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In North Carolina, there are few goals more important

than achieving cardiac health for our citizens.

Today, North Carolinians suffer from heart disease 

at one of the highest rates in the U.S. One in four

experience cardiovascular disease, and it is the cause

of 34 percent of all deaths in our state.

That’s why East Carolina University and University

Health Systems Pitt County Memorial Hospital, along

with private practice physicians, are joining forces.

Together, we’ll offer the best of scientific research and

expert clinical medicine for the highest quality patient

care experience. Our recent groundbreaking was the

first step in expanding both leading-edge facilities to

meet this serious national healthcare need.

Working as one, we proudly announce the future 

of cardiac care, the East Carolina Heart Institute.

Under the leadership of Dr.W. Randolph Chitwood, Jr.,

internationally recognized surgeon and robotic surgery

pioneer, our partnership and two facilities will create a

world-class cardiovascular destination.

The citizens of North Carolina will be among the

first to benefit from our innovations to treat and

prevent hear t disease. But cardiac patients from

around the world will soon appreciate the quality of

care delivered by our skilled cardiovascular physicians.

Creating the East Carolina Heart Institute is just one

way that we’ll work together to care for people close

to our hearts.Visit www.eastcarolinaheartinstitute.com.

We’ve joined forces 
tocare for those 

close toour hearts.





When Hugh McColl, the man who changed American bank-
ing, learned he needed heart bypass surgery, he chose the team that
has outpaced all others for years. He chose the Carolinas Heart
Institute at Carolinas Medical Center and the Sanger Clinic’s
Dr. Mark Stiegel.

Carolinas Heart Institute has a rich and storied history of
groundbreaking innovations; some of the finest medical minds in

America, and the latest, most advanced technology available –
including the new revolutionary 64 Slice CT Scanner.

Today, Hugh McColl is enjoying the success of his surgery
with his usual zest for life. In fact, he calls his choice of care “one of
the best investments I ever made.”

We know Mr. McColl could have gone anywhere in the
world for cardiac treatment. He chose the region’s premier team.

www.carolinashealthcare.org

How a team of heart specialists helped
Hugh McColl make the best investment of his life.

Mr. Hugh McColl and R. Mark Stiegel, MD
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The North Carolina Institute of Medicine
In 1983 the North Carolina General Assembly chartered the North Carolina Institute of Medicine as an independent,

nonprofit organization to serve as a nonpolitical source of analysis and advice on issues of relevance to the health of
North Carolina’s population.The Institute is a convenor of persons and organizations with health-relevant expertise, a
provider of carefully conducted studies of complex and often controversial health and healthcare issues,and a source
of advice regarding available options for problem solution.The principal mode of addressing such issues is through the
convening of task forces consisting of some of the state’s leading professionals, policy makers and interest group
representatives to undertake detailed analyses of the various dimensions of such issues and to identify a range of
possible options for addressing them.

Members of the North Carolina Institute of Medicine are appointed for five-year terms by the Governor,and each
task force convened by the Institute typically includes at least one-third of its membership from among the appointed
members.Topics to be addressed through task force efforts are chosen following requests from the Governor, the
General Assembly or agencies of state government. In some cases, topics are selected on the basis of requests from
a number of stakeholder organizations across the state where this type of analytical process is considered to have
potential value.

The Duke Endowment
The Duke Endowment is a private foundation established in 1924 by industrialist and philanthropist James B.
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multivitamins may help reduce the risk of cancer, heart disease

and osteoporosis. And be sure to mention that multivitamins

containing 400 mcg of folic acid may help prevent birth defects

like spina bifida when taken prior to pregnancy. So talk to

your patients about multivitamins. They’re listening. For more

information, call 1-800-367-2229 or visit www.getfolic.com.

MULTIVITAMINS
T A K E  T H E M  F O R  L I F E www.marchofdimes.com



101NC Med J March/April 2006, Volume 67, Number 2

March/April 2006,Volume 67, Number 2 Published by the North Carolina Institute of Medicine and The Duke Endowment

ARTICLES
103 Medical Homes for Children with Special

Healthcare Needs in North Carolina
Savithri Nageswaran, MD, MPH, Marcia S. Roth, MPH,
Catherine E. Kluttz-Hile, BSN, MA, and Anita Farel,
DrPH

110 Implantable Left Ventricular Assist Devices:
New Hope for Patients with End-Stage Heart
Failure
Carmelo A. Milano, MD, Andrew J. Lodge, MD, Laura
J. Blue, RN, Peter K. Smith, MD, G. Michael Felker, MD,
Adrian F. Hernandez, MD, Paul B. Rosenberg, MD, and
Joseph G. Rogers, MD

116 The Price of Progress: Destination Left
Ventricular Assist Device Therapy for
Terminal Heart Disease
Craig H. Selzman, MD, and Jonathan B. Oberlander,
PhD

POLICY FORUM
Prostate Cancer: Screening,
Diagnosis, Treatment, 
and Follow-Up Care
120 Introduction

Gordon H. DeFriese, PhD

122 Issue Brief:
Carcinoma of the Prostate: Overview of 
the Most Common Malignancy in Men
Culley C. Carson III, MD 

COMMENTARIES
128 Confronting Prostate Cancer: A Personal

Reflection
Senator David W. Hoyle

130 Racial Differences in Prostate Cancer
Kris E. Gaston, MD, and Raj S. Pruthi, MD 

136 Screening for Prostate Cancer in 2006:
PSA in the 21st Century
Paul D. Maroni, MD, and E. David Crawford, MD

140 The Role of the Pathologist in Diagnosing
Prostate Cancer and Guiding Therapy
Michael H. Weinstein, MD, PhD

146 Treatment for Localized Prostate Cancer:
Surgical Approaches
Eric M. Wallen, MD

149 Radiation Therapy for Prostate Cancer:
External Beam, Brachytherapy, and Salvage
Scott L. Sailer, MD

154 Systemic Therapy for Prostate Cancer
William R. Berry, MD

158 The Economic Impact of Prostate Cancer
Screening and Treatment
Rachael L. DiSantostefano, PhD, and John P. Lavelle,
MB, BCh, FRCSI

SPECIAL DATA REPORT
161 Horse-Related Injuries and Deaths in North

Carolina, 1995-1999

DEPARTMENTS
102 Tarheel Footprints in Healthcare
163 Running the Numbers
165 Readers’ Forum
167 Classified Ads
167 Index of Advertisers

“The possibility of an American man
acquiring prostate cancer during his lifetime

is approximately 15%.”



102 NC Med J March/April 2006, Volume 67, Number 2

Tarheel Footprints in Healthcare
Recognizing unusual and often unsung contributions of individual citizens who have made 

healthcare for North Carolinians more accessible and of higher quality

Recognizing Ann Probst, CNA, North Carolina’s “Nurse Aide of the Year”

Anyone familiar with long-term care knows that the
job of being a nursing assistant in a busy nursing
home is both hard and demanding. Every facet of a
resident’s life in a skilled nursing facility is affected by
the quality of care and compassion and skill of these
direct care workers, who often have responsibility for
as many as 20 residents at a time.

The North Carolina Health Care Facilities Association,
the trade association for nursing homes in our state,
has recognized the importance of direct care workers
in the effort to provide quality health and life care to
their residents. For this reason, six years ago the
Association began its “Fabulous 50”program to honor
ten nursing assistants in each of its five districts each
year. An honoree in each district is singled out for
special recognization, with one being selected
statewide as the “North Carolina Nurse Aide of the Year.” This year, the Association has chosen to honor Ann
Probst, a 25-year veteran of nursing assistance serving the residents of Lutheran Home–Albemarle.

Many of her colleague CNAs, nurses, and family members joined together in nominating Ann Probst for this
distinguished award. She has been described by those who work with her as a “transformational leader”
because of the example she sets for others and for the way in which she instills the very highest level of concern
for resident welfare in her everyday practice. One of the things for which she has been known is her unfailing
commitment to the idea that each long-term care resident is an individual with unique gifts, if only those who
serve them day-to-day can find the time and the means of unlocking those qualities of the person that define
them as personalities. Her effort to know her patients as individuals have led her to use her own personal
resources to decorate resident rooms for the holidays; to make her own special clothing to reflect the seasonal
themes at different times of the year; to arrange for certain residents to attend church services in the facility
or special crafts activities (and to arrange for their return to their rooms when these activities are over); to
remind staff on different shifts to make it possible for certain residents to enjoy a televised sporting event of
particular interest, to continue a hobby (e.g., coin collections or sewing), to acquire special apparel (like a jogging
suit) when residents are experiencing difficulty dressing; to have activities like coloring books and games on
hand for the visiting grandchildren of residents; or to be certain that patients are observed for critical signs of
health and function of importance to nursing supervisors, who may not be in a position to make such detailed
observations on a daily basis. It has been discovered that she anonymously paid the cable television bill of a
resident whose family no longer could afford this luxury because the resident so enjoyed the experience of
watching television at certain points in the day.

For Ann Probst, and the 49 other “Fabulous 50” nurse aides who have been honored this year, being a nursing
assistant is a life’s work offering the opportunity to serve dozens of persons at a point when they need both
high quality, skilled nursing services, as well as the personal care of one who is dedicated to assuring a quality
life experience when one is most vulnerable. Ann Probst’s legacy is assured as both her daughter and her
granddaughter have chosen to follow in her very large Tar Heel footsteps, choosing to become CNAs as well.
For all these years of dedicated service to the people of this state in such a demanding role, the North Carolina
Medical Journal is pleased to salute Ms. Ann Probst, CNA.

Ann Probst, CNA (left), from the Lutheran Home–Albemarle, since
1980, pictured here with one of her residents, Ms. Daisy Curlee

A new feature of the North Carolina Medical Journal
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Abstract

Background: The American Academy of Pediatrics defines a medical home as medical care for children that is accessible, continuous,
comprehensive, family-centered, coordinated, and compassionate. North Carolina uses the medical home concept as a model for providing
high quality care to children with special healthcare needs (CSHCN). However, until recently, information on medical homes for CSHCN
in North Carolina has not been available.

Methods: Using North Carolina data from the National Survey of Children with Special Health Care Needs (2000-2002), we
describe the characteristics of children having a special healthcare need. We conducted bivariate analysis of socio-demographic factors with
medical home and its five components (family-centered care, effective care coordination, personal doctor or nurse, usual source of care,
and referrals for specialty care) and multivariate analysis to identify the predictors of having a medical home. 

Results: Fifty-six percent of CSHCN in North Carolina have a medical home. White CSHCN are 1.7 times more likely to have a
medical home compared to non-white CSHCN. CSHCN with no functional limitations are 1.6 times more likely to have a medical
home compared to children with some or severe limitations of their functional status.

Conclusions: Current, population-based information about CSHCN and their families is essential for assessing needs and evaluating
pediatric initiatives at the state level. Disparities among CSHCN due to race and functional status should be considered in organizing 
services for CSHCN in North Carolina. 

Medical Homes for Children with Special Healthcare
Needs in North Carolina

Savithri Nageswaran, MD, MPH, Marcia S. Roth, MPH, Catherine E. Kluttz-Hile, BSN, MA, and 
Anita Farel, DrPH

ARTICLE

Savithri Nageswaran, MD, MPH, is an Instructor in the Department of Pediatrics, Wake Forest University School of Medicine. Dr.
Nageswaran can be reached at snageswa@wfubmc.edu or Medical Center Blvd, Winston-Salem, NC 27517.Telephone: 336-716-6508.

Marcia S. Roth, MPH, is the Director of Planning and Development in the Department of Maternal and Child Health, University of
North Carolina at Chapel Hill, NC.

Catherine E. Kluttz-Hile, BSN, MA, is an Assistant Director of Programming for Health Services in the Division of Mental Health,
Developmental Disabilities, and Substance Abuse Services, Department of Health and Human Services.

Anita Farel, DrPH, is a Clinical Professor in the Department of Maternal and Child Health,School of Public Health University of North
Carolina at Chapel Hill.

Background

hildren with special healthcare needs (CSHCN) are those
who have or are at increased risk for a chronic physical,

developmental, behavioral, or emotional conditions and who also
require health and related services of a type or amount beyond
that required by children generally.1 Using this definition, an
estimated 9.3 million children in the United States have special
healthcare needs, accounting for 13% of all children.2

In order to improve the quality of care for CSHCN, the

Maternal and Child Health Bureau (MCHB) has adopted the
“medical home” concept as a model of care for CSHCN.
Increasing the proportion of children with special healthcare
needs who have access to a medical home is one of the national
health objectives.3 The American Academy of Pediatrics defines
medical home as medical care of infants, children, and adolescents
that is accessible, continuous, comprehensive, family-centered,
coordinated, compassionate, culturally effective, and delivered or
directed by well-trained physicians who provide primary care and
help to manage essentially all aspects of pediatric care.4 

C

a The federal Maternal and Child Health Block Grant is designed to help states ensure the health of mothers and children, with a special focus on
the most vulnerable populations (e.g., those who are hard-to-reach, low-income, children with special healthcare needs, and/or racial and ethnic
minority populations).



There is wide variation among states in the way that services
and systems of care for CSHCN are developed and implemented.
Federal support through the MCHB Title V Programa provides an
important foundation and is further shaped by state appropri-
ations, third-party reimbursement, specific characteristics of
delivery systems, and the population of CSHCN within each
state. In North Carolina, services for CSHCN are organized
through the Specialized Services Unit of the Children and
Youth Branch in the Women and Children’s Health Section of
the Division of Public Health. The Medical Home Initiative for
Children with Special Health Care Needs was designed by the
Division of Public Health to provide a comprehensive
approach to the development of medical homes for children,
particularly CSHCN.5 The Division of Public Health collaborates
with the North Carolina Pediatric Society, private pediatric
practices, healthcare demonstration projects (e.g., the
Community Care Networks), the state Medicaid Program, parent
advocacy organizations, (e.g., the Family Support Network of
North Carolina, the Exceptional Children’s Advocacy Center),
medical schools, and specialty clinics linked to tertiary medical
centers in planning and implementing programs for CSHCN.

Information on the characteristics of CSHCN and the pres-
ence of medical homes among CSHCN in North Carolina is
essential for designing and implementing programs tailored to the
needs of CSHCN in North Carolina. This information can also
serve as a baseline for future evaluation of the state’s performance.
Until recently, state-level data on CSHCN and on the presence of
medical homes were not available. The National Survey of
Children with Special Health Care Needs provides an opportunity
to obtain state-level prevalence estimates, to describe the needs of
this population of children, and to identify areas that need
improvement in the systems of care for CSHCN.6

The objectives of our study are: (1) to describe the character-
istics of CSHCN in North Carolina, (2) to analyze information
about the implementation of the medical home and its component
parts (family-centered care, effective care coordination, personal
doctor or nurse, usual source of care and referrals for specialty

care) among CSHCN in North Carolina, and (3) to identify the
socio-demographic factors associated with having a medical
home presence in this population.

Methods

Data Source
The National Survey of Children with Special Health Care

Needs was sponsored by the MCHB and conducted by the
National Center for Health Statistics (NCHS) between
October 2000 and April 2002. A random-digit-dial sample of
households with children younger than 18 years was selected
from each of the 50 states and the District of Columbia. The
respondent for the survey was the parent or guardian who was
most knowledgeable about the child’s health. The methodology
of the survey has been described elsewhere.7 All survey data are
publicly available at the NCHS website.8 This study analyzed
data about North Carolina’s children with special healthcare
needs collected by the National Survey. The weighted response
rate for North Carolina was 63.1%.7

Variable Description
A child was identified as having a special healthcare need if he

or she met any one of the five screening criteria listed in Table 1.
Of the 5,548 children screened in North Carolina, 884 (14%)
were identified as CSHCN. The CSHCN screener is a validated
tool used to identify children with special healthcare needs. 

The medical home is a composite outcome and a dichotomous
variable (yes/no) derived from 12 questions on the survey to
capture the five components of the medical home concept—
namely, receipt of family-centered care and effective care coor-
dination, presence of a personal doctor or nurse, access to a
usual source of care, and absence of problems in obtaining
referrals to specialists. The components, family-centered care,
effective care coordination, and usual source of care were, in
turn, derived from five, three, and two questions, respectively
(see Table 2). If a child did not meet all of the five component

104 NC Med J March/April 2006, Volume 67, Number 2

Table 1.
Proportion of Children in North Carolina with Special Healthcare Needs Identified through the
CSHCN Screener Questionnaire (N = 5,548)

Screening Questionnaire Item* Proportion of all 
children (%)

Child needs or uses more medical care, mental health services, or educational services than is 7
usual for most children of the same age because of a medical, behavioral, or health condition 
that is expected to last 12 months or longer 

Child needs or uses prescription medication because of a medical, behavioral, or health 11
condition that is expected to last 12 months or longer

Child has a limitation in abilities to do the things that most children of the same age can do 3
because of a medical, behavioral, or health condition that is expected to last 12 months or longer

Child needs or gets special therapy, such as physical, occupational, or speech therapy because 2
of a medical, behavioral, or health condition that is expected to last 12 months or longer

Child has an emotional, developmental, or behavioral problem that is expected to last or has lasted 3
for 12 months or longer for which he or she needs treatment or counseling

* Items not mutually exclusive
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criteria, then he or she was considered not to have met the criteria
for having a medical home. This strategy of deriving the medical
home variable was based on the method reported previously.9,10

The questions from the survey used to derive the medical home
variable are supported in the literature.11

Age, gender, race, functional status of the child, metropolitan
status of residence, income level of the household, mother’s
education, and adequacy of insurance were the independent,
categorical variables of interest. Income level of the household
was categorized as income less than 200% of Federal Poverty
Guidelines (FPG) and more than or equal to 200% FPG,
because, at 200% FPG, all children in North Carolina are
either eligible for Medicaid (Health Check) or the State
Children’s Health Insurance Plan (Health Choice). 

Functional status of the child was derived from two questions
and categorized into “no limitation of activities due to the
child’s condition” and “some or severe limitation of activities.”
Adequacy of insurance was derived from five variables. To be
considered to have adequate health insurance, a child needed to
have: (a) public or private insurance at the time of the interview,
(b) no gaps in insurance coverage in the year prior to the interview,
(c) insurance coverage that usually or always meets the child’s
needs, (d) costs not covered by insurance that are usually or
always reasonable, and (e) insurance coverage that usually or
always permits the child to see needed providers. If the child
did not meet any one of the criteria mentioned above, insurance
was considered inadequate.

Statistical Methods
Following univariate analysis, bivariate analyses were con-

ducted to determine the association between each one of the

independent variables and having a medical
home and its five components. The Pearson
chi-square test was used to examine the 
association between categorical variables.
Independent variables that were statistically
significant for the presence of a medical home in
bivariate analysis were included in multivariate
analysis. We used a logistic regression model
for multivariate analysis. Some cells in these
data had a small number of observations.
Since estimates derived from a small number of
observations are not valid population estimates,
the NCHS recommends using the relative
standard error (RSE) to measure an estimate’s
reliability. Accordingly, if an estimate had an
RSE [(standard error/ estimate) x 100] of
greater than or equal to 30, then the result
was considered inaccurate and, hence, was
not used for further analyses. In order to
obtain population-level estimates, appropri-
ate survey weights were used in the analysis.
Since the study is exploratory, we did not cor-
rect for multiple comparison and considered
a p value of less than 0.05 to be statistically
significant. Stata Intercooled version 8.2 was

used for statistical analysis. The Office of Human Research
Ethics at the University of North Carolina at Chapel Hill
approved this study. 

Results

There are an estimated 280,770 children with special
healthcare needs in North Carolina, representing 14% of all
children less than 18 years of age. The proportion of children
meeting the criteria for special healthcare needs is presented in
Table 1. 

Most of North Carolina’s CSHCN are boys (61%), white
(71%), and live in a metropolitan area (70%). Only 57% have
adequate insurance. Forty percent live in households with
incomes less than 200% FPG. Fifty-eight percent of CSHCN
have some or severe functional limitations. Fifty-six percent of
the mothers of CSHCN have graduated from high school. A
majority of CSHCN (81%) were older than five years of age at
the time of the survey. 

Among CSHCN, 91% have a usual source of care, 86%
have a personal doctor or nurse, 78% receive family-centered
care, 48% receive effective care coordination, and 81% report
no difficulty obtaining referrals. Fifty-six percent of the children
have met all five components of the medical home in North
Carolina, and an additional 29% have met four of the five
components. Of the 29% who met four components of the
medical home, more than half lacked family-centered care. 

Results of bivariate analysis of the independent variables with
a medical home and its five components are presented in Table 3.
A higher percentage of white CSHCN (60%) compared to non-
white CSHCN (45%) have a medical home (p = 0.007). Access

Table 2.
Criteria Used to Define a Medical Home in the National
Survey of Children with Special Health Care Needs*†

Presence of a usual source of care

The child has a usual source for sick care
The child has a usual source for preventive care

The child has a personal physician or nurse

Experiences no difficulties in obtaining referrals to specialists when needed

Receives effective care coordination when needed

The child has professional care coordination when needed 
Physicians communicate well with each other
Physicians communicate well with other programs

Receives family-centered care

Physicians spend enough time with the child
Physicians listen carefully to the family
Physicians are sensitive to family’s values and customs
Physicians provide needed information
Physicians make the family feel like a partner 

* Based on respondents’ report

† For actual questions, please refer to the Program and Collections Procedure 
manual of the National Survey of Children with Special Health Care Needs7 



to a medical home is lower among CSHCN with functional
limitations compared to those who do not have functional lim-
itations (51% versus 62%, p = 0.02). While 60% of CSHCN with
adequate insurance have a medical home, only 49% of CSHCN
without adequate insurance have a medical home (p = 0.02). Age,
gender, metropolitan residence, mother’s education, and
income status were not significantly associated with having a
medical home based on bivariate analysis. 

Differences were identified in the association of socio-demo-
graphic factors and the five components of the medical home (see
Table 3). Family-centered care is associated with race, functional
status, and adequacy of insurance. CSHCN who are non-white,

lack adequate insurance, and have some or severe functional
limitations receive family-centered care less often than their
counterparts. While 11% of CSHCN with no functional limita-
tions have difficulties obtaining referral to specialists, 24% of
those with some or severe limitations have referral problems (p =
0.02). Access to a usual source of care was associated with mother’s
educational status: CSHCN whose mothers have a high school
education or more have greater access to a usual source of care
compared to CSHCN whose mothers did not have a high school
education (95% versus 86%, p = 0.001). Race and household
income were associated with access to a personal doctor/nurse. 

Race, functional status, and adequacy of insurance were the
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Table 3.
Bivariate Association of the Medical Home and Its Components with Socio-Demographic Factors
among CSHCN in North Carolina*

Characteristic Usual Personal No Effective Family-
source of doctor/ referral care centered Medical

care nurse problem coordination care home
(%) (%) (%) (%) (%) (%)

Age, years

0 to 5 91 84 82 74 76 59

6 to 17 91 87 81 39 70 55

Sex

Male 90 86 80 51 69 55

Female 92 85 84 40 74 57

Race

Non-white 89 77‡ 81 29 57† 45‡

White 92 89 81 57 76 60

Residence

Metropolitan 91 85 81 53 70 55

Non-metropolitan 91 88 80 37 74 57

Poverty status, % FPL

> 200 92 90§ 84 50 74 59

< 200 89 81 80 52 69 53

Functional status

No limitation 90 85 89§ 70 82§ 62§

Some/severe limitation 91 86 76 42 63 51

Adequacy of insurance

Adequate 90 85 85 55 77† 60§

Not adequate 92 87 75 36 61 49

Mother’s education

More than high school 95‡ 88 83 48 74 58

High school or less 86 82 79 44 68 53

* Population-level estimates. Shaded values have relative standard errors ≥ 30 and are not valid population-level estimates.
“Medical home” present if all five criteria (usual source of care, personal doctor/nurse, no referral problems, effective care coordination
and family-centered care) were met.

† P < 0.001

‡ P < 0.01

§ P < 0.05

Data Source: Centers for Disease Control and Prevention, National Center for Health Statistics, State and Local Area Integrated Telephone
Survey, National Survey of Children with Special Health Care Needs, 2001.
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independent variables used in the logistic regression model to
evaluate the association of socio-demographic factors with the
presence of a medical home. None of the other variables (age,
gender, residence, income status, and mother’s education)
confounded the relationship of the three independent variables
with having a medical home. 

The results of the multivariate analysis are presented in
Table 4. In North Carolina, white CSHCN are 1.7 times more
likely to have a medical home compared to non-white children,
adjusted for functional status and adequacy of insurance.
Children with no functional status limitation have 1.6 times
the odds of having a medical home compared to children who
have some or severe functional status limitation. After adjusting
for race and functional status, adequacy of insurance was not
associated with having a medical home. 

Discussion

Fifty-six percent of CSHCN in North Carolina meet the
operational definition of having a medical home. Children who
are not white and children with functional limitations are sig-
nificantly less likely to have a medical home compared to their
counterparts. 

Compared to national data,10 a higher percentage of CSHCN
in North Carolina have a medical home (56% versus 53%),
receive family-centered care (71% versus 67%) and have effective
care coordination (48% versus40%), and have no difficulty
obtaining referrals (81% versus 78%). While the percentage of
CSHCN in North Carolina with a usual source of care is similar
to national averages, only 86% of CSHCN in North Carolina
have a personal physician or nurse compared to 89% nationally.
However, these differences in results between North Carolina
and national data are small.

Race is an important correlate for not having a medical
home in North Carolina. Previous studies have shown racial

and ethnic disparities among children with special healthcare
needs in access to healthcare, health-services utilization, and
impact of a chronic health condition on families of
CSHCN.10,12,13 Our study provides further evidence of racial
disparities in access to healthcare among children with special
healthcare needs. This current information about racial disparities
should be examined further. 

Similar to CSHCN across the United States, severity of
functional limitations was another independent predictor of
not having a medical home. Disparities in healthcare of
CSHCN associated with their functional status have been
reported by other states.14,15 Future studies are necessary to
understand these variations in functional limitations and the
causes for these disparities among children with special needs.

Although adequacy of insurance was associated with having
a medical home in the bivariate analysis, the association was
not significant after adjusting for functional status and race in
a multivariate model. There is substantial evidence to show that
being insured positively influences the healthcare experiences of
CSHCN.6,16-18 A significant difference may have emerged if
insurance status were dichotomized as uninsured versus insured
and the type of insurance as private versus public. Unfortunately,
the sample size was too small to evaluate the association of having
a medical home with insurance status or type, and we had to use
adequacy of insurance as a proxy for insurance status. 

The association between poverty and limited access to medical
care of CSHCN is well documented in the literature.6,10,13,17

The impact of having a child with special needs on the family
is more pronounced in low-income families.6,10,18 Although
there was not an association between income and having a
medical home in our study, it would be premature to conclude
that level of income is not associated with access to a medical
home in North Carolina. Income status was categorized into
less than 200% FPG and greater than or equal to 200% FPG.
The resulting smaller sample sizes did not permit analysis of

multiple categories of
income status in the logistic
regression model. In fact,
CSHCN from households
with incomes less than
100% FPG had lower odds
(unadjusted) of access to a
medical home compared
with those from households
with incomes less than 400%
FPG in bivariate analysis
(data are not presented, but
are available from the
authors). 

Although the results for
North Carolina are better
than for the nation as a
whole (40%),10 more than
half of CSHCN do not
receive effective care coordi-
nation in North Carolina.

Table 4.
Adjusted Odds Ratios of Socio-Demographic Factors with Medical Homes
in a Logistic Regression Model* †

Characteristic (referent group) Adjusted odds Standard P value
ratio (95% C.I.) error

Race (All other races and 
multiracial)

Non-Hispanic white 1.7 (1.1,2.7) 0.39 0.02
Adequacy of insurance 
(Not adequate) 

Adequate 1.5 (0.99,2.2) 0.29 0.06
Functional status 
(Some/severe limitation) 

No limitation 1.6 (1.1,2.3) 0.32 0.03

* Adjusted for other two variables in the model

† Population-level estimates

Data Source: Centers for Disease Control and Prevention, National Center for Health Statistics, State and
Local Area Integrated Telephone Survey, National Survey of Children with Special Health Care Needs,
2001.



The American Academy of Pediatrics recognizes the impor-
tance of care coordination in the care of CSHCN and provides 
recommendations for care coordination for this population.19

Policy development and program planning for CSHCN should
emphasize improving care coordination for CSHCN in North
Carolina. Family-centered care is another feature of access to
services where North Carolina’s performance should be
improved. Similar to observations at the national level,2,10 we
found disparities associated with race/ethnicity and functional
status of CSHCN in the receipt of family-centered care. It is
possible that cultural or language differences accounted for the
differences in family-centered care among racial/ethnic groups.
The caregivers of CSHCN with functional status limitations
report greater problems with referral to specialists. One could
speculate that the referral needs of CSHCN with severe functional
status limitations are much higher and likely result in problems
in obtaining referrals to specialists. The association of functional
status with referral problems and family-centered care needs further
exploration. 

It is important to note that there are differences in the associ-
ation of socio-demographic factors and the five components of a
medical home. For example, mother’s education is an important
factor in access to a source of care and not important for the other
components of a medical home. Individual components of the
medical home should be examined separately. The relationship
between socio-demographic factors and having a medical home
must be understood in order to monitor and evaluate their
implementation. 

Limitations

Although the National Survey of CSHCN was designed to
make it possible to conduct state-level analyses, in-depth analysis
could not be performed because the sample size for North
Carolina was small. For this reason, specific categories among
the socio-demographic factors could not be examined. Another
important limitation involves the measure of having a medical
home in this study. The National Survey contains information
that can be used to measure the medical home concept.
However, it does not fully operationalize all of its characteristics.
If a different set of items were used to measure having a medical
home, the results may be different. Hence, the results of this
study can be compared only with other studies that use the
same items to measure the medical home concept. This point
is important when comparing studies across the United States

and studies across different points in time. The lower response
rate for the survey could have resulted in non-response bias.
Since this study is exploratory in nature, multiple comparisons
were made without correction, among socio-demographic factors
and the components of the medical home. This could have
resulted in a Type I error and in spurious associations. Hence,
the associations between socio-demographic factors and the
components of the medical home warrant further evaluation.
Finally, because of the cross-sectional nature of this study, a
causal relationship between the socio-demographic factors and
the presence of medical home cannot be established. 

Conclusions

Our study provides comprehensive information about the
characteristics of CSHCN in North Carolina and the experi-
ence of these children and their families with a medical home.
This information will be useful for North Carolina Title V
needs assessment reports to the MCHB. Children with special
healthcare needs belonging to specific minority groups and
CSHCN whose conditions cause some or severe limitation of
their activities were identified as at-risk for problems accessing
a medical home. Disparities in access to a medical home should
be considered in setting goals and in planning programs for
CSHCN using the medical home model. The data in this study
can be used to compare the health access situation for CSHCN
in North Carolina with other states and to evaluate state 
performance in the future.

Each component of the medical home model must continue
to be investigated. Since the lack of effective care coordination
is the most common problem identified by families of
CSHCN in North Carolina, strategies to improve performance
in this area should be pursued. While efforts are made to provide
certain components of a medical home, such as a usual source
of care, there is a need to work toward increasing the effectiveness
of care coordination and family-centered care to achieve the
Healthy People 2010 objective of providing a medical home to
all CSHCN in North Carolina. NCMedJ
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Abstract

Introduction: Recently, the Food and Drug Administration approved implantable left ventricular assist devices (LVAD) as destination
therapy (DT) for end-stage heart failure patients who are ineligible for cardiac transplantation. 

Objective and Study Design: This is a case series that describes the early results with DT LVAD at Duke University Medical Center
(DUMC). An additional objective is to provide general information to a broad group of caregivers on this LVAD therapy, which is a new
and developing treatment option.

Data Source/Collection Methods: Pretreatment clinical condition and outcomes data were collected retrospectively on this cohort
of patients through chart review. Outcomes in our patients are compared to data from prior studies and established databases. 

Principal Findings: Since approval of this therapy two years ago, 18 patients have been treated with implantable LVAD as DT at
DUMC. The primary reason for ineligibility for transplant was advanced age (median age was 66). Nearly all of the patients (89%) were
confined to the hospital requiring continuous inotropic infusions or temporary mechanical support (e.g., intra-aortic balloon pump) prior
to LVAD. The 30-day survival following LVAD implantation was 94.5%; one-year survival was 60%. Eighty-nine percent of patients
were successfully discharged to independent living. Operative mortality is similar to that of other cardiac surgery procedures performed on
patients with advanced heart failure, while duration of intensive care stay and hospitalization remain considerably longer. 

Principal Limitations: The principal limitation of this review is the absence of a control group of patients with end-stage heart failure
who received conventional therapies. For this reason, the DT LVAD outcomes are compared to prior studies and database results. 

Conclusion: Implantable LVAD therapy provides new hope for end-stage heart failure patients who do not qualify for cardiac transplantation.

Implantable Left Ventricular Assist Devices:
New Hope for Patients with End-Stage Heart Failure
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Introduction

eart failure (HF) remains a major public health problem
in developed nations. It is estimated that five million

individuals in the United States suffer from HF with over
550,000 new cases diagnosed annually.1 Roughly 100,000 patients
have end-stage HF, which is characterized by the presence of
symptoms at rest, refractory to standard oral medical therapies.2

Treatment options for these patients remain limited and include
inotropic infusions and cardiac transplantation.2 Treatment
with inotropes is associated with transient improvement in
symptoms, but reduced survival. In a study of patients with
end-stage HF treated with continuous outpatient inotropic

infusions (COSI trial), one-year survival was only 6%.3 Heart
transplant represents an effective treatment, but only about
2,000 transplants are performed annually in this country; this
number does not appear to be increasing despite efforts to use
marginal donor organs. Thus, while heart transplant provides
tremendous rewards for a select group, it remains epidemiologically
insignificant.

Given the limited options for these end-stage patients,
mechanical pumps have been in development for more than
three decades to replace the function of the failing heart. The
total artificial heart has been the most publicized mechanical
option. Unfortunately, the total artificial heart (TAH), which
requires removal of the native organ and provides replacement

H
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of both the right and left heart, has achieved limited application.
Approximately 200 patients have been supported in investigational
studies with these devices. There are two currently utilized
TAH products: the CardioWest™ device has been Food and Drug
Administration (FDA)-approved as a bridge to support patients
who have deterioration of native heart function and are awaiting
heart transplantation. Patients with this device are tethered to
a large external driver that operates the pump, making discharge
from the hospital difficult. The other TAH is the AbioCor®

device (ABIOMED, Inc.), which recently failed to achieve FDA
panel approval.4 Major limitations for these products have consisted
of thromboembolic complication and infection. 

A more positive experience has occurred with implantable
LVADs. Relative to the TAH, these devices attach more simply
to the native heart; the left ventricular apex is cannulated for
drainage of blood to the pump, and blood is pumped into an
outflow graft, attached to the ascending aorta (see Figure 1).
Development and testing of implantable LVADs has been ongo-
ing for several decades. More than 10,000 patients have been
supported with LVAD devices predominately as a bridge to
transplantation. Extensive experience with patients who have
been bridged to transplant suggested that these devices can
restore normal hemodynamics even in the setting of biventricular
failure. Home discharge and even return to employment has been
possible for patients with implantable LVADs.5 This positive
experience led to the Randomized Evaluation of Mechanical
Assistance for the Treatment of Congestive Heart Failure
(REMATCH) trial in which end-stage HF patients who were

not candidates for transplantation were randomized to optimal
medical management versus implantable LVAD.6 The
Heartmate® I device (Thoratec, Inc.) was utilized exclusively in
this trial. Patient’s treated with LVADs experienced significant
improvement in one- and two-year survival as well as improved
quality of life relative to optimal medical management.6 This
trial led to FDA approval of the Heartmate® I as a destination
therapy for patients with end-stage HF who fail to meet criteria
for transplantation. Destination therapy refers to utilization of
these devices as primary and final therapy rather than as a
bridge therapy to support patients until transplantation is possible.
Subsequently, the Centers for Medicare and Medicaid Services
(CMS) have approved designated destination therapy (DT) LVAD
centers. Duke University Medical Center has been designated as a
CMS-approved DT LVAD center. In this paper we review, our
early experience with implantable LVAD as primary treatment
for end-stage HF.

Methods

From July 2003 to July 2005, 32 patients were referred for
evaluation for DT LVAD at Duke University Medical Center
(DUMC). Fourteen patients were excluded from treatment
due to a variety of factors: (1) heart failure was not sufficiently
advanced, (2) patient refused LVAD treatment, or (3) patient
had inadequate financial resources. From this larger group, a
subset of 18 consecutive patients underwent DT LVAD treat-
ment at DUMC. The institutional review board of the Duke
University Medical Center approved prospective collection of
patient data and outcomes. Outcomes are reported as either early
post-operative events occurring within the first 30 days of the
LVAD implantation surgery, or late events occurring more than
30 days from the time of implant. Outcomes are reported as
means for normally distributed events and medians for skewed
distributions; range and standard deviations are provided where
appropriate.

All patients were felt to be poor candidates for cardiac trans-
plantation and did not meet traditional transplant criteria at the
time of LVAD implant. Patients were ineligible for transplant
due to: advanced age (n = 6), obesity (n = 5), renal insufficiency
(n = 2), compliance issues (n = 2), malignancy (n = 2), and
pulmonary insufficiency (n = 1). The most common reasons
that patients were turned down for transplant were advanced
age and obesity.

Results from the Duke DT LVAD cohort are compared to
results from established cardiac surgery procedures performed
on heart failure patients. Society of Thoracic Surgery data are
shown for cardiac transplantation (n = 1,683 cases) and LV
aneurysm resection (n = 277 cases) from 2000-2004.13 In addition,
results are compared to published data from the REMATCH
and COSI trials (see Figure 2). 

Results

Median age for the Duke DT LVAD group was 66 and
ranged between 39 and 75; a disproportionate number were

Figure 1.
Implantable Ventricular Assist Devices

The Heartmate® II LVAD system is shown.The pump drains from
the left ventricle via an apical cannula. Blood is pumped into the
ascending aorta via an outflow graft.The Heartmate® II provides
an axial flow with an Archimedes screw design. It is valveless and
currently being tested as a DT LVAD.



older than age 65 because this is a common age cut-off for
transplant surgery. One third (33%) were females. Fifty percent
suffered from non-ischemic cardiomyopathy. All patients had
end-stage heart failure with symptoms at rest despite standard
medical treatments. Sixty-one percent of the patients were
maintained on inotropic infusions preoperatively for clinical
and/or hemodynamic evidence of cardiogenic shock.
Preoperative mechanical support with intra-aortic balloon
pump or temporary LVAD, in addition to inotropic infusions,
was present in 28% of the patients (see Table 1). The
HeartMate® I pulsatile LVAD was used in 16 of the 18 patients,
while two smaller patients received the Heartmate® II axial flow
device as part of a prospective FDA-sponsored trial (see Figure 1).

Thirty-Day Post-Operative Outcomes (see Table 2). Early
death occurred in one of 18 patients (5.5%), which compares
favorably to 30-day mortality in the Society of Thoracic
Surgeons (STS) national cardiac surgery database of 3% for
heart transplant and 7% for left ventricular aneurysm repair.13

This patient expired due to pulmonary embolism. Most
patients had an elevated preoperative creatinine, and many
patients experienced elevation in post-operative serum creatinine,
but none of the patients progressed to require dialysis during
the post-operative period (see Tables 1, 2). There was one peri-
operative stroke, which resulted in only a mild motor deficit.
The incidence of serious post-operative bleeding that required
patients to return to the operating room was 11%. There were
no serious mediastinal or pump pocket infections during the
early post-operative period. Median duration of hospitalization
was 21 days, and median duration of initial intensive care unit
(ICU) stay was six days (see Table 2). Discharge to independent
living was achieved in 16/18 patients. 

Late Outcomes (see Table 3). The vast majority of patients
were discharged to independent living (89%); all of these
patients were ambulatory without significant neurological
deficits or mental status impairment. None of the patients
required permanent placement in a nursing home or chronic
care facility. Overall, one-year survival was 60%, which compares
favorably to survival rates (52%) for patients receiving an
LVAD in the REMATCH trial. In addition to the one post-
operative death, there have been a total of five additional deaths
in this group. The causes of these late deaths were progression
of malignancy (1), intracranial hemorrhage (2), sudden device
failure (1), and overwhelming LVAD infection (1). One of the
two intracranial hemorrhage deaths occurred in a patient with
severe hypertension and was not thought to be attributable to
LVAD therapy. Both episodes of intracranial hemorrhage
occurred in patients anticoagulated with Coumadin® (one for
atrial fibrillation and the other for deep venous thrombosis).
Notably, the post-operative protocol for the HeartMate® I
device, which was utilized in the majority of these cases, is for
aspirin alone. Readmission during the first year after device
implantation was 50%. Late embolic stroke occurred in two
patients and neither experienced a persistent or disabling
deficit. One of these embolic strokes occurred in the setting of
LVAD endocarditis; this patient represented the only major
LVAD infection in our cohort. A need for device replacement
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Table 1.
Preoperative Destination LVAD Patient
Characteristics (N = 18)

Mean age 66 
Sex (% male) 67%
Non-ischemic cardiomyopathy 50%
Mean LV ejection fraction 15% ± 5%
Inotropes 61%
Mechanical support 28%
Mean creatinine 1.5 ± 0.6

Table 2.
Post-Operative (30-day) Outcomes (N = 18)

30-day mortality 5.5%
Median ICU stay 6 days (range 1-76 days)
Median hospital stay 21 days (range 14-111 days)
Major infection 0%
Need for dialysis 0%
Take back for bleeding 11%
Embolic stroke 5.5%

Figure 2.
One-Year Survival for Patients with End-Stage
Heart Failure

One year survival is shown for four groups of patients who had
end-stage HF. The results of the REMATCH trial are shown for
both the optimal medical management (OMM) group as well as
the LVAD group. There was significant survival benefit to LVAD 
treatment compared with OMM in REMATCH. Relative to these
results, the survival for 36 end stage HF patients treated by 
continuous outpatient support with inotropes (COSI trial) is also
shown. Finally, the Duke DT LVAD (N = 18 patients) survival is
shown.
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occurred in three late survivors; two of the three replacement
procedures were accomplished successfully. Reevaluation for
transplantation occurred in four patients with two of these
being accepted for transplant listing and ultimately receiving
transplants. One patient achieved significant weight loss during
LVAD support, enabling transplantation; the other patient
maintained smoking cessation, allowing for transplantation. 

Discussion

The preoperative status of this DT LVAD group reflects end-
stage heart failure with the majority of patients requiring inotropic
support or even some form of mechanical support. Most com-
monly pre-LVAD mechanical support consisted of intra-aortic
balloon pump in patients with ischemic cardiomyopathy. Some
degree of end-organ compromise existed in this group manifested
by elevated serum creatinine. Despite the compromised preopera-
tive status, post-operative survival (30-day) compares favorably to
that of more conventional cardiac surgery, which is performed in
HF patients. The 30-day Duke DT LVAD survival was slightly
better than that reported for LV aneurysm repair, a commonly

performed procedure in HF patients. The Duke DT LVAD 30-
day survival is slightly less than cardiac transplant survival. 

The encouraging 30-day survival rate in this population
reflects increased experience with LVAD patients and perhaps
improved perioperative strategies to control bleeding and right
heart dysfunction.5 Only 11% of patients returned to the 
operating room for bleeding, and none of the patients required
mechanical support for right heart failure. All 18 patients were
supported with inhaled nitric oxide and milrinone during the
immediate post-operative period to prevent significant right
ventricle dysfunction. 

Post-operative length of hospital stay (21 days) and ICU
stay (six days) for the Duke DT LVAD cohort remain high and 
represent an important area for future improvement. Relative
to other cardiac procedures performed on HF patients, length
of ICU stay and total hospitalization are markedly increased for
DT LVAD (see Figure 3). These prolonged stays are important
relative to patient quality of life and the economic feasibility of this
therapy. The longer stays, in part, reflect the newer technology of
LVADs. Furthermore, recovery of nutritional status, restoration
of skeletal muscle function, and management of depression and
psychological issues are additional factors inherent to this very
sick cohort of patients, which prolong the post-operative hospital
stay. Anticipation of these problems and a systematic treatment
strategy may yield improved results.

Length of ICU stay and duration of hospitalization for 
surgical procedures on advanced HF patients.

The majority of patients in this series have now survived
beyond the first year. Comparison of the Duke DT LVAD group
to the REMATCH LVAD group suggests a trend toward
improved outcomes at one year.6 Indeed, the post-approval DT

Table 3.
Late Outcomes (N = 18)

Discharged to independent living 89%
Readmission 50%
Overall embolic stroke 16.5%
Major device infection 5.5%
Device replacement 16.5%
One-year survival 60%

Figure 3.
Length of ICU Stay/Hospitalization for Surgical Procedures on Advanced HF Patients

The ICU length of stay (in days) during post-operative recovery is shown for the Duke DT LVAD group (N = 18) relative to ICU length 
of stay for cardiac transplant and left ventricular aneurysm repair (STS national cardiac surgery database 2001-2004). Median values 
are shown.The total length of post-operative stay (in days) is shown for the Duke DT LVAD group (N = 18) relative to that for cardiac
transplantation and left ventricular aneurysm repair (STS national cardiac surgery database 2001-2004). Median values are shown.



114 NC Med J March/April 2006, Volume 67, Number 2

LVAD practice at large volume centers has shown trends toward
improved one-year survival relative to REMATCH LVAD.7,9

Relative to groups of patients with end-stage HF, who have been
managed solely with infusions of inotropes, survival at one year
is markedly improved with DT LVAD treatment. In fact, relative
to the COSI trial, the one-year survival for the Duke DT
LVAD group is an order of magnitude better (6% versus 60%)
(see Figure 2). These results argue strongly that inotrope-
dependent HF patients who are not eligible for transplant
should be offered the option of DT LVAD.

Embolic stroke historically has represented an important
limitation to mechanical heart support, but in this small series
of patients, only three patients suffered documented embolic
stroke. None of these events led to significant permanent
deficits. These three patients remained ambulatory, did not
require nursing home placement, and maintained an independ-
ent life style. One of these events occurred in a patient who also
suffered LVAD endocarditis and, ultimately, died from sepsis.
This favorable rate of embolic stroke is probably device-specific
and reflects the low thromboembolic risk for the HeartMate® I
device, which was used in the majority of cases. The
HeartMate® I features a textured blood contacting surface, which
allows for “neointimal deposition” and low thromboembolic
rates. Most patients were maintained on aspirin as the only
form of anticoagulation. 

Three out of the 16 patients treated with the HeartMate® I
device experienced major device wear with one patient experi-
encing rapid hemodynamic deterioration and death. Fortunately,
device replacement has been successful at our center. Multiple
modifications have been made to the HeartMate® I design to
reduce valve and bearing wear and improve durability.8

Furthermore, current destination LVAD trials including the
RELIANT (Randomized Evaluation of Novacor LVAS In A
Non-Transplant population) trial and the HeartMate® II trial
hope to document greater durability with newer pump designs
(see Figure 1).

This small series also illustrates how DT LVAD treatment may,

in certain patients, enable reconsideration for transplantation. Of
the 18 patients implanted, four were re-evaluated for transplant.
Two patients were deemed suitable for transplant listing: one
experienced substantial weight loss and achieved a specified
weight goal, while the other patient achieved sustained abstinence
from smoking. Many of the criteria for transplant listing represent
variables that may change over time. Therefore, it is expected that
some DT LVAD patients may become eligible for transplant list-
ing after a period of extended support. Another example of this
scenario is the group of patients who may have severely elevated
pulmonary vascular resistance associated with advanced heart
failure. Traditionally, these patients are ineligible for transplant
because of the risks of right heart failure post-transplantation.
Management of these patients with chronic LVAD support may
restore more normal pulmonary vascular resistance enabling
re-consideration for transplant.

An important limitation to this report is that it is a case series
without a formal control group. Furthermore, while a variety of
outcomes are reported, quantitative measures of quality of life
were not performed for the Duke DT LVAD cohort. Lastly, the
current cost of an implantable LVAD is approximately $70,000.
Therefore, cost is a limiting factor. This increased cost may be
reduced as additional types of LVADs achieve FDA approval.

In summary, implantable LVAD treatment is now a viable
option for patients with end-stage HF, who do not qualify for
cardiac transplantation. The appropriate population for LVAD
therapy includes patients with recurrent decompensation
despite optimal medical therapy. Patients who require continuous
infusion of inotropic agents have very limited survival and should
be offered DT LVAD. The REMATCH trial demonstrated that
implantable LVAD treatment offers both a survival and a quality
of life advantage for these end-stage HF patients.6 Operative
mortality for the Duke DT LVAD cohort compares favorably
to that of other surgical procedures performed for advanced
HF. Furthermore, trends are toward improved long-term outcomes,
and newer LVAD devices, which offer greater durability (see
Figure 1), are now being tested. NCMedJ
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eart failure (HF) is a growing epidemic in the United
States. Nearly five million patients suffer from this disease,

with 400,000-600,000 new cases identified each year. Within
this population exists a subset of individuals, estimated
between 50,000-150,000, who has a severe form of HF. These
patients in New York Heart Association III/IV or class Da heart
failure are symptomatic despite excellent medical therapy,
require frequent hospitalizations, and carry a mortality rate that
rivals metastatic malignancies.1 Although heart transplant
remains a viable option for these desperately ill patients, the
availability of donor organs limits our use of this therapy to
roughly 2,000 each year. Mechanical circulatory devices—
ranging from intra-aortic balloon pumps to the total artificial
heart—have been utilized to help many of these patients. Over
the last decade, widespread use of left ventricular assist devices
(LVAD) has significantly impacted the natural history of end-stage
HF. Three conceptual paradigms exist for the use of LVADs:
bridging a patient until heart function recovers, bridging until
a suitable organ for transplantation is available, and implantation
as end-of-life therapy in lieu of transplantation—often referred
to as Destination Therapy (DT). 

As observed in the seminal Randomized Evaluation of
Mechanical Assistance for the Treatment of Congestive Heart
Failure (REMATCH) trial, which randomized class IV HF
patients who were ineligible for heart transplantation to best
medical therapy versus LVAD implantation, this disease is
aggressive.2 Compared to optimal medical managements,
patients receiving LVADs had an increased one-year (52% versus
26%) and two-year (28% versus 8%) survival rate, as well as an
improved quality of life.2 In late 2003, the Centers for
Medicare and Medicaid Services designated more than 50 cen-
ters nationwide as implant DT centers. Importantly, for the

readers of the North Carolina Medical Journal, only two centers
in North Carolina, South Carolina, Georgia, southern Virginia,
and eastern Tennessee have been given this designation: Duke
University Medical Center and the University of North
Carolina at Chapel Hill.

In this issue of the North Carolina Medical Journal, the HF
surgeons and cardiologists from Duke University Medical
Center present their early series of patients over the last two
years who have received LVADs for destination therapy.3 Dr.
Milano and his team should be commended for their impressive
results in this challenging and severely ill group of patients.
Eighteen patients deemed ineligible for heart transplant (sec-
ondary to age, obesity, renal failure, malignancy, compliance
issues, or respiratory insufficiency) with end-stage HF (61% on
intravenous inotropes and 28% with intraaortic balloon pumps)
received the Heartmate® LVAD. Compared to the REMATCH
cohort, the Duke investigators had lower operative mortality,
lower stroke rate (well below the nearly 40% neurologic event rate
noted in REMATCH), less perioperative bleeding, and preserved
right ventricular function. Their infection rate was also markedly
lower than the REMATCH group. These technical proficiencies
translated to relatively low intensive care unit and hospital length
of stays. At one year, 60% patients were alive with the majority
living independently; again, better than the REMATCH group. 

Others have reported post-REMATCH improved outcomes
with DT.4 Although the reported results are indeed admirable,
the technology with pump refinement as well as new, innovative,
and smaller axial flow pumps will likely make short- and long-
term results for LVAD even better. Unfortunately, these therapies
come with great cost. The authors spend little time discussing the
economic and health policy issues intrinsic to such expensive
device therapy. Although they mention the current cost of the

H

a Heart failure is frequently classified by the severity of symptoms.The New York Heart Association (NYHA) classified heart failure into
Class I, II, III or IV. Classes III and IV are moderate and severe, respectively.The ACC/AHA have created guidelines that complement the
NYHA classification.
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LVAD at $70,000, that only buys the actual device at the time of
surgery. For this particular device, nearly $35,000 is needed to
purchase components to allow their discharge from the hospital.
In addition, hospital and intensive care stays are typically quite
high for these patients, such that total implant costs are typically
more than $200,000.

Consequently, all hospitals offering LVAD therapy as destina-
tion therapy, including Duke and UNC, as well as public and
private insurers, must confront a host of ethical and economic
dilemmas as use of such devices becomes more widespread. Is
this a just and efficient use of medical care resources? Who
should have priority to receive such treatments? Do the benefits
of LVADs as DT justify their high costs at a time when healthcare
inflation is pricing millions of Americans out of the health
insurance market? How much money should cash-strapped
state Medicaid programs spend on this technology given other
competing demands? And what are the implications for a
Medicare program, which already faces substantial fiscal pressures
in coming years as the baby boomers retire?   

These questions will not be easily resolved. Preliminary
assessments of LVAD’s cost effectiveness have not been favor-
able.5 Clear assessment of cost-effectiveness ratios are difficult

to calculate, ranging from $37,000 per quality-adjusted life
year (QALY)6 to $802,700/QALY.7 These costs must be
weighed in the context of other valuable therapies, including
cholesterol testing ($330/QALY) and home hemodialysis
($25,000/QALY). Yet, given the scarcity of available transplants,
the life-saving difference they make for some HF patients, and
the prior contribution of medical technologies to improving
cardiovascular health outcomes,8 LVAD’s promise cannot be
easily dismissed. This is a rapidly changing area of medicine,
and as pump technology evolves, so too will calculations of
costs and benefits. That is, the cost effectiveness of LVADs is
likely to improve with further technological developments and
clinical experience. Conversely, even if LVAD costs decline,
total spending on this technology will rise considerably if it is
utilized more widely and indications broaden. Studies such as
those reported in this issue of the North Carolina Medical
Journal indeed show both the feasibility and utility of LVAD
therapy as end-of-life therapy for HF patients. As LVAD therapy
continues to evolve, attention to clinical effectiveness should
also be accompanied by awareness of the compelling ethical
and economic implications raised by widespread implementation
of this innovative therapy. NCMedJ
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INTRODUCTION

Policy Forum:
Prostate Cancer: Screening, Diagnosis, Treatment, 

and Follow-Up Care

In this issue of the North Carolina Medical Journal, we focus on one of the most common
cancers among men in our nation—a cancer for which there are excellent technologies for early
detection and definitive diagnosis, as well as several options for treatment. It is a disease where
North Carolina’s adult male population seems to exhibit an incidence greater than for the
nation as a whole, with African American men being diagnosed with the disease more frequently
than whites. Similar findings have been observed with regard to mortality from prostate cancer
as well, with dramatic disparities between United States men and North Carolina men, as well
as between African American and white men. Such data raise questions about disparities in
access to (or participation in) proper screening for the disease, and also about the accessibility of
treatment options and possible biological differences among racial groups in susceptibility to the
disease itself. 

Prostate cancer is a condition for which there should be fairly low mortality if screening
and definitive diagnosis occur early, when the disease is localized to the prostate. Yet, it
remains the second leading cancer-related cause of death among men in this country.
Educational campaigns about this disease, the availability of both screening and treatment
facilities, and efforts to dispel the widespread fear of the consequences of treatment (such as
incontinence and/or sexual dysfunction) have not had the desired effect. 

In this issue of the Journal, Dr. Culley Carson, Chief of the Division of Urology at the
University of North Carolina (UNC) School of Medicine, has written an Issue Brief summarizing
the overall situation with regard to the screening for and detection, diagnosis, and treatment of
prostate cancer. Dr. Carson’s overview is followed by North Carolina Senator David Hoyle’s
personal reflections on being diagnosed and treated for prostate cancer. Those who have gone
through the various steps toward surgery will find familiarity in his commentary. These two
papers provide both a contemporary overview of the medical science and available treatments
for this condition, as well as an appreciation for how the disease can affect an individual faced
with this diagnosis.

We have included commentaries by a number of experts from North Carolina and elsewhere
dealing with the diagnosis and treatment, as well as the epidemiology, of this disease. Drs.
Gaston and Pruthi of UNC offer a detailed discussion of the disparities among white and
African American men in the experience of prostate cancer, its natural progression, and response
to treatment. Similar data are reported in a succinct way by Dr. Deborah Porterfield of the
North Carolina Division of Public Health in our regular “Running the Numbers” section. 

Drs. Paul Maroni and David Crawford of the University of Colorado provide a detailed
discussion of contemporary methods and programs for screening adult men for this disease.
We invited Dr. Michael Weinstein of Director of WakeMed’s Department of Clinical
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Laboratories to discuss how the clinical pathologist deals with the diagnosis of prostate cancer,
as well as new technologies for the assessment of laboratory specimens in reaching a definitive
clinical diagnosis. Dr. Eric Wallen from the UNC Department of Surgery describes contemporary
surgical approaches to the treatment of prostate cancer. Dr. Scott Sailer from Wake Radiology
Associates describes current approaches from the perspective of radiation oncology. Dr.
William Berry from the Cancer Centers of North Carolina provides a detailed description of
endocrine and chemotherapeutic interventional options and their appropriateness for the
treatment of this disease. 

Following this rather comprehensive array of clinical commentaries, we are fortunate that Drs.
Rachael DiSantostefano and John Lavelle of UNC-Chapel Hill have been willing to discuss the
economic aspects of prostate cancer, including the implications of policies related to screening,
diagnosis, and treatment.

We are grateful to our colleagues for summarizing the latest in available technologies for
screening, diagnosis, treatment, and after-care and for making this information available to
our extensive readership. We know there are controversial aspects to some prostate cancer
approaches and unknown implications of some recently developed therapies, but this is one
area of contemporary medical science and practice where considerable progress has been
made. It is our view that understanding this forward movement cannot take place without an
appreciation of the many clinical disciplines involved in both the diagnosis and the treatment
of this disease. 

As always, we welcome the comments and observations of our readers on these and other
contributions to the Journal. 

Gordon H. DeFriese, PhD
Editor-in-Chief 
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Carcinoma of the Prostate:
Overview of the Most Common Malignancy in Men

Culley C. Carson III, MD

n the United States and North Carolina carcinoma of the
prostate is the most common non-cutaneous malignant

process and second most common cause of cancer death among
United States men. Since carcinoma of the prostate strikes middle-
aged and elderly men and usually has a prolonged progression,
the controversy regarding the health effects, treatment, survival,
and, most importantly, screening continues throughout the
medical literature. Because of this prolonged course and the
difficulty with identifying the most indolent tumors, it has
been widely suggested that prostate cancer is over diagnosed, as
many men may live with prostate cancer with no effect on
either their quality of life or ultimate
longevity. 

More than 230,000 men are diag-
nosed with prostate cancer in the
United States annually. Of these,
more than 30,000 die of their disease.
Mortality from prostate cancer is,
therefore, second only to lung cancer
for men in the United States.1 The
possibility of an American man
acquiring prostate cancer during his
lifetime is approximately 15%. Of
great importance, however, is the fall in prostate cancer mortality
witnessed since 1994. Similarly, the incidence of prostate cancer
in all populations has begun to decline, with the initial decline
beginning in 1993. This decline is observed in both white and
black patients.1 While the etiology of carcinoma of the prostate
remains elusive, some associated risk factors have been identified.

Risk Factors

Genetic influences may determine the risk of carcinoma of
the prostate in some men. Indeed men with first-degree male
relatives with prostate cancer have more than a two-fold
increase in their incidence of prostate cancer, and men with two
or three first-degree relatives with carcinoma of the prostate
may have as high as a five-to-ten fold increased risk.

Approximately 10-12% of prostate cancer cases are genetically
influenced, and these most often manifest as prostate cancer in
patients under age 60. This genetic increase is most marked in
African American men. The highest risk for prostate cancer for
African American men is seen in eastern North Carolina.2 The
reason for the high prevalence of prostate cancer remains contro-
versial. Men living in Africa have one of the lowest prevalences of
prostate cancer in the world. Diet may have an influence, as diets
high in saturated fat have been associated with increased risk
for prostate cancer, while antioxidants, such as selenium,
lycopenes, and vitamin E, have been reported to decrease risk.

Indeed, the lifestyle trait in United States men that is most
highly associated with both the incidence and mortality of
prostate cancer is diet. Diets high in meat with high animal fat
and low levels of fruits and vegetables appear to be associated
with higher risks and mortality from prostate cancer.3 A
prospective study of more than 50,000 men reporting diet and
associated risk of prostate cancer demonstrated that red meat
consumption was highly associated with carcinoma of the
prostate.3,4 Studies have also demonstrated decreased prostate
cancer among men consuming the antioxidant, selenium, and
vitamin E.4 A current, ongoing study (SELECT) further eluci-
dates this association.5 Because of the many basic science and
epidemiologic studies that suggest there is decreased prostate
cancer prevalence with the intake of antioxidants, it appears
that oxidative stresses may contribute to the genesis of prostate

“...it has been suggested that 
the PSA threshold for biopsy of 

4.0 ng/ml should be lowered. Such 
lowering, however, will increase the
number of biopsies performed...”

I
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cancer. These oxidants, in addition to diet, may be produced by
environmental exposures and inflammation. Indeed androgens
(steroid hormones, such as testosterone) associated with prostate
cancer may increase oxidant effects in prostate cancer cells.6

Increasing evidence suggests that chronic inflammatory
processes may have an etiologic role in human cancers, including
prostate cancer.7 While the symptoms of inflammation or infec-
tion in the prostate are uncommon preceding the diagnosis of
prostate cancer, radical prostatectomy specimens often demon-
strate evidence for chronic inflammatory conditions. Although
the association of these prostatic conditions continues to
strengthen, no specific etiology has been defined. Inhibition of
GSTP1 gene expression, which encodes glutathione S-transferase
capable of cell damage from oxidant stress, and is frequently
found in prostate cancer cells. Lesions of proliferative, inflam-
matory atrophy with activated inflammatory and epithelial
cells may be precursors to prostatic carcinoma.7 Clinically,
other non-specific inflammatory markers, such as C-reactive
protein also have been associated with rising PSA levels and
prostate cancer.8

Prostate Cancer Prevention

The fact that prostate cancer occurs in such high numbers of
men and later in life in addition to evidence suggesting environ-
mental influences in its etiology, chemoprevention has long
been discussed and investigated. Prostate cancer prevention, if
simple and well tolerated, would significantly limit the financial
costs of screening and treatment, as well as, the psychological
cost and morbidity and, ultimately, the mortality from prostate
cancer of a large portion of the 30,000 or more men who die
each year from this difficult disease. Because it is well known
that males with low androgen levels have a decreased prevalence
for prostate cancer (and eunuchs rarely are afflicted with
prostate cancer), androgen manipulation is a natural target for
prostate cancer prevention. 

Certain Pharmaceuticals May Help Prevent Prostate Cancer
The Prostate Cancer Prevention Trial (PCPT) was the first

large population-based trial to test chemoprevention in men
with carcinoma of the prostate.9 This study, begun in 1993,
accrued more than 18,000 men over age 55 with normal digital
rectal examination (DRE) and prostate-specific antigen (PSA)
values of less than or equal to 3.0 ng/ml. Because men with
congenital deficiency of Type II, 5 alpha reductasea do not suffer
from either benign prostatic hyperplasia (BPH)—enlargement
of the prostate or prostate cancer, Finasteride (a pharmacologic
agent designed to block Type II, 5 alpha reductase) was used in

this trial. Men were randomized into two groups: (1) a placebo
group or (2) a treatment group that took 5 mg of Finasteride
each day for seven years. Subject’s in both groups received a
biopsy during the study if any of the following three indications
occurred: (1) PSA level exceeded 4.0 ng/ml, (2) digital rectal
examination was abnormal, or (3) PSA values rose significantly
with Finasteride. Subjects who completed the seven-year study
without indication received an end-of-study biopsy. Because
the National Institutes of Health (NIH) Data Safety and
Monitoring Committee identified a substantial reduction in risk
among subjects taking Finasteride, the study was concluded 15
months prior to its scheduled end date. Once analyzed, data
from this study demonstrated a reduction in the prevalence of
prostate cancer by 24.8% in patients randomized to
Finasteride. However, a larger percentage of subjects treated
with Finasteride (6.4%) were found to have more severe malig-
nant tumors (Gleason scoresb of 7-10) than subjects in the
placebo group (5.1%). While sexual side effects were experi-
enced by patients in the Finasteride arm, urinary symptoms
(lower urinary tract symptoms) were more common in the
placebo group. Although researchers found that a reduction in
prostate cancer risk among patients treated with Finasteride
was present in subjects who received biopsies due to the three
indications and to those who completed the study without
indication, there were equal numbers of deaths due to prostate
cancer in each group. While this study continues to be contro-
versial, and the increased incidence of higher-grade cancers in
the Finasteride-treated men appears to be explained by changes
in prostate size and tumor interpretation, the PCPT trial is the
first convincing demonstration that prostate cancer can be pre-
vented by a tolerable oral medication without significant adverse
events.

Prostate Cancer Screening

Because prostate cancer rarely causes early symptoms, the
diagnosis of prostate cancer is best performed by physical exam-
ination and laboratory testing. Digital rectal examination (DRE)
has long been the cornerstone for the diagnosis of carcinoma of
the prostate. Areas of palpable induration (hardness), firmness,
and asymmetry of the prostate gland strongly suggest the presence
of carcinoma. While BPH produces prostate enlargement, indura-
tion of the posterior prostatic lobe strongly suggests a diagnosis of
prostate cancer. However, cancers found on DRE are more often
of advanced pathologic stage; a diagnosis before nodules are
formed improves prognosis.10 DRE alone may miss as many as
45% of cancers subsequently identified by prostate biopsy fol-
lowing observation of rising PSA.11 Abnormal DRE appears to

a Type II, 5 alpha reductase is an enzyme responsible for regulating the conversion of testosterone to dihydrotestosterone (DHT) in the
liver.

b The Gleason scoring system grades prostate cancer patterns from 1 (well differentiated malignancy) to 5 (poorly differentiated malignancy).
The Gleason combined score or grade is then computed by adding the most abundant Gleason grade pattern to the second most abun-
dant Gleason grade pattern to obtain a Gleason sum. This score from 2 to 10 has been demonstrated to be accurate in predicting patient
outcomes. Gleason scores of 2 to 6 respond best to primary treatment with significantly lower recurrence rates than Gleason scores of 8
to 10. In a group of more than 8,000 men diagnosed between 1989 and 2001, men with low-risk histories rose from 29.8% to 45.3%.27
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be dependent upon PSA level, patient race, and age. There is a
higher predictive value for DRE in African American men, older
men, and men with higher PSA levels.12

PSA testing has significantly changed the diagnosis of
prostate cancer since its introduction in the early 1990s. PSA is
an enzyme (human kallikrein serine protease) that is encoded by
the genes of chromosome 19. PSA is produced predominantly
by the columnar secretory cells of the prostate and is present in
high levels in the ejaculate. PSA first becomes detectable in the
serum during puberty when steroid hormone levels increase. As
patients age, their PSAs continue to rise, and there is an age-
associated PSA value. Similarly, PSA rises with prostate volume
and can be used as a surrogate marker for prostate size. Baseline
PSAs in patients without prostatic malignancies are higher in
African American men than in white men.13

Produced by the prostate in both benign and malignant
conditions, PSA is a more accurate prostate marker than a prostate
cancer marker. Any condition that produces prostate inflammation
or disrupts prostate tissue will produce an elevation in PSA. This
includes benign conditions such as BPH, prostatitis, urinary
retention, prostatic infarction, prostate biopsy, and vigorous prosta-
tic massage. While these inflammatory and surgical conditions
produce changes in PSA, studies of ejaculation prior to PSA
determination have not demonstrated convincingly a change in
PSA level.14 The 5 alpha reductase inhibitors, such as
Finasteride and Dutasteride, reduce PSA levels to approximately
50% of baseline by six to 12 months following treatment.15

While the use of PSA screening in identifying prostate cancer
continues to be controversial, there are many studies that have
demonstrated the importance of PSA testing to diagnose
prostate cancer. Because PSA is more sensitive and specific than
DRE alone, the detection of prostate cancer with a combination

of PSA and DRE has a significantly higher predictive value than
either study alone. In fact, PSA values in screening populations
have the highest predictive value.11 Longitudinal follow-up
population studies using banked serum samples have reported a
five-year lead time of prostate cancer diagnosis from PSA levels
with 4.0 ng/ml as initial cutoffs.16 Because PSA can be elevated
by benign conditions, and elevations in PSA trigger prostate

biopsies, efforts have been made to improve the accuracy of PSA
determinations. Newer tests, such as the free and total PSA
ratio,c prostate specific membrane antigen (PSMA),d complexed
PSA,e and others, are under investigation for improving PSA
accuracy. Current practice, however, can employ PSA density,
an adjustment in PSA level to account for prostate volume.
Adjusting the PSA level for prostate volume permits increased
accuracy. More commonly, however, PSA velocity is used. PSA
velocity measures changes in serum PSA values over time.17

PSA Threshold for Prostate Biopsy

Controversy continues regarding the interpretation of PSA
values and the threshold for which a biopsy is required. The
ideal PSA value for differentiating prostate cancer from benign
prostates remains elusive. The standard PSA value differentiating
normal from abnormal prostates of 4.0 ng/ml was established
in 1990.18 Because many prostate cancers can be present and
even significant at PSA levels below 4.0 ng/ml, investigation
has focused on the percentage of cancers missed at levels below
4.0. In the PCPT trial, end-of-study biopsies were correlated to
PSA levels. Of 2,950 men biopsied, 449 (15.2%) were found to
have prostate cancer with PSA levels less than 4.0. Of those men
with PSAs between 3.1 and 4.0, 26.9% had positive biopsies, of
which 25% were high-grade malignancies. Even among
patients with PSA levels less than 0.5 ng/ml, 6.6% had positive
biopsies at end-of-study. These data strongly suggest that PSA is
better when focused on density or, more conveniently, velocity to
differentiate those patients at high risk for prostate cancer and
positive biopsies.19 Based on this study, it has been suggested that
the PSA threshold for biopsy of 4.0 ng/ml should be lowered.
Such lowering, however, will increase the number of biopsies per-

formed. The controversy continues. 
PSA velocity appears to be more helpful in a

clinical setting. Outcome studies have demonstrated
that PSA velocity of greater than 2.0 ng/ml per
year is associated with significantly higher death
rates from prostate cancer when compared with
lower PSA velocities.20,21 Thus, annual PSAs in
patients at risk are important for the identification
and treatment of carcinoma of the prostate.
Because a single PSA value may be less accurate,
PSA velocity, rise in PSA over time, may be a better
indicator for prostate biopsy. In a prospective

screening study, a velocity threshold of 0.75 ng/ml per year was
used to differentiate patients. Using this threshold of velocity,
47% of men with velocities greater than 0.75 ng/dl were diag-
nosed with prostate cancer compared with only 11% of those
with velocities less than 0.75 ng/ml.22 In a European study
where men were followed for four years, PSA velocity was 0.62
ng/dl per year for men with prostate cancer compared with

c The free and total PSA ratios are used to measure the percentage of free PSA relative to the total amount of PSA in a patient's blood sample.
d Prostate specific membrane antigen is a PSA produced by the membrane of prostate cancer cells.
e Complexed PSA is a test that measures the level of PSA,which has been complexed or bound with a certain protein (alpha-1-antichymotrypsin)

in a patient’s blood sample.

“Because a single PSA value
may be less accurate, PSA

velocity, rise in PSA over time,
may be a better indicator 

for prostate biopsy.”
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0.46 ng/dl per year for those without cancer. PSA doubling time
was 5.1 years with prostate cancer and 6.1 years with negative biop-
sies.23 In men with low PSAs, however, PSA velocity appears to
be less accurate in selecting men for prostate biopsy.24 Thus,
PSA change over time appears to be more valuable than static
values in selecting which men will require prostate biopsy.

Biopsy

Once a suspicious PSA has been identified by value, density,
or velocity, a transrectal, ultrasound-guided prostate biopsy is
the most accurate technique for identifying prostate cancer.
This outpatient procedure is usually performed using local
anesthetic injection of the periprostatic nerves and can be done
in an office setting. Although transrectal ultrasound typically
does not demonstrate specific areas of suspicion, the procedure
permits prostate targeting, which allows accurate sampling of
all portions of the prostate. For repeat biopsies where initial
malignancy is not identified and PSA continues to rise, careful
sampling of the transition zone is important to eliminate less
common foci of prostate malignancy. 

Biopsies of the prostate are safe and have a low incidence of
morbidity. In a series of more than 5,800 prostate biopsies, fewer
than 0.5% of men required hospitalization; however, only
2.6% of men reported self-limiting hematuria (blood in urine)
and occasional 50.4% hematospermia (blood in semen) early
following biopsy.25

The diagnosis of prostate cancer, once made through transrec-
tal needle biopsy of the prostate, is graded by histopathology using
the previously mentioned Gleason grading system.26 Staging of
prostate cancer is performed using the standard TNM system (see
Table 1). TNM describes the extent of the primary tumor (T
stage), the absence or presence of spread to nearby lymph nodes (N
stage), and the absence or presence of distant
spread, or metastasis (M stage). Staging can be
performed pre- and post-treatment, and the
most definitive staging occurs following radical
prostatectomy. With the advent of PSA testing,
there has been a dramatic shift to diagnoses at
lower stages and, thus, more likelihood of organ-
confined cancer.27 While imaging studies can be
helpful in patients with extensive carcinoma of
the prostate, further staging assistance using cross
sectional imaging of the pelvis by computerized
tomography or magnetic resonance imaging
have not added to the accuracy of cancer staging.

Treatment of Localized Prostate Cancer

Treatment of localized prostate cancer requires significant
discussion with patients regarding outcomes, morbidity, mor-
tality, and requirement for treatment. Choices include: watchful
waiting, radical prostatectomy, interstitial brachytherapy
(radioactive seed implantation), and external beam radiation
therapy. Choice of treatment alternative is based upon the
individual, his family, and prognostic factors, such as stage, grade,
and the patient’s general physical condition. Over the past
decade with the use of PSA, treatment of prostate cancer
patients has decreased in average patient age and average stage.
During this same time, surgery and radiation therapy for
prostate cancer has significantly improved. Radiation therapy
applied with conformal external beam techniques or the
implantation of small radioactive seeds using brachytherapy has
improved the efficacy of cancer control and decreased treatment
morbidity. The combination of these treatment modalities with
androgen deprivation therapy using luteinizing hormone-
releasing hormone (LHRH) agonistf treatment has further
improved outcomes.28

Radical prostatectomy has likewise improved markedly over
the past two decades. The introduction of the bilateral nerve
sparing radical prostatectomy in the early 1990s has improved
continence levels and potency post-radical prostatectomy,
while preserving cancer control rates and limiting positive
margin rates. The introduction of laparoscopy and robot-assisted
laparoscopic prostatectomy has further improved the morbidity
from radical prostatectomy. With these inventions, the hospital-
ization time of patients undergoing modern robotic-assisted
laparoscopic prostatectomy has declined from more than seven
days in the mid 1990s to one day or less in the 21st century.

f Luteinizing hormone-releasing hormone is a naturally occurring hormone that controls sex hormones in both men and women. LHRH
agonist is a compound similar to LHRH (luteinizing hormone-releasing hormone) that serves in a manner similar to LHRH to control the
same sex hormones.

Table 1.
Clinical TNM Staging of Prostate Cancer

T1 Cancer is clinically inapparent, not palpable or visible by imaging
T1a Incidental histologic finding, less than or equal to 5% of resected tissue
T1b Incidental histologic finding, greater than 5% of resected tissue
T1c Tumor indetified by needle biopsy, for any reason (e.g., elevated PSA)
T2 Palpable or visible tumor, confined within the prostate
T2a Less than or equal to one half of one lobe
T2b One lobe
T2c Both lobes
T3 Tumor extends through the capsule
T3a Extracapsular extension, unilateral or bilateral
T3b Seminal vesicle involvement
T4 Tumor is fixed or invades adjacent structures
T4a Tumor invades bladder neck, external sphincter or rectum
T4b Tumor Invades to the floor and/or the wall of the pelvis
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This decreased hospitalization time has been accompanied with
improved potency and continence rates, decreased blood loss,
and decreased mortality rates. In a landmark randomized study
comparing radical prostatectomy with watchful waiting with
median 8.2 year follow-up, there was a 44% decrease in cancer
death, 40% decrease in metastatic disease, and 67% decrease in
disease progression.29 Thus, radical prostatectomy appears to
reduce disease-specific mortality, overall mortality, and risks of
metastases and local progression.

Because prostate cancer is associated with slow progression
and few deaths within ten years of diagnosis, men with life
expectancies of less than ten years or significant comorbidities
may be safely and effectively managed with a watchful waiting
program. Watchful waiting generally consists of follow-up with
regular PSA, monitoring PSA velocity, symptomatic treatment
for obstructive uropathy and lower urinary tract symptoms
(LUTS), and repeat biopsy if necessary.30

Systemic treatment of progressive prostate cancer continues to
evolve and improve. The association of prostate cancer control
with castrate levelsg of testosterone was first identified by Huggins
et al. in the 1940s.31 The use of physical castration was widely used
until the introduction and wide acceptance of luteinizing hormone
releasing hormone agonist (LHRH). These agents, which rapidly
produce castrate levels of testosterone, are associated with prostate
cancer suppression. Androgen deprivation therapy, therefore,
appears efficacious irrespective of method of treatment. Current
depo preparations allow LHRH agonist to be administered
monthly, or every three or four months. Implantable devices permit
yearly changes of LHRH implants. While androgen deprivation
therapy is associated with the side effects of castration including:
hot flashes, osteoporosis, loss of libido, and decreased muscle mass
and strength, prostate cancer control is quite satisfactory. In fact,
survival can be increased by many years (average 3.5 years). Timing
of initiation of androgen deprivation therapy, however, has been
controversial. Since recent studies have demonstrated a prolonga-
tion of survival, many feel that androgen deprivation therapy
should be initiated with initial detections of PSA rise.32 Due to the
significant morbidity, including an increase in osteoporosis and
fracture risk, however, patients and physicians may chose to delay
androgen deprivation therapy to preserve sexual function, muscle
mass, and bone health.33

Newer concepts in LHRH agonist therapy with intermittent
therapy are being utilized and investigated throughout the
world. With this technique, testosterone is decreased using an
LHRH agonist to castrate levels and until PSA response is
observed. LHRH agonists are then withdrawn until the PSA
value again climbs. Survival outcomes and effectiveness of treat-
ment of this approach remain controversial.

Other methods for treatment of advanced prostate cancer have
now progressed to agents beyond androgen deprivation. Newer
chemotherapeutic agents, such as mitoxantrone and paclitaxel,
have improved the outcomes of systemic chemotherapy.34 These
agents, which are currently reserved for patients with systemic
malignancy unresponsive to androgen deprivation, provide some
promise for improving survivals and prostate cancer control in
patients with advanced disease.

Future Directions

Over the past decade, PSA testing, screening, and evaluation
has revolutionized the diagnosis and treatment of prostate cancer.
Indeed, urologists in clinical practice in the United States have
observed a significant shift in stage of disease at diagnosis with
few patients presenting in the 21st century with locally
advanced or metastatic prostate cancer. This “stage shift” has
permitted better diagnosis and more effective treatment of
those patients at risk. Unfortunately, however, PSA as a prostate
marker and prostate-specific marker is an imperfect screening
tool. Current research on newer, more specific markers continues;
however, PSA with modified use that incorporates measures of
PSA density and velocity remain the mainstay for diagnosis.
Newer imaging modalities are being developed to localize
prostate cancers with the goal of localized treatment. Treatment
of localized prostate cancer continues to be best carried out
with radiation therapy or radical prostatectomy. 

Modifications in radical prostatectomy over the past two
decades, to include nerve sparing, laparoscopic approaches, and
robotically assisted laparoscopic approaches, have improved
morbidity, mortality, and outcomes. The United States’
decrease in prostate cancer mortality over the past decade may,
arguably, be a result of this improved diagnosis and treatment.
Better serum diagnostic testing and imaging studies are being
investigated in an effort to improve the specificity of diagnosis.
Similarly, studies to identify tumors that are biologically aggres-
sive and important, versus those that are more indolent, are
ongoing. Identification of biologically less active and more indo-
lent tumors may increase the number of men eligible for safe
watchful waiting and active surveillance. Active investigation
into gene and vaccine therapy may assist in the treatment of
men with locally advanced or metastatic cancer. Similarly, this
sub-categorization of prostate malignancies may assist in identifying
patients most in need of early androgen deprivation therapy.
With the advances in systemic chemotherapy and post-operative
radiation therapy, more patients with aggressive, advanced
prostate malignancies can be effectively treated with expected
increased survival and decreased morbidity. NCMedJ

g Castrate-level occurs when the levels of the body’s testosterone drop 90-95%, which is consistent with the loss of the testicles.
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Editorial Note: Because prostate cancer, its early detection and
treatment, raise so many issues of personal concern, we considered it
important to include a discussion of some of these matters from a
personal perspective. We are fortunate that one of our state’s leading
public policy makers, Senator David Hoyle of Gaston County, was
willing to share his own experience with all phases of the process
from detection and diagnosis to surgical intervention and post-operative
care. We hope that this narrative will help bring clear focus to many
of the issues raised by the authors in this issue of the Journal and
encourage men who are not regularly screened at appropriate ages to
raise these issues with their personal physicians.

o one likes the sound of the word “cancer,” especially
when it applies to you. In this respect, I was just like

everyone else. 
But, I had heard from many that “most of us [men] have

this condition, whether we know it or not, and that we may all
die from this disease if we live long enough. Although most of
us die from something else long before symptoms of prostate
cancer appear.” The fact that the disease is slow-growing (in
most) and more prevalent in older men makes many feel less
concerned at younger ages. I was one of those, although I had
been having prostate-related problems for many years, since my
mid-40s. Off and on, I had experienced problems with discom-
fort, inflammation, and something my doctors referred to as
prostatitis. My PSA levels had been slowly rising (from around
2, then 3, then 4, and eventually to 6; the so-called “velocity”
of change was notable, but still failed to raise the concern of my
physician). 

Finally, my primary care physician, who had been taking
care of me for years, after a usual digital rectal examination as
part of a normal physical, noted a lump or hard spot on my
prostate. My doctor thought it would be good for me to see a
urologist for a consultation visit.

This preliminary unusual finding from a regular primary
care visit began a long and convoluted series of events that
caused no small amount of anxiety for me and my family.

Importance of Follow-Up to Preliminary
Findings

Right away, my physician helped me get an appointment at
the University of North Carolina Hospital (UNC) in Chapel
Hill. A biopsy was performed and laboratory results came back
with the unwelcome news that I did have cancer of the prostate,
with a Gleason score of “6.” My urologist at UNC explained
several (surgical and non-surgical) options, but recommended
that I consider surgery to remove the prostate. 

I consulted a number of friends, including friends in the field
of surgery and urology, about my situation and asked several of
them: “If you had this condition, where would you go to have
the surgery performed.” A physician friend, with whom I had
often played golf, recommended a surgeon at Johns Hopkins
University in Baltimore. On his recommendation, I contacted
that surgeon and arranged an appointment to be seen in his
clinic. He recommended surgery within two weeks of that
appointment.

The “Ups and Downs” of Good and Not-So-
Good News

Then, a startling thing happened. A week later, after I
returned to my regular work at the North Carolina General
Assembly, I was summoned from a committee meeting by my
secretary who said the surgeon from Baltimore was trying to
reach me rather urgently. I rushed from the room and spent a
nervous 20 minutes or so trying to page the surgeon. I had all
sorts of images racing through my mind. Were the results of my
laboratory tests found to be even more serious than they first
appeared to be? Was it necessary for surgery to take place even
sooner for some reason? What could it be?

When my surgeon and I managed to speak, he explained
that when the pathologists at Johns Hopkins looked at the
slides I brought with me from North Carolina, they concluded
that I did not have prostate cancer after all! My surgeon was
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calling to tell me that he had cancelled my scheduled surgery
for the next week. 

Even though there was a certain sense of “relief” in this news,
my surgeon followed his announcement of these results with the
request that I try to have an immediate second biopsy done here
in North Carolina. He felt that was necessary to confirm the
Hopkins pathologist’s opinion that no disease existed, and then
we would re-evaluate further options.

So, a few days later, I was scheduled for a second biopsy. This
time, different from my first experience, the procedure was less
painful and more extensive. Instead of six “punches,” they did
12. But this time, I was more psychologically prepared and
knew what to expect.

Two days later, the results were disappointing in that they
confirmed the initial diagnosis: I did have prostate cancer.
Surgery was scheduled for a second time, just before Christmas,
after my prostate had time to heal from the extensive biopsy
procedure. I got out of the hospital after surgery two days
before Christmas and checked into a Baltimore hotel to rest for
a few days before traveling home. The Hopkins surgeons wanted
to make certain that I had no post-operative complications. 

After the surgery, I had a catheter to assist with bladder
issues, which I kept in place for 20 days when it was removed by
my own physician in Gastonia. I also wore paper diapers to
make certain that I did not have a problem with incontinence.
Thankfully, these were necessary for only a few days. I had no
problems with urination or anything else after that. 

I was relieved to learn that the surgical margins of my disease
were contained (localized) within the prostate, and the disease
had not spread to other parts of my body. Therefore, I had no
post-surgical radiation. I am now followed on a regular basis
(every six months) by a urologist in Charlotte, and my PSA has
dropped to “zero.” Several other tests have been done, such as a
bone scan in Chapel Hill, to make certain that the disease was
not transmitted to other parts of the body. In every respect,
this has been a complete success, and I am pleased to have
been disease-free for the seven-to-eight years since the surgery
was performed. 

Lessons Learned

This experience provides a number of “lessons” that I would
pass along to others who may yet have to confront this same set
of circumstances. First, it is important to have a regular primary
care physician who knows you and your health situation well.

It was important that my physician who had been seeing me off
and on for many years was able to note the appearance of a “hard
spot” on my prostate during a routine examination. Were it not
for that finding, one might have concluded that an elevated PSA
level alone, which had remained high for many years, was simply
benign prostatic hypertrophy (BPH) and no cause for concern. I
have a family history of prostate cancer, so I knew that this was
something that might likely develop in my case. 

Second, once I followed-up this initial finding with a more
thorough urological examination and biopsy, and once I had a
definitive diagnosis, I asked lots of questions of my doctors and
my friends who had gone through this before. I read everything
I could get my hands on about this condition, so I would know
what courses of action were available to me, and what the likely
(or possible) outcomes might be of any given course of action.
One of my friends, who had considered the option of the
implantation of radiological “seeds” instead of surgery, had
worried (before taking that route) about problems with both
incontinence and impotence. Neither of these problems resulted
in his case. But, I learned that once radiation is chosen as an
option, surgery is no longer an option. 

Third, it is important to realize that
medicine is not “perfect.” Mistakes do hap-
pen, and test results are often inaccurate. It
is important, especially with diseases like
cancer, to double check test results and, if
possible, with a different laboratory or clinical
setting. I was fortunate that my Hopkins
physicians recommended that I have another
biopsy performed here in North Carolina.
That second set of biopsy results confirmed

the findings of the first biopsy—I did, in fact, have cancer and
needed surgery. I’ve tried many times to figure out how the
Hopkins pathologists could have been so certain that I didn’t
have cancer. My only explanation is that somehow the slides I
brought with me from Chapel Hill were either the wrong slides,
or they got mixed up in some way in the lab at Hopkins. In any
event, a second set of biopsy results were necessary to actually
detect the disease. 

Finally, the combination of early diagnosis and immediate
follow-through with a detailed diagnostic workup and consulta-
tion can lead to better treatment outcomes. Also, although there
are risks of post-operative complications, for large numbers of
men who undergo these procedures, results are similar to mine.
In this day and age, there is really no reason for men to die from
prostate cancer if they follow these recommended procedures
for clinical examination and testing. 

I am one of those grateful patients who has been well-served
by many healthcare professionals here in North Carolina and
elsewhere, as my family and I have confronted what, for some,
is a very unnerving diagnosis. NCMedJ

“No one likes the sound of the
word “cancer,” especially when it
applies to you. In this respect, I

was just like everyone else.”
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rostate cancer is the most common non-cutaneous cancer
diagnosed in American men and the second leading cause

of male cancer deaths.1 African American men suffer dispro-
portionately with almost double the incidence of and death
from prostate cancer. Many sociologic and biologic theories
have been applied to solve this conundrum; however, there is
still great contention over what the isolated causes of these
racially divided outcomes are.

Epidemiology

United States Statistics
In 2006, it is estimated that 234,460 men will be diagnosed,

and 27,350 men will die from prostate cancer.1 Data from the
Surveillance, Epidemiology, and End Results (SEER) database
1998-2002 revealed the median age at diagnosis for prostate
cancer was 69 years of age. Approximately 0.0% were diagnosed
under age 34; 0.5% between 35 and 44; 8.0% between 45 and
54; 26.1% between 55 and 64; 37.5% between 65 and 74;
23.2% between 75 and 84; and 4.7% at  85 years of age or
greater.2 The age-adjusted incidence rate from 1998-2002 was
173.8 per 100,000 men per year. SEER data from 1998-2002
also revealed the median age at death from prostate cancer was
79 years of age. Approximately 0.0% died under age 34; 0.1%
between 35 and 44; 1.2% between 45 and 54; 6.3% between
55 and 64; 22.1% between 65 and 74; 42.3% between 75 and
84; and 27.9% at 85 years of age or greater. The
age-adjusted death rate was 30.3 per 100,000
men per year.2

African Americans suffer a disproportionately
high incidence of and mortality from prostate
cancer compared to whites. Relative to whites,
African Americans suffer from a 1.6 times higher
incidence of prostate cancer. According to
SEER 13 registries from 1998-2002, whites
were diagnosed with prostate cancer at a rate of
169.0 per 100,000 men compared to African

Americans diagnosed at a rate of 272.0 per 100,000 men.2

African Americans compared to whites also suffer from a 2.5
times greater mortality from prostate cancer. Whites died with
prostate cancer at a rate of 27.7 per 100,000 men compared to
African Americans who died at a rate of 68.1 per 100,000 men.2

North Carolina Statistics
In 2006, it is estimated that 7,120 men will be diagnosed

and 830 men will die from prostate cancer in North Carolina.1

The age-adjusted incidence rate for all races from 1999-2001
in North Carolina was 159.4 per 100,000 (United States 161.2
per 100,000).2 The age-adjusted death rate from 1999-2001
for all races in North Carolina was 35.6 per 100,000 (United
States 30.3 per 100,000).2 More alarmingly, some North
Carolina counties have the highest incidence of and death from
prostate cancer in the world, irrespective of race (see Table 1
and 2). The etiology for such high prostate cancer incidence
remains unknown. 

Racial differences in the incidence of and death from
prostate cancer persist when examined at the state-specific level.
SEER data from North Carolina from 1999-2001 showed that
whites had an incidence rate of 143.6 per 100,000 (United
States white incidence in 2001 was 144 per 100,000) compared
to African Americans who had an incidence rate of 238.5 per
100,000 (United States African American incidence in 2001 was
234.1 per 100,000).2 During a similar time period (1998-2002),
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whites in North Carolina had a mortality rate of 27.9 per
100,000 (United States white mortality rates 1998-2002 were
27.7 per 100,000) compared to African Americans who had a
death rate of 79.3 per 100,000 (United States African American
mortality rates 1998-2002 were 68.1 per 100,000).2 African
Americans in North Carolina suffer a 1.6 times greater inci-
dence of and 2.8 times greater mortality from prostate cancer
compared to whites. These differences are similar to differences
seen on a national level.

Possible Explanantions for Prostate Cancer
Differences

Access and Allocation of Healthcare
Many studies have shown that minorities do not receive the

same allocations of procedures as do whites who have the same

disease processes.3-5 Peterson et al. showed in a Veteran Affairs
study of 33,641 men that African Americans with an acute
myocardial infarction were 33% less likely than whites to
undergo cardiac catheterization, 42% less likely to receive 
coronary angioplasty, and 54% less likely to receive coronary
bypass surgery.3 Similar outcomes were demonstrated by
Ayanian et al. who studied a retrospective cohort of 27,485
men and women from various hospital systems who underwent
inpatient angiography for coronary heart disease in 1987.4

Results showed that whites are more likely than African
Americans to receive revascularization procedures after coronary
angiography. With regard to cancer care, Armstrong et al. studied
408 women with a family history of breast or ovarian cancer, of
whom 217 underwent genetic counseling for breast cancer
(BRCA1/2) testing (cases), and 191 women did not (controls).5

Results showed that African Americans were significantly less

Table 1.
Ten Counties with the Highest Incidence of Prostate Cancer (per 100,000)
(United States White Incidence 144 per 100,000/African American Incidence 234.1 per 100,000)

All White African
American

Lenoir County 262.7 Lenoir County 213.6 Onslow County 464.7

Onslow County 247.8 Onslow County 212.4 Perquimans County 419.3

Perquimans County 245.2 Craven County 212.0 Lenoir County 376.2

Hertford County 243.0 Perquimans County 199.3 Craven County 334.7

Craven County 233.1 Hertford County 194.1 Burke County 319.0

Pamlico County 231.5 Pamlico County 192.0 Alamance County 316.8

Pasquotank County 216.7 Transylvania County 189.4 Catawba County 313.9

Camden County 212.8 Alamance County 187.1 Cleveland County 309.6

Alamance County 206.7 Pasquotank County 186.4 Hertford County 303.9

Northampton County 204.3 Alleghany County 186.3 Chowan County 298.9

Bold italic indicates counties with the highest incidence of prostate cancer shared by African Americans and whites.

Table 2.
Ten Counties with the Highest Mortality from Prostate Cancer (per 100,000)
(United States White Mortality 27.7 per 100,000/African American Incidence 68.1 per 100,000)

All White African
American

Caswell County 62 Pender County 49.3 Richmond County 143.8
Warren County 61.1 Franklin County 41.8 Catawba County 141.6

Pender County 60.7 Watauga County 39.4 Sampson County 120.0

Perquimans County 58.9 Lenoir County 38.5 Cleveland County 115.8

Granville County 58.8 Montgomery County 38.5 Pender County 108.2

Hoke County 57.2 Yancey County 37.7 Wayne County 103.6

Halifax County 55.8 Craven County 36 Duplin County 99.8

Richmond County 55.2 Carteret County 35.9 Caswell County 98.9

Northampton County 55.1 Granville County 35.9 Gaston County 97.7

Vance County 55.1 Halifax County 35.9 Northampton County 97.1

Bold italic indicates counties with the highest incidence of prostate cancer shared by African Americans and whites.
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likely to undergo genetic counseling for BRCA1/2 testing than
were white women. 

Access to and allocation of healthcare alone cannot explain
the racial differences in prostate cancer outcomes. Robbins et al.
studied men insured within the Kaiser Permanente organization
and found that African American men presented with higher
stages and worse survival from prostate cancer compared to
white men.6 This study showed that even in an equal access
system, racial differences in prostate cancer outcomes still
remained. In contradiction to the Kaiser study, Freedland et al.
found an equal percentage of African American and white men
presenting with clinically localized and metastatic prostate cancer
in the Veterans Affairs system.7 No differences were found in
patient age or clinical stage of prostate cancer between black and
white men at the time of diagnosis, but African American men
presented with higher median serum prostate-specific antigen
(PSA) values (14.2 versus 9.4 ng/mL, p = 0.0001) and slightly
higher median Gleason scores (6.2 versus 5.9, p = 0.025).7 More
recent studies have shown that African Americans and whites,
when matched by pathologic stage and grade after radical
prostatectomy, have similar disease outcomes.8 Eastham et al.
demonstrated that African American and white men with clinical
T1ca prostate cancer (diagnosed by PSA alone) have similar
pathologic outcomes and PSA recurrence rates after radical
prostatectomy, which further illustrates that in the modern era of
PSA testing, stage for stage/grade for grade, African Americans
and whites have similar outcomes.9 These data re-enforce the
argument that African Americans should be screened aggressively
and early (after age 40) if any survival benefit from treatment is
to be shown.

Prostate Cancer Screening Participation 
The frequency of incidental prostate cancer detection in

African Americans and whites appears similar;10 however,
African Americans are more frequently diagnosed with higher
tumor volumes,11 more advanced tumor stages,12 more diffuse
and greater volumes of high-grade prostatic intraepithelial 
neoplasia (HGPIN),13,14 higher Gleason grades,15,16 and higher
PSA levels11,14,16,17 compared to whites. Several studies have
shown that when African Americans and whites are matched
for stage and grade and undergo radical prostatectomy, there are
no differences in PSA recurrence or risk of death from prostate
cancer. 18-20 In light of the disparity in the incidence and mor-
tality statistics, it would be reasonable to think that African
American men would participate in more prostate cancer
screening when offered. Unfortunately, several studies have
shown quite the contrary. Ashford et al. evaluated 404 African
American men in Harlem, New York and analyzed those who
received prostate cancer screening.21 Results showed that the
prevalence of self-reported PSA screening in Central Harlem
was lower than that reported for other populations, with only
24% of men 50-74 years of age ever having had a PSA test. 

Choice of Definitive Therapy
Many studies have shown that African Americans compared

to whites choose radical prostatectomy less often. Hoffman et al.
studied 1,144 African American and white men with clinically
localized prostate cancer and found that among men with more
aggressive cancers (PSA greater than or equal to 20 ng/mL or
Gleason score greater than or equal to 8), African Americans
were less likely to undergo radical prostatectomy than whites
(35.2% versus 52.0%), but more likely to receive conservative
management (38.9% versus 16.3%, p = 0.003).22 Treatment
differences may reflect the greater likelihood for African
Americans to present with pathologically advanced disease. Yan
et al. analyzed men that underwent PSA screening and followed
outcomes of therapy in men subsequently detected to have
prostate cancer.23 Non-African American patients had a greater
than four times likelihood of selecting radical prostatectomy
versus watchful waiting compared to African Americans. In an
analysis of SEER data from 1995-1999, Denberg et al. showed
that African Americans received equal amounts of definitive
therapy for curative intent; however, African Americans compared
to whites were significantly more likely to choose radiotherapy
versus radical prostatectomy.24

Biologic Explanations for Prostate Cancer
Differences

Androgen Axis:
Steroids

In studies that would later win the Nobel Prize in Medicine,
Charles Huggins and Clarence Hodges demonstrated that
withdrawal of testosterone causes prostate cancer to go into
remission, but that it is almost certainly to recur in its testos-
terone-insensitive form.25 Since prostate cancer is an androgen-
stimulated cancer, could racial differences in prostate cancer be
attributable to differences in androgen levels? In a study by
Ross et al., male college students (mean age 20 years) living in
southern California had testosterone levels measured. Total
testosterone and free testosterone levels were 15% and 13%
higher, respectively, in African Americans compared to
whites.26 Ellis et al. also measured androgen levels in over 4,000
male Army veterans ranging from 31-50 years of age (mean 38
years), but found that African Americans had only a 3.3%
higher mean testosterone level compared to whites.27 Kubricht
et al. reported serum testosterone levels were similar between
189 African American and 264 white men undergoing biopsy
for prostate cancer.28 Beyond 40 years of age, African
Americans and whites appear to have similar testosterone levels.
If there are any differences in androgen levels, it occurs earlier
in life and not in the prostate cancer-risk group after age 40. 

Dihydrotestosterone (DHT) binds to the androgen receptor
with affinity similar to testosterone, but DHT reduces androgen
receptor degradation rates more than testosterone because of its
slower dissociation.29,30 Small racial differences in DHT or 5-alpha

a Prostate cancer with a T1c stage is traditionally characterized as being early-stage disease and having the best prognosis.
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reductase, which catalyzes the conversion of testosterone to
DHT, may increase androgen receptor protein levels in African
Americans compared to whites. Accordingly, Ross et al. studied
serum DHT metabolites in 100 university students and 54
Japanese medical students.31 African Americans and whites,
respectively, had 25% and 31% higher levels of the DHT
metabolite A-diol-glucuronide compared to Japanese students.
Four recent studies have reported serum levels of DHT, and
none found differences between cases and controls; however, in
each of these studies, African Americans were either not included
or race was unspecified.32-35

The aforementioned studies measured serum androgens that
may not accurately reflect the true androgenic environment
within the prostate. Mohler et al. analyzed steroid hormones
that were extracted from snap frozen prostate tissue obtained
intraoperatively from radical prostatectomy specimens of 36
African Americans and 59 whites.36 Although tissue levels of
testosterone and DHT did not differ by race, African American
men had higher tissue androstenedione (ASD) and sex hor-
mone-binding globulin (SHBG) than white men. 

Androgen Receptor Expression
Lubahn et al. at the University of North Carolina at Chapel

Hill (UNC-Chapel Hill) was the first to isolate the androgen
receptor in 1988.37 Extensive androgen receptor research con-
tinues at UNC-Chapel Hill. Recently, Gaston et al. performed
a study looking at archived radical prostatectomy specimens
obtained from 25 white and 25 African American men who
had androgen receptor protein antigen retrieved and immunos-
tained.38 Androgen receptor protein expression was 22% higher
in the benign prostates and 81% higher in the cancerous
prostates of African American men when compared with white
men. Similar results were found in a study by Olapade-Olaopa
et al. The Olapade-Olaopa study compared androgen receptor
expression in benign prostatic hyperplasia (BPH) and prostate
cancer tissue of non-American blacks and non-American
whites and found a similar increased expression of androgen
receptor in blacks compared to whites.39 Accordingly, prostate
cancer may occur at a younger age and progress more rapidly in
African American men compared to white men due to racial
differences in androgenic stimulation of the receptor.

Racial differences in androgen receptor gene polymorphisms
have also been described in the literature. African Americans,
compared to whites, have been shown to express more androgen
receptor polymorphisms, which may increase the risk of devel-
oping prostate cancer.

Racial Polymorphisms in the 5-alpha Reductase
Reichard et al. described genetic polymorphisms in the gene

encoding the 5-alpha-reductase type II enzyme and compared
allelic frequencies between three major United States popula-
tions—African Americans, whites, and Asian Americans. The
authors found three different allelic families [containing 87
base pairs (bp), 103-107 bp, and 121-131 bp].40 Whereas 18%
of African Americans exhibited the 121-131 bp alleles, these
alleles were not found in white or Asian Americans.

Consequently, this 5-alpha-reductase type II enzyme polymor-
phism may result in more efficient conversion of testosterone
to DHT within the prostate, and thereby may have a role in
carcinogenesis.

Diet and Nutrition

Genetic differences cannot be the sole basis for difference of
prostate cancer incidence. Epidemiological studies have
demonstrated that as populations migrate from geographic
areas with a low-incidence rate of prostate cancer to areas with
higher-incidence rate, the migrating population begins to
exhibit higher-incidence rates of prostate cancer. The incidence
of prostate cancer varies throughout the world, yet African
Americans have the highest incidence of prostate cancer in the
world. The highest incidence of prostate cancer is in the United
States, and the lowest is in Asia (as low as 0.5 per 100,000 in
Qidong, China).41 Asia also has a low consumption of saturated
animal fat and a high consumption of fiber and soy protein.41

Soy protein is abundant in the Asian diet, but is rarely consumed
in the American diet. Soy has long been thought to have broad
anti-neoplastic effects.42 There are two broad isoflavonoid
components found in soy—genistein and daidzein, both of
which may have mild estrogenic effects, which may cause
apoptosis (cell death) of prostate cancer cells.42-44

Dietary fat intake is thought to be a major factor involved
with the increased incidence of prostate cancer in the United
States.45-48 Omega-6 fatty acids are thought to act as promoters of
prostate cancer.49 It is thought that at the cellular level, these
fatty acids influence cellular proliferation, the immune system,
and the potential for the tumor to invade locally and metasta-
size.49 It is also thought that Omega-6 fatty acids (found in
cereals, eggs, poultry, most vegetable oils, etc.) affect
prostaglandin synthesis.49 It has been shown that increased levels
of prostaglandin E2 increases oncogene Bcl-2 expression leading
to carcinogenesis.50 On the other hand, Omega-3 fatty acids
found in fish oils, appear to be protective against prostate cancer.49

These Omega-3 fatty acids are consumed in high amounts in
Asia, whereas Omega-6 fatty acids are consumed in low amounts.
The opposite occurs in the United States where Omega-3 fatty
acids are consumed in low amounts and Omega-6 fatty acids
are consumed at high amounts. Subsequent studies have shown
that the African American diet contains the highest overall sat-
urated fat and Omega-6 fatty acid content in the world.47,48

Obesity may be an independent factor of prostate cancer
progression. Amling et al. examined the relationship between
obesity and race in predicting adverse pathological variables in
patients undergoing radical prostatectomy.51 This was a multi-
institutional retrospective analysis of the clinical and pathologic
parameters on 860 patients with prostate cancer undergoing
radical prostatectomy between 1992 and 1998. Obesity was
defined as a Body Mass Index (BMI) greater than 30 kilograms/
meter2 (kg/m2). Obese patients presented with prostate cancer
at younger ages, higher Gleason grades, and more advanced
pathologic stages. These data suggest a racial correlate of
prostate cancer because African Americans tend to have higher
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grade prostate cancer and significantly higher average BMI
compared to whites. 

Insulin Growth Factor Pathways

Insulin-like Growth Factor 1 (IGF-1) stimulates cellular
proliferation and inhibits apoptosis.52 IGF-1 is a stimulator
prostate cancer growth factor and 95% circulates bound to
specific high-affinity IGF binding proteins (IGFBPs 1–6).53

Blood levels of IGFs in each individual are relatively constant
with no apparent diurnal or circadian variation. Studies have
shown that African Americans have low IGFBP-3 compared to
whites.54 This may allow for more free IGF-1 to stimulate 
neoplastic growth of the prostate. Abdominal obesity and hyper-
insulinemia are associated with decreased serum levels of sex
hormone-binding globulin, with a resultant increase in testos-
terone, lower serum levels of IGFBP-1, increased serum levels
of IGF-1, and estrogenic compounds.55-58 Since African
Americans have the highest BMI in the world, one can assume

these IGF pathways may directly affect carcinogenesis of the
prostate.

Vitamin D

Vitamin D may have protective benefits against prostate
cancer. Vitamin D is believed to decrease bcl-2 expression
increasing apoptotic cell death.59 Some have suggested that
endogenous Vitamin D synthesis may be impaired in African
Americans because of the darker skin pigmentation.60

Conclusion

Striking differences in the incidence of and mortality from
prostate cancer between African Americans and whites have per-
sisted even after the advent of PSA testing. African Americans
do not appear to fair worse than whites when matched by cancer
stage and grade. More must be done to target this population for
early and aggressive screening. NCMedJ
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ew issues in urologic oncology seem so intrinsically correct,
but empirically unproven as the utility of screening for

prostate cancer. For a predominantly asymptomatic disease
until an incurable stage, preemptive diagnosis at a time when
intervention might be curative seems intuitively beneficial. As
treating physicians, we have patients with clear elements of 
biologically aggressive disease found through screening and
cured with local therapy, who otherwise should have suc-
cumbed to the disease. We attribute this “cure” to the screening
process, and this serves as anecdote for future patients facing
the decision of whether to screen or not. We also have patients
with low-volume, low-grade cancers detected through screen-
ing and experiencing chronic mental or physical debilitation as
a result of their cancer diagnosis or treatment, which may serve
as anecdote as well, especially considering the potential that the
disease may have followed a benign course.

Critics of screening typically cite concerns related to overdiag-
nosis and the attendant overtreatment, diagnosis at a time
when cure is not possible, economic issues, and the morbidity
of screening. Autopsy stud-
ies demonstrate that about
35% of men in their fifties
have prostate cancer, yet
only 15% of men are diag-
nosed and 3-4% die from
it.1 This contributes to the
idea that “men die with
prostate cancer, not from
it.” Others worry that
prostate cancer screening
could potentially misuse
important resources with initial estimates of about $25 billion
per year for screening men between ages 50 and 70. Critics also
raise the issue of patient morbidity with the anxiety and discomfort
associated with the biopsy, the complications of treatment, and the

potential for disease recurrence. Additionally, the heterogeneous
behavior of prostate cancer allows a relatively narrow window
for screening to be effective in the men most likely to benefit from
it. The diagnosis and treatment of incurable, but asymptomatic
disease is debatable for some when diagnosis and treatment
upon symptomatic progression might have avoided emotional
morbidity. One might argue that prostate-specific antigen
(PSA) screening is more efficient at identifying the less impor-
tant, slow-growing tumors and, therefore, contributes to over-
diagnosis. These seemingly potent arguments cast doubt on the
overall utility of screening and leave the internist or general
practitioner wondering what to do since the burden of com-
plaints among patients with low-volume, low-grade cancers pri-
marily falls on them.

While an issue of reasonable contention, overdiagnosis tends
to not burden men that typically proceed to surgical therapy. In
analyses of radical prostatectomy series, less than 10% of
tumors removed are considered “insignificant” as generally
judged by pathologic stage, grade, and size.2 Over-diagnosis has

not been overlooked
by oncology care
providers, and most
men diagnosed with
prostate cancer will
have a care plan con-
sidering comorbidi-
ties, the benefits/side
effects of treatment,
and the likelihood of
disease progression.
While broad screening

could potentially incur high costs, as a matter of resource alloca-
tion, the cost of prostate cancer screening would be between
$9,000 and $145,000 (best and worst case scenarios, respective-
ly) per quality-adjusted life year (QALY) saved.3 This is on par
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“While screening might not
benefit certain individuals,
taken as a whole, screening

appears to decrease morbidity
and mortality.
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with using hydrochlorothiazide or captopril for treating hyper-
tension and much less expensive than mammography screening
($232,000/QALY gained). There are other ways to make
screening more cost effective. Early data from the Prostate,
Lung, Colorectal, and Ovarian (PLCO) trial suggests that men
with PSA values between 1 and 2 ng/mL might only require
screening every two years, while men with PSA levels less than
1 ng/mL might be screened every five years.4 This alone would
still detect 99% of men eventually progressing to a PSA greater
than 4 ng/mL and would result in savings up to $1 billion per
year. Morbidity reduction and management are well-developed
areas of prostate cancer treatment. Prostate biopsies are much
more tolerable with local anesthesia, and pathology results are
typically available within a week. The competition of local therapies
has enticed providers to pursue and achieve real decreases in
rates of side effects. Also, our understanding of what constitutes
aggressive cancer has advanced, allowing for active surveillance
trials in patients with low-risk disease. While screening might
not benefit certain individuals, taken as a whole, screening
appears to decrease morbidity and mortality.

Most of the data supporting screening has been inferential
by analyzing trends in morbidity and mortality before and after
the addition of the PSA blood test. Analysis of the National
Cancer Institute’s Surveillance, Epidemiology, and End Results
(SEER) database has demonstrated a 20% reduction in prostate
cancer mortality between 1991 and 1999.5 Over a similar time
period, men in Mexico have experienced a small increase in
mortality presumably due to the lack of screening available.6

These inferences are complicated by the fact that improvements
in treatments, including the massive expansion of androgen-
deprivation therapies, may have affected prostate cancer survival
and the development of metastasis. In Tyrol, Austria, men over
50 years old were offered screening while men in other regions
were not. Tyrol men have experienced greater than a 40%
decrease in mortality from prostate cancer, which has not been
experienced in other regions in Austria.7 Numerous large ran-
domized trials are currently underway regarding prostate cancer
screening, including the PLCO Cancer Screening and the
European Randomized Screening for Prostate Cancer (ERSPC)
trials that have collectively accrued over 230,000 men. Results
from these trials will not be available for several years and are
eagerly awaited. Currently, most expert
organizations recommend some form of
cancer screening using PSA and/or digital
rectal exam beginning at the age of 50 in
men with a life expectancy of more than
ten years with informed decision making.
The United States Preventive Services Task
Force does not recommend prostate cancer
screening with the absence of supportive
Level 1 evidence.

Informed Consent and Ethical Concerns

Along with this lack of Level 1 evidence and the need for
informed consent are numerous ethical concerns.
Unfortunately, most PSA screening performed today does not
involve a thorough consent process. The “required” discussion
is an impediment to PSA screening, as internists might forego
the discussion and, thus, the test, focusing instead on other
prudent medical issues. Given time constraints in today’s practice
environment, this lengthy discussion cannot happen in a practical
manner without some sort of supplemental material in the
form of videos or pamphlets that would ideally be reviewed prior
to the office visit. Many institutions have constructed these sorts
of materials (see Table 1). Even with results of randomized trials,
some level of informed consent would still be beneficial prior
to including PSA in a general lab panel. Maybe prostate cancer
screening is not for “everyone.” Patients may forgo diagnostic
procedures based on individual utilities of sexual and urinary
function. Our philosophical approach is that “knowledge is power,”
and patients may make educated decisions about treatment
choice (including active surveillance) after diagnosis.

Several years ago, enthusiasm was building for the next
round of PSA-related markers, such as free, complexed, and
pro-PSA. The use of these markers has been examined, but has
not realized wide acceptance. While their use results in increases
in sensitivity and specificity of diagnostic testing, the benefits
are incrementally small, and the complexity of interpreting
results is often an intellectual endeavor. Newer diagnostic tests
using advanced laboratory techniques are also in development.
The addition of these tests also creates a logistic and systemic
problem. Some combination of tests may be optimal, but how
can this be prospectively studied in a randomized fashion when
these types of trials are time-consuming and potentially obsolete
when results are available? At this point, PSA velocities have proven
more clinically valuable. Recent studies have demonstrated a link
between prostate cancer mortality and pre-treatment PSA
velocity. Generally, an increase of PSA greater than 0.75 ng/mL
in a year would support prostate biopsy, while an increase of
greater than 2 ng/mL in a year carries a worse prognosis.8,9 The
threshold for PSA screening has also decreased, with some
authorities recommending biopsies in patients with age-specific

Table 1.
Informational Resources for Prostate Cancer Screening

Resources for Prostate Cancer Screening
Prostate Cancer Screening: A Decision Guide
www.cdc.gov/cancer/prostate/decisionguide/index.htm

Screening for Prostate Cancer: Sharing the Decision
www.cdc.gov/cancer/prostate/screening/index.htm

Leaflet from the Centre for Reviews and Dissemination
www.york.ac.uk/inst/crd/em22b.htm

Link from UpToDate® Patient Information
http://patients.uptodate.com/topic.asp?file=cancer/6435

Patient Guide from the American Urologic Association
www.auanet.org/timssnet/products/guidelines/patient_guides/prostate_awareness.pdf
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PSA values as low as 2.0 ng/mL. This approach can diagnose a
number of potentially aggressive cancers at a more curable stage.

Screening techniques for other malignancies, such as cervical,
breast, and colon cancer, tend to be much more invasive than a
blood test or digital rectal exam (DRE). Yields of these exams
vary widely based on risk group, age, etc., but tend to be less
than 10% for the detection of a malignancy (pre-malignant
lesions not included). By logical extension, a prostate biopsy
could almost be considered as a screening device as the degree
of invasiveness is on par with other screening exams, and the
yields are universally greater than 10% in men over the age of 62
regardless of age or rectal exam.10 Improvements in ultrasound
probes, biopsy devices (smaller, spring-loaded needles), and
local anesthetic techniques have made a diagnostic prostate
biopsy fast and tolerable for most men. This approach is not
accepted, considered, or even being examined with large trials in
regard to prostate cancer screening. Clearly, the approach to
prostate cancer is different largely due to estimates of over-diag-
nosis of up to 50%. The above diseases are universally more fatal
in a shorter period of time. Additionally, the social consequences
of local prostate therapy tend to be more personally destructive.
As a requirement of expanding the indication of prostate biopsy
to a screening instrument, we would need to have a better
understanding of morbidity and lethality after diagnosis, more
accurate staging tools, and embrace an active surveillance
approach, initiating treatment at a time prior to the development
of advanced disease. Ongoing active surveillance trials and the
use of molecular markers hold much promise in this area.

One of the problems with screening trials is the approach to
treatment after diagnosis. While treatment of other malignancies
tends to follow a step-wise course based on evidence, in the
prostate cancer literature, there is only one randomized trial that
demonstrates that local treatment of prostate cancer will extend
life (prostatectomy versus no treatment) and one other compar-
ison trial with only 100 patients.11,12 Numerous impediments
limit academic production in this area and accruals in head-to-
head treatment trials have historically been dismal, resulting in
early abandonment. Most sources accept that treatment choice
probably does not substantially affect mortality in a seven-to-
ten-year window, but time periods beyond this, parenthetically
the most important, are subject to speculation and debate.
Hopefully, retrospective analysis of treatment choice in the larger
screening studies will contain homogenous groups of the different
treatment modalities, but these results could be decades away.
Unfortunately, questions in this area may never be fully answered

through randomized trials without an acceptable short-term end-
point that is a surrogate for death from prostate cancer.

Conclusion

On speculation, the future for prostate cancer screening will
likely consist of: (1) occasional PSA (or other unspecified blood
or urine molecular marker) checks at long intervals based on
risk group in the fifth decade, (2) PSA/molecular marker
checks based on level after the sixth decade, and (3) 12-core
prostate biopsy with local anesthesia and digital rectal exam at
intervals based on risk group after the sixth decade. Screening
will probably be discontinued when a patient has a negative
prostate biopsy and a functional index score that would predict
an eight-to-ten year life expectancy. Using this hypothetical
algorithm for experiment generation, simultaneous advances
would need to occur for more sensitive screening instruments,
individual risk assessment (including genetic susceptibility testing
pre/post-diagnosis), and screening interval modification.

As physicians who treat prostate cancer, we have an enormous
problem with expectation management related to imperfect
predictive modeling and unique nuances increasing the complex-
ity of patient discussion. Our patients reasonably expect that we
will recommend care that will extend the quality and the quantity
of their lives. Clearly, not all prostate cancer behaves the same;
however, the connotations of a cancer diagnosis from a patient’s
perspective are usually different from the clinical reality.
Actuarial estimates of average gain from prostate cancer treatment
are between zero and three years of additional “quality-adjusted
life years” per patient.13 True or perceived effects of treatment
on urinary and sexual function appropriately guide many men’s
choice of treatment, but results of treatment (e.g., potency after
prostatectomy) are not universally reproducible. The empathetic
physician thoroughly reviews these and other issues and generally
receives reward in conscience only. The wise physician recom-
mends directed patient research and deliberate decision making,
while the unwise recommends urgent and narrow treatment
options. Walking hand-in-hand with better knowledge about
PSA screening will be improvements in treatment, morbidity
reduction, and other technological advances in detection. In
theory, a negative PSA screening study may not be valid consid-
ering this dynamic process. The face of prostate cancer screening
might change substantially in the future and may no longer even
involve PSA blood testing. NCMedJ
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Introduction

he recognition that serum prostate-specific antigen
(PSA) concentration is a marker for adenocarcinoma of

the prostate and the ability to measure PSA concentration rep-
resent major watersheds in the treatment of prostate cancer.
Prior to these advancements in the 1980s, enlargement of the
prostate gland detected by digital rectal exam, local symptoms,
or sequelae of metastatic disease were the usual means of dis-
covery of prostate cancer. In this pre-PSA era, prostate cancers
were usually incurable at the time of diagnosis. PSA screening
has lead to earlier detection and, although interpretation of
recent epidemiologic data is still being debated, there is good
evidence that PSA screening, prostate biopsy, and therapy with
curative intent have lead to decreased morbidity and mortality
from this disease.1

Also during the 1980s, refinements in the surgical technique
for radical prostatectomy, which is potentially curative, yielded
significant advancement in the treatment of prostate cancer by
reducing the risk of morbidity associated with the surgery.
These refinements hinged on two discoveries. First, elucidation of
the venous plexus in the region of the prostate allowed operation
in a “bloodless” field. This led to more accurate dissection, especially
at the prostatic apex and, thus, greater preservation of urinary
continence. Second, understanding the anatomy and function of
the network of nerves around the prostate allowed “nerve-sparing”
surgery and greater preservation of sexual function following
radical prostatectomy.

These advancements required better means of screening and
definitive diagnosis. PSA measurement and the thin-needle
biopsy technique and equipment, although not perfect, are
powerful tools for these purposes. Thin-needle biopsies cause
less morbidity than open biopsy or biopsy with larger needles.
As the pieces of tissue obtained by biopsy became much smaller,
pathologists had to develop new techniques and expertise in
interpreting these very thin biopsies.

PSA measurement has limitations, primarily in specificity,
making this non-invasive test most useful as a first-line or

screening detection method. While a few patients with prostate
cancer have a normal serum PSA concentration, there are a 
significant number of men without cancer who have an abnormal
concentration for whom therapy would not be warranted. 

Thin-needle biopsy, by contrast, has essentially 100% specificity.
The sensitivity of this test is estimated to be at least 75%,
meaning that it will accurately detect three-out-of-four true
cancers. Although more than one set of biopsies may be
required for diagnosis, the morbidity associated with thin-needle
biopsy is very low.

Pathologists have played a crucial role in the accumulation of
the data upon which modern therapy is based, and they continue
to provide essential information upon which medical oncologists,
radiation oncologists, surgeons, and patients base their therapeutic
and management decisions. This commentary is meant to outline
the ways in which the clinical pathology laboratory and the
work of pathologists serve as crucial components of the clinical
decision-making process.
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and Guiding Therapy
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PSA Testing

Prostate-specific antigen (PSA) is a serine protease enzyme
secreted by the glandular epithelium of the prostate into the ducts
of the gland. It ultimately contributes to the composition of the
seminal fluid. Its normal function is thought to be liquefaction of
semen. Much lower concentrations are typically found in the
blood, where the majority of PSA is protein-bound.
Measurement of PSA concentration is based upon binding of a
PSA-specific antibody to the substance. Multiple tests have been
developed using different antibodies, and there is a variation in
results between laboratories of up to 25% or more in the range
of 0-6.0 ng/ml.2 Moreover, some methods show greater precision
than others. PSA testing has two principal uses. It is widely
used to screen for prostate cancer and to monitor individual
patients, either following therapy or during a “watchful-waiting”
period. The variation between laboratories is of less significance
when PSA testing is used for screening purposes than when fol-
lowing an individual patient. In the latter circumstance, it may
be helpful to use a single, reliable laboratory for serial testing.

PSA Screening 
The “normal” PSA concentration in men has been given as

less than 4.0 ng/ml, although there is considerable disagreement
over the threshold value that should prompt additional testing
for prostate cancer. More recently, age-specific ranges have been
given, including an upper limit of 2.5 ng/ml for men under the
age of 50.3,4 Elevated serum PSA concentration is associated
with multiple pathological processes and some situations in
which there is no disease. Benign prostatic hyperplasia (BPH),
prostatitis, and prostate cancer are the main pathologic states in
which increased serum PSA is often seen. Prostate biopsy itself,
ejaculation, and, possibly, exercise may also lead to an increase
in the PSA.

It is the association of elevated PSA concentration with
prostate cancer that has lead to its utility in screening. The test
is non-invasive (requiring only a blood sample through
venipuncture) and is relatively inexpensive. Unfortunately, the
range of PSA concentrations seen in patients with prostate cancer
overlaps with the range seen in benign processes. The essential
limitation is that there is no single value separating men with
cancer from those without. 

The sensitivity of a test is defined as the fraction of individuals
with a specific disease for whom the test will yield a positive
result. The specificity of a test is defined as the fraction of all
abnormal results that represent individuals who do have the
disease for which they are being tested. Decreasing the maximum
PSA value that is considered “normal” increases the sensitivity
of the test in detecting prostate cancer. However, this also leads
to an increase in the number of men who are labeled “abnormal”
who do not have this disease (decreased specificity). Thus, while
measurement of serum PSA concentration has proved to be a
powerful tool in the ability to detect prostate cancer, appreciation
of its limitations is critical for maximization of its utility. In fact,
average PSA concentration in men without prostate cancer
increases with age. This is largely due to BPH, which increases in

incidence and severity. In truth, the PSA test is best used to estimate
the chance that an individual has carcinoma of the prostate. PSA
testing cannot be used to render a definitive diagnosis.

In an effort to increase sensitivity and specificity, derivative
PSA tests have been developed. These include measurement of
free PSA and calculation of the ratio of free/total PSA. These
methods have yielded some increase in sensitivity and specificity
with increased cost, but still suffer from an overlap in ranges in
the populations of men with and without prostate cancer.5,6 They
may provide additional guidance in difficult circumstances, such
as when PSA levels are significantly elevated, multiple sets of
biopsies have been negative, and no other explanation for the
elevation in PSA level is apparent.

The ratio of free/bound PSA is considered abnormal by
many when it falls below 25%. This cutoff is associated with
sensitivity and specificity of approximately 90% and 25%,
respectively, for the detection of prostate cancer.

PSA velocity is the rate at which the serum PSA concentra-
tion rises over time. This calculation is of some use in men with
borderline elevated PSA.7 A PSA velocity greater than or equal
to 0.75 ng/ml per year with measurements spanning at least 18
months has sensitivity and specificity of approximately 70%
and 90%, respectively. Specific measurement of bound PSA has
not been demonstrated to offer a significant improvement in
detection.

PSA density, which is defined as the serum PSA concentration
divided by the volume of the prostate as measured by transrectal
ultrasound, has proven to have limited value.

Other tests potentially on the horizon include pro-PSA and
human kallikrein-2, but these are not ready for routine clinical
use in screening for prostate cancer.

PSA Monitoring 
Serum PSA concentration is also useful for monitoring

patients for progression of disease. Until late in the disease
when the tumor may become so poorly differentiated that its
ability to produce PSA protein becomes impaired, increasing
PSA concentration is associated with advancing disease. Thus, the
serum PSA typically falls to near zero following prostatectomy,
since all of the prostate tissue, both benign and malignant has
usually been removed. Minute amounts of tumor that may
have spread beyond the prostate prior to surgery may not produce
enough PSA to be detected until they grow, at which time the
PSA concentration begins to rise.

The PSA often does not fall to zero in patients who have
received radiation therapy without surgery. However, the PSA
does fall for months following the treatments. In fact, the lower
the nadir (lowest concentration detected) in PSA, the greater the
chance of cure or long-term remission. Moreover, the longer the
time it takes to reach the PSA nadir, the better the prognosis.8

Some patients with proven prostate cancer choose “watchful
waiting” over therapy in order to avoid the morbidity associated
with prostatectomy, radiation therapy, and hormonal therapy.
A significant rise in serum PSA concentration may prompt
physicians to recommend therapy to avoid morbidity and 
mortality associated with progression of the disease.



Prostate Biopsy

The thin-core needle biopsy technique and equipment
allow multiple biopsies to be performed in the doctor’s office
with minimal morbidity (significant complications less than
0.5%) and provide material for definitive diagnosis of prostate
cancer. The sensitivity of this procedure is very difficult to
gauge. In the absence of metastatic disease, there is no way to
tell with certainty whether a man has prostate cancer without
pathologic examination of the entire prostate gland, which
requires removal. Moreover, the sensitivity likely varies with the
prevalence and type (i.e., grade, stage) of prostate cancer in the
population being studied. However, based on data that do
exist, a reasonable estimate for the sensitivity of needle biopsy
of the prostate in patients with elevated PSA is at least 75%, if
cancers detected on a second or later set of biopsies are included. 

There is little debate about which areas of the prostate to
biopsy, at least on the initial attempt to demonstrate tumor.
However, the optimal number of biopsies to perform is not
clear. The sextant biopsy technique (six biopsies) was considered
adequate and was, by far, the most commonly used technique
for approximately a decade. In recent years, it has become clear
that performing more biopsies improves the chances of detecting
cancer on the first attempt.9 This is especially true when the
prostate is markedly enlarged due to BPH. However, more
biopsies are associated with greater discomfort, a greater chance
of complications, and greater cost. Moreover, the incremental
increase in sensitivity with each additional biopsy diminishes
progressively. At the present time, there is no agreement on
how many biopsies more than six should be performed.

In addition to identifying the presence of cancer, the
pathologist interpreting the biopsies routinely provides other
indispensable information regarding the tumor. The following
diagnostic categories should be included in the pathologist’s
report. The clinical significance of each is summarized in Table 1.

Tumor Grade 
Tumor grade is probably the single most important tumor

characteristic assessed on needle biopsy of the prostate. The
Gleason grade, also termed Gleason score or Gleason sum, is
very useful in predicting the behavior of a given patient’s
tumor. Thus, it is used in planning therapy and estimating
prognosis. Although the grade of the tumor in the biopsies is
not a perfect predictor of the grade of the tumor in the prostate
as a whole, the correlation is good. The lack of perfect correlation
is not surprising, since the volume contained in an entire set of
biopsies usually comprises less than one thousandth of the volume
of the entire prostate gland.

It is worth noting that each type of cancer specific to an
organ in the body has its own histopathologic (microscopic)
grading scheme. The Gleason grading scheme is very unusual
in that it ignores the appearance of the individual cancer cells
and concentrates purely on the patterns of growth of the malignant
prostate glands. The method takes into account the common
occurrence of multiple glandular patterns of cancer being present
in a single patient’s tumor. Numerals 1-5 have been assigned to
recognized categories of tumor patterns, and, traditionally, the
two most prevalent pattern types are given as well as the numeric
sum. Thus, a Gleason grade of 3+4 = 7 might be reported,
where “3” represents the tumor pattern most prevalent in a
specimen and “4” represents the second most prevalent pattern.
The Gleason score of a homogeneous tumor will simply have the
same number repeated in the sum (e.g., 3+3 = 6). A consensus of
genitourinary pathologists has recommended long-overdue
modifications to the original scheme, which was devised
around 1970, but the essential concepts remain unchanged. It is
now recommended that small amounts of high-grade tumor (i.e.,
Gleason pattern 4 or 5) be reported even when they represent
neither the first nor second most prevalent pattern, as this finding
correlates with more aggressive tumor behavior.10

The combination of PSA concentration, findings from digital
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Table 1.
Pathologic Parameters Assessed on Thin-Needle Core Biopsy of the Prostate and the Clinical
Significance of Each Parameter.

Parameter Clinical Importance

Tumor Grade Used to predict aggressiveness of tumor, stage, response to non-surgical therapy, 
and chance of cure with various types of therapy.

Location and Extent of Tumor in Used to predict stage and response to some types of therapy (e.g., radiation 
Biopsy Cores therapy).

Perineural Invasion May be used to plan extent of surgery (e.g., whether to sacrifice neurovascular 
bundle).

Atypical Glands Re-biopsy should be performed—indicate ~50% chance of finding cancer on 
re-biopsy.

High-Grade Prostatic Intraepithelial ~30% or less chance of finding cancer on re-biopsy, depending on how many
Neoplasia (HGPIN) biopsies originally performed.  HGPIN may represent a precursor of prostate 

cancer.

Tumor Characteristics Following Used to assess prognosis and predict whether additional therapy is likely to be
Therapy: Grade of tumor and of benefit.
whether therapy effect is present.
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rectal exam, and biopsy Gleason grade has been used to estimate
the stage of the tumor. The likelihood that the tumor is confined
to the prostate, the chance of local spread into the surrounding
fibroadipose tissue, the chance of invasion into the seminal
vesicles, and the chance of local lymph node metastases can be
estimated. These data have been compiled in the “Partin
Tables,”11 providing useful summary information to help each
patient and his physician to make sensible decisions regarding
choice of therapy.

Location and Extent of Tumor 
The pathologist should report the amount of cancer present

in the biopsy core(s) originating from each biopsy site. This
information can be useful in estimating stage and predicting
long-term outcome following therapy (e.g., prostatectomy,
radiation therapy), especially when combined with other
parameters, such as PSA concentration and tumor grade.12,13

Perineural Invasion 
The presence of invasion of small nerves in the biopsy cores

by the cancer is predictive of spread beyond the prostate when
viewed in univariate analyses.14 The reasoning behind these initial
studies stemmed from the hypothesis, which is still accepted,
that one of the main routes of tumor escape from the prostate
is by tracking along nerves that traverse the surface of the prostate
and comprise a portion of the periprostatic neurovascular
bundles. However, most of the predictive power of the finding
of perineural invasion on needle biopsy disappears in multivariate
analyses when other variables, such as Gleason grade, are taken
into account. Still, it may provide marginal additional information
and may play a role in deciding whether or not to sacrifice one
or both neurovascular bundles during surgery.

Atypical Glands 
Unfortunately, a significant minority (≈5%) of prostate

biopsies are neither definitively benign nor definitively diagnostic
of carcinoma. The term often used in this situation is “atypical,”
sometimes in the phrase “atypical small acinar proliferation”
(ASAP). The frequency of this occurrence is somewhat dependent
on the experience of the pathologist interpreting the biopsies.
Special studies (e.g., immunohistochemical staining) can occa-
sionally lead to a more definitive diagnosis, but diagnosis usually
hinges on tried and true ordinary techniques (i.e., H&E staining).
The finding of atypical glands suspicious for carcinoma without
other, definitively diagnostic areas warrants repeat biopsy.15,16 In
fact, the chance of finding prostate cancer on subsequent re-biopsy
(one or more sets) is approximately 50%. Should re-biopsy
prove inconclusive, other factors, such as total PSA concentration,
free/total PSA ratio, clinical findings, and patient desire, provide
guidance in choosing a course for repeat re-biopsy or longer-term
follow-up with measurement of PSA velocity.

It should be noted that it is important for each biopsy to be
separately labeled to designate the area of the prostate from
which it originated. One reason for this is that 90% of all cancers
discovered following an initial atypical, non-definitively diagnostic
biopsy are identified in the same region or an area adjacent to

the one from which the atypical biopsy originated. Thus, these
areas are preferentially sampled on re-biopsy in order to maximize
the sensitivity of the procedure in detecting tumor.

High-Grade Prostatic Intraepithelial Neoplasia (HGPIN) 
Other findings that may increase the suspicion of cancer in

the absence of definitively diagnostic biopsy material include
the presence of high-grade prostatic intraepithelial neoplasia
(HGPIN). Early studies indicated that the risk of unsampled
carcinoma in the prostate gland associated with the isolated
finding of HGPIN on needle biopsy was approximately
30%.16,17 At the time, re-biopsy was required. However, if no
carcinoma was detected on two sets of re-biopsies, additional
biopsies were unlikely to contain tumor. More recent data,
especially in the case of more than six biopsies to a set, suggest
that the increased risk associated with this circumstance may be
less than originally estimated, and the significance of this finding
is somewhat diminished.

Since HGPIN is thought by many to represent a precursor of
prostate cancer, it is postulated that potential chemopreventive
agents may help to prevent prostate cancer in men who have
been diagnosed with isolated HGPIN.

Other Clues to Tumor Behavior 
Needle biopsy may provide other clues to tumor behavior.

For example, prostate cancer clearly identifiable within fat at one
end of a core biopsy is indicative of extraprostatic tumor spread.
Clearly such information must be factored into therapeutic
decisions.

Biopsy Following Therapy
Biopsy following therapy for prostate cancer is useful in a

limited set of circumstances and poses challenges for the
pathologist interpreting the biopsy. Therapy often alters the
microscopic appearance of the tumor, sometimes making
recognition of the malignant prostate tissue difficult. It can also
alter the appearance of the tumor in ways that abolish the 
correlation between microscopic pattern and biologic behavior,
so that Gleason grading of tumor following therapy is not
meaningful in some circumstances.

A rising PSA following therapy is indicative of growing
tumor. However, it does not indicate whether the tumor is
growing at the primary site (i.e., in the prostate or in the prostatic
bed after prostatectomy) or at a metastatic site. Radiographic
studies (e.g., x-ray studies or computerized tomography scans)
can be used to detect metastases. In the absence of detectable
metastatic disease, biopsy of the prostate or prostatic bed may
be performed to assess for local tumor growth. As with initial
biopsy, skill is required on the part of the pathologist to prop-
erly interpret the changes due to therapy and to give an accu-
rate assessment of the presence of cancer and, sometimes,
whether it shows effects of therapy.



Pathologic Assessment of Prostatectomy
Specimens

Pathologic review of the prostate after it has been removed for
cancer also provides important information regarding prognosis
and whether further therapy (e.g., radiation therapy) might be of
benefit. The main pathologic parameters evaluated are tumor
grade, stage (extent of cancer), and whether there is cancer at the
surface of the specimen, which might indicate that not all of the
tumor was removed. Other parameters may also have prognostic
impact.

Tumor Grade 
As with prostate biopsy, the recently modified Gleason grading

system is used to grade prostate cancer in the prostatectomy
specimen. Tumor grade is a powerful predictor of outcome,
including risk of recurrence and time to recurrence. Minor 
discrepancies between the grade assigned on biopsy and the
grade obtained from the whole prostate specimen are common.
This is typically due to the fact that prostate cancers are usually
heterogeneous. Only about one thousandth of the prostate is
sampled even with multiple thin-needle core biopsies, and the
tissue obtained may not be perfectly representative of the entire
tumor.

Lymphvascular Invasion 
Careful microscopic examination of the prostatectomy 

specimen may reveal the presence of tumor within minute 
lymphatic or blood vessels. It is a significant factor indicative of
a poorer prognosis. This finding is rarely discernable on biopsy.

Tumor Stage 
Tumor stage is crucial in determining whether adjuvant

therapy is likely to be of benefit. Staging is performed according
to the American Joint Committee on Cancer (AJCC) guidelines.18

For example, invasion of the tumor into the adjacent fibroadipose
tissue is designated stage T3a. Tumor invasion into either or
both of the seminal vesicles is designated T3b, which
supercedes T3a, and invasion into surrounding organs, such as
the bladder, is designated T4. The absence or presence of
metastatic spread into local lymph nodes (i.e., pelvic lymph
nodes) is noted as N0 or N1, respectively, and the absence or
presence of metastatic spread beyond this is designated M0 or
M1. Thus, one might have a patient with staging “T3b N0
M1” if tumor has spread to the seminal vesicles and the spine,
but is absent from the pelvic lymph nodes.

Margin Status 
The final feature that must be assessed on the prostatectomy

specimen is whether prostate cancer is present at the surface of
the specimen. This is termed margin positivity and may, especially
if it is present in more than a small area, be indicative of local
tumor that could not be excised at the time of surgery. The
pathologist should report the extent and location of tumor
present at the margins. Like tumor stage, this information is
needed to make decisions regarding subsequent adjuvant therapy.

Summary

In summary, the role of the pathologist has proven indispen-
sable in diagnosing prostate cancer, planning initial therapy,

144 NC Med J March/April 2006, Volume 67, Number 2

Table 2.
Utilities of Various Pathologic Parameters in Detecting Prostate Cancer and in Guiding Therapy.

Determining Planning initial Assessing likelihood Assessing for
need for biopsy/ therapy/ of benefit from recurrance/

re-biopsy prognosis adjuvant therapy progression

PSA

PSA Concentration X X X X

PSA Velocity X

PSA Density X

Free/Total PSA X

Biopsy X

Tumor Grade X X

Location/Extent of Tumor X

Perineural Invasion X

Atypical Glands X

HGPIN X

Prostatectomy

Tumor Grade X X

Stage X X

Lymphvascular Invasion X X

Margin Status X X
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assessing prognosis, estimating the likely benefit of adjuvant therapy
following prostatectomy or radiation therapy, and in following
patients for possible recurrent disease. Moreover, the work of
pathologists has been pivotal in the research that has lead to our

present understanding of the natural history of prostate cancer
and the present methods for estimating the likelihood of benefit
from various therapies. Such work continues to be integral to
scientific advancement in these areas. NCMedJ
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en who are diagnosed with prostate cancer face a dizzying
and growing array of treatment options. These

include watchful waiting, two forms of radiation, and three
types of surgery. In addition, ever more therapies are entering
the field of prostate cancer treatment, such as cryosurgery and
high-frequency ultrasound therapy.

Each option comes with a set of risks, including inadequate
treatment of the cancer, rectal problems, urinary incontinence,
and erectile dysfunction. In the medical field, a great deal of
controversy exists regarding
the treatment of prostate
cancer, and the patient is
faced with a great deal of
uncertainty when considering
his treatment options. The
patient’s urologist and his
primary care physician play
crucial advisory roles in the
patient’s treatment decision.
Ultimately each patient must
navigate this complex process
and make the decision himself. 

Most, if not all, urologists
are trained to be capable of discussing three major pathways for
patients to consider once the diagnosis of prostate cancer is
made. These are watchful waiting, radiation therapy, and surgery.
Unlike many medical diagnoses, there is not an absolutely correct
treatment for prostate cancer, and given this uncertainty, the
patient (and his spouse or partner) must participate in the deci-
sion-making process. Notably, research has shown that most
patients are comfortable in this role.1

Watchful Waiting

Watchful waiting is an important option for urologists to
discuss with patients and for patients to seriously consider. The
rationale for watchful waiting is based on the high incidence
but low mortality of prostate cancer in the United States. As of

2005, a man in the United States has a one in six chance of being
diagnosed with prostate cancer during his lifetime.2 However, due
to the biologic nature of prostate cancer, most men are destined to
die from other causes before they die from prostate cancer—the
likelihood of a man dying from prostate cancer is approximately
one in 34.2 More than ever, it is becoming clear that many men do
not need to undergo treatment for prostate cancer. Given the risks
and the costs of treatment, watchful waiting is an important option
to consider, both as a patient and for healthcare systems. 

Watchful waiting requires that patients have semi-annual
examinations and testing for changes in the prostate-specific
antigen (PSA) blood test. In addition, watchful waiting in
healthy patients mandates that the patient undergo a repeat
prostate biopsy to assess for changes in cancer grade and volume.
This should be performed approximately one year after the initial
biopsy.

Radiation or Surgical Treatment?

The next level of discussion regarding treatment for prostate
cancer involves consideration of intervention in the form of
radiation or surgery (i.e., local radical treatment in an attempt
to cure what is expected to be organ-confined disease). Both
radiation and surgery in all forms generally confer a disease-
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“Unlike many medical diagnoses, there
is not an absolutely correct treatment

for prostate cancer, and given this
uncertainty, the patient (and his spouse

or partner) must participate in the
decision-making process.” 
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specific survival of at least ten years. Of
course, disease-specific survival varies
greatly based on the individual patient’s
disease biology. Most patients with
screen-detected prostate cancer have a
disease with slow biological progression
and can expect little, if any, impact on
their lives for 15-20 years. A smaller
proportion of patients have more
aggressive disease as identified by PSA
levels found in their blood and Gleasona

parameters and may indeed, succumb to
the cancer.

Urologists are familiar with the effi-
cacy and side effects of both radiation
and surgical treatment, and they can
discuss both with patients. Ideally, the
radiation modality should be discussed
with a radiation oncologist familiar with
both brachytherapy (permanent or tem-
porary implantation of the prostate with
radioactive seeds) and external beam
radiation therapy, so the patient may
obtain a balanced view of his treatment
options. It is well known that urologists,
as surgeons, and radiation oncologists each favor their own
treatment modality, and the best way for a patient to navigate
this complexity is to discuss treatment with both specialists.
However, many urologists perform brachytherapy and can dis-
cuss this treatment with the patient in terms of disease control
and the potential side effects of lower urinary tract symptoms
and erectile dysfunction. 

Surgical Options

Radical Retropubic Prostatectomy
The discussion of surgery for prostate

cancer has become more complex in the
past five years, as laparoscopic approach-
es to surgery have increased the number
of surgical techniques available to the
patient. The current standard of care,
radical retropubic prostatectomy
(RRP), has been performed and refined
for several decades. This technique, also
known as “open surgery,” is performed
through a vertical incision made below
the umbilicus. Data on disease control
and the two major functional outcomes,
erectile dysfunction and urinary conti-
nence, are well known, and these 
complications are much less common
than even ten years ago.3 Research into
healthcare quality is also well defined
and indicates that outcomes are better
and complications are fewer at medical
centers where many RRPs are per-
formed.4 Similar findings have also

been demonstrated when looking at individual surgeons. In the
community setting, this information may be difficult for the
patient to obtain. Patients who research their treatment options
usually learn that an important question to ask their urologist
is how many RRPs he or she has performed and how often.

Laparoscopic Radical Prostatectomy
Laparoscopic techniques for performing radical

prostatectomy have become more common since
the start of the new millennium. Laparoscopy has
supplanted open surgery for many surgical proce-
dures, including gall bladder removal, appendec-
tomy, adrenal surgery, Nissen fundoplication (a
procedure to alleviate gastroesphageal reflux),
and some gynecologic surgeries. Laparoscopic
surgery is performed through buttonhole-sized
incisions with the aid of a scope placed internal-
ly to visualize the operation. The major driving
force for laparoscopic surgery is decreased pain
and faster recovery; additional benefits are
improved visualization of anatomic structures
and cosmetic outcomes. 

Initially, laparoscopic radical prostatectomy
(LRP) was developed as a standardized series of
steps by surgeons in France. Adoption of this
technique worldwide was limited due to the
difficulty in learning this procedure, and it was

a The Gleason scoring system grades prostate cancer patterns from 1 (well-differentiated malignancy) to 5 (poorly differentiated malignancy).
For more information see page 123 of Dr. Culley Carson’s article in this issue of the Journal.

Dr. Wallen controls the robotic instruments using
sophisticated joysticks.

At the robotic console, the surgeon views the operation through a 3-D viewfinder and 
controls the instruments.



abandoned by many urologists after their initial efforts. At a small
number of medical centers, however, the technique for LRP
has been mastered and is the standard surgical treatment
offered to patients. Data evaluating outcomes for cancer con-
trol, complications, continence, and erectile function show that
LRP is equivalent to RRP in experienced, capable hands.3

Robotic-Assisted Radical Prostatectomy
Robotics came to the field at approximately the same time

that laparoscopic prostatectomy was being attempted around
the world. Surgical robotics was developed over the past two
decades by the military, and private companies brought these
instruments to the bedside in the late 1990s. Only one surgical
robotic platform, the da Vinci® Surgical System, is in widespread
use today, with approximately 300 of these systems in place
around the United States. The major benefit of this instrument
is that it makes LRP feasible for many more surgeons, by virtue
of creating a three dimensional (3-D), immersive environment
for the surgeon and providing instruments with superior
manipulation. The downside of this tool is its cost—more than
$1 million—to individual hospitals and to the healthcare system
in general.

Due to widespread purchase and use of the da Vinci® Surgical
System, robotic-assisted radical prostatectomy (RARP) is rapidly
becoming a new standard of care in the surgical treatment of
prostate cancer. Access to the prostate is very similar to LRP, in
the sense that small incisions are made to permit scope and
instrument placement. However, the instruments used to perform
the operation are controlled by a surgeon who sits away from
the patient at a console. There, the surgeon looks into a
viewfinder that provides 3-D visualization of the surgical field,
and controls the instruments with sophisticated joysticks and
foot pedals. Compared to traditional laparoscopic instruments,
the robotic-controlled instruments have more flexibility to perform
the delicate nerve sparing and sewing parts of the procedure. In
addition, the robot eliminates tremor, thereby steadying the
surgeon’s hands.

Results from RARP appear to be at least as good as RRP and
LRP, and some studies have claimed that oncologic and functional
outcomes are even better.5,6 Compared to RRP, LRP and RARP
have shorter hospitalizations and lower rates of blood transfu-

sion.7 The results of RARP, as with the other techniques, are best
at medical centers where many of the procedures are performed.8

Indeed, patients undergoing surgery for prostate cancer by an
experienced surgeon can expect to have an excellent chance for
recovery of urinary control and baseline sexual function, regard-
less of the technique. Currently, the field of urology is witness-
ing patient migration to centers where RARP is performed, based
on good results and effective marketing of the robot. I expect that
over the next decade, robotic-assisted laparoscopic radical prosta-
tectomies will become the most common surgery performed for
patients with prostate cancer.

Conclusion

Prostate cancer as a disease entity is rife with controversy. As
common as it is, it certainly does not warrant aggressive treatment
in many patients. This is a difficult concept for physicians and
patients alike to understand. Over and beyond the next decade, the
option of watchful waiting will be further explored by researchers
and recommended for more and more patients, spurred by the
recognition that most prostate cancer is not lethal. The presence of
newer surgical techniques should not obscure this, and urologists,
as well as other physicians must recognize this.

At the same time, surgery for prostate cancer is in a state of
evolution. The emergence of RARP as a less invasive option has
encouraged more physicians and patients to consider surgical
treatment. So how are patients supposed to make sense of these
developments? Urologists play a crucial role in facilitating patient
education through discussion, providing or recommending
written material, and directing them to appropriate Internet
resources. Patients should be made aware of all options, including
watchful waiting, and should understand that the slow pace of
the disease process allows them time to carefully consider these
options. Patients should advocate for their healthcare by inquiring
about the experience of their potential surgeon, investigating
outcomes through prostate cancer support groups, becoming
educated via media resources, and discussing options with their
partner and other family members. At the conclusion of this
process a patient is empowered to make a choice with which he
is comfortable. NCMedJ
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adiation is a viable curative treatment option for localized
prostate carcinoma. It can be used as primary therapy

and can also be used to cure patients who have failed surgery or
are at high risk of recurrence after prostatectomy. For locally
advanced tumors, radiation is the preferred treatment and,
based on randomized trials, should be combined with hormonal
therapy for optimal results. Watchful waiting is another option
for patients with low-risk disease.

Radiation as Primary Therapy

Radiation can be delivered using external beam radiation
therapy, brachytherapy (permanent or temporary implantation
of the prostate with radioactive seeds), or a combination of these
methods. There are no randomized trials comparing the various
radiation techniques to each other or to radical prostatectomy,
so comparisons of outcomes after various treatments is based
on retrospective reviews. Risk groups have been developed to
categorize the aggressiveness of prostate carcinomas so that patient
cohorts who have similar prostate cancers can be compared.
One of the more popular risk-group categorizations has been
developed by D’Amico et al.1,2 (see Table 1).

These risk groups can be used to compare patients treated at
different institutions with different techniques, but as always,
there are pitfalls with retrospective reviews arising from patient
selection and unknown bias. Patients treated with radiation
tend to be older, have more advanced local disease, have higher
prostate-specific antigen (PSA) levels, and have higher Gleason
scores.a Because of this bias, outcomes after radiation will be
inferior to surgery unless there is an attempt to compare
patients with similar prostate cancers. Risk-group stratification
is a simple way to adjust for this bias, but is obviously not as
rigorous as randomized trial data. Another difficulty that limits
retrospective comparisons is that both surgical and radiation
techniques have improved over the past ten-to-15 years, so
there is no long-term follow-up of prostate cancer patients
treated with modern techniques. 

Nevertheless, retrospective comparisons using appropriate risk
groups are the best datasets available during patient counseling.
Kupelian et al.3 reported results for 2,507 patients treated with
external beam radiation (greater than or equal to 72 Gy), surgery,
brachytherapy, or a combination of brachytherapy and external
beam from 1990 to 1998 (see Table 2). The data are not “clean”
in that a fraction of patients in each treatment group also received

hormonal therapy. For some
patients receiving radiation,
hormonal therapy can improve
survival, but at a minimum,
patients treated with hormonal
therapy will have a delay in
PSA recurrence. Hormone use
was limited to six months in
this study, so the impact of
hormonal therapy should be
minimal. The patients in the
intermediate- and high-risk
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Table 1.
Risk Groups for Clinically Localized Prostate Carcinoma1,2

Risk Group Characteristics Expected ten-year PSA 
failure-free survival

Low PSA < 10 and Gleason score < 6 and 80-85%
1992 AJCC stage T1c, T2a

Intermediate PSA > 10 and < 20 or Gleason score = 7 50-60%
or 1992 AJCC stage T2b

High PSA > 20 or Gleason score > 8 or 30-40%
1992 AJCC stage T2c, T3

American Joint Committee on Cancer (AJCC).

a The Gleason scoring system grades prostate cancer patterns from 1 (well-differentiated malignancy) to 5 (poorly differentiated malignancy).
For more information see page 123 of Dr. Culley Carson’s article in this issue of the Journal.
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group were primarily intermediate risk. There
were no T3 patients (patients with tumors
that had spread outside the prostate capsule),
27% of patients had a PSA level greater than
20, and 19% had a Gleason score greater than
7. D’Amico has also reported outcomes for
surgery and radiation based on risk groups.1

No patients received hormonal therapy (see
Table 3). These retrospective series show that
the results after surgery and radiation are sim-
ilar at five years. There is also little difference
between brachytherapy and external beam
radiation. Of note, even within the same risk
group, the outcome after surgery is better at the Hospital of the
University of Pennsylvania in Philadelphia than it is at Brigham
and Women’s Hospital in Boston (see Table 3), implying selec-
tion of more favorable patients at the University of Pennsylvania
even within similar risk groups (assuming surgery is equivalent at
the two institutions). While some patients in these series have
been followed for ten years, the number of patients followed for
ten years is too small to provide reliable data. With additional 
follow-up, long-term comparisons within these databases will
be possible. 

For patients with intermediate- and high-risk prostate cancers,

however, comparing surgery to radiation alone no longer reflects
clinical practice. There are randomized data that support the use
of hormonal therapy in patients with intermediate- and high-
risk prostate carcinoma who are treated with radiation.4-6

Several studies have shown a statistically significant survival
advantage from the addition of hormonal therapy to radiation
(see Table 4). Patients in the D’Amico et al. study5 had slightly
less severe prostate cancer compared to the other two studies,
although many of the patients would still be considered high
risk. The optimal duration of hormonal therapy when combined
with radiation is not known, but higher-risk patients are probably

best treated with two-to-
three years of hormonal
therapy.

Over a five-to-ten-
year time frame, the
outcome after radiation
or surgery is similar,
based on the above ret-
rospective reviews of
patients stratified by
risk groups. Outcome
beyond ten years is less
certain. On theoretical
grounds, surgery should
have a slight advantage
over radiation because,
if a prostate cancer is
truly localized to the
prostate gland (without

extracapsular spread or occult dis-
tant metastasis), surgical removal of
the gland should be permanently
curative. Surgery is not always suc-
cessful in clinically localized, low-
risk tumors, however, because of
inadequate surgical technique or
tumor biology, which often leads to
early dissemination or extracapsular
spread. If the “horse is out of the
barn,” no local therapy is curative,
although radiation probably has an
advantage if there is only local

“...both surgical and radiation
techniques have improved over
the past ten-to-15 years, so there 

is no long-term follow-up of
prostate cancer patients treated

with modern techniques.” 

Table 2.
PSA Failure-Free Survival for Stage T1-T2 Prostate Carcinomas at the Cleveland
Clinic and Memorial Sloan Kettering at Mercy Hospital, 20033

Five-year PSA failure-free survival

Treatment Number Low risk Intermediate Percent with 
and high risk hormonal therapy 

(duration < 6 months)

Radical 1,034 90% 70%+ 17%
Prostatectomy

External Beam 301 92% 75%* 39%
Radiation (> 72 Gy)

Permanent Implant 950 90% 75%++ 24%

External Beam and 222 92% 75%** 36%
Implant

+ 21% Gleason score > 7, 26% PSA > 20 * 22% Gleason score > 7, 35% PSA > 20
++ 12% Gleason score > 7, 21% PSA > 20 ** 22% Gleason score > 7, 35% PSA  >20

Table 3.
PSA Failure-Free Survival after Surgery or Radiation1

Five-year PSA failure-free survival

Treatment Number Low risk Intermediate High
risk risk

Radical Prostatectomy* 1027 90% 71% 40%

Radical Prostatectomy+ 1100 85% 55% 30%

External Beam Radiation^ 473 90% 61% 42%

* Hospital of the University of Pennsylvania, Philadelphia
+ Brigham and Women’s Hospital, Boston
^ Joint Center for Radiation Therapy, Boston
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extension of disease, since radiation delivers a margin of effective
dose around the prostate gland and seminal vesicles. 

In contrast, the long-term efficacy of radiation, if a cancer is
truly localized to the gland, is less certain based on a number of
theoretical arguments. Although atrophied, the prostate is still
present after radiation, and new cancers may develop ten-to-20
years after initial treatment. Second, there is variability in the
sensitivity of prostate cancer cells to radiation. Finally, radiation
kills clonogenic (replicating) cells in a random fashion. A given
dose of radiation theoretically kills a fixed fraction of clonogenic
cells, and with repeated doses of radiation, the fraction of surviving
cells approaches, but never reaches, zero:

survival fraction = e- (constant * radiation dose)

For a given survival fraction, the chance of cure is mathe-
matically described by the tumor control probability. If the 
surviving fraction is 0, the tumor control probability is 100%:

tumor control probability = e- (surviving fraction*number of clonogens)

Although the above is supported by laboratory work, tumor
control probability in vivo is also dependent on host factors
that are not well characterized. Radiation can definitely cure
many prostate cancers, but if a large number of similar, truly
localized tumors are radiated, there will likely be a few that are
not cured because of the random nature of radiation killing,
variability in radiation sensitivity, and variability in host factors.
These tumors would have been cured with adequate surgical
resection.

Based on these theoretical arguments and the lack of long-term
randomized or retrospective data, I usually recommend radical
prostatectomy for patients with low- and intermediate-risk cancers
who are healthy and have a greater than ten-year life expectancy.
For patients in poor health or older than 70 years, I will usually
recommend radiation, since I am fairly confident that the ten-
year results are similar to surgery. The patient with high-risk,
localized prostate cancer, however, may be better treated with
radiation and hormonal therapy, regardless of age, although
there may be a role for surgery and adjuvant radiation in the
younger patient. 

Radiation Modality

For patients choosing brachytherapy,
the most important consideration is
the experience of the brachytherapy
center. The quality of the prostate
implant as judged by dosimetric
parameters increases with the number
of implants performed. If appropriately
proctored, however, treatment is likely
satisfactory at less-experienced centers. 

For external beam radiation, newer
techniques that allow greater doses of

radiation to be delivered safely should be used. At a minimum,
this should include three-dimensional (3D) conformal therapy,
which allows more accurate targeting of the prostate and seminal
vesicles while avoiding the rectum and bladder. Intensity-modu-
lated radiation therapy (IMRT) should also be considered in
patients with intermediate- and high-risk disease. IMRT is an
extension of 3D, which modulates the intensity of each radiation
beam in a way that allows for dose escalation while minimizing
dose to sensitive normal structures. A similar dose escalation with
standard 3D techniques results in excess late rectal toxicity. 

Image-guided radiation therapy (IGRT) is another new
technology that is being introduced into the clinic. Using a
variety of techniques, IGRT increases the daily accuracy of
tumor localization, which results in lower doses to surrounding
normal tissue by allowing a decrease in the margin from the
tumor to the edge of the radiation beam. 

The choice of radiation modality is partially based on disease
characteristics. Treatment with brachytherapy alone is best for
patients with low-risk disease as long as the prostate is not too
large (greater than 60-70 cc) or too small (less than 30 cc).
Hormonal therapy is occasionally used with brachytherapy to
decrease the size of the prostate prior to the implant. External
beam radiation is used alone for low-risk disease and is combined
with hormonal therapy for intermediate- and high-risk disease.
Some centers will combine external beam radiation, hormonal
therapy, and brachytherapy for patients with intermediate- or
high-risk disease. As briefly reviewed above, there are no data to
support one type of radiation over another for appropriate
patients. 

Patient preference and expected side effects also influence
treatment choice. Brachytherapy as sole therapy has the distinct
advantage of being completed in a single appointment
although it requires general or spinal anesthesia, and treatment
effects are felt for several months after the implant. External
beam radiation typically involves daily treatments for seven-to-eight
weeks (35-to-40 treatments). During treatment, brachytherapy
tends to result in more urinary symptoms (frequency, burning,
and urgency), and external beam radiation tends to cause more
rectal symptoms (tenesmus, increased bowel frequency, hemor-
rhoid discomfort, and diarrhea), although both treatments can
result in urinary and rectal symptoms. A small percentage of
brachytherapy patients require bladder catheterization during
the first few months after implantation, while this rarely occurs

Table 4.
Randomized Trials Evaluating Hormonal Therapy in Intermediate
and High-Risk Prostate Carcinoma

Five-year survival

Study Number Duration of Radiation Radiation and 
hormones alone hormones

D’Amico5 206 6 months 78% 88%

Hanks6* 361 2 years 71% 81%

Bolla4 415 3 years 62% 78%

* Gleason score 8-10 only



during or after external beam radiation. Both techniques can
result in rectal injury, which manifests as rectal bleeding several
months to years after treatment. Urinary incontinence is rare
with both treatments, although it is more likely following
brachytherapy. Sexual dysfunction is probably more frequent
after external beam radiation compared to brachytherapy.

Radiation after Radical Prostatectomy

After prostatectomy, the PSA should become undetectable. If
the PSA fails to fall to zero or becomes detectable after initially
falling to zero, radiation is often used in a curative attempt to
“salvage” the failure. As a local modality, radiation will only be
effective if residual disease is confined to the prostate bed or pelvic
nodes, although pelvic (nodal) radiation is less frequently used than
prostate bed radiation after prostatectomy. Post-prostatectomy
radiation is more effective with lower post-prostatectomy PSAs,
an initially undetected PSA after surgery, a long disease-free
interval prior to PSA failure, and adverse pathologic features,
which predict residual local disease (extracapsular extension or
positive margin). If a patient’s PSA does not initially decline to
zero, he likely had occult metastatic disease at diagnosis and
would not benefit from localized radiation, unless the source of
the residual PSA is a positive margin and the Gleason score less
than 8. A ProstaScint® scanb is often used to confirm a prostate
bed recurrence or, at least, attempt to rule out distant disease, but
the low sensitivity and specificity of this examination limits its
usefulness. The PSA disease-free survival after salvage radiation for
all patients is approximately 25-40% at five-to-ten years after
radiation.7,8 Favorable patients (PSA less than 2.0, Gleason score
less than 8, positive surgical margins) may experience PSA disease-
free survivals of 60-70%.8

Adjuvant radiation for high-risk prostate cancer after radical
prostatectomy is rarely used. Adjuvant refers to a situation
where all clinically detectable disease has been removed. Most
urologists will follow patients with high-risk prostate cancer
and only consider radiation if the PSA does not fall to zero or
if it becomes detectable, at which time the treatment is considered
salvage therapy. The rationale for this “wait-and-see” approach
is that not all high-risk patients are destined to fail, failures can
be picked up “early” with PSA, and many patients are spared
the toxicity of unneeded radiation. Arguments pointing out
that PSA becomes detectable only after a million cells are present9

have not increased the use of adjuvant radiation. Theoretically,
radiation is most effective when the tumor burden is smallest.
A randomized study of adjuvant radiation showed that the bio-
chemical relapse was reduced from 47% to 26% at five years
with the use of radiation.10

Watchful Waiting

For the older patient with low-risk prostate carcinoma,
watchful waiting is a reasonable option. This is especially true
if the patient has multiple co-morbidities or the Gleason score
is less than 6. A group of patients identified from the
Connecticut Tumor Registry had data extracted from chart
review. For patients with Gleason 2-5 carcinomas who were not
treated with local therapy, only 4-11% died from prostate
carcinoma.11 D’Amico showed that for low-risk prostate carci-
noma, the risk of dying from prostate cancer after radiation or
surgery was 1-2% at ten years, while the risk of dying from
other causes was ten-to-30%.12

Most radiation oncologists are comfortable following patients
without treatment, although this is usually done in conjunction
with an urologist. Ideally, these patients should be enrolled in a
study so outcomes of watchful waiting can be determined, but
this is not usually possible in a community setting. A reasonable
approach to watchful waiting is to monitor PSA every three
months and consider treatment if the PSA doubling time
(velocity) is less than 12 months. If the PSA is fairly stable after
one-to-two years, monitoring can be decreased to every six
months. While patients initially agree to watchful waiting,
many elect to proceed with treatment as their anxiety rises with
the rise in their PSA, even if the doubling time is greater than
12 months.

Summary

Radiation is a curative treatment for prostate cancer that is
most appropriate for the older patient or the patient with sig-
nificant co-morbidities. Younger patients with a greater than
ten-year survival are probably best treated with surgery unless
the disease is high risk. For all patients, high-risk disease is best
treated with hormones and radiation. The long-term superiority
of surgery over radiation, however, has not been demonstrated
in randomized or retrospective studies, and the recommendation
for surgery in the younger, healthy patient with favorable local
disease is largely based on theoretical considerations. If chosen
for appropriate indications and delivered with appropriate
techniques, radiation can be delivered using external beam or
brachytherapy with equal efficacy. The choice of radiation
treatment is based on tumor characteristics and patient prefer-
ence. Radiation can be used after prostatectomy to cure patients
who are not cured with surgery. Watchful waiting may be
appropriate for patients with low-risk disease. NCMedJ
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b ProstaScint
®

scan involves injecting a small amount of radioactive material into the body to determine if and where any prostate cancer
cells may be.
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ystemic therapy plays an important role in the manage-
ment of prostate cancer. Since the pioneering work of Dr.

Charles Huggins in the 1930s, medical science has known that
prostate cancer cells were, to some extent, dependent on the
presence of androgens (steroid hormones) for their growth and
survival.1 Hormonal therapy, with various forms of androgen
manipulation and androgen receptor interaction, has been the
primary form of systemic therapy for prostate cancer since that
time. In recent years, a role has been proven for systemic
chemotherapy as well. Clinical research trials are now investigating
the role of new biologic agents and immunotherapy. This com-
mentary will review the current status of the systemic therapy for
prostate cancer.

Hormonal Therapy: General Principles

The androgen receptor is the primary driver of cell growth for
prostate cancer.2 Stimulation of the androgen receptor can be
reduced by depletion of circulating androgens, blocking the
binding of androgens to the androgen receptor, or a combination
of the two methods. 

Depletion of androgens can be accomplished directly by
bilateral orchiectomy (castration) or indirectly by administration
of estrogens or luteinizing hormone releasing hormone
(LHRH) analogues.3 Both of these classes of drugs exert their
effect indirectly via reduction of the production of luteinizing
hormone by the pituitary, with subsequent loss of luteinizing
hormone signal to the testicles to produce testosterone. Both
classes of drugs are capable of reducing serum testosterone levels
to levels equivalent to orchiectomy. 

Blocking the binding of androgens to the androgen receptor
can be accomplished with anti-androgens. Anti-androgens
accomplish inhibition of prostate cancer cell growth by com-
petitive binding to the androgen receptor versus androgens.

Anti-androgens administered to a patient with functional testes
do not decrease testosterone levels, but actually cause some
increase.

A third means of manipulation of the androgen and androgen
receptor interaction could have a role in the management of
prostate cancer, but has not been well studied. Medications
approved only for the treatment of benign prostatic hypertrophy,
such as 5-alpha reductase inhibitors, block the conversion of
testosterone to dihydrotestosterone (DHT).3 DHT binds more
strongly to the androgen receptor than testosterone, and theo-
retically, blocking the conversion of testosterone to DHT could
diminish prostate cancer cell growth.

Roles of Hormonal Therapy

Hormonal therapy has been used to treat various states of
prostate cancer, including metastatic disease, disease manifest only
by a rising prostate-specific antigen (PSA) after primary therapy, as
adjuvant therapya post primary therapy, as neoadjuvant therapyb

prior to and/or with primary therapy, and as a primary therapy for
localized disease. 

Metastatic Disease

The role of hormonal therapy in metastatic disease is well
accepted as first-line therapy. All of the three methods of testos-
terone depletion, (e.g., orchiectomy  estrogens, or LHRH ana-
logues) are equally effective.3 LHRH analogues, although
expensive, are the primary therapy used in most patients. Many
patients prefer injections to orchiectomy, and estrogens can be
associated with significant thrombo-embolic cardiovascular
risk. Between 70-90% of patients will respond initially with a
decrease in PSA and clinical improvement in symptoms.
Median duration of response to this therapy is about 18
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a Adjuvant therapy is treatment, such as chemotherapy, radiation therapy or hormone therapy, given to a patient after the primary treatment
to increase the chances for a cure.

b Neoadjuvant therapies are similar to adjuvant therapies except they are given prior to the primary treatment.
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months. There is controversy over whether treatment should
begin when metastatic disease is diagnosed or only at the onset
of symptoms. A review of the randomized clinical trials suggests
that there is a benefit with higher rates of one- and five-year dis-
ease-free progression and ten-year survival among those who
receive immediate versus deferred therapy.4

Anti-androgens in standard doses as monotherapy have
been demonstrated to be inferior to testosterone depletion.5

Their use as single agents in general should be restricted to
patients who refuse testosterone depletion because of concern
over loss of sexual function.

Combined androgen blockade (CAB), the addition of anti-
androgen to testosterone depletion, is also controversial.
Randomized trials have produced mixed results. Three meta-
analyses of the data have all suggested a small improvement in
five-year survival as opposed to simple testosterone depletion

with orchiectomy or LHRH analogues.6,7,8,9 There are some
minor side effects with anti-androgens (e.g., diarrhea, gyneco-
mastia, etc.), but the biggest objection to the addition of anti-
androgens is the significant monetary cost of these drugs as
compared to marginal survival benefit. It should be determined
by each patient and his physician whether the potential benefit
of CAB is worth the cost. 

PSA Recurrence as the Only Sign of Disease

It has become common clinical practice in the PSA era to
treat patients who have a PSA level that begins to rise but have
no evidence of metastases, at some point after primary surgery
or radiation therapy. The rationale is to prevent or delay the
onset of overt metastatic disease. Not all patients who have a
PSA recurrence die of prostate cancer. Recent studies have
demonstrated that several factors, including time to PSA recur-
rence, Gleason score at diagnosis, and PSA doubling time, are
all important in determining a patient’s risk of dying of prostate
cancer when he does have a rising PSA.10,11,12

There has also been a trend toward the use of intermittent
hormonal therapy in patients with a rising PSA. The rationale for

intermittent therapy is to have periods of time away from the side
effects (hot flashes, fatigue, etc.) and toxicities (deterioration of
bone density, loss of muscle mass, etc.) of testosterone depletion,
but also there is speculation that the onset of hormone refracto-
ry prostate cancer could be delayed.13 This method is not yet
supported by data from a large randomized clinical trial, but is
attractive to many patients and physicians.

Adjuvant Hormone Therapy 

There are minimal data on the use of hormone therapy after
prostatectomy. In a trial reported by the Eastern Cooperative
Oncology Group (ECOG), men who were discovered to have
positive lymph nodes when their pathology was reviewed after
surgery were given continuous LHRH analogue therapy either
immediately post surgery or at the time of recurrence .14 At ten

years there was a dramatic survival benefit
(72% versus 49%) for those men who received
immediate versus deferred treatment, respec-
tively. This trial has been criticized because
there were only 98 men accrued. However, the
data are so compelling that one would be hard
pressed not to recommend immediate adjuvant
hormonal therapy to all men who have positive
nodes at the time of prostatectomy.

Neoadjuvant Hormonal Therapy

Neoadjuvant hormonal therapy has been
tested in clinical trials prior to surgery and also
prior to (as well as concurrent to and after)
primary radiation therapy. The neoadjuvant
surgical studies have consistently failed to
demonstrate any disease-free or overall sur-

vival benefit for neoadjuvant hormonal therapy given for any-
where from three-to-eight months pre-surgery. 

On the other hand, several large clinical trials have shown a
disease-free and, in some, a survival benefit for hormonal therapy
administered prior to and continued concurrent with radiation
therapy for patients with high-risk prostate cancer. Three of
these important trials include RTOG 86-10, the Bolla study
from EORTC, and the D’Amico trial.15,16,17 There are preclinical
data to suggest that androgen depletion does make prostate
cancer cells more sensitive to radiation, and this phenomenon
could explain why neoadjuvant hormonal therapy is beneficial
with radiation and not surgery.18

Hormonal Therapy as Primary Therapy

Some physicians advocate hormonal therapy as primary
therapy for prostate cancer.19 There are no data to suggest that
primary hormonal therapy can be done with curative intent.
For that reason, the use of primary hormonal therapy should
probably be reserved for those who need treatment, but are
unwilling or unable due to co-morbidities or age to pursue a
curative primary treatment, such as surgery or radiation.

“Since the pioneering work of
Dr. Charles Huggins in the
1930s, medical science has

known that prostate cancer cells
were, to some extent, dependent

on the presence of androgens
(steroid hormones) for their

growth and survival.”



Hormonal Resistance

As noted previously, the median duration of response to
hormonal therapy in patients with metastatic prostate cancer is
about 18 months. Virtually all patients develop disease that
progresses in spite of this first-line hormonal treatment. This
condition has variably been termed androgen-independent
prostate cancer or hormone-refractory prostate cancer (HRprostate
cancer). Regardless of the terminology, there is evidence to suggest
that the androgen receptor is still the predominant driver of
prostate cancer cell growth, even in this state of the disease.20

Therefore, LHRH analogues are usually continued.
Secondary hormonal manipulations may be effective in some

patients with HRprostate cancer, with reported response rates of
20-60%.21 These secondary therapies include the addition of
anti-androgen, anti-androgen withdrawal, estrogens, corticos-
teroids, and suppression of adrenal androgen production with
drugs like ketoconazole. There are no clinical trials to suggest a
survival benefit from any of these second-line therapies, but in
general, they are not especially toxic and are, therefore, useful in
selected patients.

Systemic Cytotoxic Chemotherapy

As in other metastatic cancers, clinical trials using
chemotherapeutic agents have been undertaken in an attempt
to find effective therapy for HRprostate cancer. Early trials were
limited by the lack of conspicuously effective agents and the
lack of significant numbers of patients with measurable disease.
After the discovery of PSA, declines in this serum protein could
be used as a marker of disease response to therapy in phase II
trials. The PSA Working Group recommended a sustained
decline in PSA of 50% or more from baseline as an indicator of
response in phase II trials.22

In the 1990s, two phase III trials compared mitoxantrone
and a corticosteroid to the steroid alone in patients with
HRprostate cancer.23,24 Both of these trials showed a significant
benefit in terms of palliation of pain, although there was no
survival benefit. Based on this palliative benefit, the combination
of mitoxantrone and prednisone was the first chemotherapy
regimen to be approved by the Food and Drug Administration
(FDA) for the treatment of HRprostate cancer. 

The results of these trials led to renewed interest in the use
of chemotherapy in HRprostate cancer and a more rigorous
preclinical and clinical search for new active agents. Drugs that
affected intracellular microtubules, including vinca alkaloids,
taxanes, and the combination of either of these classes with
estramustine, had enough activity to generate a large number of
phase II trials. Docetaxel was the most active of these agents.

The documentation of 50% PSA decline rates in 30-65% of
the phase II trials with docetaxel led to the initiation of two large
phase III trials using docetaxel in combination with another
agent versus the then standard mitoxantrone and prednisone.25,26

Both of these trials, SWOG 9916 and TAX 327, demonstrated
an improvement in overall survival for docetaxel given every
three weeks in combination (with estramustine or prednisone,

respectively) versus mitoxantrone and prednisone. In addition,
patients on docetaxel did better in terms of pain relief and
quality of life than those receiving mitoxantrone. These were
truly historic studies, which were the first phase III trials to
demonstrate that chemotherapy can prolong survival in
patients with HRprostate cancer (hazard ratios 0.80 and 0.76).
There were increased adverse thromboembolic events in the
SWOG 9916 trial, which used estramustine with docetaxel.
For that reason, docetaxel every three weeks with daily oral
prednisone is now FDA-approved and the standard of care for
chemotherapy in HRprostate cancer.

The Next Steps

Now that we have a regimen that can prolong survival in
HRprostate cancer, the next steps will be to improve on the first-
line therapy of docetaxel and prednisone, develop new agents or
regimens for patients who have progressed on docetaxel, explore
the role of chemotherapy in the earlier states of prostate cancer,
and develop effective biologic and immunotherapy for prostate
cancer.

Agents that have been combined with docetaxel include car-
boplatin;27 high-dose calcitriol;28 thalidomide;29 various small
molecule growth factor tyrosine-kinase inhibitors, such as gefi-
tinib and imatinib;30,31 large molecule antibody-to-cell-surface
receptors, such as vascular endothelial growth factor;32 the
endolthelin A receptor antagonist atrasentan;33 proteosome
inhibitors, such as bortezomib;34 and even vaccines for prostate
cancer.35

Currently no agents are approved for second-line treatment
of HRprostate cancer after failure of initial chemotherapy. A
phase III trial of the oral agent satraplatin has recently been
completed, and the results are awaited with anticipation.36

Systemic chemotherapy, which is effective in an advanced
cancer, is often more effective in early states of disease. Two large
clinical trials of chemotherapy in combination with androgen
depletion in earlier states of prostate cancer are underway as
adjuvant therapy post-prostatectomy in patients with high risk
for recurrence. An Intergroup United States trial is comparing
mitoxantrone and hormone therapy to hormonal adjuvant therapy
alone. A large international pharmaceutical company-sponsored
trial will test the addition of docetaxel to hormonal therapy in
the adjuvant setting. In addition neoadjuvant chemotherapy
with docetaxel will be tested in combination with hormonal
therapy prior to and concurrent with radiation in patients with
high-risk disease. The results of these trials will determine the
effectiveness of these chemotherapy strategies in early stage
prostate cancer.

Finally, as we learn more about the cancer genome and the
immune system, new biologic agents that can be directed at
specific targets and new ways to stimulate the host immune system
to recognize and destroy prostate cancer cells are being developed
and nearing routine use in patients. The progress being made
should greatly enhance our ability to alter the course of prostate
cancer with systemic therapy. NCMedJ
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rostate cancer is a significant public health concern.
Because of its high incidence and mortality and a lack of

consensus on the recommended frequency of screening and the
most appropriate treatments, prostate cancer is also characterized
by high costs and uncertainty. As a result, there is perhaps no
bigger debate in medicine today as far as whether or not there
should be widespread screening for prostate cancer and if
and/or how to treat early-detected cases.

The corresponding economic costs of screening, diagnosis,
treatment, and follow-up for prostate cancer are not trivial and
are expected to increase with the aging of the population and a
larger volume of screening. In 1990, the total annual costs to
treat prostate cancer were estimated to range from $1.72 billion
to $4.75 billion.1 With the advent of prostate-specific antigen
(PSA) screening in the early 1990s, the costs of treating
prostate cancer in the United States likely far exceeded this
amount, based on trends toward earlier detection and more
aggressive treatment. Based on early estimates, the cost of

screening increases prostate cancer expenditures by three-to-ten
times.1 The costs of treating prostate cancer in Sweden have
been observed to fall within this range, increasing three-fold
between 1991 and 2002 (20 million to 65 million euros).2

The exponential increase in the volume of prostate cancer
screening adds to healthcare costs via the cost of the screening
test, follow-up biopsies for positive tests, and treatment (or
long-term monitoring) for confirmed prostate cancers. For

example, the use of PSA
tests increased seven fold,
and radical prostatec-
tomies increased six fold
between 1991 and 2002
in Sweden.2 Radiation
therapy increased ten fold
from 1997-2002.2 In the
United States, similar
trends were likely. Between
1989 and 2002, there was
a 234% increase in radical
prostatectomy in the
United States.1 In 2003,

there were 90,328 hospital discharges with the diagnosis of
prostate cancer and associated costs of $673 million.3 While
treatment for prostate cancer is expensive, the overuse and/or
inappropriate use of diagnostic tests in a manner inconsistent
with treatment guidelines significantly inflates costs for disease
management.2 According to the Medicare Current Beneficiary
Survey (2002), nearly two thirds of the 17.6 million Medicare
beneficiaries received prostate cancer screening.4 If all Medicare
beneficiaries or all men older than 50 (34.7 million in 2000)
sought screening, annual costs for the PSA screening test for
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“Whereas the increase in screening detects
cancer early and at a potentially curable

stage with aggressive treatment, it has also
resulted in the overdiagnosis of latent 

disease and unnecessary biopsies for men
with false-negative screening tests.”
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one year would approach ~$2 billion assuming Medicare reim-
bursement (~$50 per test).5 With costs in the range of a few bil-
lion dollars per year (screening, treatment, disease management,
monitoring, etc.), costs of a population-based screening program,
including disease management, could easily exceed $20 billion
within five-to-seven years.

The biggest controversy in prostate cancer research is in the
lack of consensus on the value of prostate cancer screening
given the test’s performance at diagnosing cancer and the
inconsistent demonstration of effectiveness of early intervention
at improving patient outcomes, including reductions in mortality.
Although the existing evidence of effectiveness has improved in
recent years, and cost-effectiveness analyses have been increasingly
performed, uncertainty about the benefits of treatments in
improving patient outcomes remains. A recent systematic
review demonstrated that it was difficult to draw conclusions
without uncertainty on the benefits of treatment alternatives
due to lack of randomized clinical trials. Newer technologies, in
particular, were hardest to evaluate given a lack of evidence of
effectiveness and a lack of comparison with standard treatment
alternatives.6 Although radical prostatectomy and radiation
rapidly replaced watchful waiting for early disease detection
with the advent of PSA, there was weak and inconsistent evidence
regarding any benefits in terms of improved patient outcomes
(including mortality) during this period.2 One recent study
demonstrated lower mortality using radical prostatectomy versus
watchful waiting in early-stage disease,7 but evidence is otherwise
weak or inconsistent from other trials, including those with long
follow-up.

The lack of consistent or compelling evidence about early
detection of prostate cancer showing an improvement in sur-
vivorship has not stopped numerous treatments from being
rapidly diffused, including aggressive treatments in relatively
young men. This is problematic in that aggressive treatments
themselves have consequences. For example, after 18 months of
follow-up, patients receiving radical prostatectomy in one study
experienced significant erectile dysfunction (59.9%) and urinary
incontinence (8.4%).8 Other treatment alternatives result in
co-morbidities affecting sexual and urinary function. If these
patients experience a long survival period, they must face the
psychosocial consequences of treatment-related adverse effects
that might not have been necessary if their underlying disease
was latent or extremely slow in progressing.

Whereas the increase in screening detects cancer early and at
a potentially curable stage with aggressive treatment, it has also
resulted in the overdiagnosis of latent disease and unnecessary
biopsies for men with false-negative screening tests.9 False positive
screening has financial and psychological costs, with about half
of men with suspicious screening test results and subsequent
negative biopsies reporting worrying “a lot” or “some of the

time” about prostate cancer.10 For men with confirmed prostate
cancer, those choosing either watchful waiting or aggressive
intervention for early-stage disease must address the implications
of their choices, which can result in anxiety, decreased activity
level, decreased quality-of-life, adverse effects of treatment, etc. 11

From an economic perspective, the value of a screening test
can be determined by estimating the relative costs and benefits,
where benefits of screening can be measured in terms of test
performance, unnecessary biopsies, and/or formal cost-effec-
tiveness analyses. Studies that evaluate prostate cancer screening
focus primarily on the PSA test. One recent study found that
complexed PSA (cPSA)a (threshold 2.2 ng/ml) was a better test
than total PSA (tPSA) (2.5 ng/ml), with higher sensitivity and
specificity and fewer unnecessary biopsies.12 A cost-benefit
study looking at five screening strategies found that cPSA (3.8
ng/ml) was dominant (more costly and less effective), with a
threshold of 3.0 ng/ml identifying a similar number of cancers
with fewer biopsies than tPSA (4.0 ng/ml).13

Using simulations including Markov modeling that simulate
the progression of disease to determine the most efficient PSA
screening algorithm, the benefits of prostate screening vary by
age and were not recommended above age 70, where the com-
peting risk of mortality outweighs the benefit.14,15 In their
Markov model, Ross and colleagues conclude that annual PSA
screening (4.0 ng/ml threshold) starting at 50 years of age is
dominant (i.e., more costly and less effective) by a biennial
screening strategy after tests at 40 and 45 years of age.16

Screening beyond age 70 required more treatments (and signif-
icant additional costs) per person-year of life saved.14 A second
computer model supports screening every two years (4.0 ng/ml
threshold), which reduces false-positive and overdiagnosis rates
sharply, while catching most cases relative to the more traditional
annual screening without any age-specific thresholds.17 Clearly,
additional research to determine the best thresholds for PSA
measures (tPSA, cPSA, PSA velocity,b etc.) and to determine the
utility of other biomarkers in detecting aggressive prostate cancer
is critical. If future screening tests can better distinguish latent
disease from aggressive disease and minimize false positives, they
offer great potential to lower unnecessary expenditures for
prostate cancer.

The utility of prostate cancer screening and treatment will be
debated for the foreseeable future, especially with the advent of
new treatments and the absence of randomized clinical trials. The
most common treatments, radiation and radical prostatectomy,
might never be compared in a randomized trial for a variety or
reasons. PSA is the only real biomarker available today to detect
prostate cancer, and it is imperfect. Based on the current eco-
nomic evidence, routine prostate cancer screening using PSA and
subsequent treatment for early-stage disease do not appear to be
cost-effective until improvement in patient outcomes, including

a Complexed PSA is a test measuring the level of PSA that has been complexed or bound with a certain protein (alpha-1-antichymotrypsin)
in a patient’s blood sample.

b PSA velocity is the rate of change in the PSA level over time.



mortality, have been demonstrated. Methods calculating the
expected value of perfect information (EPVI is a measure of the
cost of making an incorrect decision due to uncertainty) should
also be factored into decisions about prostate cancer screening.18

Despite its shortcomings, PSA will continue to be used to
detect prostate cancer in the absence of a more accurate bio-
marker. Furthermore, we will continue to treat early-stage

prostate cancer aggressively if a patient prefers this to watchful
waiting. However, healthcare administrators might give more
scrutiny to screening and treatment programs as costs continue
to escalate with the aging of the population. With this increased
scrutiny, cost containment might include a prostate cancer
screening schedule tailored to individuals based on prognostic
factors that are still being identified. NCMedJ
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ationally, accidents are the leading cause of death for
those under 35 years of age and the fifth leading cause of

death among all age groups.1 Injuries are a serious public health
problem, which takes a toll on the health of the population and
imposes social and economic costs on society. If the medical
community is to prevent injuries and deaths, each activity
should be individually evaluated. 

This data presented here are based on a study is of equestrian
accidents in North Carolina resulting in injury or death. North
Carolina has a horse population of 256,270 equines,2 and many
North Carolina citizens use horses for recreation and employment.
There are an estimated 70,000 horseback riders in North Carolina.
This study compared data from three sources for the years 1995
through 1999: the National Electronic Injury Surveillance System
(NEISS)3 (records for North Carolina), North Carolina Trauma
Registry (NCTR),4 and the North Carolina Medical Examiner’s
Database (NCME).5 Records in the NCTR were selected with
Ecodes indicating injuries caused by animals.

The age group at greatest risk for all injuries (NEISS), severe
injuries (NCTR), and deaths (NCME) are equestrians between
the ages of 25 and 44 years of age. Equestrians age 45-65 years
are the second highest group at risk of injury. The largest percent
of injuries among this age group can be seen in the NCME
data, with smaller percentages
in the NCTR and the NEISS
data. It has been suggested that
experience would decrease the
number of accidents, but one
would expect the equestrians
age 25-64 years would have
more experience in horse-relat-
ed activities than younger
equestrians. 

Fractures represent the
highest percent of injury type
in the NEISS and NCTR data.
The second most common
injury in NEISS is contusion

and abrasion, but in NCTR, it is laceration. Neurological head
injury is the most common cause of death, the third most com-
mon injury in the NCTR data, and the fourth most common
injury in the NEISS data. 

According to the NEISS data, the extremities are the most
commonly injured body parts, while the NCTR and NCME
data rank the head as the most commonly injured. The trunk
ranks second in all three databases.

Conclusions

The North Carolina data correspond with national medical
studies of horse-related activities in that head injury is the leading
injury. Head injuries are the most severe of the injuries in North
Carolina, causing 56% of all horse-related deaths. Head
injuries can be prevented or reduced in severity by wearing
properly fitted and secured American Society for Testing and
Materials (ASTM) equestrian standard/Safety Equipment
Institute (SEI) certification protective headgear. Other factors
that can play a role in injury prevention include: horse selection
at the level of the rider, horse and rider conditioning for the
activity, instruction from a qualified teacher, no use of alcohol
while riding, and proper attire for the activity.
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Table 1.
Age Groups from NEISS, NCTR, and NCME Databases, 1995-1999

NEISS (NC subset) NC Trauma Registry NC Medical Examiner

Age Count Percent Count Percent Count Percent

0-4 2 0.5% 16 3.1% 3 12%

5-14 61 16.4% 68 13.3% 1 4%

15-24 59 15.8% 85 16.6% 1 4%

25-44 172 46.1% 211 41.2% 11 44%

45-64 70 18.8% 104 20.3% 7 28%

64+ 9 2.4% 28 5.5% 2 8%

Unknown 0 0% 0 0% 0 0%

Total 373 100% 512 100% 25 100%
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Table 2.
Comparison of Diagnosis Categories from NEISS, NCTR, and NCME
Databases, 1995-1999

NEISS NC Trauma NC Medical
(NC subset) Registry Examiner

Injury Type Count Percent Count Percent Count Percent

Fracture 129 34.6% 428 35.5% 2 8.0%

Contusion/Abrasion 118 31.6% 75 6.2% 0 0%

Strain/Sprain 36 9.7% 14 1.2% 0 0%

Laceration 31 8.3% 188 15.6% 0 0%

Neurological Head 31 8.3% 160 13.3% 14 56%

Internal Injury 0 0% 153 12.7% 0 0%

Other 23 6.2% 89 7.4% 6 24%

Spine 0 0% 81 6.7% 2 8.0%

Dislocation 5 1.3% 18 1.5% 0 0%

Perinatal* 0 0% 0 0% 1 4.0%

Total 373 100% 1,206 100% 25 100%

* Mother was kicked by horse resulting in premature delivery and death of baby.

Table 3.
Injured Body Region from NEISS, NCTR, and NCME Databases, 1995-1999

NEISS NC Trauma NC Medical
(NC subset) Registry Examiner

Injured Body Region Count Percent Count Percent Count Percent

Head (including brain 68 18.2% 360 33.6% 14 56%
and face)

Trunk 109 29.2% 319 29.8% 6 24%

Extremity 186 49.9% 273 25.5% 0 0%

Spine 0 0.0% 81 7.6% 0 0%

Neck 9 2.4% 0 0 2 8.0%

25-50% of Body 1 0.3% 0 0 2 8.0%

Perinatal 0 0 0 0 1 4.0%

Unspecified 0 0 38 3.5% 0 0%

Total 373 100% 1,206 100% 25 100%
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Running the Numbers
A Periodic Feature to Inform North Carolina Healthcare Professionals 

about Current Topics in Health Statistics

From the State Center for Health Statistics, North Carolina Department of Health and Human Services
www.schs.state.nc.us/SCHS

Recent Trends in Prostate Cancer in North Carolina

Prostate cancer is the most frequently diagnosed cancer in men in North Carolina and in the nation.The objectives
of this analysis are to examine recent trends in prostate cancer incidence, mortality, and staging; to examine racial
differences in incidence, mortality, and staging; and to compare North Carolina statistics to national data.

North Carolina incidence and mortality data were provided by the State Center for Health Statistics. Incidence
rates (cases per 100,000 population) and mortality rates (deaths per 100,000 population) are presented. The
rates were age-adjusted to the 2000 United States population by five-year age groups. The incidence and
mortality rates were calculated as overlapping three-year rates. For comparison, national incidence
(Surveillance Epidemiology and End Results Program, or SEER) and mortality rates (National Center for Health
Statistics) are presented.

Figure 1 displays trends in prostate cancer incidence. In the last decade, the incidence of prostate cancer in
North Carolina has been stable overall. Incidence rates in North Carolina for both whites and African Americans
are lower than the SEER national rates. However, according to a second data source, the National Program of
Cancer Registries, which includes most of the United States population and, therefore, is more representative of
national rates than SEER, in 2002 only North Carolina whites and not North Carolina African Americans had an
incidence rate statistically different from the respective national rate. In North Carolina, the incidence for African
Americans is approximately 70% higher than for whites (during 2000-2002, 239 per 100,000 versus 139 per
100,000).

Figure 1.
Age-Adjusted Incidence Rate (per 100,000)



Figure 2 displays trends in prostate cancer mortality. In the last decade, North Carolina mortality rates have
been declining. Overall, the North Carolina rate is higher than the national rate. Although whites in North
Carolina have the same mortality rate as whites in the United States, African Americans in North Carolina have
a higher mortality rate than African Americans in the United States. In North Carolina, the mortality rate for
African Americans is almost three times as high as that for whites (during 2000-2002, 74 per 100,000 versus 25
per 100,000).

There are substantial differences in stage at diagnosis between whites and African Americans in North Carolina.
Eighty-two percent of white men are diagnosed with local stage disease, compared to 74% of African Americans.
These two groups are equally likely to be diagnosed with regional disease (9%), but African Americans are more
likely to be diagnosed with distant disease (7% versus 3%) or for the stage to be unstaged or unknown (9% versus
5%). Later diagnosis contributes to higher mortality.

Interpretation of the incidence data is affected by the introduction and dissemination of prostate-specific antigen
(PSA) testing. The advent of this diagnostic tool in the 1980s resulted in an overall increase in incidence rates,
followed by a period of stability. Future changes in the use of PSA and other methods of diagnosis will impact
trends and differences in the incidence data.

North Carolina African Americans have much higher prostate cancer incidence rates than whites, similar to the
pattern seen at the national level. It is unlikely that differences in testing for prostate cancer contribute to this
racial difference in incidence, since recent data from the Behavioral Risk Factor Surveillance System (BRFSS), a
state-based telephone survey, suggest that North Carolina African Americans and whites have similar rates of
PSA testing ever or in the last year.

Declining trends in prostate cancer mortality in North Carolina are encouraging and could be related to earlier
detection of cancers by PSA testing or improvements in treatment. The three-fold disparity in mortality
between whites and African Americans suggests differences in tumor biology, stage at diagnosis, access to
healthcare, or treatment. The prostate cancer incidence rates in North Carolina are lower than those for the
United States, while the mortality rates in North Carolina are higher overall than for the nation. This pattern
could be due to differences between North Carolina and the nation in case reporting, stage at diagnosis, access
to healthcare, or treatment.

Contributed by Deborah Porterfield, MD, MPH, Chronic Disease and Injury Section and
Karen Knight, MS, Central Cancer Registry, North Carolina Division of Public Health
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Figure 2.
Age-Adjusted Death Rate (per 100,000)
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To The Editor:

I have greatly enjoyed my issues of the
North Carolina Medical Journal, but none
more than the January/February 2006
issue that honored James Bernstein. He
was a remarkable man, and I found
Donald Madison’s article, in particular, both
moving and informative.

The mention in Don’s article of the
Global Community Health Fellows
Program, the brainchild of Bill Stewart,
MD, when he was serving as Surgeon
General of the United States Public Health
Service, brought back memories of that remarkable group of
individuals who were selected for the program. My closest
contacts among the fellows were Steve Joseph, MD, who later
became Health Commissioner of New York City, the Dean of
the School of Public Health at Minnesota, and the Assistant
Secretary of Defense for Health and Medical/Department of
Defense; Merve Silverman, MD, who later became Director
of Public Health for the City and County of San Francisco
and a national and international leader on HIV/AIDS; and
Jim Brown, MD, who was the Director of Student Health
Services at the University of California Berkley (UC Berkeley)
and one of the founders of the Joint Medical Program at UC
Berkeley and the University of California San Francisco. All
remarkable individuals and contributors as was Jim Bernstein.
Jim was what Tom Oliver and others have called “policy
entrepreneurs” who could link problems to solutions to the
political process, and do it effectively. That is a rare skill.

Leadership is something a lot of people
write about, but few practice with the
understanding that Jim had for all the 
elements of leadership. In Don’s article, he
describes what we might call “Bernstein’s
principles” on page 35. Very informative.

The January/February 2006 issue was
special because of my high regard for Jim
and because Don’s article triggered so
many thoughts about the evolution of
rural health service over the past 40
years, including the critical role played
by Jim and his colleagues in North
Carolina.

Phillip R. Lee, MD
Program in Human Biology

Stanford University

Editor’s Note: Dr. Lee served as Assistant Secretary for Health
under both Presidents Lyndon Johnson and Bill Clinton

Readers’ Forum

SHANAHAN LAW GROUP

207 Fayetteville Street Mall  • Raleigh, North Carolina 27601 

Phone: (919) 856-9494 • Fax: (919) 856-9499 

… to a Gunfight
When it comes to protecting your personal or business

interests, you need a law firm that is as tough as it is smart.

Committed to its clients, Shanahan Law Group provides

counsel that is creative, aggressive and results-oriented.

Shanahan Law Group — Ready to do battle for you.

Administrative, Regulatory and Licensing • Agriculture • Business 
Advice and Strategy • Civil and Complex Business Litigation
Construction • Contracts • Employment • Estate and Trust Litigation
Healthcare/Physician Practices • Wills, Estate Planning and Probate

www.ShanahanLawGroup.com

Don’t Bring a Knife 

5th Annual North Carolina
Conference on Aging
October 25-27, 2006
Sheraton Imperial Hotel and Convention Center
RTP, NC

Visit the Conference web site for information.
www.aging.unc.edu/nccoa

North Carolina Conference on Aging
UNC Institute on Aging
720 Martin Luther King, Jr. Boulevard
CB# 1030
Chapel Hill, NC 27599-1030
919-966-9444
ioa@unc.edu
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LETTERS TO THE EDITOR
■ Our e-mail address is NCMedJ@nciom.org
■ Our fax number is 919-401-6899
■ Or you can send your letter to: North Carolina

Medical Journal, Letters, 5501 Fortunes Ridge Drive,
Suite E, Durham, NC 27713

■ Please include the writer’s full name, address, and
daytime phone number. Letters may be edited for
clarity or space.

SUBSCRIPTIONS AND GIFTS
■ Customer services for subscriptions or gifts can 

be accessed via e-mail NCMedJ@nciom.org or 
by calling the North Carolina Medical Journal’s 
business and advertising manager, Adrienne R.
Parker, at 919-401-6599 ext. 28

SUBMITTING PEER-REVIEWED ARTICLES
■ For instructions on how to submit an article to the

North Carolina Medical Journal, please visit
www.ncmedicaljournal.com/guideline.htm

■ Please send your articles via e-mail NCMedJ@nciom.org
or mail to: North Carolina Medical Journal, Submissions,
5501 Fortunes Ridge Drive,Suite E,Durham,NC 27713

CHANGE OF ADDRESS
■ Please send your change of address via e-mail

NCMedJ@nciom.org or by calling the North
Carolina Medical Journal’s business and 
advertising manager, Adrienne R. Parker, at 
919-401-6599 ext. 28

REPRINTS AND PERMISSIONS
■ Information is available at the website 

www.ncmedicaljournal.com/reprints
■ To request photocopy permission or content 

licensing, e-mail NCMedJ@nciom.org

ADVERTISING
■ For advertising information visit 

www.ncmedicaljournal.com/media.htm or 
contact the North Carolina Medical Journal’s 
business and advertising manager,
Adrienne R. Parker, at 919-401-6599 ext. 28;
adrienne_parker@nciom.org

How to Reach Us

PRACTICE MANAGEMENT SYSTEMS
• Appointment Scheduling
• Billing & Electronic Claims
• Electronic Medical Records
• Practice Analysis Reporting
• Hospital / Lab Interfaces
• Portability

800-423-8836        www.americanmedical.com

American Medical Software®

“Affordable
& Reliable”

Since 1984

All AMS Software is designed,
written, sold and supported 
by AMS employees located 

in our home office.

Thousands of AMS systems 
have been sold nationwide.
Comments from some of our
North Carolina Clients are:

“The AMS software was more afford-
able than others in the area. Cost and
the longevity of the company is
important to me.  AMS has a good
track record.”

T. Antalik, M.D. 
Roxboro NC

“The tech people are always friendly
and take their time with us.  They are
very helpful. I really like AMS.”

C. McNeilly, Office Manager
Shelby NC

“We like the simplicity of the AMS
software, it is easy to teach and 
understand.”

W. Woods, M.D.
Winston-Salem NC  

Data 
Conversions
are available 

for most 
systems

• Available as individual modules or as our
integrated Practice Management PLUS System.
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Specialty practice interested in sharing our office space and
staff with another physician.Excellent location in North Raleigh.
Near major hospital. Please contact Cathey Kerr for details if
interested. Phone: 919-873-0002, fax 919-873-0006.

PT/FT Physician needed for Internal Medicine,Pediatrics or Family
Practice.Competitive salary and benefits.Send or fax CV to 704-
225-0428 Attn: Benedict Okwara, MD. First Care Medical Clinic.
Email: bokwara@aol.com.

PT/FT Physician Assistant (PAC) needed for Internal Medicine,
Pediatrics or Family Practice. Competitive salary and benefits.
Send or fax CV to 704-225-0428 Attn: Benedict Okwara, MD.
First Care Medical Clinic. Email: bokwara@aol.com.

Classified Ads

Pediatrician needed for full service Hispanic Pediatric
practice in Burlington, NC. Must be bilingual, competitive
salary and benefits. Phone: 336-570-0010, Fax: 336-570-0012,
Infamclin@bellsouth.net.

American Medical Software.............................................166

Carolinas Center for Medical Excellence .......................97

Carolinas Health Care............................................................98

MAG Mutual............................................................................168

March of Dimes.....................................................................100

GE Medical Protective...........................................................BC

MRNC ...........................................................................................97

Oakwood .................................................................................168

Shanahan Law Group .........................................................165

Southeastern Regional Medical Center .......................IBC

University Health Systems of Eastern Carolina .........IFC

Index of Advertisers

CLASSIFIED ADS: RATES 
AND SPECIFICATIONS

The Journal welcomes classified advertisements
but reserves the right to refuse inappropriate
subject matter. Cost per placement is $60 for the
first 25 words and $1/word thereafter.

Submit copy to:
ncmedj@nciom.org 
fax: 919-401-6899
mail: North Carolina Medical Journal 
5501 Fortunes Ridge, Suite E, Durham, NC 27713

Include phone number and billing address, and
indicate number of placements, if known.
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Save $5000!
Try our billing service to improve your cash flow,
and we’ll waive the $5000 installation charge*.

We help you thrive, not just survive!
Save $5000 today!

MAG Mutual Healthcare Solutions, Inc.
For the financial health of your practice.

To find out how we can help your practice, call toll-free
at 1-888-249-7876 or visit www.magmutual.com/hsi.

*$5000 billing service installation charge waived for new MMHSI billing service customers in Georgia, Florida and North Carolina, with an approved and signed twelve-month billing
services contract by June 30, 2006.  Billing service must begin within 90 days of contract approval.   Offer ends June 30, 2006 and is limited to the first 20 billing service contracts
approved and signed by June 30, 2006.



When heart disease affects one person in our community,

it affects us all—families, loved ones—our neighbors. Here

in Robeson and surrounding counties, we have a high

incidence of heart disease. And in the past, treatment

options often required traveling outside our community,

adding to the stress of an already difficult situation. But

now Southeastern Regional Medical Center has teamed

up with Duke University Health System to offer a new

level of cardiovascular care, right here at home.

Owned by SRMC and managed by Duke, one of the

world’s most respected names in healthcare, the new

Southeastern Heart Center will offer open-heart surgery,

cardiac intensive care, and complete cardiac cath and

interventional services, all provided in a state-of-the-art

equipped facility by a team of highly trained SRMC 

and Duke physicians.

At Southeastern, we take the health of our community

to heart. So we’re bringing Robeson and surrounding

counties the high standards of Duke, without the drive.

Neighbors caring for neighbors. That’s Southeastern

Regional.

Introducing a New Level of Cardiovascular Care
for Southeastern North Carolina

W W W . S R M C . O R G  |  9 1 0 - 6 7 1 - 5 0 0 0  |  L U M B E R T O N , N C  

O p e n i n g  M a y  2 0 0 6



Medical Protective is a member of the Berkshire Hathaway group of businesses. 
All insurance products are underwritten by The Medical Protective Company® or National Fire and Marine Insurance Company®.
Product availability varies based upon business and regulatory approval and may be offered on an admitted or non-admitted basis. 
©2006 The Medical Protective Company.® All Rights Reserved.

It’s your reputation and assets at risk.
Entrust them to only the strongest.

Only Medical Protective. 
Protecting more of the nation’s healthcare providers than any other 
insurance carrier by delivering:

n Strength – the highest-rated medmal insurance 
with “AAA” S&P and “A+” A.M. Best ratings

n Defense – the nation’s most proactive winning defense
n Solutions – the foremost continuous risk management expertise 
n Since 1899 – the commitment to the medical malpractice field, 

three times longer than our nearest competitor

For more information on how you may qualify to obtain 
the nation’s best coverage call us at 800-4MEDPRO, 
visit us online at medpro.com or contact your 
Medical Protective appointed agent.


