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ABSTRACT OF THE DISSERTATION

Black-White Disparities in Colorectal Cancer Incidence, Screening, and Outcomes

by

Folasade Popoola May
Doctor of Philosophy in Health Policy and Management
University of California, Los Angeles, 2012

Professor Roshan Bastani, Chair

African Americans are disproportionately impacted by colorectal cancer (CRC) with
higher incidence of disease, higher mortality from disease, and poorer disease survival. These
disparities are likely the result of multiple factors, including a high prevalence of CRC risk
factors, unfavorable tumor biology, and poor access to medical services among blacks. In
addition, while national guidelines promote universal screening for CRC in all Americans,
African Americans are less likely than white Americans to pursue screening. There is increasing
emphasis in health services research to understand why CRC screening is underutilized in
African Americans and to develop interventions that improve screening uptake in the racial
subgroup.

This dissertation consists of three distinct but related studies that explore black-white
disparities in CRC incidence, screening, and outcomes in the United States. The first study
evaluates trends in black-white disparities in CRC incidence and stage at diagnosis over the past

four decades using the Surveillance, Epidemiology, & End Results (SEER) cancer registry

ii



database. Study two is a systematic review of the literature evaluating barriers to colonoscopic
CRC screening in African Americans. Study three is a retrospective analysis to compare rates of
colonoscopic screening in African Americans and non-African Americans and to identify
patient-level, provider-level, and system-level factors associated with receipt and non-receipt of
screening in a large Veteran Affairs Healthcare Network.

The dissertation demonstrates that while disparities in both CRC incidence and late stage
presentation have narrowed over the past four decades, an incidence gap persists. The findings
highlight the success of CRC prevention and early detection tools that have come into use over
the past three decades and emphasize a continued need for strategies to improve uptake of CRC
screening in African Americans. In addition, the dissertation identifies several patient-,
provider-, and system-level factors that hinder colonoscopic screening in blacks and contribute to
the incidence disparity. While future efforts to address disparities in CRC incidence should focus
on increasing the use of screening endoscopy among African Americans to reduce disease
incidence, we must not rely on colonoscopic screening alone to decrease the overall burden of
CRC on blacks. By determining programs, policy, and interventions to reduce lifestyle risk
factors for CRC and optimize use of both preventive and early detection screening methods in
varied clinical settings, we can further reduce black-white disparities in CRC incidence,

screening, and outcomes.
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Chapter 1:

Introduction to the Dissertation

1.1 Dissertation Overview

This dissertation includes three independent but related studies that explore black-white
disparities in colorectal cancer (CRC) incidence, screening, and outcomes in the United States
(U.S.). The research investigates disparities in different aspects of CRC prevention and care and
aims to address several factors: 1) whether disparities in CRC incidence and stage at presentation
have improved over time in the U.S.; 2) the barriers to colonoscopic CRC screening among
African Americans; and 3) whether screening disparities exist when there is minimal variation in
access to healthcare services. This chapter provides an overview of health equity research in the
U.S., racial disparities in health and healthcare, and black-white disparities in CRC incidence,
outcomes, and screening. The chapter also includes a summary of the dissertation aims, a brief
description of the three dissertation studies, and a description of the guiding conceptual
framework for the dissertation. Chapters two, three, and four present the background, methods,
findings, and implications for the three dissertation studies. Chapter five provides a summary of
the work, including a discussion of the dissertation limitations and implications for future
research. As a whole, the dissertation aims to explore various aspects of black-white disparities
across the CRC care continuum. This research will serve as the foundation for future research in
CRC disparities and for the development of interventions to improve screening uptake and CRC

outcomes among African Americans.



1.2 Dissertation Terminology

Currently, there is no consensus in the literature for the use of the term “black” or
“African American” to describe individuals with dark-colored skin, especially of African
ancestry. While the term “black” has been commonly used in mainstream media in the U.S. since
the 1950s, “African-American” and “African American” were terms popularized in the 1980s
with the growing sentiment that Americans of African descent should have a label similar to
those for other immigrant groups to the U.S. like “Italian-Americans” or “German-Americans.”

In this dissertation, the terms “African American” and “black” should be considered
synonymous. The exception is chapter 2 in which the term “black” can also refer to individuals
of black-Hispanic descent to be consistent with the convention of the Surveillance,
Epidemiology and End Results (SEER) Program database. The term “white” in the dissertation
refers to individuals of European descent, not otherwise classified as African American,
Hispanic, Asian, Native American, American Indian, Alaskan Native, Pacific Islander, or other
non-white race. Again to remain consistent with the convention of the SEER Program database,
chapter two is an exception. In chapter 2, the term “white” refers to individuals of either white-

Hispanic or white-non-Hispanic descent.

1.3 Health Equity in the United States

There is strong evidence that health, healthcare utilization and healthcare outcomes in the
U.S. are influenced by one’s socio-demographic background (Bradley, Given, & Roberts, 2001;
Harper, Rushani, & Kaufman, 2012; Trivedi et al., 2014; Virani et al., 2015). These inequalities

are rooted in biologic, historic, and political etiologies but also reflect how poor distribution of



health services can result in grave disparities in utilization of care and healthcare outcomes. In
the 2001 landmark report, Crossing the Quality Chasm, the Institute of Medicine (I0M)
specified six strategies to improve the quality of healthcare systems in the U.S. (IOM, 2001).
Healthcare equity was among these six aims, defined by the IOM as providing care that does not
vary in quality because of personal characteristics such as gender, race, ethnicity, geographic
location, or socioeconomic status (I0M, 2001).

The Crossing the Quality Chasm report, along with highly publicized disparities research
and policy statements such as the Healthy People Program and AHRQ National Healthcare
Disparities report have placed a national spotlight on health equity (IOM, 2010; Sondik, Huang,
Klein, & Satcher, 2010). The most significant piece of healthcare reform since the passing of the
Medicare and Medicaid legislations in the 1960s, the Affordable Care Act (ACA), recognizes the
need for effective research and interventions to reduce health disparities. The reform includes
provisions to decrease the number of uninsured Americans, improve mechanisms through which
population data are collected, and support federal infrastructures to reduce health disparities
(Bustamante, Morales, & Ortega, 2013). With this growing emphasis on health equity, health
services researchers and implementation scientists aim to fully understand the mechanisms that
drive each disparity in health and healthcare so that effective interventions can be developed and

implemented to address health inequities.

1.4 Racial Disparities in Health and Healthcare
While disparities occur across many patient-level characteristics, this dissertation focuses
on the relationship between race, health, and healthcare. There is a distinction in the medical

literature between disparities in health and disparities in healthcare. Racial disparities in health



occur when there are differences in disease incidence, morbidity, and/or mortality between racial
subgroups (Yancey, Bastani, & Glenn, 2013). African Americans, for example, are
disproportionately affected by cancer with an all-cause cancer mortality rate 30% higher than
non-Hispanic white Americans (ACS, 2014; Howlader et al., 2012). This disparity in health has
been attributed to genetic predisposition to malignancies, a high prevalence of obesity, social
barriers, discrimination, and disparities in the use of healthcare services among many other
factors (ACS, 2014; Agrawal et al., 2005; Elk & Landrine, 2012; Yancey et al., 2013).

Racial disparities in healthcare, while related, refer to inequities in the quantity or quality
of healthcare services received by different racial subgroups. In the most inclusive definition,
disparities in healthcare include any difference in service use predicted by race or ethnicity
(Bustamante et al., 2013; ElIk & Landrine, 2012). In contrast, in the 2002 10M report, Unequal
Treatment: Confronting Racial and Ethnic Disparities in Health Care, disparities in healthcare
refer only to differences in care that are not explained by inequities in patient preference or
clinical need (Smedley, Stith, & Nelson, 2003). This definition specifies that a healthcare
disparity between two groups is a difference in access or treatment that is not justified by larger
differences in group preferences, clinical need, or health status (Smedley et al., 2003). While
there is lack of consensus among health equity researchers regarding which definition is optimal,
limitations in the available data about the role of organizational operation, access to care,
discrimination, and bias in how healthcare is provided challenge the use of the IOM definition.
The present dissertation addresses both racial disparities in health (CRC incidence and outcomes)
and racial disparities in healthcare (CRC screening utilization). We define “disparity” as the
absolute difference between whites and blacks in health status (CRC incidence and outcomes) or

healthcare utilization (CRC screening uptake).



1.5 Black-White Disparities in Colorectal Cancer Incidence and Outcomes

CRC is the third most common malignancy and third most common cause of cancer-
related mortality among men and women in the U.S. (Siegel, Desantis, & Jemal, 2014). Each
year, the U.S. spends approximately $14 billion on CRC, and over fifty thousand Americans die
from the disease (ACS, 2011, 2014; NCI, 2012). While CRC affects all racial and ethnic groups,
blacks carry an excessive burden of disease with the highest overall incidence, highest incidence
of advanced stage at disease presentation, highest incidence of advanced malignancy at age less
than 50, highest mortality from disease, and lowest survival rates following diagnosis when
compared to other racial and ethnic groups (ACS, 2014; Lieberman et al., 2008; Murphy et al.,
2011; Rex et al., 2009; Rise, Eisner, & Kosary, 2003; Siegel et al., 2014; Tammana & Laiyemo,
2014). In 2011, the age-adjusted incidence of CRC was 55.0 per 100,000 African Americans,
compared to 44.9 per 100,000 white Americans (USCSWG, 2014). The same year, mortality
rates from CRC were 26.2 and 17.5 per 100,000, respectively, for blacks and whites (USCSWG,
2014). Five-year relative survival from CRC has improved from 46% to 57% in blacks over the
past five decades, compared to an improvement from 51% to 65% in whites (Howlader et al.,
2012) . At least some of the survival disparity is attributed to late stage at CRC presentation,
which is significantly more common in blacks than in whites (ACS, 2014; Howlader, Noone, &
Krapcho, 2011; Polite, Dignam, & Olopade, 2006; Soneji, lyer, Armstrong, & Asch, 2010;
Wallace et al., 2013).

The disparities in CRC incidence and outcomes between black Americans and white
Americans are not fully understood. CRC is associated with several lifestyle factors such as
cigarette use, high animal fat diet, low fiber diet, low physical activity and obesity, all of which

are also associated with black race (Bolen, Rhodes, Powell-Griner, Bland, & Holtzman, 2000;



Ford, 1999; Huxley et al., 2009; NCI, 2012; Willett, Stampfer, Colditz, Rosner, & Speizer,
1990). In addition, diets low in vitamin E, vitamin C, calcium and beta-carotene micronutrients
have been implicated in CRC pathogenesis (O'Keefe et al., 2009; Patterson, White, Kristal,
Neuhouser, & Potter, 1997; Satia-Abouta et al., 2003). African Americans may be less likely to
take vitamin supplements and to have diets high in these nutrients (Satia-Abouta et al., 2003).
Increased CRC incidence and poorer outcomes in blacks may also reflect unfavorable tumor
biology, lack of access to healthcare services, poorer quality of health services, and a high
prevalence of barriers to screening services (Agrawal et al., 2005; Ashktorab et al., 2009;
Berkowitz, Hawkins, Peipins, White, & Nadel, 2008; Dimou, Syrigos, & Saif, 2009; James,
Daley, & Greiner, 2011; Palmer, Chhabra, & McKinney, 2011; Palmer, Midgette, & Dankwa,
2008; Palmer, Midgette, & Mullan, 2010; Tammana & Laiyemo, 2014). In particular, low uptake
of CRC screening among African Americans has been the focus of considerable research
(Ananthakrishnan, Schellhase, Sparapani, Laud, & Neuner, 2007; Benarroch-Gampel et al.,
2012; CDC, 2010; Doubeni et al., 2010; Johnson-Jennings, Tarraf, Xavier Hill, & Gonzalez,

2014; Wilkins et al., 2012).

1.6 Low Uptake of Colorectal Cancer Screening among Blacks

Despite strong data supporting CRC screening and national guidelines for universal
screening, less than two-thirds of eligible Americans are up-to-date with CRC screening. In
National Health Interview Survey (NHIS) and Behavioral Risk Factor Surveillance Survey
(BRFSS) data, the overall CRC screening rates in the U.S. in 2010 were 59% and 65%,
respectively (CDC, 2011; Klabunde et al., 2012). Among racial/ethnic minorities and those who

are uninsured, uneducated, or poor, screening uptake was even lower (Ananthakrishnan et al.,



2007; CDC, 2010, 2011; Shapiro et al., 2008). Blacks, in particular, have lower CRC screening
rates when compared to white Americans (Ananthakrishnan et al., 2007; Benarroch-Gampel et
al., 2012; CDC, 2010; Doubeni et al., 2010; Johnson-Jennings et al., 2014; Wilkins et al., 2012).
CRC screening uptake in white Medicare beneficiaries was 49% in 2000 compared to 41% in
blacks (Doubeni et al., 2010). In a 2007 analysis of average-risk Medicare beneficiaries, the CRC
screening rate in blacks was 10% lower than for whites (Ananthakrishnan et al., 2007). Similarly,
NHIS data from 2010 demonstrated a CRC screening rate of 60% in blacks compared to 66% in
whites (Klabunde et al., 2012).

More recent data suggest some convergence in black and white CRC screening rates
(CDC, 2013; Johnson-Jennings et al., 2014). However, while the disparity may be decreasing,
significant differences persist in most studies (ACS, 2014; Johnson-Jennings et al., 2014).
Further, as African Americans are disproportionately affected by CRC, these poor screening
rates are especially concerning. In a 2012 microsimulation model to estimate CRC incidence and
mortality rates in African Americans, 42% of the black-white disparity in CRC incidence and
19% of the disparities in mortality were attributed to black-white differences in CRC screening

uptake (Lansdorp-Vogelaar et al., 2012).

1.7 Methods for Colorectal Cancer Screening

Screening guidelines for CRC were first introduced in the late 1990s by a consortium of
five medical and surgical gastrointestinal societies and the American Cancer Society (ACS)
(ACS, 2014). There are two broad categories of FDA-approved CRC screening tests for the
average-risk population, which is defined as individuals over age 50 without a familial history of

CRC or other predisposing conditions: 1) tests that perform structural examination of the colon;



and 2) stool-based studies (USPSTF, 2008). Structural examination of the colon is effective for
CRC prevention through the identification of pre-cancerous adenomatous polyps (colonic
adenomas) as well as for CRC detection (Table 1.1) (He & Efron, 2011; Pignone, Rich, Teutsch,
Berg, & Lohr, 2002; USPSTF, 2008; Whitlock, Lin, Liles, Beil, & Fu, 2008). Colon adenomas
are common in adults over age 50 years (Conteduca, Sansonno, Russi, & Dammacco, 2013).
Over time, some adenomas undergo malignant transformation into adenocarcinomas or CRC
(Conteduca et al., 2013). Structural screening tests are capable of preventing CRC incidence by
identifying pre-cancerous adenomas and of detecting early CRC by identifying malignant
adenocarcinomas. They include two radiographic studies and two endoscopic studies: double-
contrast barium enema, computed tomography colonography, colonoscopy, and flexible
sigmoidoscopy (Table 1.1). Whereas double-contrast barium enema and computer tomography
colonography require follow-up diagnostic colonoscopy in the setting of a positive result,
colonoscopy and flexible sigmoidoscopy can be used as both screening and diagnostic tools.
Stool-based tests are effective for the detection of malignant adenocarcinomas. They
include fecal occult blood testing (FOBT), fecal immunochemistry testing (FIT), and the newly
FDA-approved stool DNA test (SDNA). These studies require the user to place a small amount of
fecal material onto a reactive surface capable of detecting blood (FOBT or FIT) or into a
receptacle for cancer DNA testing (SDNA). If the test is positive, a colonoscopy is required to
determine the source of blood loss or cancer cells. While FOBT, FIT, and SDNA can be up to
98% sensitive for CRC, they are at best 20-50% sensitive for pre-cancerous lesions like
adenomas and advanced adenomas (Hundt, Haug, & Brenner, 2009; Imperiale et al., 2014; Lee,

Liles, Bent, Levin, & Corley, 2014; Miutescu et al., 2013). Given these test characteristics, the



primary goal of stool-based screening methods is early detection over primary prevention (Rex et

al., 2009; USPSTF, 2008).

1.8 Evidence for Colorectal Cancer Screening

Several studies have supported the use of screening programs for CRC. The evidence
includes both observational data as well as randomized controlled trials that demonstrate that
screening for CRC with colonoscopy, flexible sigmoidoscopy, or stool-based studies can
effectively identify and remove premalignant lesions, reduce incidence of CRC, and decrease
CRC mortality (Atkin et al., 2010; Faivre et al., 2004; Hardcastle et al., 1996; Kronborg, Fenger,
Olsen, Jorgensen, & Sondergaard, 1996; Lieberman et al., 2012; Mandel, Church, Ederer, &
Bond, 1999; Nishihara et al., 2013; Schoen et al., 2012; Segnan et al., 2011; Shaukat et al., 2013;
USPSTF, 2008). Several randomized studies demonstrate that FOBT screening is effective in
reducing CRC-related mortality (Faivre et al., 2004; Hardcastle et al., 1996; Jorgensen,
Kronborg, & Fenger, 2002; Kronborg et al., 1996; Mandel et al., 1999; Shaukat et al., 2013).
There are also randomized trial data supporting flexible sigmoidoscopy for CRC prevention
(Atkin et al., 2010; Schoen et al., 2012; Segnan et al., 2011). Randomized trial data does not yet
exist for colonoscopic screening; however, several observational studies suggest a mortality

benefit (Lieberman et al., 2012; Nishihara et al., 2013; USPSTF, 2008).

1.8 Colorectal Cancer Screening Guidelines
While most society and national guidelines promote screening by any of the seven FDA-
approved screening strategies, there are a few exceptions. For example, the 2008 USPSTF

guidelines recommend only three of these studies for average-risk Americans beginning at age



50 and continuing until age 75: 1) high-sensitivity FOBT every year, 2) flexible sigmoidoscopy
every five years with FOBT every three years, or 3) colonoscopy every ten years (grade A)
(USPSTF, 2008). The American College of Gastroenterology (ACG) recommends any one of the
seven FDA-approved methods but specifies earlier screening at age 45 with colonoscopy for

African Americans (Rex et al., 2009).

1.10 Dissertation Aims

The dissertation investigates black-white disparities in CRC through three distinct but
related studies. The primary aim in study one is to evaluate trends in black-white disparities in
CRC incidence and stage at diagnosis in the U.S. over the past four decades using the
Surveillance, Epidemiology, & End Results (SEER) cancer registry database. Study two aims to
systematically review the literature evaluating barriers to colonoscopic CRC screening in African
Americans. In study three, the objective is to conduct a large retrospective database analysis
within the West Los Angeles Veteran Affairs Healthcare Network to: 1) describe rates of
colonoscopic screening among African Americans; 2) compare rates of colonoscopic screening
in African Americans and non-African Americans; and 3) identify patient-level, provider-level,
and system-level factors associated with receipt and non-receipt of screening in general, and

among African Americans in particular.

1.11 Conceptual Framework
The conceptual model underlying the three studies in this dissertation is based on two
highly publicized conceptual frameworks:1) the IOM Source of Disparities in Care model

(Figure 1.1) and 2) the IOM Cancer Control Continuum model (Figure 1.2). In the 2002 IOM
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Unequal Treatment report, the Source of Disparities in Care Model divided concepts
contributing to racial and ethnic disparities into patient-, provider-, and healthcare system-level
factors (Smedley et al., 2003). Patient-level factors are the patient preferences and demographic
factors that determine whether a patient utilizes a specific healthcare service. Provider-related
characteristics are those features specific to the provider’s practice techniques that affect whether
a patient receives a healthcare service. System-level contributors are the aspects of the healthcare
system that affect a patient’s ability to access a healthcare service. The IOM Disparities in Care
Model is not specific to a particular disease state or medical service, however, is a hypothesis-
generating framework that can guide the exploration of any disparity. The second model, the
IOM Cancer Control Continuum, depicts the various steps and transition points in cancer care,
from prevention of disease to survivorship (Figure 1.2) (IOM, 2013). The framework has been
used since the 1970s to describe the potential failure points in the management of cancer and to
highlight areas where resources and interventions are needed to improve cancer outcomes and
the quality of cancer care (Zapka, Taplin, Solberg, & Manos, 2003).

The Conceptual Model for Black-White Disparities in Colorectal Cancer Incidence,
Screening, and Outcomes is a framework based on these two IOM models to provide an
overlying framework for the dissertation (Figure 1.3). The patient-, provider-, and system-level
domains in the model correspond to the IOM Disparities in Care Model and interact with one
another to influence patient and provider behavior and patient care. For example, an individual’s
financial status (patient-level factor) may impact the healthcare system (system-level factor) he
has access to, which, in turn, may determine availability of CRC preventive and diagnostic

services. Alternatively, a provider’s inclination to recommend a screening test to an eligible
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individual (provider-level factor) might be influenced by system-level features like clinical
reminders or provider benchmark reports (system-level factors) (Baron et al., 2010).

The prevention, detection, and diagnosis domains in the dissertation framework are
borrowed from the left side of the IOM Cancer Control Continuum Model. As the dissertation
studies only explore CRC prevention, detection, and diagnosis, our model is specific to CRC
disparities in these three domains rather than the entire CRC cancer care continuum. Study one
draws inferences from the prevention, detection, and diagnosis domains while studies two and

three focus specifically on barriers to CRC prevention and early detection.

1.12 Overview of Dissertation Studies
1.12.1 Black-White Trends in Colorectal Cancer Incidence and Outcomes (Study One)
While the literature provides cross-sectional data about disparities in CRC incidence and
outcomes in the U.S., there is limited information on how these disparities have varied in
direction and magnitude over time. Study one employs a large national cancer registry database
to determine trends in black-white disparities in CRC incidence and stage at diagnosis from 1975
to 2011. Both outcomes are important indicators of CRC— they represent the impact of CRC on
the U.S. population and may reflect the impact of programs and policy aimed at improving CRC
prevention through screening. Study one compares trends in these two outcomes over time in
whites and blacks and examines disparity trends in the context of historical events in CRC

advocacy, policy, and screening.
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1.12.2 Systematic Review of Barriers to Colonoscopic Colorectal Cancer Screening in
African Americans (Study Two)

In light of disparities in CRC screening and outcomes between blacks and whites, study
two is a systematic review of the literature on barriers to colonoscopic screening in African
Americans. We conducted a search of the MEDLINE and the Cochrane Central Register of
Controlled Trials (CENTRAL) databases with the guidance of an experienced biomedical
librarian to find quantitative and qualitative research identifying barriers to screening with
colonoscopy. For each study that met inclusion and exclusion criteria, we summarize the
identified patient-, provider-, and system-level barriers to colonoscopic screening among African

Americans. We also suggest strategies to address these barriers.

1.12.3 Low Uptake of Colorectal Cancer Screening in an Integrated Veterans Affairs
Healthcare Network (Study Three)

The final study is a cross-sectional retrospective cohort study that aimed to determine
screening rates and predictors of screening among African Americans and non-African
Americans in an integrated network of 12 Veterans Affairs (VA) healthcare network sites
serving a racially- and ethnically-diverse population in Southern California. As access
inequalities are minimized in the VA health system, it is an ideal model to test whether patient-
level and provider-level factors impact CRC screening after controlling for system-level factors.
We aimed to determine rates of uptake of any CRC screening method in both African Americans
and non-African Americans, rates of colonoscopic screening, and predictors of CRC screening
by any method and by colonoscopy. In addition, the study included cox proportional hazard

regression analyses to examine the effect of each predictor on time-to-screening uptake and
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Kaplan-Meier survival analyses with log-rank testing to examine differences in time-to-screening

between African American and non-African Americans.

1.13 Contribution to the Field of Health Policy and Management

The literature suggests that disparities in care across the CRC cancer care continuum are
the result of multiple, interacting patient-level, provider-level, and system-level factors. The
overall purpose of this dissertation is to characterize the impact of these factors on the uptake of
CRC screening, CRC incidence and CRC clinical outcomes over time. In doing so, the
dissertation will contribute three novel studies to the health equity literature and lay the
foundation for future research into interventions to improve CRC outcomes in blacks.

CRC is one of few largely preventable malignancies. A better understanding of the extent
of and contributors to CRC disparities will ultimately lead us towards the long-term goal to
develop interventions that will decrease the incidence of and mortality and morbidity from CRC
in African Americans. Reducing CRC outcomes in African Americans will, in turn, lessen the

overall burden of colorectal malignancies.
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1.14 Tables and Figures

Table 1.1: Available colorectal cancer screening tests (Rex et al., 2009; USPSTF, 2008)

Stool-Based Early Detection Tests for Colorectal Cancer

Test Frequency*

1. Fecal occult blood testing (FOBT)

Annual

2. Fecal immunochemistry testing (FIT)

Annual

3. Stool DNA test (SDNA)

Every 3 years

Structural Examination of the Colon for Pre-Cancerous and Cancerous Lesions

Test Frequency*

Radiographic Tests:

4. Double-contrast barium enema

Every 5 years

5. Computed tomography colonography

Every 5 years

Endoscopic Tests:

6. Flexible sigmoidoscopy (with FOBT every 3 years)

Every 5 years

7. Colonoscopy

Every 10 years

* Recommended frequency of repeat testing in the setting that previous test was normal
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Figure 1.1: Sources of Disparities in Care Model, IOM (Smedley et al., 2003)*
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* Adapted from Smedley et al., 2003
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Figure 1.2: The Cancer Care Continuum Model, IOM (I0OM, 2013)
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Figure 1.3: A Conceptual Model for Black-White Disparities in Colorectal Cancer Incidence,

Screening, and Outcomes™

! 1

Patient-level Provider-level System-level
Factors Factors Factors

, !

CRC Prevention CRC Detection CRC Diagnosis
(Stage of Diagnosis)
Study 1 Study 1
Study 2 Study 2 Study 1
Study 3 Study 3
| Left side of the colorectal cancer care continuum >

*Only the domains from left side of the Cancer Care Continuum Model are included in this

conceptual model. These are the domains relevant to the dissertation.
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Chapter 2:
Long-term Black-White Disparity Trends in Colorectal Cancer Incidence

and Stage at Presentation in the United States

2.1 Abstract

Introduction: Black Americans face considerable burden of disease from colorectal cancer
(CRC). Cross-sectional data have repeatedly shown that blacks are more likely to be diagnosed
with CRC than whites and to present at late stages of disease. Incidence and stage at diagnosis
are important CRC indicators that reflect the impact of CRC on the United States (U.S.)
population and may reflect the efforts over the past several decades to improve CRC prevention
through screening. As little is known about black-white differences in these two indicators over
time, the purpose of this study was to evaluate trends in black-white disparities in CRC incidence

and stage at diagnosis in the U.S. over the past four decades.

Methods: We used data from the Surveillance, Epidemiology, & End Results (SEER) program,
a large national cancer database, to identify whites and blacks with histologically confirmed
CRC from January 1, 1975 through December 31, 2011 in the U.S. We calculated annual age-
adjusted CRC incidence rates for whites and blacks and the proportion of CRC cases presenting
in late stages in each racial group for each year. We determined significant changes in trends for
incidence and late stage for each racial group, the annual percent change (APC) for each trend
period, the average annual percentage change (AAPC) for each SEER study period, and the
absolute difference (“disparity”) between whites and blacks in incidence for each SEER year.

Statistical tests were then performed to compare trends in white and blacks and to determine
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statistically significant changes in disparities from 1975 to 2011.

Results: The overall incidence of CRC decreased significantly for whites (AAPC=-1.33,
p<0.001) and marginally for blacks (AAPC=-0.4, p=0.05) from 1975 to 2011. While the
disparity in CRC incidence increased from 1986 to 2004 (APC=5.71, p<0.001), it declined
significantly each year from 2004 to 2011 (APC=-4.20, p=0.04). Despite the recent decline in the
incidence disparity, CRC incidence was higher in blacks than in whites in 2011. Late stage
cancers decreased by an AAPC of -0.31 (p=0.02) in whites and by -0.44 (p<0.001) in blacks over
the study period. The proportion of blacks presenting with late stage CRC exceeded the
proportion of whites with late stage disease from 1975 to 2010. In 2010 and 2011, the proportion
of cases presenting in late stage was similar in both groups. The results support a stable to
improving disparity in incidence and a dramatic improvement in the black-white disparity in

stage at presentation since 1975.

Conclusion: Despite well-recognized black-white disparities in CRC incidence and outcomes in
the U.S., inequities in CRC incidence and stage at presentation have narrowed significantly over
the past four decades. The incidence of CRC, while still higher in blacks, has been decreasing at
similar rates in both racial groups over the past eleven years. In addition, the large black-white
disparity in the proportion of CRCs presenting in late stages appears to have resolved. While
both are notable achievements, a CRC incidence gap persists. Public health interventions to date

are necessary but not sufficient to accelerate progress and eliminate CRC inequities.
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2.2 Introduction

The overall burden of colorectal cancer (CRC) in the United States (U.S.) has improved
substantially over the past several decades. CRC incidence has dropped from 60 per 100,000
men and women in 1975 to 39 per 100,000 in 2011 (ACS, 2014; Chu, Tarone, Chow, Hankey, &
Ries, 1994; Howlader, Noone, & Krapcho, 2011). Likewise, mortality has decreased from 28 to
15 per 100,000 Americans over the same period (Howlader et al., 2011). While CRC remains the
third most common type of malignancy, these improvements are notable and are attributed to an
emphasis on primary and secondary CRC prevention and the implementation of screening
programs to detect premalignant and early stage malignant lesions (ACS, 2014; Nelson, Persky,
& Turyk, 1999).

Despite overall improvements in the incidence of and mortality from CRC in the U.S,,
there are broad inequities in CRC incidence and outcomes between white Americans and black
Americans (ACS, 2014; Chu, Tarone, Chow, & Alexander, 1995; Chu et al., 1994; Henschke et
al., 1973; Irby, Anderson, Henson, & Devesa, 2006; NCI, 2012; Nelson et al., 1999; Siegel et al.,
2012). Incidence of CRC in blacks has exceeded incidence in whites since the mid-1980s (ACS,
2014). In addition, late stage at diagnosis, an important indicator for CRC outcomes, also varies
by race. Blacks are more likely to be diagnosed with CRC at advanced stages than whites,
limiting options for treatment and promoting poor survival and mortality outcomes (ACS, 2014;
Mehrkhani, Nasiri, Donboli, Meysamie, & Hedayat, 2009; Rex et al., 2009; Siegel, Desantis, &
Jemal, 2014).

Many have attributed these disparities to a genetic predisposition to CRC, a high
prevalence of CRC risk factors, and inequities in access to preventive healthcare among blacks

(Agrawal et al., 2005; Ashktorab et al., 2009; Berkowitz, Hawkins, Peipins, White, & Nadel,
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2008; Bolen, Rhodes, Powell-Griner, Bland, & Holtzman, 2000; Dimou, Syrigos, & Saif, 2009;
Ford, 1999; Huxley et al., 2009; James, Daley, & Greiner, 2011; NCI, 2012; O'Keefe et al.,
2009; Palmer, Chhabra, & McKinney, 2011; Palmer, Midgette, & Dankwa, 2008; Palmer,
Midgette, & Mullan, 2010; Patterson, White, Kristal, Neuhouser, & Potter, 1997; Satia-Abouta et
al., 2003; Tammana & Laiyemo, 2014; Willett, Stampfer, Colditz, Rosner, & Speizer, 1990).
Race-based differences have led to a myriad of targeted efforts to improve CRC screening uptake
and outcomes in black Americans. While the Centers for Disease Control (CDC) National
Program of Cancer Registries (NPCR) data suggest decreasing rates of age-adjusted incidence in
blacks from 1999 to 2011, we know little about long-term changes in black-white disparities
over time (CDC, 2014)*.

The aim of this paper is to examine trends in black-white disparities in CRC incidence
and stage at diagnosis in the U.S. from 1975 to 2011. Both of these CRC indicators are amenable
to clinical and public health intervention, and thus, provide insight into the impact of screening
guidelines, national insurance policy changes, and other historic events on disparities in CRC
outcomes. We describe trends in CRC incidence and stage at diagnosis from 1975 to 2011,
calculate the disparity (difference) for incidence for each year, and perform statistical tests to
determine statistically significant changes in trends for each racial group and in the disparity
between groups. An understanding of how inequities in CRC incidence and stage at diagnosis
have changed over time is critical. As we seek to develop the most effective interventions to
address poor CRC outcomes in blacks, knowledge about how disparities have responded to

previous national events will inform research, implementation strategy, and policy to address

L NPCR is a nationally representative cancer registry that covers approximately 91-99% of the U.S. population from
1999 to 2011 (CDC, 2014).

29



inequities in CRC outcomes.
2.3 Methods
2.3.1 Data Source

We used the Surveillance, Epidemiology, & End Results (SEER) database to determine
CRC incidence and stage at diagnosis in whites and blacks from 1975 to 2011. SEER is a
publicly available database made accessible by the National Cancer Institute (NCI) (NCI, 2012).
The database includes information from various cancer registries throughout the U.S. and links
these data to information from the Social Security Administration, state vital records
departments, National Death Index, and Centers for Medicare & Medicaid Services (NCI,
2014b). SEER is the only national source of population-based data on cancer stage at diagnosis
and survival.

The SEER database began with nine regional cancer registries in 1973 and currently
includes data from eighteen registries (Table 2.1). These first nine regions constitute the SEER 9
database which consist of data from 1975 to 2011 and represents 9.4% of the U.S. population
(NCI, 2014b)?. SEER 13 includes data from 1992 to 2011 from thirteen regions and covers
13.4% of the U.S. population. SEER 18 has the largest geographic coverage with eighteen

regions covering 27.8% of the U.S. population from the years 2000 to 2011 (NCI, 2014b)3.

2.3.2 Study Period

2 SEER 9 includes data from 1973 to 2011. However, the convention is to use years 1975-2011 so that cases from
Atlanta (added in 1974) and Seattle-Puget Sound (added in 1975) are included.

3 SEER 13 and 18 include the Alaska Native tumor registry. This registry contains data for only the American
Indian/Alaska Native population within Alaska. Thus, as is the NCI convention for studies that compare only blacks
and whites, the Alaska Native tumor registry was excluded from SEER 13 and SEER 18. In the present analyses,

SEER 13 and 18, in actuality, have twelve and seventeen registries, respectively.
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Use of three SEER program databases allowed us to examine both long-term and recent
black-white disparity trends. While SEER 9 allowed us to study disparity trends over the full
spectrum of SEER program years, it is limited in its inclusion of only nine U.S. regions. SEER
13 and 18, on the other hand, provide only recent trends and limit the ability to draw inferences
about changes in disparities over long periods of time. A major benefit of these more recent
databases, however, is that they include a greater number of U.S. regions and, thus, provide a
cohort of individuals more representative of the U.S. population.

In order to account for differences in the number of registries included, maximize the use
of SEER data, and examine long-term disparity trends, we conducted three sets of analyses: 1)
trends in CRC indicators from 1975 to 2011 using only those registries included in SEER 9; 2)
trends in CRC indicators from 1992 to 2011 using the thirteen regions in SEER 13; and 3) trends
in CRC indicators from 2000 to 2011 using the eighteen SEER 18 regions. We present separate
results from each set of analyses and compare interpretations of the SEER 9, SEER 13, and

SEER 18 results.

2.3.3 Study Population

The study cohort includes individuals in the SEER program database with histologically
confirmed colon or rectal cancer diagnosed between January 1, 1975 and December 31, 2011.
Colorectal cancer is defined as a primary malignancy in at least one of the following locations:
rectum, rectosigmoid junction, sigmoid colon, descending colon, splenic flexure, transverse
colon, hepatic flexure, ascending colon, or cecum, as classified by the International
Classification of Diseases for Oncology, 3=P edition (Fritz et al., 2000).

The SEER 9 database provides the following classifications for race: white, black, other
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(American Indian/Alaska native, Asian/pacific islander) and unknown and does not specify
Hispanic ethnicity. Thus, while analyses were limited to U.S. blacks and whites, the “white”
cohort included both whites and white Hispanics and the “black” cohort included both blacks and
black Hispanics. This is a limitation of all analyses that use the SEER 9 program database (NCI,
2014b).

The SEER population is comparable to the U.S. population with respect to income level
(14.1% v. 14.3% below poverty level) and level of education (16% v. 14.6% with less than high
school diploma) (NCI, 2012). Minority racial and ethnic groups, foreign-born, and urban
populations are purposely overrepresented in the SEER database to ensure adequate
representation of groups that are of special interest to the SEER program (Table 2.1) (I0M,

1999: NCI, 2014b).

2.3.4 Colorectal Cancer Indicators

This study evaluates trends in two CRC indicators over time: incidence and stage at
diagnosis. For incidence, we used age-adjusted CRC incidence rates by race expressed per
100,000 persons as provided in the SEER*Stat software version 8.1.5 (NCI, 2014c). The
population data used in calculating SEER cancer rates are obtained from the Census Bureau and
are based on the 2000 U.S. standard population (NCI, 2014b).

Two categories were used for stage at disease presentation: 1) “early stage” and 2) “late
stage.” Categories were based on SEER Historic Stage A, which has the advantage of being the
only stage variable in the SEER dataset that has been recorded consistently for all years for CRC.
In the case of CRC, localized disease is invasive but confined to the colon/rectum or with

intraluminal extension but no lymph node involvement. Regional disease extends beyond the
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colon/rectum directly into surrounding tissue or organs and/or into regional lymph nodes by way
of the lymphatic system. Distant colon/rectal cancer has extended to parts of the body remote to
the colon/rectum by direct extension or metastasis. Individuals with localized disease at the time
of diagnosis were categorized as “early stage” presentations. Those presenting with CRC in
regional or distant stages were categorized as “late stage” presentations. We excluded patients in

the unstaged disease category.

2.3.5 Statistical Analyses

All analyses were performed using three statistical software programs: 1) SEER*Stat
8.1.5, 2) the Health Disparities Calculator (HD*Calc 1.2.4), and 3) Joinpoint 4.1.1.3 (NCI, 2013,
2014a, 2014c, 2014d, 2014e). All three statistical packages are produced by the Surveillance
Research Program of the Division of Cancer Control and Population Sciences at NCI and are

recommended by the NCI for analysis of SEER program data (NCI, 2014b).

2.3.5.1 SEER*Stat

SEER*Stat is a query-based program that allows users to specify a patient cohort within
the SEER program database for which to report cancer indicators (SEER, 2014). SEER*Stat
capabilities include frequencies, incidence rates, mortality rates, trends, and survival statistics

with standard errors.

2.3.5.2 The Health Disparities Calculator (HD*Calc)
The Health Disparities Calculator (HD*Calc) program is an extension of SEER*Stat that

allows researchers to import SEER data and calculate several disparity measures for cancer
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indicators of interest (NCI, 2013). We defined “disparity” as the range difference (RD) or
absolute difference between two health status indicators:

RD=r1 —r> where r1 and r» are the rates for the health indicator in the two groups
compared—white and blacks in the present study.
HD*Calc also provides range ratios (RR) as a measure of relative disparity:

RR=r1/r, where r> is the reference group—whites in the present study.
At each time point, the RR represents the relative difference in indicator rates between whites
and blacks. RRs are useful in interpreting disparities as they express the difference in rates in the
two compared groups multiplicatively. We used HD*Calc to calculate the RD and RR comparing

CRC incidence in whites and blacks.

2.3.5.3 Joinpoint

Joinpoint is a statistical software package that can assess SEER program data for linear
trends and test whether a change in trend is statistically significant (NCI, 2014a). For a given set
of data, a sequence of permutation tests determine the optimal number of points in time in which
the trend changes in direction and/or magnitude. The slope of the line segment between
joinpoints is the annual percent change (APC) and represents the change in rate over a one-year
period for that segment of the data. The average annual percent change (AAPC) is the weighted
average of APCs where weights are proportional to the length of the each APC interval; it
provides a single value to describe the change in trend over the entire SEER study period (Clegg,
Hankey, Tiwari, Feuer, & Edwards, 2009). For both APC and AAPC, a p-value less than 0.05
signifies that the change (in APC or AAPC) is significantly different from zero.

We used Joinpoint for four purposes in this study: 1) to determine significant trends in
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incidence and proportion of late stage presentations for whites and for blacks over each SEER
study period; 2) to evaluate for trends in the disparity in incidence as calculated from HD*Calc;
3) to perform comparability tests to examine whether joinpoint trends whose mean functions are
represented by joinpoint regression were statistically identical in the white and black cohorts
(p<0.05 signifies significantly different trends); and 4) to test the null hypothesis that two

regression mean functions were parallel (p<0.05 signifies non-parallel trends).

2.4 Results

2.4.1 Colorectal Cancer Incidence by SEER Database, Race and Stage

24.1.1SEER9

From 1975 to 2011, the incidence of CRC in whites and blacks was 55.1 per 100,000 and
60.6 per 100,000, respectively (Table 2.2). These rates amounted to 389,114 cases of CRC in
whites and 40,157 cases in blacks. In whites, 59% of cases had late stage CRC at the time of
presentation. For blacks, 62% presented with late stage over the SEER 9 study period. For stage

at diagnosis analyses, we excluded 27,952 (6.5%) individuals with unstaged disease in SEER 9.

2.4.1.2 SEER 13

The incidence of CRC was 49.1 per 100,000 in whites and 59.7 per 100,000 in blacks in
the thirteen SEER regions from 1992 to 2011. In all, 57% of whites and 60% of blacks in SEER
13 presented with late stage disease (Table 2.3). For trends in stage at diagnosis, we excluded

18,376 (5.7%) individuals with no stage for disease in the SEER 13 database.
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2.4.1.3 SEER 18

In the eighteen regions that comprise the SEER 18 database, incidence was 47.2 per
100,000 in whites and 58.0 per 100,000 in blacks from 2000 to 2011. In all, 56% of whites and
59% blacks were diagnosed with late stage disease at presentation over the study period (Table

2.4). For stage at diagnosis analyses, we excluded 24,478 (5.8%) SEER 18 cases.

2.4.2 Black-White Disparities in Colorectal Cancer Incidence
2.4.2.1 Long-term Incidence Trends in U.S. Whites and Blacks

Figure 2.1 depicts CRC incidence in white Americans and black Americans in the nine
SEER 9 regions from 1975 to 2011. The results for significant linear trends are presented in
Figure 2.2 and Table 2.5. When investigating CRC incidence over the entire range of SEER
data, we observed that CRC incidence in whites exceeded incidence in blacks when data
collection began in 1975. Both racial groups had similar incidence rates in the early 1980s before
rates in blacks exceeded rates in whites in 1987. Whites experienced a significant increase in
CRC incidence from 1975 to 1985 (APC=0.79, p<0.001) before experiencing declining rates at
an APC of -1.98 (p<0.001) in 1985 (Table 2.5). Rates for whites declined steadily from 1985 to
1995 (APC=-1.98, p<0.001), from 1998 to 2008 (APC= -2.50; p<0.001) and more dramatically
from 2008 to 2011 (APC= -5.06; p<0.001).

Incidence in blacks in the SEER 9 regions, on the other hand, climbed at a rate higher
than in whites from 1975 to 1980 (APC= 3.30, p=0.01) and then remained stable over a
prolonged period from 1980 to 2004 (APC=-0.17, p=0.08). Blacks did not see improvements in
CRC incidence until twenty years after whites in 2004 (APC of -7.71, p<0.001). From 2004

onward, the incidence gap between whites and blacks narrowed. Despite this steep incidence
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decrease in blacks from 2004 to 2011, incidence in blacks remained higher than incidence in
whites at the end of the study period in 2011 (46.8 per 100,000 in blacks versus 38.1 per
100,0000 in whites).

For whites, the AAPC for the 1975 to 2011 study period was -1.33 (p<0.001) (Table
2.5). For blacks, however, the AAPC was smaller in magnitude and only marginally significant
at -0.41 (p=0.05). Consequently, the comparability test and test for parallelism for incidence
trends from 1975 to 2011 revealed that the incidence trends in whites and blacks were not
statistically similar when directly compared across the entire study period (p<0.001). In addition,
the test for parallelism rejected the null hypothesis that the two lines were parallel when directly
compared across the entire study period (p<0.001).

Of note, when the trend analysis for SEER 9 is limited to the last eleven years of data
(2000-2011), the AAPC in whites is not significantly different than the AAPC in blacks
(p=0.06). This finding suggests that while the trend in whites is not similar to the trend in blacks
in the SEER 9 regions over the entire study period, there is a similar downward trend in the two

groups when looking at only the past eleven years.

2.4.2.2 Recent Incidence Trends in U.S. Whites and Blacks

We next investigated incidence trends in SEER 13 and 18, databases that sample larger
proportions of the U.S. population and more geographic regions. The findings from these
analyses also suggest notable improvements in CRC incidence in both racial groups in recent
years (Figures 2.3 & 2.4; Tables 2.6 & 2.7). From 1992 to 2011 in the SEER 13 regions, CRC
incidence in whites decreased at an AAPC of -2.10 (p<0.001), compared to an AAPC of -1.56

(p<0.001) for blacks. For one particular segment in the SEER 13 data (2009 to 2011), the black
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cohort experienced a steeper decline in incidence than whites experienced in the same period
(APC, blacks=-6.98, p<0.001 v. APC, whites= -4.79, p<0.001). Overall, white and black trends
were not significantly different (p=0.18) but were not parallel (p<0.001) from 1992 to 2011.

For the larger SEER 18 sample, the AAPCs for whites and blacks were quite similar from
2000 to 2011: -2.94 (p<0.001) and -2.41 (p<0.001), respectively (Table 2.7). The downward
trends in incidence in whites and in blacks were not statistically different (p=0.12), but were also
not parallel (p=0.02). These finding are consistent with the results from the SEER 9 limited
range data that demonstrated statistically similar incidence trends in blacks and whites for the
last eleven years of the SEER 9 study period (Table 2.5). Overall, all three series support that
while incidence in blacks exceeded incidence in whites overall, both racial groups saw

improvements in CRC incidence at similar rates over the past eleven years.

2.4.2.3 The Colorectal Cancer Incidence Disparity Over Time

After evaluating the SEER program data for significant trends in incidence across the
study period, we examined the absolute difference between incidence rates in whites and blacks
and how that disparity changed over time. Figure 2.5 shows the RD and RR for white and black
incidence of CRC from 1975 to 2011 as calculated from the SEER 9 database. Figure 2.6 is the
joinpoint graph demonstrating significant changes in the disparity trend over the same period.

As shown in Figure 2.6, the disparity remained statistically stable from 1975 to 1983
(APC=-5.96, p=0.39). During this period, incidence rates in blacks were increasing and then
exceeded rates in whites (Figure 2.1). Thus, the downward slope in the incidence disparity graph
from 1975 to 1983 (Figure 2.6) demonstrates the crossover from higher CRC rates in whites to

higher rates in blacks rather than improving disparities. In the early 1980s, when whites had a
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higher incidence than blacks, the incidence disparity was least (RD= 2.12; 95% C1=6.97- -2.72)
(Table 2.8). Due to the dramatic decrease in incidence in whites, thereafter, the disparity then
increased significantly from 1983 to 2004 (APC=5.7; p<0.01). The year 2004 marked the
maximal difference in incidence in whites and blacks in the SEER 9 regions: RD=13.08 (95%
CI=16.58 — 9.58). In that year, the rate ratio was 1.27 (95% CI=1.20-1.34), suggesting that
incidence in whites was 1.27 times or 27% higher than the incidence in blacks. Since 2004, the
incidence disparity has been significantly improving (APC= -4.20, p=0.04).

Data from the larger SEER 13 and SEER 18 samples led to somewhat different
conclusions about the recent incidence disparity trend. (Figures 2.7 & 2.8; Tables 2.9 & 2.10).
Like SEER 9, data from SEER 13 demonstrated a significant increase in the incidence disparity
from 1992 to 2004 (APC=5.02, p<0.001). However, the downward disparity trend from 2004 to
2011 was only marginally significant in SEER 13 (APC= -3.36, p=0.05) (Table 2.9). For SEER
18, results suggest a stable disparity in CRC incidence between whites and blacks from 2000 to
2011 rather than the significant or marginally significant decline seen in the SEER 9 and SEER

13 data (Table 2.10).

2.4.3 Black-White Trends in Late Stage at Colorectal Cancer Presentation
2.4.3.1 Long-term Trends in Late Stage at Presentation in U.S. Whites and Blacks

In the SEER 9 regions, the proportion of blacks presenting with late stage CRC was
higher than the proportion of whites presenting with late stage disease in 1975. Blacks
maintained a higher proportion of late stage disease throughout the SEER 9 study period with the
exception of 2010 when whites had a higher proportion of late stage presenting disease than

blacks (Figure 2.9). As demonstrated in the Joinpoint output (Figure 2.10), whites saw no
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significant change in the proportion of late stage presenting tumors for several intervals. In fact,
the proportion of whites presenting with late stage tumors was statistically stable in the SEER 9
population for all of the SEER 9 study period except years 1995 to 2003 when there was a
significant downward trend in late stage presentation in whites (APC=-0.93, p<0.001). In
blacks, on the other hand, there was a significant and steady decrease in late stage presentation
over the entire SEER 9 study period (APC=-0.44; p<0.001) (Table 2.11). Consequently, the
trends converge in the last two years of data, with the proportion of late stage presenting disease
in blacks matching the proportion of whites with late stage disease.

Over the SEER 9 study period, the overall AAPC was -0.31 (p=0.02) in whites and -0.44
(p<0.001) in blacks. Despite the gradual merging of the trend lines, the trend in proportion of
whites presenting with late stage CRC was not statistically different than the trend in blacks

(p=0.36). The parallelism hypothesis was rejected (Table 2.11).

2.4.3.2 Recent Trends in Late Stage at Presentation in U.S. Whites and Blacks

The SEER 13 and 18 data offer similar findings for proportion of late stage CRC at
diagnosis in larger samples of the U.S. population. From 1992 to 2011 (SEER 13), whites had
non-uniform change in incidence of late stage presentation (Figure 2.11). While late presentation
declined significantly from 2003 to 2011 in whites (APC -1.15, p<0.001), there was actually a
rising proportion of late stage diagnoses in whites from 2008 to 2011 in the SEER 13 cohort
(APC=1.10, p=0.01). This rise in late stage CRCs in whites is in contrast to a significant decline
in blacks from 2003 to 2011 (APC= -1.15, p<0.001) (Table 2.12).

Data from the SEER 18 regions also support a significant downward trend in late stage

CRC in blacks from 2000 to 2011 (APC -0.72, p<0.001) (Figure 2.12). In whites, the proportion
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of late stage malignancies was relatively stable from 2000 to 2011 and, like in the SEER 13 data,
rose from 2008 to 2011 (APC = 1.01, p<0.001). In the SEER 18 regions, there was a significant
difference in the trends between whites and blacks from 2000 to 2011 (p<0.001), highlighting the
changes leading to convergence of the two trend lines in 2010 (Table 2.13). This finding
somewhat contrasts with the finding that the trend lines were not significantly different in the
SEER 9 regions. However, when the SEER 9 is limited to the last eleven years, we again see
consensus between the two databases; both suggest statistically different trends for whites and

blacks in the last decade of data (Table 2.11).
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2.5 Discussion
2.5.1 Summary of Key Findings

We found that despite well-documented black-white disparities in CRC incidence and a
high proportion of late stage presenting CRCs among blacks, black-white disparities in CRC
incidence and stage at diagnosis have narrowed since 1975. Long-term and recent data from the
SEER program database support an overall significant decrease in CRC incidence in both racial
groups since 1975 with a disproportionate downward trend in blacks compared to whites in
recent years. Our findings are consistent with the improving incidence disparities seen in the
1999-2011 CDC NPCR data, however, expand on the CDC findings, as they also provide
information on long-term trends that the CDC database is not capable of measuring (CDC,
2014). In addition to incidence, we found that disparities in late stage at diagnosis have improved
substantially since 1975. In fact, data from all three SEER databases suggest that this gap has

closed.

2.5.2 Historic Factors Influencing Incidence

The overall decline in CRC incidence in the past several years is likely a result of several
factors, including lifestyle and risk modification, advances in medical technology, public
awareness about CRC, and CRC prevention efforts. CRC is largely preventable with
identification and removal of premalignant colonic polyps. However, primary prevention and
incidence reduction require access to health information and healthcare services. Black-white
disparities in incidence began to increase in the mid-1980s, after the introduction of CRC
screening at the population level. Although use of endoscopy and other structural screening tests

(double-contrast barium enema and computed tomography colonography) was low before 1985,
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there were great disparities in access to healthcare services at the time and whites were more
likely to have had access to endoscopy than blacks (Byrd, 1990; Hiatt, Klabunde, Breen, Swan,
& Ballard-Barbash, 2002; McMahon et al., 1999; Waidmann & Rajan, 2000). Greater rates of
identification and removal of colonic polyps in whites may have contributed to the significant
decline in CRC incidence in whites compared to blacks in the mid-1980s.

Blacks did not see declines in incidence until 2004, which may reflect a lag in the use of
colonoscopy and flexible sigmoidoscopy to identify precancerous lesions in the racial group
(ACS, 2014; Edwards et al., 2010; Irby et al., 2006). As black Americans gained improved
access to healthcare services and as interventions and policies to improve CRC prevention in the
underserved emerged, there was likely a diffusion of technology and information to minority
communities. Over time, increased CRC education and use of endoscopy may have contributed
to the reduction in incidence blacks saw in the early 2000s and, thus, to the decrease in the
incidence disparity.

Public awareness about CRC risk may have also played a role in the overall reduction of
CRC incidence and disparities in incidence. There was increased public awareness of CRC
following President Ronald Reagan's diagnosis in July 1985. Further, the formal introduction of
CRC screening guidelines and provisions to include CRC screening as a Medicare benefit in the
late 1990s placed a public spotlight on CRC prevention. The televised broadcast of Katie
Couric’s colonoscopy in 2000 also influenced CRC risk awareness and education. Often referred
to at the “Katie Couric Effect,” this event was associated with a significant increase in
colonoscopy (Cram et al., 2003; He & Efron, 2011). These events likely impacted both whites

and blacks but may have had more influence on white Americans in the 1980s to early 2000s,
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thus contributing to the persistent disparities in CRC incidence in the years that followed (James

etal., 2011).

2.5.3 Historic Factors Influencing Stage at Presentation

The proportion of both whites and blacks presenting with late stage CRC has improved
over time. In blacks, this improvement has been more notable than in whites, to the effect that
the proportion of whites and blacks presenting with late stage CRC were comparable in 2010 and
2011. While it is essential to see how these trends continue in the next several years, the
implication is that blacks may have benefited disproportionately from collective CRC screening
efforts in recent years.

Like incidence, trends in stage of CRC diagnosis may reflect key events in CRC
prevention and detection. While CRC incidence is more directly influenced by radiographic and
endoscopic procedures that identify colonic polyps before malignant transformation, stage of
CRC diagnosis is also impacted by early detection CRC screening tests like fecal occult blood
testing (FOBT), fecal immunochemical testing (FIT), and stool DNA (sDNA) (Fazio, Cotterchio,
Manno, McLaughlin, & Gallinger, 2005). These less invasive screening examinations function
mainly as early detection tools by identifying malignant colonic lesions before regional or distant
spread (Fisher et al., 2004; Heinzerling, Anthony, Livingston, & Huerta, 2007; Mehrkhani et al.,
2009; Tsikitis, Larson, Huebner, Lohse, & Thompson, 2014). While they are capable of
detecting colonic adenomas before malignant transformation, they are limited in their ability to
prevent disease incidence (Imperiale et al., 2014; Miutescu et al., 2013).

Blacks are more likely to pursue non-endoscopic CRC screening modalities that whites

(McMahon et al., 1999; Zimmerman, Tabbarah, Trauth, Nowalk, & Ricci, 2006). Thus, strong
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recommendations for CRC screening from the United States Preventive Service Task Force
(USPSTF) in 2002, improvements in access to care over the past decade, public attention to
disparities in CRC outcomes, and improving rates of CRC screening among blacks may be
shifting the diagnosis of CRC to earlier stages in the disease continuum more so in blacks than in

whites.

2.5.4 Study Strengths

There are several strengths to the present analysis. First, we used a large, national cancer
registry database to determine trends in CRC indicators. The SEER program provides access to a
large cohort of individuals with CRC, allowing for stratified analysis by race, year and stage. In
addition, national data better reflect the influence of national programs and interventions to
improve CRC outcomes. Second, we examined CRC indicator trends over a prolonged period of
time. While there are examples in the literature of analyses of recent trends in CRC incidence
and outcomes, the present study is innovative in that it explores data over four decades to
comment on long-term black-white disparity trends and what might be driving them. Third, we
performed analyses using three different SEER program datasets. Given the potential for bias
resulting from differences in the SEER regions included, years covered, and sample size in each
SEER database, the hope was to bolster the opportunity for meaningful results by examining

trends for three somewhat different yet complementary databases.

2.5.5 Study Limitations
Our study is not without limitations. Given limitations in the definitions used for race and

ethnicity in the SEER 9 program database, we included individuals of Hispanic race in our
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analyses. While the inclusion of Hispanic subjects occurs in both the white and black subgroups,
it is likely that there are more white Hispanics than black Hispanics in the study sample.
Hispanics have a lower incidence but later stage at diagnosis than whites, and the inclusion of
this subgroup in the white sample may have biased our results away from the null hypothesis that
incidence trends do not vary and/or towards the null hypothesis that stage at presentation trends
do not vary between whites and blacks. As a result, our results may overestimate incidence
disparities and underestimate stage disparities between whites and blacks. These biases were
likely larger in the SEER 13 and SEER 18 analysis, given the addition of regions with large
numbers of Hispanics like Los Angeles and Greater California for those years. The inability to
exclude individuals with Hispanic race is a limitation of studies reporting long-term trends with
SEER program data as Hispanic persons may be of any race in the SEER 9 database.

A second limitation of our study is that while the SEER 9, SEER 13, and SEER 18
databases are subsets of each other, they contain different cancer registry regions and
populations. Thus, results may not be consistent across registries, and we may be limited in our
ability to directly compare results across databases. For example, data from the SEER 9 regions
support a significantly improving incidence disparity from 2004 to 2011 while SEER 13 and 18
suggest a stable disparity during the same interval. As the SEER 13 and 18 databases include
more U.S. regions, results from these databases may be more generalizable to the U.S. as a
whole. It is not possible, however, to say this for certain. While inconsistencies in SEER year
and registries pose hypothetical interpretation challenges, SEER is the best available source for
long-term national data. It is reassuring that our findings were for the most part consistent and
not at all contradictory across SEER databases.

Lastly, while we made several inferences about associations between key events in CRC
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prevention and management, we were not able to demonstrate a causal effect of historic events
on CRC outcomes. The present analyses do generate hypotheses for further quantitative
evaluation of the impact of historical events on CRC outcomes. However, quantifying the effect
of public attention to CRC, screening guidelines, and prevention policy requires alternative study

methods.

2.5.6 Conclusions

In conclusion, our findings suggest that while inequities in CRC incidence and outcomes
persist in the U.S., there is strong evidence for improvements in at least some CRC disparities
over the past decade. In addition to genetic and environmental factors, CRC screening practices
and other historical events have likely played a major role in the progression of CRC disparities
over time in the U.S. Contrary to the body of literature demonstrating disparities at a cross-
section of time, the present study suggests that longitudinal evaluation of CRC indicators points
to at least some progress.

While recent improvements in CRC disparities are encouraging, our results do not
suggest that the decades-long challenges of disparities in CRC have resolved. Efforts to improve
CRC prevention and management may have halted the widening gap in CRC disparities;
however, inequities in CRC incidence persist. The challenge now is to identify the factors that
have been most effective in reducing disparities so that we can develop interventions that will
continue to bend the incidence disparity curve. Despite the successes we have seen, disparities in
CRC incidence will likely persist and CRC will continue to disproportionately affect black

Americans unless there are more efforts to improve disease prevention.
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2.6 Tables and Figures

Table 2.1: National Cancer Institute (NCI) Surveillance, Epidemiology, & End Results (SEER)
registries and regions, 1975-2011 (NCI, 2014b)

Registry Years Regions u.S. % U.S. % U.S.
Population Whites Blacks
Represented | Included* | Included*
(%)
SEER 9™ | 1973 Connecticut, Detroit, 94 8.7 8.8
(1975) - | Hawaii, lowa, New
2011 Mexico, San Francisco-
Oakland, Utah,
Atlanta (1974+),
Seattle-Puget Sound
(1975+)
SEER 13 | 1992 - Above + 134 11.5 11.3
2011 Los Angeles, San Jose-
Monterey, Rural
Georgia, Alaska Natives
SEER 18 | 2000 - Above + 27.8 24.9 25.6
2011 Greater California,
Kentucky, Louisiana,
New Jersey, Greater
Georgia

" SEER 9 includes data from 1973 to 2011. However, the convention is to use years 1975-2011
so that cases from Atlanta (added in 1974) and Seattle-Puget Sound (added in 1975) are

included.

* Denotes percent of entire population of U.S. whites/blacks that are included in the database
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Table 2.2: Colorectal cancer (CRC) incidence by race and stage; SEER 9 regions (1975-2011)

Whites Blacks Total
N Rate | SE N Rate | SE N Rate | SE
Incidence
389,114 | 55.05 | 0.09 | 40,157 | 60.63 | 0.31 | 429,271 | 55.65 | 0.09
Histologic
Stage, N (%)
Early 150,722 (41.40) 14,217 (38.20) 164,939 (41.10)
Late 213,382 (58.60) 22,998 (61.80) 236,380 (58.90)
Total 364,104 37,215 401,319

Rates are per 100,000 and age-adjusted to the 2000 U.S. standard population

Table 2.3: CRC incidence by race and stage; SEER 13 regions (1992-2011)

Whites Blacks Total
N Rate | SE N Rate | SE N Rate | SE
Incidence
284,522 | 49.08 | 0.09 | 36,631 | 59.67 | 0.32 | 321,153 | 50.18 | 0.09
Histologic
Stage, N (%)
Early 115,190 (42.87) 13,636 (40.00) 128,826 (42.56)
Late 153,504 (57.13) 20,447 (60.00) 173,951 (57.45)
Total 268,694 34,083 302,777

Rates are per 100,000 and age-adjusted to the 2000 U.S. standard population
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Table 2.4: CRC incidence by race and stage; SEER 18 regions (2000-2011)

Whites Blacks Total
N Rate | SE N Rate | SE N Rate SE
Incidence
372,043 | 47.18 | 0.08 | 52,045 | 58.00 | 0.26 | 424,088 | 48.35 | 0.07
Histologic
Stage, N
(%) 154,549 (44.02) 20,003 (41.23) 174,552 (43.68)
Early
196,551 (56.00) 28,507 (58.77) 225,058 (56.32)
Late
351,100 48,510 399,610
Total

Rates are per 100,000 and age-adjusted to the 2000 U.S. standard populatio
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Figure 2.1: Trends in CRC incidence in whites and blacks; SEER 9 regions (1975-2011)
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Rates are per 100,000 and age-adjusted to the 2000 U.S. standard population
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Figure 2.2: Evaluation for significant linear trends in CRC incidence in whites and blacks, SEER 9 (1975-2011)
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Figure 2.3: Evaluation for significant linear trends in CRC incidence in whites and blacks, SEER 13 (1992-2011)
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Figure 2.4: Evaluation for significant linear trends in CRC incidence in whites and blacks, SEER 18 (2000-2011)

0 » hite
—— 2000-2008 APC =-2.36"
65 —— 2008-2011 AFC =-4 45"
* - ) *  Black
H 2000-2007 APC. =-1.40"
60 T 2007-2011 APC =-4.15"
[} * ¥ H
=)
m
¢ 55
=
Q
IE: .\ .
3 50 :
<
vo45 §
on
- \'\.\
40 "
35
30
1998 2001 2003 2005 2007 2009 2011

2004 2002 2004 2006 2008 20140 2mz2
Year of diagnosis

Rates are per 100,000 and age-adjusted to the 2000 U.S. standard population. APC indicates annual percentage change.
" indicates the APC is significantly different from zero at p = 0.05

54



Table 2.5: Annual percent change, average annual percent change, average annual percent change comparisons, and test of
parallelism for CRC incidence in whites and blacks; SEER 9 regions (1975-2011)

Cohort

White
White
White
White
White
Black
Black
Black

Cohort

White
White
Black
