (95.8)
Black 10 (5.4) 7 (4.7) 3 (8.3) 9 (5.6) 1 (4.2)
Hispanic 5 (2.7) 5 (3.3) 0 (0) 5 (3.1) 0 (0)
Asian 2 (1.0) 1 (0.7) 1 (2.8) 2 (1.2) 0 (0)

cT Stage (%) 0.018 0.055
cT1 159 (85.5) 133 (88.7) 26 (72.2) 142 (87.7) 17 (70.8)
cT2 27 (14.5) 17 (11.3) 10 (27.8) 20 (12.3) 7 (29.2)

D’Amico (%) 0.001 0.002
Low 134 (72.0) 115 (76.7) 19 (52.8) 123 (75.9) 11 (45.8)
Intermediate 47 (25.3) 34 (22.7) 13 (36.1) 37 (22.8) 10 (41.7)
High 5 (2.7) 1 (0.6) 4 (11.1) 2 (1.2) 3 (12.5)

Family history (%) 1.000 0.630
No 133 (71.5) 107 (71.3) 26 (72.2) 117 (72.2) 16 (66.7)
Yes 53 (28.5) 43 (28.7) 10 (27.8) 45 (27.8) 8 (33.3)

BxGS (%) <0.001 0.001
�6 144 (77.4) 127 (84.7) 17 (47.2) 130 (74.5) 14 (60.4)
3þ 4 32 (17.2) 22 (14.7) 10 (27.8) 28 (18.3) 4 (23.9)
4þ 3 7 (3.8) 1 (0.6) 6 (16.7) 3 (4.8) 4 (10.5)
�8 3 (1.6) 0 (0) 3 (8.3) 1 (0.6) 2 (8.3)

BxPNI (%) <0.001 0.055
Negative 159 (85.5) 137 (91.3) 22 (61.1) 142 (87.7) 17 (70.8)
Positive 27 (14.5) 13 (8.7) 14 (38.9) 20 (12.3) 7 (29.2)

BxPCN (IQR) 2 (1–4) 2 (1–4) 3 (2–6) 0.011 2 (1–4) 2 (1–5) 0.898
BxGPC (IQR) 0.2 (0.1–0.5) 0.2 (0.1–0.4) 0.5 (0.2–0.8) <0.001 0.3 (0.1–0.6) 0.4 (0.2–0.7) 0.411
RP GS (%) <0.001 <0.001
�6 121 (65.0) 117 (78.0) 4 (11.1) 115 (71.0) 6 (25.0)
3þ 4 52 (28.0) 33 (22.0) 19 (52.8) 42 (25.9) 10 (41.7)
4þ 3 9 (4.8) 0 (0) 9 (25.0) 3 (1.9) 6 (25.0)
�8 4 (2.2) 0 (0) 4 (11.1) 2 (1.2) 2 (8.3)

Pathologic Stage (%) <0.001 0.331
pT2 161 (86.6) 150 (100) 11 (30.6) 142 (85.7) 19 (79.5)
pT3 25 (13.4) 0 (0) 25 (69.4) 20 (14.3) 5 (20.5)

Margin (%) <0.001 0.035
Negative 155 (83.3) 136 (90.7) 19 (52.8) 139 (85.8) 16 (66.7)
Positive 31 (16.7) 14 (9.3) 17 (47.2) 23 (14.2) 8 (33.3)

PNI (%) <0.001 0.047
Negative 93 (50.0) 85 (56.7) 8 (22.2) 86 (53.1) 7 (29.2)
Positive 93 (50.0) 65 (43.3) 28 (77.8) 76 (46.9) 17 (70.8)

Bold values denote statistical significance at the p < 0.05 level.
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younger PCa [27], its impact on separating high-risk disease
from low-risk disease in younger patients was not found in
our study. The prostate size was smaller (median of 36 gram)

in younger PCa patients and no significant differences were
found between high-risk and low-risk groups, indicating that
BPH which was often found among elderly men was an
unlikely factor influencing the risk stratification in younger
PCa patients.

In multivariate logistic regression model, BxPNI and
BxGPC were shown as independent and significant predictors
for high-risk group. Meanwhile, BxPNI and D’Amico risk were
presented as independent and significant predictors for poor
outcome. Previously, D’Amico risk was established as a sig-
nificant prognostic indicator of BCR [28,29] and BxGPC has
also been demonstrated to correlate with poor pathologic
features and higher BCR following RP [30,31]. Interestingly, in
our study, BxPNI is consistently shown to have a significant
impact on the younger patients group. Previously, BxPNI has
been associated with adverse RP pathologic features such as
extraprostatic extension (EPE), seminal vascular invasion (SVI),
positive surgical margin (PSM) and lymph node metastasis
[21,32–34]. Our previous meta-analysis investigating the
effect of BxPNI on BCR outcome after RP also showed that
BxPNI could be a prognostic indicator [21]. In the current
study, we found D’Amico risk was the only independent pre-
dictor of poor outcome after eliminating other significant
covariates including PSA, cT, BxGS and BxPNI which showed
significance in univariate analysis. Since D’Amico risk is char-
acterized based on patients’ PSA, cT and BxGS, in order to
eliminate the possibility of multicollinearity in the model, we
thought it was reasonable to use D’Amico risk in combin-
ation with only BxPNI in our analysis. We found that BxPNI
remained as an independent predictor when competing with
D’Aimco risk. When the prognostic impact of BxPNI was
investigated with our younger patient cohort, BxPNI-positive
cases only showed a trend of poor BCR-free survival but did
not reach statistical significance. A future larger cohort study
will be warranted to evaluate the association of the BxPNI
and patient’s oncological prognosis. Our study results dem-
onstrated that BxPNI identified in younger PCa patients could
be a strong indicator of high-risk disease and poor onco-
logical outcome. Our data provided evidence and suggests
that positive BxPNI diagnosis should raise concerns of more

Table 2. Univariate logistic analysis for high-risk disease and poor outcome of
186 cases age �50 who underwent RP between 2003 and 2010.

Univariate

High-risk Poor outcome

OR 95% CI p OR 95% CI p

Age (years) 0.95 0.84–1.07 0.426 0.91 0.80–1.05 0.187
PSA (ng/ml) 1.29 1.15–1.45 <0.001 1.11 1.03–1.20 0.004
Prostate weight (g) 1.00 0.97–1.04 0.907 1.00 0.96–1.04 0.873
Race
White ref ref
Black 1.83 0.45–7.49 0.398 0.71 0.09–5.83 0.746
Hispanic n/a n/a n/a n/a n/a n/a
Asian 4.28 0.26–70.2 0.308 n/a n/a n/a

cT
�cT2 vs cT1 3.01 1.24–7.31 0.015 2.92 1.07–7.92 0.035

D’Amico
low ref ref
Intermedium 2.31 1.04–5.16 0.040 3.02 1.19–7.67 0.020
High 24.2 2.57–228 0.005 16.8 2.53–111 0.020

Family history
Pos vs Neg 0.96 0.43–2.15 0.916 1.30 0.52–3.25 0.574

Bx GS
�6 ref ref
3þ 4 3.40 1.38–8.38 0.008 1.33 0.41–4.33 0.414
4þ 3 44.8 5.08–395 0.001 12.4 2.51–61.0 0.002
�8 n/a n/a n/a 18.6 1.58–218 0.020

BxPNI
Pos vs Neg 6.71 2.78–16.1 <0.001 2.92 1.08–7.92 0.035
BxPCN 1.22 1.06–1.40 0.006 1.02 0.85–1.21 0.846
BxGPC 19.0 5.30–68.0 <0.001 1.91 0.45–8.15 0.381

High-risk included cases: (1) psa �20, (2) RP GS �4þ 3, (3) pT �3; Poor out-
come included cases: (1) BCR, (2) Mets, (3) all cause death.
Bold values denote statistical significance at the p < 0.05 level.

Table 3. Multivariate logistic analysis for high-risk disease and poor outcome
of 186 cases age �50 who underwent RP between 2003 and 2010.

Multivariate

High-risk Poor outcome

OR 95% CI p OR 95% CI p

Age (years) – – – – – –
PSA (ng/ml) definition definition / collinearity collinearity /
Prostate weight (g) – – – – – –
Race
White ref ref
Black – – – – – –
Hispanic – – – – – –

Asian – – – – – –
cT collinearity collinearity
�cT2 vs cT1 1.73 0.63–4.78 0.287 / / /

D’Amico definition definition
low ref ref
Intermediate / / / 2.97 1.15–7.64 0.024
High / / / 17.1 2.49–117 0.004

Family history
Pos vs Neg – – – – – –
Bx GS definition definition collinearity collinearity
�6 ref ref
3þ 4 / / / / / /
4þ 3 / / / / / /
�8 / / / / / /

BxPNI
Pos vs Neg 3.89 1.33–11.6 0.013 2.90 1.02–8.30 0.047
BxPCN 0.92 0.75–1.13 0.426 – – –
BxGPC 11.2 2.25–56.0 0.003 – – –

High-risk included cases: (1) psa �20, (2) RP GS �4þ 3, (3) pT �3; Poor out-
come included cases: (1) BCR, (2) Mets, (3) All cause death.
Bold values denote statistical significance at the p < 0.05 level.

Figure 1. Kaplan–Meier curve showing biochemical recurrence-free survival
stratified by BxPNI status.

478 S. X. LIN ET AL.



aggressive disease and the consideration of relevant inter-
vention for younger PCa patients.

It was reported that the steady growth of the prostate
slowly accelerates approximately at age 50 [35], coordinating
with an age-related decrease in the innervation of the pros-
tate [36]. Previously, it was shown that the perineural space
might provide the path for cancer cells to spread beyond
the prostate with limited resistance [37]; PCa cells could
interact actively with adjacent nerves [38,39]; and PCa cells
in the perineural space were with higher biological activities,
including increased proliferation and decreased apop-
tosis [38,40].

Our results indicated that, in the PSA era, only limited
cases of younger patients age � 50 harbored high-risk PCa
and the majority of younger patients at age � 50 showed
favorable pathologic features and better oncological out-
comes, therefore, these patients could be considered to be
treated with the AS option after strict screening. The AS
selection criteria of low-risk PCa varied from institution to
institution and mostly included clinical stage T1c, PSA dens-
ity less than 0.15 ng/ml, no Gleason pattern 4 or 5, fewer
than three positive cores and 50% or less cancer per core
[41]. Our finding of the association of BxPNI with aggressive
PCa phenotype in younger patients suggest that the BxPNI
may be an important indicator for aggressive PCa and should
be considered as an additional AS selection criteria, espe-
cially among younger PCa patients. Our findings also sup-
ported the notion that microenvironments, including the
muscle stroma, perineural invasion, hypoxia, and altered
extracellular matrix environment by microvesicles may play
an important role during PCa invasion progression and
metastasis of lethal PCa [42].

The present study has its limitations. Our study is limited
by its retrospective and non-randomized nature and since
this study spans a longtime period, it could lead to potential
misclassification. In addition, our study is limited by its rela-
tively small sample size. Despite these limitations, this study
has several strengths, including the study cohort having a
longtime follow-up which could probably reveal differences
in metastasis and overall mortality in younger patients.
Furthermore, all patients in the current cohort were from the
PSA era, making it possible to provide concrete data for
understanding the nature history of early screening PCa in
younger patients.

Conclusion

In summary, among the younger PCa patients aged � 50
who underwent RP, about 20% of patients were with high-
risk PCa and about 10% showed poor outcome. When com-
pared with other well-established pre-surgery risk factors,
BxPNI was correlated with both high-risk and poor outcome,
indicating that BxPNI could be an important risk stratification
factor in predicting high-risk PCa and poor outcome and for
considering definitive treatments for younger PCa patients.
Our study findings may also help to develop AS selection cri-
teria for younger PCa patients.
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