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Prostate Cancer in Caucasian vs 
African Americans – 2002

• CaP incidence 1.6 times higher in 
African than Caucasian Americans

• CaP mortality rate 2.4 times higher in 
African than Caucasian Americans (and 
disparity greater at younger ages)



Reasons for Racial Disparity -
2002

Compared to Caucasian Americans, 
African Americans:

• Have more aggressive CaP
• Undergo inferior treatments for CaP
• More often present with incurable CaP 

due to limited access to health care 
and/or decreased participation in early 
detection programs



Racial Differences in Health Care 
System Interaction

• African  and Caucasian Americans desire clarity from 
their physicians but are often confused by the 
information received. Both lack of substance and poor 
sequence of  information presented generate feelings 
of mistrust toward physicians.

• Among many characteristics studied (health-related 
attitudes, beliefs and experiences), African and 
Caucasian Americans differed in only one- religiosity.

• African Americans treatment decisions were 
influenced more by personal experiences; Caucasian 
Americans relied more on data and information.

Collins TC, Med Care, 2002



Barriers to Patient-Physician 
Communication

• race concordance improves satisfaction
• religious faith vs. medical care
• delay in care until symptoms severe
• fear of impotence and dependence
• mistrust of healthcare system

Mishel, Cancer, 2002



Benefits of Education/Outreach 
Intervention

• Decreased rates and duration of 
incontinence and impotence

• Improved CaP knowledge
• Improved communication with physicians
• Reduced depression, fatigue, anxiety and 

confusion 

Mishel, Cancer, 2002



Preliminary Data - 2002

Prostate cancer may be more common 
and aggressive in African Americans 
because of biologic differences in the 
host or cancer.



Androgen Receptor Protein

• In a pilot study of 50 radical 
prostatectomy specimens, androgen 
receptor protein levels were 18% higher 
in benign prostate and 80% higher in 
prostate cancer in African than 
Caucasian Americans (Gaston, J Urol, 
2003)

• Androgen receptor protein is stabilized 
by androgens and dihydrotestosterone
(DHT) is its preferred ligand







Does the African-American Prostate 
Receive Greater Androgenic 

Stimulation?

• serum testosterone levels 19% higher in 
AA LA college students   Ross, JNCI, 1987

• case-control studies associate prostate 
cancer with both higher and lower 
serum testosterone levels



Racial Differences in Prostate 
Androgen Levels

AA CA T-test

n 37 73

Age (yrs) 60 (44-73) 65 (51-76) *p= 0.009

PSA (ng/dl)
Gleason Sum

6.5 (3.8-35) 8.2 (4-27.5) p= 0.50

7 (5-9) 7 (38) p= 0.45

Path Stage P0=1, P2=20, 
P3=16

P0=1, P2=46, 
P3=26

p= 0.95

Testosterone
(pmol/g)

2.4 (1-5.4) 2.5 (1.2-15) p= 0.06

DHT (pmol/g) 4.4 (2-5.6) 5.2 (2.5-23) p= 0.06

tPSA (nmol/g) 74.2 (7-205) 85.6 (11-288) p= 0.6

Mohler, J Urol, 
2004 



Racial Differences in Prostate 
Androgen Levels

pmol/g AA CA T-test

ASD 4.1 (0.9-10) 2.8 (2.5-23) p= 0.005

DHEA 79.5 (11-448) 52.2 (8-209) p= 0.31

DHEA-SO4 93.9 (17-753) 58.1 (17-366) p= 0.084

SHBG 6.0 (4.3-19) 4.5 (1.6-10) *p= 0.017

Mohler, J Urol, 2004 



Conclusions

• Tissue levels of testosterone and DHT did 
not differ by race

• African Americans had higher SHBG tissue 
levels and more androgen receptor (AR) than 
Caucasian Americans

• Higher SHBG tissue levels may activate the 
AR through cAMP-dependent pathways

• Higher AR levels may allow racially similar 
levels of tissue androgens to stimulate 
prostate (cancer) growth more in African than 
Caucasian Americans



PCaP Goal

To demonstrate whether public health 
resources should be focused upon 
altering critical patient-health care system 
interaction or altering patient or tumor 
biology to reduce CaP mortality, in 
general, and CaP mortality in African 
Americans, specifically



Hypothesis

The mortality rate from CaP is more than two-
fold higher in African Americans compared to 
Caucasian Americans due to racial 
differences in:  

1) interaction with the health care 
system; 

2) diet and biology of the host; and/or 

3) characteristics of the tumor.



Hypothesis Testing

Reasons for the disparity in CaP outcome by 
race will be tested on 3 levels:

Level 1) 

Racial differences in interaction with the health 
care system will be evaluated by examining early 
detection behavior; socioeconomic status; 
attitudes, beliefs and knowledge; health care 
access; patient-physician communication; patient 
decision-making; alternative treatment use and 
treatment choices.



Hypothesis Testing

Level 2)

Racial differences in host biology may affect 
CaP aggressiveness due to genetic, 
environmental or gene-environmental 
interactions. Racial differences will be sought 
in diet (with an emphasis upon antioxidant and 
fat consumption); serum androgens; exposure 
to carcinogens; expression of CaP
susceptibility genes (such as androgen 
metabolism pathway, detoxification, DNA 
repair and hereditary CaP genes); and serum 
protein profiles associated with the aggressive 
CaP phenotype.



Hypothesis Testing

Level 3)

Racial differences in tumor characteristics will 
be examined in tumor extent (clinical stage and 
serum PSA, a tumor volume surrogate), tumor 
differentiation (Gleason grade) and tumor growth 
rate (apoptosis and cellular proliferation); 
expression of AR, AR co-regulators and androgen-
regulated genes; and stem-like cells.



Research Subjects
2000 men with newly-diagnosed CaP identified 
using Rapid Case Ascertainment (RCA)
• 1000 from LA (500 African Americans, 500 Caucasian 

Americans)
• 13 Parishes
• Among African Americans, one of the lowest CaP

mortality rates in the US

• 1000 from NC (500 African Americans, 500 Caucasian 
Americans)

• 25 Counties

• Among African Americans, one of the highest CaP
mortality rates in the US

• Similar mortality rates in LA and NC among 
Caucasian Americans



CaP Mortality:
African-American Men 1970 – 1994

Mortality / 100,000
US: 47 (47 – 48)
LA: 42 (41 – 44)
NC: 55 (54 – 57)

61 – 147
45 – 47
16 – 34



North Carolina Study Area

>4,000,000
lbs.Tobacco

>100,000
Hogs



Louisiana Study Area



Participating Institutions
• Roswell Park Cancer 

Institute
• University of North 

Carolina
• Louisiana State 

University
• Natl. Inst. Environ. 

Health Sciences
• George Mason 

University
• University of South 

Carolina

• Harvard Medical 
School

• Boston University
• Johns Hopkins 

Medical Center
• Wake Forest 

University
• University of 

California-Irvine
• Duke University
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Rapid Case 
Ascertainment

Physician Consent

In-Home Visit Patient Contact-Enrollment 
Specialist

Hospital/Physician Office

Subject Consent

Interview

···· Diet
···· Medication Use

NSAIDs
Alternative

···· Care Access
···· SES
···· Early Detection
Behavior

···· Attitudes, Beliefs
and Knowledge
···· Treatment 
Choices

Adipose Tissue,
Urine, Toenails

···· Fatty Acids
···· Tocopherols
···· Carotenoids
···· Heavy Metals

Blood

···· CaP
susceptibility 
genes

···· Hereditary CaP
genes

···· Proteomics
···· Carotenoids,
tocopherols

···· Serum androgens
···· AR trinucleotide
repeat

···· DNA 
damage/repair

Diagnostic 
Biopsies

···· Ki-67
···· Apoptosis
···· Androgen 
receptor
···· AR co-activators
···· Androgen-
regulated
genes

···· Cell signaling 
molecules

···· Growth factors
···· Stem-like cells

Medical Records

···· Clinical stage
···· Medical History
···· PSA
···· Treatment 
Choices

HIPAA 
Coordinator

PCaP Research Data Collection



PCaP Research Subject 
Accrual

Home Visits 
Completed
AA CA Tota

l

North 
Carolina

505 526 103
1

Louisiana, 
Pre-Katrina

119 94
213

Louisiana, 
Post-Katrina

506 508 101
4

Total 1130 1128 225
8

• NC study visits ended Nov 2007

• Overall participation rate 62%

• 62% African Americans

• 65% Caucasian Americans

• LA study visits ended Aug 29,       
2009, the 4th anniversary of 
Hurricane Katrina 

• Overall participation rate 63%

• 63% African Americans

• 71% Caucasian Americans



PCaP Questionnaires

• Uniform 
administration

• NC vs LA

• AA vs CA

• Nurses

• Converted PCaP 
questionnaires to 
scannable forms



Specimen Handling and Transport



PCaP Pilot Transport of Biologic 
Specimens

Field Office

Local LSU 
Lab

PCaP Central Lab
TPF/TCF

Projects

Daily/Batch



PCaP TMAs
0.6 mm core TMA block contains

600 radical prostatectomy specimens



Core 4: PCaP Advisory Committees
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Patient Advocate Committee
• Development of recruitment materials, brochure, 

family letter
• Distribution of brochures to MD offices
• Development of public website
• Liaison among PCaP, advocates

and support groups



PCaP Administrative 
Management Policies

• Intellectual Property Agreement
• Tissue Sharing Agreement
• Data Sharing Agreement
• Authorship Agreement
• Abstract/Manuscript Submission
• Ancillary Study Submission

– Letter of Intent



HIPAA Impact on PCaP

The Health Insurance Portability and 
Accountability Act (HIPAA) enacted by the 
US Congress in 1996 and the Privacy Rule 
took effect April 14, 2003
• Patient advocates prevented from assisting 

with enrollment
• All PCaP staff must receive HIPAA training
• All research subjects must sign HIPAA 

document
• HIPAA document critical for contact with 

MDs and pathology labs and access to, and 
receipt of, clinical data (medical records, 
tumor blocks)

• Full-time coordinator hired for HIPAA and 
IRB compliance



Hurricane Katrina 



LSUHSC



LSUHSC School of Public Health



PCaP Response:
Suspend then start over in LA
Expand study areas in both states
Obtain additional funding

DoD Response:
Total support



PCaP Study Participation

• Good RCA reporting among urologists, 
pathologists, and hospitals in study areas

• 93% MD consent rate
• 63% study-wide participation rate

– Typical of epidemiological studies enrolling older 
men

• 92 � 99% collection rates for biologicals 
• 99.8% release of medical records
• 97% consent for future contact



Prostate Cancer Aggressiveness
• Tumor Extent (medical records and pathology 
review)

• TNM stage
• PSA (surrogate for tumor volume)
• # and % Biopsies + CaP

• Tumor Differentiation (path report and pathology 
review)

• Gleason grade (1-5) and sum (2-10)
• Tumor Growth Rate

• Cellular proliferation (% Ki-67 +)
• Apoptosis (% ACINUS +)



Prostate Cancer Aggressiveness:
Clinical Classification

• Low Aggressive (20% patients)
Gleason sum < 7 and
clinical stage £ T2 and
PSA < 10

• High Aggressive (20% patients)
Clinical stage ³ T3 and Gleason grade ³

7 or
Gleason sum ³ 8 or
PSA > 20

• Intermediate Aggressive (60% patients)
All others



Clinical Tumor Aggressiveness 
at Diagnosis

Improved statistical power!
*85 research subjects remain unclassified

Aggressiveness
Predicted 

(%)

Actual* 

(%) (n)

Low 20 50 1102

Intermediate 60 30 675

High 20 20 396
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Racial Differences in Trust and Regular Source 
of Patient Care and the Implications for 

Prostate Cancer Screening Use: Results
Stage at diagnosis was similar between races, but Gleason 
scores were higher in African Americans
• Caucasian Americans were seen regularly by the same 

physician, which was associated with greater trust in their 
doctors and in physicians in general 

• Caucasian Americans were more likely to receive regular 
CaP screenings, and to get all their medical care at a 
physician’s office

• Men without a prior history of CaP screening were more 
often diagnosed with advanced and/or more aggressive 
CaP

• When men of either race had established relationships with 
a health care provider, the differences in CaP stage at 
diagnosis disappeared



Racial Differences in Trust and Regular Source 
of Patient Care and the Implications for 

Prostate Cancer Screening Use:  Conclusions

• Differences in use of CaP screening may 
result from inconsistent or poorer quality 
interaction between African-American men 
and the American health care system

• Improving the interaction between all men, 
and especially African-American men, and 
their primary care givers could reduce CaP 
deaths in all men and decrease the racial 
disparity in CaP mortality
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Racial Differences in GWAS 
SNP Replication

• 32 SNPs have been reported associated with CaP in GWAS 
of CAs

• 800 SNPs, including these 32 and 35 flanking SNPs, were 
genotyped in 417 AAs and 455 CAs from PCaP and 
compared to  925 AA and 1687 CA controls

• Of 32 GWAS SNPs, 13 in CAs and 4 in AAs were 
associated with CaP

• Of 35 flanking SNPs, 1 in CAs and 2 in AAs were 
associated with CaP

• Of the 656 remaining SNPs, 1 in AAs and 1 in CAs were 
associated with CaP

• No SNP produced an AUC in ROC plots sufficient for clinical 
use
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Relationship between Genetic 
Ancestry and Self-Reported 

Race
• Self-reported race (a social construct) is often used as a proxy for 

genetic ancestry even though the proportion of European ancestry 
among African Americans ranges from 3.5% (South Carolina Gullah Sea 
Islanders) to 22.5% (New Orleans)

• 50 Ancestry Informative Markers (AIMs) were analyzed using 
STRUCTURE software to estimate the proportion of African  and 
European ancestry for each of 2120 PCaP research subjects

• Genetic diversity was greater in LA than NC and was found in both AAs 
and CAs in LA

• Ethnicity complicates race and both must be considered in any attempt 
to understand CaP health disparities



Mean Individual Ancestry Estimates 
by Self-Reported Race and State

Self-
Reported 

Race
State

% African 
Ancestry

% European 
Ancestry P

African 
Americans
(n=1047)

Louisiana
(n=594)

89.3 10.7

0.01North 
Carolina
(n=453)

91.7 8.3

Caucasian 
Americans
(n=1073)

Louisiana 
(n=587)

2.16 97.8

0.0001North 
Carolina
(n=486)

0.071 99.3



Self-
Reported 

Race

Self-Reported 
Ethnicity

#
European 
Ancestry

African 
American

Cajun 11 48.4%

Creole 73 19.9%

Cajun/Creole 7 27.7%

None 501 8.2%

Caucasian 
American

Cajun 193 98.3%

Cajun/Creole 6 99.4%

Hispanic 19 83.0%

None 369 98.2%

Complexity from Ethnicity in 
Louisiana
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Obesity and CaP
Odds ratios and 95% confidence intervals for risk o f 
greater CaP aggressiveness as a function of measured  
BMI by race     



Newer Studies

• Xu Z, Bensen JT, Smith GJ, Mohler JL, Taylor JA. GWS SNP replication among 
African-American and European-American men in the North Carolina-Louisiana 
Prostate Cancer Project (PCaP). Prostate 2011;71(8):881-91.

• Sucheston LE, Bensen JT, Xu Z, Singh PK, Mohler JL, Su LJ, Schroeder JC, 
Fontham ETH, Ruiz B, Smith GJ, Taylor JA.  Genetic ancestry and self-reported 
race in African and Caucasian Americans in the PCaP study. PLoS ONE 
(Submitted: Sept 2011).

• Su LJ, Arab L, Steck SE, Fontham ETH, Schroeder JC, Bensen JT, Mohler JL.  
Obesity and prostate cancer aggressiveness among African and Caucasian 
Americans in a population-based study. Cancer Epidemiol Biomarkers Prev 2011; 
20:844-53. 

• Song LX, Bensen JT, Blackard BE, Farnan L, Fontham ETH, Mohler JL,  Mishel M. 
how does health literacy affect quality of life among men with newly diagnosed 
clinically localized prostate cancer? Findings from The North Carolina-Louisiana 
Prostate Cancer Project (PCaP). Cancer (In press).

• Tabung F, Steck S, Su LJ, Arab L, Fontham ETH, Bensen J, Hebert JR, Zhang H, 
Mohler JL. Whole grain and dietary fiber and prostate cancer aggressiveness by 
race.



Racial Differences in Patients’ 
Satisfaction with their Healthcare 

Provider (HCP)

• 505 African Americans and 526 Caucasian 
Americans from NC

• Confirmatory factor analysis (CFA) revealed 
patient satisfaction was impacted by racial 
differences in contextual knowledge about CaP 
but not the quality of the patient-HCP 
interaction or interpersonal treatment
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Racial Differences in Patients’ 
Satisfaction with their HCPs

• SEM analysis identified several most important factors 
influencing interaction with the health care system (CA  56% 
and AA 57% of variation):

• better interaction with HCPs (both races)
• better access to care (both races)
• less traditional health beliefs (AAs only)
• greater medical literacy (CAs only)

• Structural equation modeling (SEM) analysis identified 
several most important factors influencing interaction with 
the HCP (CA  20% and AA  29% of variation):

• perceived racism (both races)
• physician trust (both races)
• better access to care, stronger religious beliefs (AAs > 

CAs)



Newer Studies

• Xu Z, Bensen JT, Smith GJ, Mohler JL, Taylor JA. GWS SNP replication among 
African-American and European-American men in the North Carolina-Louisiana 
Prostate Cancer Project (PCaP). Prostate 2011;71(8):881-91

• Sucheston LE, Bensen JT, Xu Z, Singh PK, Mohler JL, Su LJ, Schroeder JC, 
Fontham ETH, Ruiz B, Smith GJ, Taylor JA.  Genetic ancestry and self-reported 
race in African and Caucasian Americans in the PCaP study. PLoS ONE 
(Submitted: Sept 2011).

• Su LJ, Arab L, Steck SE, Fontham ETH, Schroeder JC, Bensen JT, Mohler JL.  
Obesity and prostate cancer aggressiveness among African and Caucasian 
Americans in a population-based study. Cancer Epidemiol Biomarkers Prev 2011; 
20:844-53. 

• Song LX, Bensen JT, Blackard BE, Farnan L, Fontham ETH, Mohler JL,  Mishel M. 
how does health literacy affect quality of life among men with newly diagnosed 
clinically localized prostate cancer? Findings from The North Carolina-Louisiana 
Prostate Cancer Project (PCaP). Cancer (In press).

• Tabung F, Steck S, Su LJ, Arab L, Fontham ETH, Bensen J, Hebert JR, Zhang H, 
Mohler JL. Whole grain and dietary fiber and prostate cancer aggressiveness by 
race.



Increased Intake of Whole Grains may 
Protect against High Aggressive CaP

African 
Americans

(n=677)

Caucasian 
Americans

(n=820)

Both Racial 
Groups

(n= 1497)

OR 95%CI OR 95%CI OR 95%CI

Whole Grain Intake

High vs Low Aggressive CaP

1
st 

quartile 1 referent 1 referent 1 referent

2
nd 

quartile 0.88 0.49-1.56 1.11 0.62-1.99 0.92 0.61-1.37

3
rd

quartile 0.55 0.27-1.12 0.89 0.48-1.64 0.77 0.50-1.19

4
th

quartile 0.76 0.39-1.47 0.55 0.28-1.09 0.63 0.39-1.00

Adjusted for the following covariates: age, alcohol intake, total energy intake, educational level, smoking 
status, physical activity, use of nutritional supplements, use of NSAIDs, screening history for CaP, family 
history of  CaP, and BMI



Any Protective Effect of Whole Grains 
is NOT due to Dietary Fiber

Adjusted for the following covariates: age, alcohol intake, total energy intake, educational level, smoking 
status, physical activity, use of nutritional supplements, use of NSAIDs, screening history for CaP, family 
history of  CaP, and BMI

African 
Americans

(n=677)

Caucasian 
Americans

(n=820)

Both Racial 
Groups
(n=1497)

OR 95%CI OR 95%CI OR 95%CI

Total Fiber Intake

High vs Low Aggressive CaP

1
st 

quartile 1 referent 1 referent 1 referent

2
nd 

quartile 0.8 0.44-1.43 1.6 0.88-2.92 1 0.67-1.50

3
rd

quartile 0.56 0.29-1.08 1.26 0.67-1.37 0.78 0.51-1.21

4
th

quartile 1.28 0.66-2.48 0.58 0.28-1.20 0.91 0.57-1.44



PCaP End Products
• A repository for future use:

• Clinical data

• Epidemiological data

• Biological specimens

• Tissue microarrays
• Coordinated characterization of racial 

differences in 2 geographical areas to 
maximize the chance of identifying 
factors that are important for CaP 
outcome



Health Care Access and CaP 
Treatment in North Carolina: 

HCaP-NC
ACS, PI: Jeannette T. Bensen

Aim 1: Assess concordance with consensus 
treatment recommendations (quality) based on 
provider and facility characteristics, patient 
characteristics, and disease stage and grade  

Aim 2: Examine racial differences in the quality of 
treatment and correlate differences with health 
insurance, individual access to care, and 
healthcare availability

Aim 3: Assess for racial differences in health-
related quality of life (HRQOL) and relate to 
Aims 1 and 2



Quality of Life in the PCaP 
Project

NCI, R15, PI: Christine Brennan

• LA follow-up  (1-time, ave 4 years after 
diagnosis)
– Phone-delivered questionnaire
– Healthy Behaviors and HRQOL
– Insufficient funding for medical record 

abstraction

• May provide preliminary data for expansion 
to long term follow-up (funding) in LA 
research subjects



HCaP-NC Manuscripts in 
Preparation

• Racial differences and influential factors in 
decisional regret among men with CaP

• Satisfaction with healthcare services 
among African Americans and Caucasian 
Americans with CaP

• Treatment mismatch in CaP as an 
indicator of quality of care

• Biopsychosocial predictors of quality of life 
in CaP patients



Role of Androgen Axis in Racial 
Differences of CaP Mortality

DoD, PI: James Mohler
Hypothesis: racial differences in the tissue androgen 

axis contribute to CaP aggressiveness
Aim 1: Determine whether AR protein levels differ in 

CaP of African and Caucasian Americans 
Aim 2: Determine whether AR protein levels 

correlate with proteins expressed from androgen-
regulated genes (PSA, Nkx3.1, hK2, 
TRMPRSS2/ETS fusions) 

Aim 3: Determine whether AR protein levels 
correlate with CaP growth rate, extent and tumor 
differentiation



New Grants
Title PI Source
Genetic determinants of prostate cancer 
aggressiveness

Taylor NIEHS

Admixture mapping in African Americans 
with prostate cancer: The PCaP MALD study

Taylor/Bensen NIEHS

Vitamin D, inflammation markers, and 
epigenetic mechanisms in racial disparities 
of prostate cancer

Woloszynska-
Read

DoD Health 
Disparity 
Training Grant

Vitamin D and related genes, race and 
prostate cancer aggressiveness

Steck DoD Health 
Disparity 
Training Grant

Is dietary antioxidant predictable for the 
aggressiveness of prostate cancer?

Chun NIH R03

Genetic variations in mitochondria and 
prostate cancer aggressiveness and 
progression in Caucasian and African 
American men

Zhao DoD



PCaP Website

http://www.ncla-pcap.org/
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