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Abstract

Objective: To validate the 17-gene Oncotype DX Genomic Prostate Score (GPS) as a predictor 

of adverse pathology (AP) in African American (AA) men and to assess the distribution of GPS in 

AA and European American (EA) men with localized prostate cancer.

Methods: The study populations were derived from two multi-institutional observational studies. 

Between February 2009 and September 2014, AA and EA men who elected immediate radical 

prostatectomy after a ≥10-core transrectal ultrasound biopsy were included in the study. Logistic 

regressions, area under the receiver operating characteristic curves (AUC), calibration curves, and 

predictive values were used to compare the accuracy of GPS. AP was defined as primary Gleason 

grade 4, presence of any Gleason pattern 5, and/or non-organ-confined disease (≥pT3aN0M0) at 

radical prostatectomy.

Results: Overall, 96 AA and 76 EA men were selected and 46 (26.7%) had AP. GPS result was a 

significant predictor of AP (odds ratio per 20 GPS units [OR/20 units] in AA: 4.58; 95% 

confidence interval (CI) 1.8-11.5, p=0.001; and EA: 4.88; 95% CI 1.8-13.5, p=0.002). On 
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multivariate analysis, there was no significant interaction between GPS and race (p >0.10). GPS 

remained significant in models adjusted for either National Comprehensive Cancer Network 

(NCCN) risk group or Cancer of the Prostate Risk Assessment (CAPRA) score. In race-stratified 

models, AUC for GPS/20 units was 0.69 for AAs vs. 0.74 for EAs (p=0.79). The GPS distributions 

were not statistically different by race (all p >0.05).

Conclusion: In this clinical validation study, the Oncotype DX GPS is an independent predictor 

of AP at prostatectomy in AA and EA men with similar predictive accuracy and distributions.
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Introduction

Only 16% of clinically localized prostate cancer (PCa) cases progress to cause mortality1. 

Active surveillance (AS) has been deployed as a way to manage very low to intermediate 

risk PCa and preserve quality of life by delaying treatment (i.e. radical prostatectomy (RP) 

or radiotherapy), while monitoring patients’ PCa progression by using serial PSA 

measurements, rectal examinations and prostate biopsies2. Overtreatment of biologically 

indolent disease results in substantial cost and unnecessary morbidity, which has led to some 

authorities doubting the value of routine screening3,4. Serum, urinary and tissue biomarkers 

are increasingly used to predict tumor aggressiveness and risk stratify patients who may 

elect AS5.

The Oncotype DX (ODX) Prostate Cancer Assay is a clinically validated assay based on the 

expression of 12 informative cancer-related genes relative to 5 housekeeping genes using 

tumor epithelium RNA macro-dissected from formalin fixed paraffin embedded needle 

biopsy specimens6. The expression values are weighted and added to provide a Genomic 

Prostate Score (GPS) for each patient’s tumor. The ODX report displays the patient’s GPS 

score on a normal GPS distribution for men within the same National Comprehensive 

Cancer Network (NCCN) risk group to see how an individual patient compares to the others 

and provides an estimated probability of adverse pathology (AP) at the time of RP. 

Validations of GPS have been limited to largely European ancestry populations7. Few 

studies have validated the GPS in African American (AA) men8. Among PCa patients, AA 

with low risk PCa have increased rates of AP and varied prostate tumor expression, 

especially in the androgen signaling pathway 9-14. In the publication by Cullen et al., 82 AA 

men were included in their analysis of AP and GPS. They found similar GPS distributions 

by race but a lower odds ratio for AP prediction in AAs relative to EAs (OR: 2.86 vs. 4.05). 

These data suggest that the ODX assay may have different predictive accuracy between AA 

and EA men eligible for AS8. In the present study, we aim to compare the accuracy of GPS 

as a predictor of AP in AA and EA men with clinically localized PCa who underwent RP. 

We will additionally compare the distributions of GPS score between AA and EA men.
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Materials and Methods

Study Population

The study populations were derived from 2 related observational studies investigating the 

associations between vitamin D status (serum and prostatic) and aggressive PCa called 

Biological and Environmental Mediators of Vitamin D and Prostate Cancer Risk (Vitamin D 

study, n = 95) and Vitamin D Effects on Apoptosis and Proliferation (Apoptosis study, n = 

77). Both studies were institutional review board approved at Northwestern University and 

Jesse Brown VA Medical Center. The Vitamin D study accrued 954 men immediately before 

prostate biopsy from 2009-2014 and the second study accrued 191 men after they chose RP 

for primary treatment of their clinically localized PCa from 2013-2018. We compared the 

baseline characteristics of the Apoptosis and the Vitamin D study cohorts using 

nonparametric Mann-Whitney tests for continuous variables and Pearson-χ2 tests for 

categorical variables (see supplementary table 1). All men had ≥10 core transrectal 

ultrasound (TRUS) guided prostate needle biopsies and targeted the peripheral zone. Due to 

our recruitment period, MRI was not used before biopsy or before prostatectomy. 

Participants were the subset of 40-79y/o men who were NCCN very low to unfavorable 

intermediate risk, selfidentified as AA (non-Hispanic Black/African American) or EA (non-

Hispanic White), had available biopsy tumor blocks, had undergone RP at our sites, and 

consented to the use of their data and specimen for future PCa research. There were 208 

AAs and 152 EAs who fit eligibility criteria for this protocol and had their DNA extracted 

for ancestry estimation. Of these men, 96 AA and 76 EA provided consent and had available 

and adequate biopsy cores with ≥0.7 mm tumor in the highest Gleason grade core. Exclusion 

criteria included delay in RP >12 months and prior therapy for PCa such as pelvic- or 

prostate-focused external beam or interstitial seed radiotherapy, orchiectomy, androgen 

deprivation therapy, high-intensity focused ultrasound therapy, or cryotherapy. In addition, 

six AA men with PSA >20.00ng/ml as their high-risk feature had an ODX assay performed 

to assess AA’s GPS distribution in this subgroup. All patients provided written informed 

consent.

Pathology

Biopsies were selected where the dominant tumor nodule had at least 0.7mm of tumor length 

in the core containing the highest Gleason score. Both the prostate biopsy and RP tumor 

blocks were de-identified by adhering new labels on all slides with study ID number for all 

eligible subjects. Biopsy and prostatectomy specimen were read in separate sessions for 

centralized review by 3 experienced uropathologists at both sites in accordance with the 

2014 International Society of Urological Pathology Consensus guidelines: Gleason Grade 

Group (GG)1 = Gleason score ≤6; GG2 = Gleason score 3+4 =7; GG3 = Gleason score 4+3 

=7; GG4 = Gleason score 8; and GG5 = Gleason score 9–1015. Biopsy tumor blocks were 

submitted to the Genomic Health Inc. laboratory (Redwood City, CA) and were manually 

macrodissected as previously described6, 8.

Statistical Methods

Descriptive statistics were used to compare notable clinical, demographic, and cancer related 

covariates. Genetic West African ancestry was also compared to ensure accurate racial 
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stratification. AP was defined as primary Gleason grade 4, presence of any Gleason pattern 

5, and/or non-organ-confined disease (≥pT3aN0M0) at RP. To compare racial groups, 

nonparametric Mann-Whitney tests were performed for continuous variables, and Pearson-

χ2 tests were used for categorical variables.

Our prespecified objectives were to compare the GPS distributions between EA and AA men 

and the associations of GPS testing with AP in the pathologic specimen with NCCN very 

low-, low-, favorable intermediate- and unfavorable intermediate-risk who elected RP16. The 

association of GPS and AP was evaluated using bivariate and multivariate logistic regression 

models to compare the odds ratios. GPS was explored as a continuous variable with GPS 

score divide by 2017. Multiplicative interactions tested for differential prediction of GPS 

accuracy by race (AA vs. EA). Receiver operating characteristic (ROC) curves were used to 

compare accuracy of models adjusted for GPS/20 and NCCN risk group or CAPRA score 

for prediction of AP. Additionally, in a post-hoc analysis, the accuracy of the ODX assay 

was compared to the Memorial Sloan Kettering Cancer Calculator (MSKCC) for the 

prediction of non-organ confined PCa since this is already available at no cost. We were 

powered to detect a 10% AUC difference between AA and EA with 80% power, assuming 

an AUC of 0.72 for GPS in EAs8. An alpha <0.05 was considered statistically significant. 

Statistical analyses were performed using SPSS 25 (IBM Corporation 2016, United States).

Results

Of 172 subjects, 96 (55.8%) identified as AA (NNMH = 21/NVA = 75) and 76 (44.2%) as EA 

(NNMH = 58/NVA = 18). Median age was 61.5 years and a total of 46 men (26.7%) had AP. 

NCCN risk groups at biopsy were as follows: 40% very low to low risk, 39% favorable 

intermediate risk, and 21% unfavorable intermediate risk. Compared to EA men, AAs had 

higher PSA (6.0ng/mL vs. 4.6ng/mL), PSA density (0.16ng/cm3 vs. 0.12ng/cm3), CAPRA 

scores (3.0 vs. 2.0), and greater frequencies of current smoking (25.0% vs. 2.7%) (all 

p<0.001). On univariate analysis, there were no statistical differences between racial groups 

in GPS, AP rates, pathological staging, age, family history of PCa, abnormal DRE, 5-α 
reductase inhibitor use, high school completion, and income less than $30,000/year (see 

Table 1). Although the study populations statistically differed in some clinical parameters, 

the rate of AP was similar in both groups: 24.7% for Vitamin D vs. 29.3% for Apoptosis 

study (supplementary table 1). The other parameters were clinically in line with AS cohorts 

and the distributions of NCCN risk strata were not statistically different.

The distribution of biopsy and pathological Gleason score by race is depicted in Table 2. 

Overall 85 (48.3%) subjects had a Gleason score of 3+3 PCa, out of which 39 (45.9%) were 

AA and 46 (54.1%) were EA men. AAs had a 43.6% rate of upgrading from Gleason 3+3 to 

Gleason 7-10. GPS scores across strata of NCCN risk groups by race is illustrated in Table 3 

and Supplementary Figure 1. AA men with NCCN high-risk PCa were included for the 

purposes of assessing the distribution of GPS by risk group. Similar median GPS scores 

were observed for both racial groups, with GPS score increasing with higher NCCN risk 

groups. The rate of AP was substantially higher in EA men in the favorable intermediate 

(43.8% vs. 14.3%) and unfavorable intermediate (66.7% vs. 50.0%) risk groups relative to 

their AA counterparts. In line with this, the GPS scores were also higher or more varied for 
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the EA men in the favorable and unfavorable intermediate risk groups, though differences 

were not statistically significant. To evaluate the GPS range in higher risk AAs, we also 

included 6 AA men with NCCN high risk PCa by PSA, out of which 5 (83.3%) 

demonstrated AP. No EA men were staged as high risk.

On the binary logistic regressions for AP at prostatectomy, GPS score was coded as a 

continuous variable divided by 20 [GPS/20] to assess the odds ratio per 20-point increase as 

in the publication by Cullen et al8. GPS/20 was a significant predictor of AP in both racial 

groups with an odds ratio in AA of 4.58 (95% CI 1.8-11.5, P =0.001) and in EA of 4.88 

(95% CI 1.8-13.5, p=0.002). GPS/20 remained significant after adjustment for CAPRA 

score (2.55, p=0.17) and NCCN risk group (3.65, p<0.001). The interaction term of GPS/20 

with race was not significant in both the CAPRA (p =0.38) and the NCCN (p =0.53) model.

ROC curves assessed the accuracy of 5 binary logistic regression models: 1) GPS/20 alone; 

2) NCCN risk group as a four-level ordinal variable (i.e. very low, low, favorable 

intermediate, and unfavorable intermediate) alone; 3) NCCN risk group with GPS/20; 4) 

CAPRA score (continuous from 0-1018) alone; and 5) CAPRA score with GPS/20. Using 

GPS/20 alone, the area under the receiver operating characteristics curve (AUCs) was 0.74 

(SE: 0.60-0.88) in EA and 0.69 (SE: 0.56-0.81) in AA men (p = 0.79). The CAPRA model 

with GPS/20 had an AUC of 0.91 (0.84-0.98) in EA and 0.85 (SE: 0.75-0.94) in AA. The 

NCCN model, as used in the clinical assay, had an AUC of 0. 81 (SE: 0.69-0.93) in EA and 

0.76 (SE: 0.64-0.88) in AA (p = 0.77) (see Figure 1).

The calibrations of the CAPRA risk model with GPS varied by race. In AAs, the model 

slightly underestimated the risk of AP in the 0-20% threshold, yet in EAs the model was 

well-calibrated through the 0-30% threshold. The NCCN risk model with GPS was fairly 

well calibrated for AA men. The differences between the CAPRA and NCCN models, 

however, were not significant in either racial group (AA: p =0.87, EA: p =0.29) (see 

Supplementary Figure 2).

In terms of its clinical application, at a 95% sensitivity the overall positive predictive value 

(PV) for the NCCN + GPS/20 model was 29% and the negative PV was 92%. No major 

differences were noted between racial groups. At a 90% sensitivity, the NCCN + GPS/20 

model yielded a 29% positive and an 87% negative PV.

We compared the ODX assay and the MSKCC19 for their prediction of non-organ confined 

prostate cancer at radical prostatectomy. Based on AUC curves, the MSKCC significantly 

outperformed the ODX assay for this adverse pathologic feature (AUC: 0.86 vs. 0.74, p = 

0.015). Moreover, ODX GPS score did not add to the accuracy of the calculator 

(supplementary figure 3).

Discussion

This provides confirmatory evidence of the GPS score as an independent predictor of AP at 

RP in both AA and EA men with similar distributions and odds ratios by race. We believe 

this indicates that the Oncotype DX Assay is clinically valid for determining risk of AP 

independent of clinical risk factors with a high negative predictive value. Results of 
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calibration analyses suggest that the GPS model with NCCN risk groups works well in 

predicting AP in the 0-30% range. In addition, we observe that GPS score distributions were 

similar for both AA and EA men across NCCN levels. This would suggest that tumor 

aggressiveness is similar stage for stage between EAs and AAs. In fact, similar GPS 

distributions were also seen with the ODX validation in 82 AAs and 305 EAs from Walter 

Reed and Madigan Army Medical Center8. Notably, both AA validations involved patient 

samples from ‘equal access’ sites where differences between EA and AA men in income and 

educational level are less pronounced. This is somewhat counter-intuitive given that AAs are 

known to harbor more aggressive PCa when eligible for AS9. However, our calibration plots 

demonstrate that the ODX assay with CAPRA under-estimated the rate of AP in AA men in 

the range from 0-20%. Despite similar distributions, ODX may benefit from re-calibration in 

this important prediction range to better match the actual rate of AP.

In the real world, AA men are less likely to be treated with AS20. Overall, ODX should 

allow AA men to confidently avoid active treatment when eligible for AS despite their 

increased risk of harboring AP9. Similar to MRI, the evidence provided in this study shows 

that the ODX assay may improve the safety of AS in AA men through improved patient 

selection21. The evidence provided in this study shows that GPS can provide orthogonal data 

to patients eligible for AS to facilitate their treatment decisions.

Several studies have described GPS as a strong independent predictor of AP in low to 

intermediate risk men8,22,23. The assay can increase urologists’ confidence when providing 

treatment recommendations for very low to low-intermediate risk patients, leading to 

increased uptake of AS24. In a prospective cohort, patients that received GPS scores were 

more likely to select AS and 96% reported finding the test useful25.

Few studies have analyzed the predictive accuracy of GPS in AAs. AA men eligible for AS 

progress more often and may harbor adverse pathologic features compared to EA men, 

which has led to an under-utilization of AS among AAs9,26-29. It was plausible that the GPS 

variables would not predict as well in AAs since there are known genetic and molecular 

differences between AA and EA PCas including: increased androgen signaling, differences 

in frequency of TMPRSS-ERG fusions and differences in tumor gene expression 

patterns12,30,31. On bivariate analysis, GPS prediction of AP proved to be similarly strong in 

both racial groups ([OR/20 units] in AA: 4.58, p =0.001; and EA: 4.88; p =0.002). Our 

results are consistent with Cullen et al.’s study which included 82 (20.4%) AA men in its 

cohort and demonstrated a statistically significant association between GPS and AP in both 

EAs and AAs: OR/20 4.05 and 2.86, respectively. Furthermore, similarly to Klein et al.’s 

large validation study, GPS/20 remained significant in multivariate analyses adjusting for 

CAPRA score and NCCN risk groups23. To our knowledge, this is the largest study to 

evaluate the accuracy of GPS in AA populations. Future studies with greater AA samples 

should externally validate our findings.

In our comparison of the ODX assay and the MSKCC calculator, it appears that the risk 

calculator outperforms the ODX assay for the prediction of non-organ confined PCa. The 

ODX GPS score did not provide orthogonal data to the calculator in our cohort. The benefit 

of the ODX assay over the MSKCC calculator is that it also predicts whether the patient 
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harbors more aggressive Gleason patterns in the prostate, which is an important endpoint for 

AS patients. A future comparison between the ODX assay and prostate multi-parametric 

MRI could be assessed in men that have undergone both tests to predict the presence of a 

higher grade and higher stage tumor given their similar costs

Several limitations in the study should be noted. First, this is a retrospective analysis of 

multi-center studies where eligible AS men with available biopsy specimen were selected 

from a tertiary and VA medical center in a large metropolitan city, which might affect 

generalizability. Although we prospectively enrolled consecutive men in the parent cohorts 

we cannot rule out selection or spectrum bias. Our selection criteria most likely reduced any 

racial differences in risk factors. This is a common problem with retrospective biomarker 

validation in populations with diverse racial and socioeconomic characteristics. However, 

our demographic and clinical data suggests that these men are typical for their NCCN risk 

strata and AS cohorts, and while the selection criteria reduced racial differences in terms of 

risk, this would not necessarily introduce bias regarding the effect of race on GPS accuracy. 

Moreover, we conducted centralized pathologic review and blinded the pathologists to the 

race and clinical data of the participants. Second, 19 AS eligible men had insufficient tumor 

for the assay, which limited our AA men and possibly introduced a bias. Third, many of the 

biopsies were performed between 2009-2014 definitions of unfavorable risk PCa were not 

popular and centralized review upgraded several men, which led to our inclusion of 

unfavorable intermediate risk men in the sample. Our population was partially recruited 

prior to the widespread adoption of AS in EA men and increased concern regarding the 

safety of AS in AA men. Therefore, we recommend repeating our study design in a 

completely contemporary cohort. Lastly, the population size was relatively small, and 

limited our ability to include other ethnic/racial groups. In addition, GPS now reports risk of 

metastasis and death which was unable to be validated due to insufficient follow up time23.

Conclusion

In summary, the ODX Genomic Prostate Score has similar predictive accuracy for AP at RP 

in AA and EA men with very low-, low-, and intermediate-risk PCa. This establishes that 

Oncotype Dx assay can provide patients eligible for AS with orthogonal data to clinical 

factors to support treatment decisions. Future studies investigating the impact of these assays 

on patient treatment choice, especially in high-risk populations with potentially low health 

literacy is warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Prediction of adverse pathology at prostatectomy in univariate and multivariate analyses.

Legend 1a: Blue line = GPS with CAPRA model. Red Line = GPS with NCCN model. 

Green line = GPS alone.

Legend 1b: AUCs for all 5 models stratified by race.
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Table 1.

Clinical & Socioeconomic Factors by Racial Groups.

Continuous Variables
AA

(n = 96)
EA

(n = 76) p-value
1

Median [IQR] Median [IQR]

Age, years 61.5 [57.5, 67.0] 62.0 [59.0, 66.8] 0.78

BMI, kg/m2 28.1 [25.8, 30.8] 27.4 [26.0, 29.9] 0.34

West African Ancestry, % 78.6% [67.5%, 85.8%] 4.0% [1.7%, 6.6%] <0.001

PSA, ng/ml 6.0 [4.5, 8.9] 4.6 [3.85, 7.14] <0.001

PSA density, ng/cm3 0.16 [0.10, 0.24] 0.12 [0.08, 0.19] <0.001

CAPRA 3.0 [2.0, 4.0] 2.0 [1.0, 3.0] <0.001

GPS 29.5 [23.3, 37.5] 27.0 [23.0, 35.0] 0.27

Number of Positive Cores 3.0 [2.0, 6.0] 2/0 [ 1.0, 4.0] 0.004

Percent of Positive Cores 27.9% [16.7%, 45.7%] 17/4% [8.3%, 3.3%] 0.001

Categorical Variables AA
n (%)

EA
n (%) p-value2

Pre-orostatectomy

Current Smoking 24/96 (25.0) 2/74 (2.7) <0.001

High school completion 76/95 (80.0) 59/74 (79.7) 0.96

Income < $30,000/year 24/95 (25.2) 11/71 (15.5) 0.13

FHx of PCa 27/96 (28.1) 16/76 (21.1) 0.35

Abnormal DRE 17/96 (17.7) 19/76 (25.0) 0.24

5α-reductase inhibitor use 1/96 (1.0) 3 (3.9) 0.19

NCCN Risk Group

  Very Low/Low 31 (32.3) 38 (50.0) 0.02

  Favorable Intermediate 35 (36.5) 32 (42.1) 0.45

  Unfavorable Intermediate 30 (31.2) 6 (7.9) <0.001

Post-prostatectomy

Adverse Pathology 24/96 (25.0) 22/76 (28.9) 0.56

Pathology Staging

  T2a-T2b 8 (8.3) 6 (7.9) 0.97

  T2c 71 (74.0) 54 (71.1) 0.67

  T3a-T3b 17 (17.7) 16 (21.0) 0.58

1
Using Mann-Whitney tests

2
Using χ2 tests; Bold type indicates p values <0.05

Abbreviations: AA: African American; EA: European American; BMI: Body Mass Index; PSA: Prostate Specific Antigen; CAPRA: Cancer of the 

Prostate Risk Assessment; GPS: Genomic Prostate Score; FHx of PCa: 1st degree Family History of Prostate cancer; DRE: digital rectal 
examination; NCCN: National Comprehensive Cancer Network.
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Table 2.

Distribution of Biopsy and Radical Prostatectomy Gleason Grade by Race.

African American men

Radical Prostatectomy Gleason Grade

3+3 3+4 4+3 ≥4+4 Total Gleason
Upgrade %

Biopsy Gleason Grade

3+3 22 12 4 1 39 (40.6%) 43.6%

3+4 2 31 5 2 40 (41.7%) 17.5%

4+3 - 6 9 2 17 (17.7%) 11.8%

European American men

Radical Prostatectomy Gleason Grade

3+3 3+4 4+3 ≥4+4 Total Gleason
Upgrade %

Biopsy Gleason Grade

3+3 35 4 5 2 46 (60.5%) 23.9%

3+4 5 15 9 1 30 (39.5%) 33.3%

4+3 - - - - - -
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Table 3.

Race-stratified distribution of GPS and Adverse Pathology at Prostatectomy by NCCN Risk Group.

GPS Distribution
Median [IQR]

Adverse Pathology
n (%)

NCCN Risk
Group

All
N=178

AA
N=102

EA
N=76

p-

value
1

All
N=178

AA
N=102

EA
N=76

p-

value
2

Very Low/Low
N=69

27.0
[20.0,33.5]

27.0
[20.0,34.0]

27.0
[19.8,32.3] 0.51 8/69

(11.6%)
4/31

(12.9%)
4/38

(10.5%) 1.00

Favorable
Intermediate
N=67

31.0
[26.0,40.0]

30.0
[24.0,40.0]

31.0
[27.0,39.5] 0.47 19/67

(28.4%)
5/35

(14.3%)
14/32

(43.8%) 0.01

Unfavorable
Intermediate
N=36

35.0
[25.5,43.3]

35.00
[26.5,41.8]

35.0
[17.3,54.0] 0.89 19/36

(52.8%)
15/30

(50.0%)
4/6

(66.7%) 0.66

High
N=6

40.0
[36.8,46.5]

40.0
[36.8,46.5] - - 5/6

(83.3%)
5/6

(83.3%)
0

(0%) -

1
Using Mann-Whitney tests

2
Using Fisher’s exact test.

Abbreviations: AA: African American; EA: European American; GPS: Genomic Prostate Score; NCCN: National Comprehensive Cancer 
Network; AA: African American; EA: European American.
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