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Abstract
Objective: We investigated rates of prostate cancer (PCa), high-grade prostatic intraepithelial
neoplaisa (HGPIN) and atypical small acinar proliferation (ASAP) in a multiethnic cohort. Methods:
We evaluated prostate biopsy outcomes in men enrolled in the San Antonio Center of Biomarkers
of Risk for prostate cancer (SABOR) prospective, observational study. PCa-free men underwent
annual PSA testing over nearly 14 years with biopsies based on community standards. We investigated biopsy outcomes with a special interest in rates of cancer, HGPIN, and ASAP. Results: We
identified 975 prostate biopsies in 801 subjects from 3/1/2001 to 1/9/2014. PCa, HGPIN, or ASAP
was encountered in 28.8% (281/975), 10.1% (98/975), and 5.2% (51/975) of prostate biopsy
specimens, respectively. The most significant risk factor for a PCa diagnosis was African American
race (OR 5.0, 95% CI: 2.2 - 11.4, p < 0.001). HGPIN and ASAP occurred more commonly in association with PCa (both p < 0.001). We identified 57% (24/42) of men diagnosed with a “pre-malignant” lesion on prostate biopsy and had a subsequent biopsy. Of those only 8% (2/24) were diagnosed with prostate cancer (both Gleason 3 + 3) within 1 year of the initial biopsy. Conclusion: We
note a 5-fold increased risk of PCa for African American men. The incidence of HGPIN and ASAP
are consistent with previously reported incidence. If diagnosed in isolation, repeat biopsy within
one year could be delayed or eliminated as it may not change prostate cancer outcomes.
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1. Introduction
Prostate cancer (PCa) is the most common solid organ malignancy in men with over 230,000 new cases expected in 2015 in the United States alone [1]. Transrectal ultrasound-guided systematic prostate biopsy is the
most common means of diagnosing PCa with over 1 million performed annually in the United States [2] [3]. The
proportion of men diagnosed with prostate cancer by prostate biopsy ranges between 27% - 40%, though it is
affected by a number of variables [4] [5].
Race and ethnicity are directly related to prostate cancer risk and outcomes following treatment; however,
some pathologic findings are also concerning for future risk of prostate cancer [6] [7]. The prevalence of two
putatively premalignant lesions, high-grade prostatic intraepithelial neoplaisa (HGPIN) and atypical small acinar
proliferation (ASAP), among different racial and ethnic groups has not been well characterized, especially in
U.S. population-based studies [8]. Most studies to date have focused on the disproportionate risk of prostate
cancer among African Americans and limited data are available on the rates of premalignant lesions in Hispanics, the largest and fastest-growing minority in the United States [9].
Hispanic men have similar rates of diagnosis and death from prostate cancer as non-Hispanic Whites, but are
poorly-represented in clinical trials [10] [11]. The San Antonio Center of Biomarkers Of Risk for prostate cancer
(SABOR) is a community based biomarker discovery and validation study that has followed a prospectivelyenrolled cohort with minority race/ethnicity oversampling since 2001; long-term follow-up is available in over
3000 men. Taking advantage of this cohort, we examined rates of prostate cancer, HGPIN, and ASAP to better
understand how these rates correlated with overall rates of PCa and PCa aggressiveness in these populations.

2. Methods
2.1. Study Population
The San Antonio Center of Biomarkers Of Risk for prostate cancer (SABOR) is an Institutional Review Board
approved Clinical Validation Center of the Early Detection Research Network of the National Cancer Institute.
Since 2001, SABOR has recruited 3651 prostate cancer-free men at six sites into a longitudinal study. Data from
prostate biopsies prompted by the study or performed prior to study enrollment are collected. Central pathology
review was not performed. All biopsy reports were reviewed for presence of ASAP or HGPIN.

2.2. Statistical Analysis
The primary outcome of this study was the specific finding at prostate biopsy that included: PCa, ASAP, or
HGPIN. Each prostate biopsy was treated as an independent event; however, a sub-analysis of only those men
with a single prostate biopsy was performed due to different pre-test probabilities for cancer, depending on
number of prior biopsies. Demographic data were analyzed using the un-paired two-tailed Student’s t-test for
continuous variables and the Pearson chi-squared test or Fisher’s Exact test for binary variables. The difference
in pathologic findings across the three racial/ethnic groups was examined using an analysis of variance
(ANOVA) test. As the primary outcomes were binary, logistic regression was used in multivariable analysis.
Variable selection was obtained by backward elimination using likelihood ratios. Statistical analysis was performed using SPSS v.21 (IBM, Chicago, IL, USA).

3. Results
3.1. Subjects and Overall Pathology Findings
We identified 975 prostate biopsies in 801 SABOR cohort subjects with complete pathology from men enrolled
between 3/1/2001 to 1/9/2014; of these, repeat prostate biopsies accounted for 17.8% (174/975). The racial/
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ethnic distribution of the biopsies was 60.0% (580/975) Non-Hispanic White, 28.0% (272/975) Hispanic White,
and 12.6% (123/975) African American. Study subject demographics are displayed in Table 1. Notable differences among racial/ethnic groups included that Hispanics had higher BMI (p < 0.001) and African American
men were younger (p < 0.001). The number of biopsy cores obtained was not different among racial/ethnic
groups with a median of 12 cores (ANOVA p = 0.600). Prostate cancer, HGPIN, or ASAP and were noted in
28.8% (281/975), 10.1% (98/975), and 5.2% (51/975) of prostate biopsy specimens, respectively. Figure 1 (initial) and Figure 2 (repeat) display prostate biopsy pathology results by race and ethnicity.

3.2. Prostate Cancer
Of the 975 prostate biopsies, PCa was found in 29.1% (233/801) of initial and 27.6% (48/126) of repeat biopsies.
Low-grade (Gleason 6 or less) cancer was the most common cancer diagnosis in all groups with non-Hispanic
Caucasian, Hispanic Caucasians, and African Americans having similar rates: 61.5%, 61.4%, and 62.3%, respectively (p = 0.817). Variables predicting cancer presence at biopsy included African American race (p =
0.001), age (p = 0.002), presence of HGPIN (p ≤ 0.001), and presence of ASAP (p = 0.027). Controlling for serum prostate specific antigen (PSA) levels, BMI, and prostate volume in multivariable logistic regression, the
most significant factor for a prostate cancer diagnosis was African American race with an odds ratio of 5.0 (95%
CI: 2.2 - 11.4, p < 0.001). No difference was found in risk of prostate cancer between non-Hispanic Caucasian
and Hispanic Caucasian men (p = 0.874).

3.3. High Grade PIN
HGPIN was found in 9% (72/801) of the initial biopsy specimens and in 14.9% (26/174) of repeat biopsies
(Fisher’s Exact, p = 0.025). HPIN alone was diagnosed in 3.4% (15/473) of initial biopsies and 5% (5/100) of
repeat biopsies. HGPIN was more likely to be diagnosed when prostate cancer was detected concurrently
(19.6%, 55/281) as compared to when no cancer was found on biopsy (6.2%, 43/651) (p < 0.001). There was no
significant difference in the incidence of HGPIN among racial or ethnic groups: Non-Hispanic Caucasian 10.3%
(60/580), Hispanic Caucasians 10.3% (28/272) African American 8.1% (19/123) (p = 0.750). In univariable
analysis, larger prostate volume (p = 0.049), age (p = 0.004), and presence of prostate cancer (p < 0.001) were
significant variables for a higher risk of HGPIN.
Table 1. Demographics (N = 975 biopsy results).

Demographic

White
N (%) or median
(IQR)
N = 580

Hispanic
N (%) or median
(IQR)
N = 272

African American
N (%) or median
(IQR)
N = 123

p value

Age

65 (60 - 70)

64 (58 - 68)

62 (56 - 67)

<0.001

Body mass index

27 (25 - 30)

29 (26 - 31.5)

29 (27 - 32)

<0.001

Prostate specific antigen (ng/mL)

3.2 (1.7 - 4.8)

3.5 (1.9 - 5.2)

3.1 (1.8 - 4.7)

0.916

Number of biopsy cores

12 (11 - 12)

12 (10 - 12)

12 (11 - 12)

0.600

Prostate volume (cc3)

27 (36 - 54)

34 (24 - 47)

38 (25 - 51)

0.614

Prostate cancer

169 (29.1)

70 (25.7)

42 (34.1)

0.224

Gleason 6

104 (61.5)

43 (61.4)

28 (66.7)

Gleason 7+

65 (38.5)

27 (38.6)

14 (33.3)

High grade PIN

60 (11.6)

28 (11.5)

10 (9.7)

0.856

Atypical small acinar proliferation

36 (6.9)

13 (5.3)

2 (3.9)

0.131*

0.817

*

Linear association p = 0.05.
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Figure 1. Pathology of first biopsy documented in SABOR database. A pie chart graphically
represents the pathologic outcomes of the first documented prostate biopsy among SABOR
participants. Eight colors represent the various combinations of benign, malignant, ASAP, and
HGPIN.

Figure 2. Pathology of repeat biopsy documented in SABOR database. A pie chart graphically represents the pathologic outcomes of the repeated prostate biopsies documented prostate
biopsy among SABOR participants. Eight colors represent the various combinations of benign,
malignant, ASAP, and HGPIN.
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3.4. Atypical Small Acinar Proliferation

ASAP was diagnosed in 4.4% (35/801) of biopsies and 9.2% of repeat prostate biopsies 9.2% (16/174) (Fisher’s
Exact p = 0.010). ASAP was more likely to be diagnosed with concurrent PCa [8.5% (24/281)] than in isolation
[3.9% (27/694)] (p = 0.003). We found no statistical difference in the incidence of ASAP on prostate biopsy
when examined by race/ethnicity: non-Hispanic Caucasians 6.2% (36/580), Hispanic Caucasians 4.8% (13/272),
and African American 1.6% (2/121) (p = 0.108, p for trend 0.040). Of interest, ASAP did appear less-common
among African Americans. Variables positively associated with ASAP included age (p = 0.001) and prostate
cancer (p = 0.027) with a trend related to higher prostate volume (p = 0.060).

3.5. Repeat Biopsy after ASAP or HGPIN
We identified only 57% (24/42) of men diagnosed with a “pre-malignant” lesion on prostate biopsy had a subsequent biopsy. The “pre-malignant” lesions included: HGPIN (n = 11), ASAP (n = 9), or HGPIN + ASAP (n =
4) (Table 2). Of men diagnosed with ASAP or ASAP/HGPIN alone on a biopsy without a previous diagnosis of
prostate cancer, 8/13 had a prostate biopsy within 1 year; however, only 2 were diagnosed with PCa on the repeat biopsy and both cancers were low-grade (Gleason 3 + 3). Eventually, 7/11 men were diagnosed with PCa at
Table 2. Patients with isolated HGPIN or ASAP that underwent repeat biopsy.
Race

Initial
pathology

Repeat biopsy
within 1 year

Cancer

Gleason

Years to
cancer diagnosis

Number
of biopsies

Mexican

ASAP

x

Cancer

3+4

8.06

2

White

ASAP

x

Cancer

3+3

10

2

White

ASAP

Cancer

Cancer

3+3

1.12

2

White

ASAP

Negative

Cancer

3+3

3.2

4

White

ASAP

Negative

Cancer

3+3

6.01

3

Mexican

ASAP

Negative

White

ASAP

Cancer

Mexican

ASAP

Negative

5

Mexican

ASAP

Negative

2

White

ASAP/HGPIN

x

White

ASAP/HGPIN

x

2

Mexican

ASAP/HGPIN

x

2

White

ASAP/HGPIN

Negative

4

Black

HGPIN

x

White

HGPIN

x

3

White

HGPIN

Negative

4

Mexican

HGPIN

x

3

Puerto Rican

HGPIN

x

2

White

HGPIN

x

2

Mexican

HGPIN

x

2

White

HGPIN

Negative

White

HGPIN

x

Black

HGPIN

Negative

Cancer

White

HGPIN

ASAP

Cancer

2
Cancer

Cancer

Cancer

Cancer

3+3

3+3

3+3

4+5

0.73

5.46

2.26

1.84

4

2

3

4
4

217

3+3

1.72

3

3.8

4

M. A. Liss et al.

a median of 5.5 years (range 0.7 - 10.0 years). For men with HGPIN alone, 5/11 had another biopsy within one
year with no cancer diagnosis. Eventually, 2/11 men were diagnosed with prostate cancer at a median of 2 years
(1.7 - 3.8 years) from the biopsy with HGPIN (Table 2).

4. Discussion
The overall diagnostic rate for premalignant lesions not associated with overt prostate cancer remained low,
though clinically significant (4.3%, 42/975). Extrapolating this data to an estimated 1 million biopsies are performed in the United States each year, a “pre-malignant” diagnosis could affect nearly 43,000 men per year. Our
data provide further support to concerns that HGPIN or ASAP have either a small or no impact on intermediate
prostate cancer outcomes. Others have suggested that rates of HGPIN, atypical, non-definitive diagnoses, and
low-grade cancer could correlate with diagnostic habits [12]. Therefore, our data suggest that there may be little
benefit from standardized repeat biopsy recommendations based on the diagnosis of ASAP or HGPIN in isolation on prostate biopsy. In our study, most of these patients were not diagnosed with cancer on a biopsy performed within one year of the diagnosis of HGPIN or ASAP, suggesting these biopsies could likely be delayed
or eliminated. Perhaps more importantly, if PCa was diagnosed, most were low grade, tumors that benefit little
from detection or treatment [13]. Our findings are in contrast to previously recommendations for extended biopsies or even prostatectomy for these pathologic entities due to reportedly higher rate of associated cancer, albeit
largely low-grade [14] [15]. Given the significant attention given to over-detection (and thus overtreatment as
well) of prostate cancer, our data provide support to a more conservative approach to HGPIN and ASAP.
The SABOR cohort is a unique resource for examining prostate cancer risk and characteristics in an aging,
multi-ethnic, multi-racial population, one that better mirrors U.S. outcomes than studies from Urology practices
that may be affected by referral patterns and often have more homogeneous racial/ethnic demographics. SABOR
has facilitated examination of many differences among racial and ethnic groups [12] [16] [17]. The observation
of the dramatically higher risk of prostate cancer among African American men is consistent with national data
[1]. Of interest is the slightly-lower detection rate of prostate cancer (25.7%) among other racial/ethnic groups
[3] [4].
We sought to explore pathologic outcomes in a more detailed fashion. In this analysis, the incidence of
HGPIN and ASAP did not vary substantially among racial and ethnic groups. Curiously, while African American men had higher rates of cancer, although not significant, a measurably lower rate of ASAP was found in
these men in SABOR. We did confirm our previous observation from the Prostate Cancer Prevention Trial that
age has a significant effect on the risk of prostate cancer [18].
At the prostate cancer level, these data confirm the importance of focusing early detection efforts on African
American men. We have previously demonstrated the importance of the PCPT Risk Calculator to incorporate
this variable in decision-making for prostate biopsies due to the significantly greater risk of cancer and of
high-grade prostate cancer in this racial group [19].
There are several limitations to this study including the lack of central pathologic review and a relatively
small number of African American men. Regarding the former, our data become more generalizable as a broad
range of nuance of pathologic interpretation was operational. Regarding the later, a major study strength is the
broad range of races/ethnicities included, especially Hispanic men who are underrepresented in these studies and
constitute the fastest growing ethnic group in the U.S. A major strength of this study was the prolonged follow-up.

5. Conclusion
In this population-based cohort study with prolonged follow-up, we found a 5-fold increased risk of prostate
cancer in African American men. HGPIN and ASAP were common pathologic findings but were unassociated
with risk of prostate cancer.
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