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Lung cancer is the leading cause of cancer morbidity and mortality in the U.S. and

racial/ethnic minorities carry the greatest burden of lung cancer disparities with African

Americans (AAs) impacted disproportionately. Inequities in lung cancer health disparities

are often associated with multiple bio-behavioral and socio-cultural factors among

racial/ethnic minorities. Epigenetic research has advanced the understanding of the

intersectionality between biological and socio-cultural factors in lung cancer disparities

among AAs. However, gaps exist in the engagement of diverse populations in epigenetic

lung cancer research, which poses a challenge in ensuring the generalizability and

implementation of epigenetic research in populations that carry an unequal cancer

burden. Grounding epigenetic lung cancer research within a socio-ecological framework

may prove promising in implementing a multi-level approach to community engagement,

screening, navigation, and research participation among AAs. The University of Illinois

Cancer Center (UI Cancer Center) is employing an evidence–based (EB) model of

community/patient engagement utilizing the socio-ecological model (SEM) to develop

a culturally sensitive epigenetic lung cancer research program that addresses multiple

factors that impact lung cancer outcomes in AAs. By implementing epigenetic research

within a group of Federally Qualified Health Centers (FQHCs) guided by the SEM, the

UI Cancer Center is proposing a new pathway in mitigating lung cancer disparities in

underserved communities. At the individual level, the framework examines tobacco use

among patients at FQHCs (the organizational level) and also tailors epigenetic research

to explore innovative biomarkers in high risk populations. Interpersonal interventions use

Patient Navigators to support navigation to EB tobacco cessation resources and lung

cancer screening. Community level support within the SEM is developed by ongoing

partnerships with local and national partners such as the American Lung Association

(ALA) and the American Cancer Society (ACS). Lastly, at the policy level, the UI

Cancer Center acknowledges the role of policy implications in lung cancer screening

and advocates for policies and screening recommendations that examine the current

guidelines from the United States Preventive Services Task Force (USPTF).
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INTRODUCTION

Lung cancer remains the leading cause of cancer mortality in
the United States (U.S.) with a projected estimate of 234,030
new cases and 154,050 deaths from lung cancer in 2018 (1, 2).
Despite recent declines in lung cancer mortality rates, inequities
persist across racial and ethnic groups (2, 3). African Americans
(AA) are disproportionately affected by lung cancer, and suffer
greater morbidity and mortality than any other racial/ethnic
group (4). Inequalities in lung cancer also exist among medically
underserved communities (2, 3). The majority of medically
underserved individuals in the U.S. receive their healthcare from
Federally Qualified Health Centers (FQHCs), which are funded
through the Health Resources and Services Administration
(HRSA) under the Public Health Service Act (PHSA) Section 330
(5). FQHCs are charged with providing primary care including
cancer screening and prevention services to populations that live
in areas designated as medically underserved (6, 7). As one of
the largest providers of safety net healthcare services in the U.S.,
FQHCs served over 25 million individuals in 2016 (5). While
FQHCs often function as community clinics and serve a diverse
and heterogeneous patient population, the majority of patients
seen in FQHCs are from lower socioeconomic status (SES) and
represent racial and ethnic minorities (5, 7).

FQHCs also provide care to a large number of smokers who
meet criteria for lung cancer screening (7, 8). However, there
are multiple challenges in implementing lung cancer screening
within FQHCs that are both biological and socio-cultural (2, 6, 7).
First, while there is a significantly high percentage of AAs who
receive care at FQHCs, AAs show one of the lowest adherence
rates to lung cancer screening (2). Second, while tobacco is a
known risk factor for lung cancer, a disproportionate number
of AA women die from lung cancer, despite having lower rates
of smoking. This indicates that other biological, genetic, or
environmental factors may contribute to lung cancer outcomes,
which interact with gender and race/ethnicity (2, 9). Smoking,
environmental, social, and economic neighborhood context are
known to impact lung cancer disparities among AAs. Data
from the National Health and Nutrition Examination Survey
(NHANES) showed that although exposure to second hand
smoke (SHS) was on the decline, AAs and groups living below
the poverty level are still disproportionately affected by SHS (10).
Similarly, racial/ethnic minority communities are more likely to
be exposed to a built-environment that may result in increased
lung cancer risk (11). Consequently, there is urgent need for
conceptual/analytic models that examine multi-level factors
for lung cancer incidence and mortality, including biological,
environmental, and socio-cultural factors; and that particularly
focus on identifying sources of disparities in lung cancer.

The study of epigenetics and social epigenomics enables
researchers to understand the complex intersectionality of
biology and socio-cultural factors such as diet, stress, built
environment and cancer development and progression (9).
However, conceptual models that examine associations between
gene expression and multi-level social, environmental, and
structural risk factors are needed to understand how health
inequalities are produced and reproduced among those

underserved, such as those seen and treated at FQHCs including
AAs. In response to addressing risk factors that impact cancer
outcomes in its catchment area, the University of Illinois Cancer
Center (UI Cancer Center) has developed a multi-level approach
to cancer screening, prevention and education embedded within
a socio-ecological theoretical framework. The UI Cancer Center
asserts that we can successfully respond to the intersection of
biological and socio-cultural factors that contribute to cancer
outcomes by addressing barriers and facilitators that affect
cancer outcomes in underserved populations through a multi-
level approach that aligns prevention, screening, navigation and
epigenetic research.

SCREENING IN HIGH RISK POPULATIONS

The National Lung Screening Trial (NLST) funded by the
National Cancer Institute (NCI NCT00047385) demonstrated
that lung cancer screening with the use of low-dose computed
topography (LDCT) resulted in a reduction of lung cancer
mortality (8). As a result, multiple professional organizations
and policy leaders, including the USPSTF, advocate for LDCT
screening for high-risk populations. While the results of the
pivotal NLST trial demonstrated a 20% reduction in lung cancer
mortality due to screening with LDCT, there is concern about
the generalizability of the findings in low-resource and high-risk
populations. It important to note that the sample in the NLST
was predominately comprised of Non-Hispanic White (NHW)
patients (7, 12). Although lung cancer results in an elevated
mortality in AAs, only 4% of participants in the NLST were AAs
(total 53, 542, 4% AAs, 5% other racial groups and 91% NHW)
(8, 12). Additionally, the AA population included in the trial
were more likely to be of younger age, had lower pack years,
were more likely to be current smokers, and had lower SES and
educational levels along with an increased likelihood of multiple
co-morbidities (7).

The Mile Square Health Center (MSHC) is a network of 11
(FQHCs) providing comprehensive, high quality health services
through the continuum of care (primary, preventative and
specialty care, women’s health, vision and dental care). MSHC
is the third oldest FQHC in the U.S.; it opened in 1967 to
address the needs of Chicago’s public housing residents (13).
Today, almost 40,000 patients, nearly three-quarters who are
AA (74%), call MSHC their medical home. Co-owned and
operated by UI Health, MSHC is one of the few FQHCs in
the nation embedded within a health system, enabling seamless,
comprehensive care coordination. MSHC clinics are located in
neighborhoods carrying a disproportionate burden of tobacco
use and elevated morbidity and mortality associated with chronic
conditions, including cancer: Near West, Back of the Yards,
Englewood, and South Shore (see Figure 1). Tobacco use in
the MSHC catchment area exceeds the national average for all
smokers across racial and ethnic groups with 40% AAs and
25% Latinx (14). MSHC reaches patients at educational, faith-
based, and neighborhood events, by providing health resources,
developing new jobs, and engaging the community in identifying
and prioritizing their health needs.
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FIGURE 1 | Tobacco-related and lung cancer death in Chicago.

MSHC’s strong and positive presence in the communities it
serves is evidenced by its cancer prevention initiatives, which
reached more than 2,000 new patients in 2016. The “Mile Square
Smoking Cessation Program” (MI-QUIT), funded by the March
of Dimes Foundation, was launched in 2014. Originally, the
objective of MI-QUIT was to focus on smoking cessation solely
among women of reproductive age. However, the burden of
chronic conditions experienced by tobacco users within the
MSHC patient population extended beyond the original focus of

the program. To respond to identified health disparities related

to higher rates of tobacco use in the MSHC patient population,
the funder approved an expansion of MI-QUIT to navigate all

persons 18 and older to cessation services, with a dual emphasis
on women of reproductive age and older adults at elevated risk
of cancer, cardiovascular disease, diabetes, and other chronic
conditions. Since the program’s inception from 2014 to 2016, MI-
QUIT navigated ∼576 high risk patients to cessation services.
In 2017, the MI-QUIT project was then funded by the Chicago
Department of Public Health (CDPH) to address tobacco
cessation in some of Chicago’s most underserved communities.
From 2017 to 2018, theMI-QUIT program navigated 327 tobacco
users within the MSHC network to EB tobacco cessation services
supported by training by the American Lung Association (ALA).
Cessation services include lay and clinical patient navigation to
care coordination, tobacco cessation motivational interviewing,
facilitated EB tobacco cessation support group, and nicotine
replacement therapies (NRTs).

MULTI-LEVEL APPROACH TO TOBACCO
CESSATION AND LUNG CANCER
SCREENING

Disparities in lung cancer screening and tobacco cessation in
racial and ethnic minorities, particularly in AA communities, is
a multi-layered health inequity. Therefore, a multi-level solution
is needed to examine the barriers and facilitators to lung
cancer screening in high risk AA populations (15). The UI
Cancer Center has adapted the Centers for Disease Control
and Prevention (CDC) social ecological model (SEM) of health
promotion for Colorectal Cancer Control Programs (CRCCP) to
guide its community based lung cancer screening and tobacco
cessation programwith a focus on epigenetic research and patient
navigation (see Figure 2). The multi-levels of the CDC’s SEM
provide an opportunity to examine lung cancer screening and
tobacco cessation at the individual, interpersonal, organizational,
community, and policy levels 16), resulting in increased access,
detection, and tobacco cessation as evidenced by the MI-
QUIT program.

Individual Level
At the individual level, patient navigators play an integral role
in accessing patients’ knowledge and beliefs about lung cancer
risk factors and screening (16). Patient navigators utilize a
motivational interviewing model to assess patient’s knowledge,
health literacy levels, intentions, and understanding of risks and
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FIGURE 2 | UICC social ecological framework for lung cancer screening and tobacco cessation adapted from CDC social ecological framework.

benefits related to lung cancer screening (17). Communication
is tailored to each patient based on these assessments to ensure
cultural and linguistic appropriateness, increasing patients’
capacities to be active partners in shared decision making (SDM).
As a result of the NLST, the USPSTF requires that SDM be
documented for lung cancer screening to ensure that providers
and patients have engaged in dialogue to support a patients’
decisions to receive LDCT for lung cancer screening (18).

Interpersonal Level
The second tier of the CDC’s SEM model represents the
interpersonal level. At this level, we aim to facilitate and
minimize individual level barriers that patients may face through
promotion of patient support services (7). This second level
of the SEM highlights the role of friends, family, health care
providers, community health workers, and patient navigators
that can assist with developing and delivering interpersonal
messages and services that promote and increase lung cancer
screening rates, tobacco cessation rates, and address or mitigate
barriers to screening that result from socio-cultural norms or
logistical barriers (17). Cultural norms among AA communities
known to impact lung cancer screening include fatalistic
beliefs about lung cancer, medical mistrust, fears of racist
conspiracy, and overall negative beliefs about cancer. These
cultural norms may be mitigated at the Interpersonal level
through proper messaging and support from patient navigators
(19). MI-QUIT patient navigators assess barriers to screening
that patients may have and work directly with patients in linking
them to needed resources or services. Navigators also provide
reminders to patients to improve screening compliance and
address cultural factors that may impact screening behavior.
Additionally, navigators provide cancer education, screening,
and prevention materials. Navigators also work closely with
providers to coordinate proper referrals for cessation services and
lung cancer screening. The patient navigator-patient interactions
coupled with education and culturally appropriate tailored
services build trusting relationships that in turn increase a

patient’s likelihood to participate and complete screening,
and follow up care (20). The partnership that navigators
have with providers at each of the MSHC clinics also
enhances the outcomes.

Organizational Level
The third tier of the adapted model highlights the organizational
level. This level examines what can be implemented at the
systems level within FQHCs and other clinical settings that
serve high risk, low-resource populations to support activities
at the interpersonal level. For example, the utilization of
electronic medical records (EMR) to develop client and provider
reminders, implement provider level training, or utilize the
Uniform Data Systems (UDS) metrics to develop and evaluate
goals for mitigating risk factors for lung cancer such as tobacco
cessation occur at this level (21, 22). Additional efforts at the
organizational level may involve the development of a FQHC
policy that highlights the need for and facilitates multi-level
screening and navigation, integrating and evaluating EB practices
through implementation science, conducting evidence based,
clinic-level interventions, and fostering epigenetic research
to address the multiple factors that impact lung cancer
outcomes in high risk populations (23). The MI-QUIT
program implements a number of activities to improve lung
health outcomes at the organizational level. MI-QUIT patient
navigators ensure that patients who are eligible for insurance
coverage receive navigation to enrollment specialists and utilize
the EMR system to properly navigate patients and monitor
outcomes. Additionally, patient navigators inform providers of
barriers patients encounter and collaborate with providers and
administrative staff to address issues. For example, navigators
partner with clinical staff to ensure that patients who need
NRT support and other cessation support group services have
access without the burden of costs. Providers and staff within
the UI Health/MSHC system work closely and in partnership to
streamline screening services and minimize potential healthcare
system and clinic-level barriers to screening.
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Community Level
The community level is the fourth level of the adapted CDC SEM
model. It demonstrates the dual role that FQHCs play by having
the ability to function both at the organizational level and at the
community level. The community level is especially important
for the UI Cancer Center, which has a “bench to community
model” of cancer care that moves beyond traditional engagement
to support bi-directional engagement of both patients and
community stakeholders. The UI Cancer Center and MSHC
have built community coalitions and collaborations with national
organizations such as the American Lung Association (ALA)
and the American Cancer Society (ACS) Lakeshore Division in
its cancer prevention and control efforts (24). The ALA has
been a vital partner in supporting initiatives at multiple levels
of the SEM, such as providing patient navigator and provider
level training for tobacco cessation. Partnerships between local
health departments (i.e., Chicago Department of Public Health-
CDPH), FQHCs and academic entities (e.g., schools of public
health) can further support community and public awareness of
risk factor reduction for lung cancer and promote the awareness
of screening and screening recommendations. Additionally, MI-
QUIT promotes collaboration with partners at community wide
educational campaigns including Nobody Quits Like Chicagoland
and other lung cancer prevention and smoking cessation
events. As part of our community level partnership, MI-QUIT
coordinates dissemination of educational information to various
community based organizations (CBOs), such as local tribal
health clinics and LGBTQ organizations. Patient navigators
also facilitate community cancer screening and prevention
engagement through health fairs sponsored by local CBOs and
elected officials. Partnerships with the CDPH provide resources
to support EB navigation to the Illinois Tobacco Quitline and
other local and statewide resources for tobacco cessation (25).

Policy Level
The fifth level of the SEM is represented by the policy level.
The Policy Level demonstrates a similar dual role that FQHCs
play at both the interpersonal and community level, community
stakeholders, CBOs and public health partners also play vital
roles at both the community and policy levels. One of the
aims of the Office of Community Engaged Research and
Implementation Science (OCERIS) which sits within the Cancer,
Prevention and Control (CPC) program of the UI Cancer
Center is to identify and develop health policy and research
priorities that are relevant to the catchment population, MSHC,
community agencies, and other health delivery stakeholders.
The SEM places a much needed focus on the ability to
translate national lung cancer screening recommendations and
evidence based guidelines for tobacco cessation into local cancer
center policies supported by multiple stakeholders. Additionally,
a critical examination of existing policies also informs an
important research framework that assesses the applicability and
generalizability of existing guidelines and recommendations for
high risk populations. For example, the existing USPSTF lung
cancer screening guidelines were based on the results of the
NLST, whichwere biased by the underrepresentation of racial and
ethnic minorities. Additionally, the policy level of the SEM also

addresses environmental factors. Underserved communities and
predominantly racial/ethnic minority communities, including
AA communities, are known to have greater environmental
exposure to air pollution and other environmental carcinogens
(10). From a socio-cultural perspective, the policy level also
examines socio-environmental factors such as crime, community
support and collective efficacy and built-environmental factors
such as food deserts, lack of walkable space, and other physical
attributes of the environmental spaces and their role as barriers
to lung cancer screening in AA communities (11). Deploying
a SEM allows the UI Cancer Center to develop research and
screening projects that reflect the behaviors and needs of its
cancer center catchment population which differs from the
research participant demographic of the NLST (8, 26). Early
outcomes of the MI QUIT Program at the policy level include
recent collective advocacy between the UI Cancer Center and
ACS to provide educational and EB data to elected officials
in Illinois to support increasing the minimum age for tobacco
use, Tobacco 21.

Analysis of groundbreaking studies like the NLST show
that while advances have been made in reducing lung cancer
mortality, the far reaching implications of these advances to
racial and ethnic minorities, particularly AA communities and
other underserved populations, may be limited (2). In addition
to the lack of diversity in research participation, the NLST was
also limited in its assessment of social determinants of health
and other socio-cultural factors that may directly interact with
biological factors that impact lung cancer outcomes. Exploring
epigenetic research utilizing a socio-ecological framework may
have promise in addressing the many conundrums that exist
among cancer disparities in underserved populations (9). Across
the SEM, epigenetic research may provide key information into
the interplay of individual behaviors such as tobacco use and
exposure and community level exposures such as environmental
toxins and exposures to stress across individual and inter-
personal levels (23).

EPIGENETICS IN LUNG CANCER
DISPARITIES

The term “epigenetic” refers to the change in gene expression
that is mediated by acquired and heritable mechanisms without
alterations in the primary nucleotide genetic sequence. Acquired
epigenetic changes can promote initiation and progression
of cancer by modulating gene expression (27–32). There are
three main, inter-related types of epigenetic inheritance: DNA
methylation, genomic imprinting and histone modification.
The most studied epigenetic mechanism is the methylation of
genomic promoter regions. Methylation in cancer is an example
of epigenetic dysregulation, with both hypomethylation and
hypermethylation having significant roles in cancer molecular
development and progression (33–38).

Although disproportionate lung cancer mortality rates among
AA persist, few studies have investigated specific changes in
gene methylation related to lung cancer in racial/ethnic groups.
Most biomarker-specific studies have either ignored racial/ethnic
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specific differences entirely or feature dense NHW sample
cohorts. While it is likely that most pathways may remain
consistent between groups, it is possible that exposure and access
to different factors, including different biological, environmental,
and socioeconomic conditions, may contribute to differential
epigenetic changes, leading to racial disparities in lung cancer
outcomes among AAs (39–41). And yet, specific mechanisms
through which how neighborhood conditions may contribute
to epigenomic changes and gene expression have been far less
explored (42).

Despite having greater lung cancer exposure and unexplained
associations between biological and socio-environmental factors,
AAs are insufficiently represented in current translational and
epigenetic research (43–45). Recent research in comparative
epigenetics in the U.S. reveals a spectrum of promoter
methylation across racial/ethnic groups, the body of studies
published in the literature about epigenetics in cancer in
minority populations is scarce. Many studies often do not
indicate race-specific changes in DNA methylation (42, 46,
47). However, there has been progress. Kwabi-Addo and co-
workers examined the methylation pattern of six different genes
(GSTP1, AR, RARβ2, SPARC, TIMP3, and NKX2-5) in prostate
tissue specimens from AA and NHW males. They observed
significantly higher methylation for all genes, except GSTP1,
in the AA samples in comparison to that from NHW prostate
cancer patients. In addition, two genes (NKX2-5 and TIMP3)
were hyper-methylated in normal prostate tissue samples of
AA racial background as compared to those from NHW
(48). Wang et al. analyzed DNA methylation patterns in AA
and NHW breast cancer patients (49). They found significant
methylation differences in the promoter CpG island of the
tumor suppressor gene, CDH13. AA patients’ demonstrated
increased hypermethylation compared to matched NHWs. This
hypermethylation was found to be significantly associated with
decreased breast cancer survival (49). Figueiredo et al. (50) found
that global methylation was assessed via bisulfite pyrosequencing
of long interspersed nuclear element-1 (LINE-1) from colon
cancer biopsy samples. A trend of global hypomethylation was
associated with race with AAs more hypomethylated than the
NHW counterparts. In an epidemiologic study by Terry et al.
differences in DNA methylation by race were observed, with
AAs more likely to have lower levels of DNA methylation than
NHWs or Hispanics (51). Sun et al studied smoking-related DNA
methylation in AAs and found a trend of lower hypomethylation
in AA women in factor II receptor-like 3 (F2RL3) and G-
protein-coupled receptor 15 (GPR15) (52). Similarly, Dogan et al.
analyzed DNA methylation in peripheral blood mononuclear
cells from AA women and found significant loci in respect
to smoking status, specifically, two aryl hydrocarbon receptor
repressor (AHRR) gene loci (cg0557921 and cg23576855) and
one GPR15 gene loci (cg19859270) (53). In agreement with Sun
et al. these genes were found to be hypomethylated in AAs
(53). Similarly, Philibert et al. found DNA demethylation at
two different AHRR sites among AA male smokers (39). In a
subsequent study, the investigators found increased rates of DNA
methylation at AHRR were more pronounced among those who
quit smoking in comparison to individuals who were unable to

quit (40). These data provide evidence that methylation is race-
specific with AAs exhibiting greater trends for smoking specific
hypomethylation sites.

In relation to health disparities, the impact of social stressors
(stress, starvation, domestic violence, veterans, genocide, war)
has been shown to cause altered methylation of stress pathways
(54). In breast carcinoma, hypomethylation of the glucocorticoid
receptor (GR) gene was observed in breast carcinoma (55). In
small-cell lung cancer, hypermethylation of the NRC31 promoter
region of the GR gene was observed in a panel of 14 human SCLC
cell lines (56). These findings all suggest that additional research
needs to explore the role of epigenetics in lung cancer and other
cancer disparities, particularly between and within racial and
ethnic groups, with a focus on AAs.

Approximately a third of the U.S. population is comprised
of racial/ethnic minorities, but recent reports suggest that
minorities make up <18% of the patient population in clinical
trials supported by the National Cancer Institute (NCI) and
17% of all Food and Drug Administration (FDA) clinical
trial participants (57). Minority engagement in clinical trials
is particularly low in cancer research (58, 59). This lack of
diversity in research can lead to several problems including, but
not limited to, questions about the generalizability of research
findings, the accuracy of subgroup studies, misalignment of
interventions, and unequal access to healthcare innovation
(45, 60–64). The National Institute of Health (NIH), the
FDA, and Medicare/Medicaid programs have sought to address
underrepresentation of racial and ethnic minorities in research
through novel funding initiatives in recent years that identify
strategies for culturally appropriate recruitment and retention
(45, 65–67), including the incorporation of patient navigation
models (68) and education about research (69, 70). However,
barriers to participation remain an important concern, both
within the research environment and at the community level.
These barriers may be mitigated by adopting the SEM in research
design and implementation processes.

Using the SEM to Address Lack of
Engagement of Diverse Populations in
Epigenetic Research
Individual Level
At the individual level, barriers for minority participation faced
by researchers range from broad to specific challenges. Historical
use and misuse of minority populations in research (e.g.,
the Tuskegee Syphilis study) have contributed to generational
medical and research mistrust (71), lack of knowledge of
research and medical jargon, language, literacy, health status,
and not being included in the consent process (72). Barriers for
minority participants themselves primarily center on historical
misinformation and logistical issues that have contributed
mistrust of biomedical research among minority, including AA
communities at multiple levels. Namely, the U.S. Public Health
Service Syphilis Study at Tuskegee and the stories of individuals
such as Henrietta Lacks have impaired the relationship between
the AA community and research groups (73).The perception that
medical research is solely geared toward the benefit of NHWs
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or research institutions and exploits the AA community persists
to this day (45, 74). Asian Americans, Hispanics, and Pacific
Islanders exhibit similar mistrust which derives from cultural
histories of exploitative studies, such as the forced sterilization
of Native American and Puerto Rican women, or from their
vulnerability in terms of immigration status (45, 75–78).

Additionally, cultural views and stigmas may prevent
individuals from consenting to research studies. Recent reports
have shown that the AA community is particularly concerned
with investigations regarding genetics and mental illnesses
(45, 79); and the Hispanic community is wary of HIV research
(45, 80). Both of these trends are related to cultural perceptions
of the related health conditions and each strongly impacts lung
cancer related translational epigenetic studies.

Logistically, factors that impact low socioeconomic status
groups create hurdles for underrepresented racial/ethnic
minorities. Scheduling conflicts, issues related to child care,
lack of transportation, lack of community or financial support
structures all play a role in reducing minority participation
in research at the individual level. Additional burdens such as
interpreting lengthy or jargon-filled research documents reduce
participation further (44, 45, 62, 64, 81). Engagement at each
level of the SEM may prove effective in addressing historical
mistrust and ongoing lack of diversity in clinical trials.

Interpersonal Level
Similarly, at the interpersonal level, investigators encounter
barriers in recruiting, enrolling, and retaining, racial and
ethnic minorities in clinical and epigenetic trials. Provider
and/or investigator biases including assumptions about the
lack of interest or participation of racial and ethnic minority
patients can contribute to lower enrollment rates (72). Lack
of knowledge about how to approach different cultures can
hold researchers back from effective or meaningful dialogues
with groups. This gap in understanding can lead to ineffective
communication, which hampers recruitment, enrollment, and
retention (45, 62, 82, 83). Additionally, countering mistrust by
establishing community trust and developing culturally informed
strategies including meeting the participants’ language and
linguistic needs, which are fundamental to successful enrollment
and continued adherence to study protocols, both require
time and effort to establish (45, 64, 84–87). Ensuring that
researchers, patient navigators, and providers mirror the patient
population may also facilitate building trusting relationships
with patients and improve unbiased recruitment because of
the increased cultural sensitivity and understanding of cultural
values (72). FQHCs can incorporate patient navigation models
and collaborate with providers to increase patient knowledge and
recruitment in research studies (68, 72).

Organizational Level
At the organizational level, FQHCs can develop inclusive
policies in research and institute a community engaged research
framework that can support participation of groups traditionally
under-represented in research. Establishing a community board,
a research council, and/or patient advisory group that engages
patients as partners in the development, review, and approval of

research projects that are implemented at FQHCs as well as in
the decision making process for culturally tailored recruitment
practices may be beneficial. These are strategies currently
employed by the UI Cancer Center in partnership with the
MSHC clinics.

Community Level
At the community level, activities at the community level, such
as the engagement of diverse stakeholders in community based
dialogue about the importance of participation in epigenetic
and lung cancer research can advance trust through the SEM.
Language barriers also require the use of bilingual staff to
access specific populations; however, the limited nature of grant
funding forces hard decisions that can limit study scope. Similar
issues such as the resources required to travel to and engage
with specific populations can lead to restrictions in study
scope (45, 64, 82, 83, 88–90).

The ultimate indicator of the impact of lung cancer screening
and increasing engagement of diverse populations in epigenetic
research is impacted by policy level changes. The UI Cancer
Center collaborated with stakeholders from the Society of
Behavioral Medicine (SBM) to develop a policy brief to highlight
the importance of lung cancer screening using LDCT in high
risk populations (18). Policy recommendations for providers
and researchers encourage more funding toward development
of research that examine lung cancer disparities in high risk
populations (18). Additionally, policy recommendations that
foster translational research such as epigenetic research may
prove beneficial in addressing the biological and socio-cultural
factors at play in lung cancer disparities.

Advancing Diversity in Lung Cancer
Research Through Community Based
Epigenetic Research
In order to bring a diverse patient cohort including more
AAs into translational epigenetic studies and pave the way for
epigenetic screening in underrepresented communities, the UI
Cancer Center has partnered with the Cancer Epigenetic Liquid
Biology Program (CELLI) team to develop: (1) a diagnostic
screening investigation that monitors non-cancer patients
following their initial laboratory results and determines the
strength of the correlation between positive epigenetic screening
results and clinical diagnoses of cancer; and (2) a diagnostic
validation investigation, which will compare laboratory results
from cancer and non-cancer patients to determine if the strength
of the positive predictive values and negative predictive values
observed in a prior study with a non-diverse population hold true
in a new more diverse patient population. Using a panel of DNA
methylation based biomarkers, whose efficacy was previously
established in a another study, the CELLI Team will collect
blood and urine specimens from patients at three FQHCs in
high risk communities, the Englewood, Back of the Yards, and
Near West (Main) MSHC sites (46). Cell free DNA (cfDNA)
from these circulating fluids will be isolated and undergo bisulfite
conversion in preparation for epigenetic screening. This is a
direct example of how epigenetic research can be advanced by

Frontiers in Oncology | www.frontiersin.org 7 March 2019 | Volume 9 | Article 87

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Watson et al. Lung Cancer and Epigenetics and Ecological Framework

building upon the socio-ecological framework, and advancing
innovative biological breakthroughs.

CONCLUSION

To deploy theory into practice, the UI Cancer Center is
implementing a multi-level approach to address lung cancer
screening within high risk AA and FQHC populations. Guided
by the CDC’s SEM, the UI Cancer Center utilizes Implementation
and Dissemination Science to continue to implement both
standard-of-care lung cancer screening and navigation along
with innovative epigenetic and health disparities research (91).
Early success to date, include engagement of more than
500 patients from the MSHC FQHC who were navigated
to EB tobacco cessation and lung cancer screening using
the revised SEM. This indicates the utility of the multi-
level approach to address lung cancer disparities. Additionally,
the implementation of the CELLI epigenetic lung cancer
screening study within the MSHC FQHC also demonstrates
the feasibility of tailoring epigenetic research to meet the
needs of underserved racial and ethnic minorities, including
AA populations. While previous large scale studies like the
NLST made major advances in lung cancer research, several
factors such as lack of participant diversity and limited focus
on socio-cultural factors of the NLST may impact current gaps
that exist in the lung cancer conundrum among racial and
ethnic minorities, with a specific emphasis on AAs. Future

lung cancer screening efforts of the UI Cancer Center will

also deploy extensive questionnaires to assess individual and
community level factors such as smoking behavior and access
to EB tobacco cessation services and lung cancer screening.
Future directions will also uncover the barriers among AAs
to participating in epigenetics research. The use of the SEM
will allow investigators at the UI Cancer Center to assess the
multiple layers and levels that impact lung cancer disparities
among its catchment. Epigenetic research rooted in an ecological
model may serve as the bridge connecting the various factors
that impact lung cancer outcomes in AA and other racial/ethnic
minority communities.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication.

FUNDING

Funding support for ChicagoCHEC, GUIDE, andCHERChicago
is provided by the National Institutes of Health, Grant Numbers
U54CA202995, U54CA202997, U54CA203000, U54MD012523,
P20CA202907, and P20CA202908. The content of this event is
solely the responsibility of the event organizer(s) and does not
necessarily represent the official views of the National Institutes
of Health.

REFERENCES

1. American Cancer Society. Key Statistics for Lung Cancer. (2018). Available

online at: https://www.cancer.org/cancer/non-small-cell-lung-cancer/about/

key-statistics.html

2. Sin M. Lung cancer disparities and African-Americans. Public Health Nurs.

(2017) 34:359–62. doi: 10.1111/phn.12335

3. Olaku OO, Taylor EA. Cancer in the medically underserved population. Prim

Care. (2017) 44:87–97. doi: 10.1016/j.pop.2016.09.020

4. American Lung Association. Too Many Cases, Too Many Deaths: Lung Cancer

in African Americans. Disparities in Lung Health Series. (2010). Available

online at: https://www.lung.org/assets/documents/research/ala-lung-cancer-

in-african.pdf

5. Health Resources and Services Administration. 2016 National Health Center

Data. (2017). Available online at: https://bphc.hrsa.gov/uds/datacenter.aspx

6. Adams SA, Choi SK, Khang L, Campbell DA, Friedman DB, Eberth JM, et al.

Decreased cancer mortality-to-incidence ratios with increased accessibility

of federally qualified health centers. J Community Health. (2015) 40:633–41.

doi: 10.1007/s10900-014-9978-8

7. Zeliadt SB, Hoffman RM, Birkby G, Eberth JM, Brenner AT, Reuland DS, et al.

Challenges implementing lung cancer screening in federally qualified health

centers. Am J Prev Med. (2018) 54:568–75. doi: 10.1016/j.amepre.2018.01.001

8. National Lung Screening Trial Research Team. The national lung

screening trial: overview and study design. Radiology. (2011) 258:243–53.

doi: 10.1148/radiol.10091808

9. Mohammed SI, Springfield S, Das R. Role of epigenetics in

cancer health disparities. Methods Mol Biol. (2012) 863:395–410.

doi: 10.1007/978-1-61779-612-8_25

10. Homa DM, Neff LJ, King BA, Caraballo RS, Bunnell RE, Babb SD, et al.

Vital signs: Disparities in nonsmokers’ exposure to secondhand smoke–united

states, 1999-2012.MMWRMorb Mortal Wkly Rep. (2015) 64:103–8.

11. Gomez SL, Shariff-Marco S, DeRouen M, Keegan THM, Yen IH, Mujahid M,

et al. The impact of neighborhood social and built environment factors across

the cancer continuum: Current research, methodological considerations, and

future directions. Cancer. (2015) 121:2314–30. doi: 10.1002/cncr.29345

12. Tanner NT, Gebregziabher M, Hughes Halbert C, Payne E, Egede LE, Silvestri

GA. Racial differences in outcomes within the national lung screening trial.

Implications for widespread implementation. Am J Respir Crit Care Med.

(2015) 192:200–8. doi: 10.1164/rccm.201502-0259OC

13. University of Illinois Hospital and Health Sciences System. Mile Square

Health Center: History and Mission. (2018). Available online at: https://

hospital.uillinois.edu/patients-and-visitors/mile-square-federally-qualified-

health-center/mile-square-mission

14. University of Illinois Hospital and Health Sciences System. University of

Illinois Community Assessment Of Needs (UI-CAN) 2016: Toward Health

Equity. (2016). Available online at: http://www.trustees.uillinois.edu/trustees/

agenda/November-10-2016/011-nov-UI-Community-Health-Needs-

Assessment-Report.pdf

15. Lynch SM, Rebbeck TR. Bridging the gap between biologic,

individual, and macroenvironmental factors in cancer: a multilevel

approach. Cancer Epidemiol Biomark Prev. (2013) 22:485–95.

doi: 10.1158/1055-9965.EPI-13-0010

16. Ko NY, Snyder FR, Raich PC, Paskett ED, Dudley DJ, Lee J, et al. Racial and

ethnic differences in patient navigation: results from the patient navigation

research program. Cancer. (2016) 122:2715–22. doi: 10.1002/cncr.30109

17. Centers for Disease Control and Prevention. Colorectal Cancer Control

Program: Social EcologicalModel of Health Promotion. (2015). Available online

at: http://www.cdc.gov/cancer/crccp/sem.htm

18. Watson KS, Blok AC, Buscemi J, Molina Y, Fitzgibbon M, Simon MA, et al.

Society of behavioral medicine supports implementation of high quality lung

cancer screening in high-risk populations.Transl BehavMed. (2016) 6:669–71.

doi: 10.1007/s13142-016-0440-6

Frontiers in Oncology | www.frontiersin.org 8 March 2019 | Volume 9 | Article 87

https://www.cancer.org/cancer/non-small-cell-lung-cancer/about/key-statistics.html
https://www.cancer.org/cancer/non-small-cell-lung-cancer/about/key-statistics.html
https://doi.org/10.1111/phn.12335
https://doi.org/10.1016/j.pop.2016.09.020
https://www.lung.org/assets/documents/research/ala-lung-cancer-in-african.pdf
https://www.lung.org/assets/documents/research/ala-lung-cancer-in-african.pdf
https://bphc.hrsa.gov/uds/datacenter.aspx
https://doi.org/10.1007/s10900-014-9978-8
https://doi.org/10.1016/j.amepre.2018.01.001
https://doi.org/10.1148/radiol.10091808
https://doi.org/10.1007/978-1-61779-612-8_25
https://doi.org/10.1002/cncr.29345
https://doi.org/10.1164/rccm.201502-0259OC
https://hospital.uillinois.edu/patients-and-visitors/mile-square-federally-qualified-health-center/mile-square-mission
https://hospital.uillinois.edu/patients-and-visitors/mile-square-federally-qualified-health-center/mile-square-mission
https://hospital.uillinois.edu/patients-and-visitors/mile-square-federally-qualified-health-center/mile-square-mission
http://www.trustees.uillinois.edu/trustees/agenda/November-10-2016/011-nov-UI-Community-Health-Needs-Assessment-Report.pdf
http://www.trustees.uillinois.edu/trustees/agenda/November-10-2016/011-nov-UI-Community-Health-Needs-Assessment-Report.pdf
http://www.trustees.uillinois.edu/trustees/agenda/November-10-2016/011-nov-UI-Community-Health-Needs-Assessment-Report.pdf
https://doi.org/10.1158/1055-9965.EPI-13-0010
https://doi.org/10.1002/cncr.30109
http://www.cdc.gov/cancer/crccp/sem.htm
https://doi.org/10.1007/s13142-016-0440-6
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Watson et al. Lung Cancer and Epigenetics and Ecological Framework

19. Lin JJ, Lake J, Wall MM, Berman AR, Salazar-Schicchi J, Powell

C, et al. Association of Patient–Provider communication domains

with lung cancer treatment. J Thor Oncol. (2014) 9:1249–54.

doi: 10.1097/JTO.0000000000000281

20. Freund KM, Battaglia TA, Calhoun E, Darnell JS, Dudley DJ, Fiscella

K, et al. Impact of patient navigation on timely cancer care: the patient

navigation research program. J Natl Cancer Inst. (2014) 106:dju115.

doi: 10.1093/jnci/dju115

21. Flocke SA, Hoffman R, Eberth JM, Park H, Birkby G, Trapl E,

et al. The prevalence of tobacco use at federally qualified health

centers in the United States, 2013. Prev Chronic Dis. (2017) 14:E29

doi: 10.5888/pcd14.160510

22. Yabroff KR, Lund J, Kepka D, Mariotto A. Economic burden of cancer in the

United States: Estimates, projections, and future research. Cancer Epidemiol

Biomark Prev. (2011) 20:2006–14. doi: 10.1158/1055-9965.EPI-11-0650

23. Ansari J, Shackelford RE, El-Osta H. Epigenetics in non-small cell lung

cancer: from basics to therapeutics. Trans Lung Cancer Res. (2016) 5:155–71.

doi: 10.21037/tlcr.2016.02.02

24. Buscemi J, Miguel YS, Tussing-Humphreys L, Watts EA, Fitzgibbon ML,

Watson K, et al. Rationale and design of Mi-CARE: the mile square colorectal

cancer screening, awareness and referral and education project. Contemp Clin

Trials. (2017) 52:75–9. doi: 10.1016/j.cct.2016.11.009

25. Illinois Department of Public Health. Illinois Tobacco Quitline. (2018).

Available online at: http://quityes.org/index.php

26. Coughlin SS, Matthews-Juarez P, Juarez PD, Melton CE, King M.

Opportunities to address lung cancer disparities among African Americans.

Cancer Med. (2014) 3:1467–76. doi: 10.1002/cam4.348

27. Belinsky SA, Nikula KJ, Palmisano WA, Michels R, Saccomanno G,

Gabrielson E, et al. Aberrant methylation of p16INK4a is an early event in

lung cancer and a potential biomarker for early diagnosis. Proc Natl Acad Sci

USA. (1998) 95:11891–6. doi: 10.1073/pnas.95.20.11891

28. Belinsky SA, Klinge DM, Stidley CA, Issa JP, Herman JG, March TH, et al.

Inhibition of DNA methylation and histone deacetylation prevents murine

lung cancer. Cancer Res. (2003) 63:7089–93.

29. Belinsky SA. Gene-promoter hypermethylation as a biomarker in lung cancer.

Nat Rev Cancer. (2004) 4:707–17. doi: 10.1038/nrc1432

30. Herman JG, Graff JR, Myohanen S, Nelkin BD, Baylin SB. Methylation-

specific PCR: a novel PCR assay for methylation status of CpG islands. Proc

Natl Acad Sci USA. (1996) 93:9821–6. doi: 10.1073/pnas.93.18.9821

31. Herman JG, Baylin SB. Gene silencing in cancer in association with

promoter hypermethylation. N Engl J Med. (2003) 349:2042–54.

doi: 10.1056/NEJMra023075

32. Palmisano WA, Divine KK, Saccomanno G, Gilliland FD, Baylin SB, Herman

JG, et al. Predicting lung cancer by detecting aberrant promoter methylation

in sputum. Cancer Res. (2000) 60:5954–8.

33. Adorjan P. Tumour class prediction and discovery by microarray-

based DNA methylation analysis. Nucleic Acids Res. (2002) 30:21e−21.

doi: 10.1093/nar/30.5.e21

34. Eden A, Gaudet F, Waghmare A, Jaenisch R. Chromosomal instability

and tumors promoted by DNA hypomethylation. Science. (2003) 300:455.

doi: 10.1126/science.1083557

35. Greger V, Passarge E, Höpping W, Messmer E, Horsthemke B. Epigenetic

changes may contribute to the formation and spontaneous regression of

retinoblastoma. Hum Genet. (1989) 83:155–8. doi: 10.1007/BF00286709

36. Hansen RS, Gartler SM. 5-azacytidine-induced reactivation of the human X

chromosome-linked PGK1 gene is associated with a large region of cytosine

demethylation in the 5’ CpG island. Proc Natl Acad Sci USA. (1990) 87:4174–8.

doi: 10.1073/pnas.87.11.4174

37. Herman JG, Latif F, Weng Y, Lerman MI, Zbar B, Liu S, et al. Silencing of the

VHL tumor-suppressor gene by DNA methylation in renal carcinoma. Proc

Natl Acad Sci USA. (1994) 91:9700–4. doi: 10.1073/pnas.91.21.9700

38. Toyota M, Ahuja N, Ohe-Toyota M, Herman JG, Baylin SB, Issa J, et al. CpG

island methylator phenotype in colorectal cancer. Proc Natl Acad Sci USA.

(1999) 96:8681–6. doi: 10.1073/pnas.96.15.8681

39. Philibert RA, Beach SR, Lei M, Brody GH. Changes in DNA methylation at

the aryl hydrocarbon receptor repressor may be a new biomarker for smoking.

Clin Epigenet. (2013) 5:19. doi: 10.1186/1868-7083-5-19

40. Simons RL, Lei MK, Beach SR, Philibert RA, Cutrona CE, Gibbons FX,

et al. Economic hardship and biological weathering: the epigenetics of

aging in a US sample of black women. Soc Sci Med. (2016) 150:192–200.

doi: 10.1016/j.socscimed.2015.12.001

41. Vick AD, Burris HH. Epigenetics and health disparities. Curr Epidemiol Rep.

(2017) 4:31–7. doi: 10.1007/s40471-017-0096-x

42. Lerner L, Winn R, Hulbert A. Lung cancer early detection and health

disparities: the intersection of epigenetics and ethnicity. J Thorac Dis. (2018)

10:2498. doi: 10.21037/jtd.2018.04.07

43. Bolen S, Tilburt J, Baffi C, Gary TL, Powe N, Howerton M, et al. Defining

“success” in recruitment of underrepresented populations to cancer clinical

trials. Cancer. (2006) 106:1197–204. doi: 10.1002/cncr.21745

44. Ford JG, Howerton MW, Lai GY, Gary TL, Bolen S, Gibbons MC, et al.

Barriers to recruiting underrepresented populations to cancer clinical trials:

a systematic review. Cancer. (2008) 112:228–42. doi: 10.1002/cncr.23157

45. George S, Duran N, Norris K. A systematic review of barriers and facilitators

to minority research participation among African Americans, Latinos, Asian

Americans, and Pacific Islanders. Am J Public Health. (2014) 104:e16–e31.

doi: 10.2105/AJPH.2013.301706

46. Hulbert A, Jusue-Torres I, Stark A, Chen C, Rodgers K, Lee B, et al.

Early detection of lung cancer using DNA promoter hypermethylation

in plasma and sputum. Clin Cancer Res. (2017) 23:1998–2005.

doi: 10.1158/1078-0432.CCR-16-1371

47. Hulbert A, Jusue-Torres I. Lung cancer recurrence epigenetic liquid biopsy. J

Thorac Dis. (2018) 10:4–6. doi: 10.21037/jtd.2017.11.124

48. Kwabi-Addo B, Wang S, Chung W, Jelinek J, Patierno SR, Wang B, et al.

Identification of differentially methylated genes in normal prostate tissues

from African American and Caucasian men. Clin Cancer Res. (2010) 16:3539–

47. doi: 10.1158/1078-0432.CCR-09-3342

49. Wang S, Dorsey TH, Terunuma A, Kittles RA, Ambs S, Kwabi-Addo

B. Relationship between tumor DNA methylation status and patient

characteristics in African-American and european-american women with

breast cancer. PLoS ONE. (2012) 7:e37928. doi: 10.1371/journal.pone.00

37928

50. Figueiredo JC, Grau MV, Wallace K, Levine AJ, Shen L, Hamdan R, et al.

Global DNA hypomethylation (LINE-1) in the normal colon and lifestyle

characteristics and dietary and genetic factors. Cancer Epidemiol Biomark

Prev. (2009) 18:1041–9. doi: 10.1158/1055-9965.EPI-08-0926

51. Terry MB, Ferris JS, Pilsner R, Flom JD, Tehranifar P, Santella RM, et al.

Genomic DNA methylation among women in a multiethnic New York

City birth cohort. Cancer Epidemiol Biomark Prev. (2008) 17:2306–10.

doi: 10.1158/1055-9965.EPI-08-0312

52. Sun YV, Smith AK, Conneely KN, Chang Q, Li W, Lazarus A,

et al. Epigenomic association analysis identifies smoking-related DNA

methylation sites in African Americans. Hum Genet. (2013) 132:1027–37.

doi: 10.1007/s00439-013-1311-6

53. Dogan MV, Shields B, Cutrona C, Gao L, Gibbons FX, Simons R, et al. The

effect of smoking on DNA methylation of peripheral blood mononuclear

cells from African American women. BMC Genomics. (2014) 15:151.

doi: 10.1186/1471-2164-15-151

54. Shields A. Epigenetic signals of how social disadvantage “gets under the skin”:

a challenge to the public health community. Epigenomics. (2017) 9:223–9.

doi: 10.2217/epi-2017-0013

55. Lien H, Lu Y, Cheng A, Chang W, Jeng Y, Kuo Y, et al. Differential expression

of glucocorticoid receptor in human breast tissues and related neoplasms. J

Pathol. (2006) 209:317–27. doi: 10.1002/path.1982

56. Kay P, Schlossmacher G, Matthews L, Sommer P, Singh D, White A, et al.

Loss of glucocorticoid receptor expression by DNA methylation prevents

glucocorticoid induced apoptosis in human small cell lung cancer cells. PLoS

ONE. (2011) 6:e24839. doi: 10.1371/journal.pone.0024839

57. Evelyn B, Toigo T, Banks D, Pohl D, Gray K, Robins B, et al. Participation of

racial/ethnic groups in clinical trials and race-related labeling: a review of new

molecular entities approved 1995-1999. J Natl Med Assoc. (2001) 93:18S−24S.

58. Wallington S, Luta G, Noone A, Caicedo L, Lopez-Class M, Sheppard V, et al.

Assessing the awareness of and willingness to participate in cancer clinical

trials among immigrant Latinos. J Community Health. (2012) 37:335–43.

doi: 10.1007/s10900-011-9450-y.

Frontiers in Oncology | www.frontiersin.org 9 March 2019 | Volume 9 | Article 87

https://doi.org/10.1097/JTO.0000000000000281
https://doi.org/10.1093/jnci/dju115
https://doi.org/10.5888/pcd14.160510
https://doi.org/10.1158/1055-9965.EPI-11-0650
https://doi.org/10.21037/tlcr.2016.02.02
https://doi.org/10.1016/j.cct.2016.11.009
http://quityes.org/index.php
https://doi.org/10.1002/cam4.348
https://doi.org/10.1073/pnas.95.20.11891
https://doi.org/10.1038/nrc1432
https://doi.org/10.1073/pnas.93.18.9821
https://doi.org/10.1056/NEJMra023075
https://doi.org/10.1093/nar/30.5.e21
https://doi.org/10.1126/science.1083557
https://doi.org/10.1007/BF00286709
https://doi.org/10.1073/pnas.87.11.4174
https://doi.org/10.1073/pnas.91.21.9700
https://doi.org/10.1073/pnas.96.15.8681
https://doi.org/10.1186/1868-7083-5-19
https://doi.org/10.1016/j.socscimed.2015.12.001
https://doi.org/10.1007/s40471-017-0096-x
https://doi.org/10.21037/jtd.2018.04.07
https://doi.org/10.1002/cncr.21745
https://doi.org/10.1002/cncr.23157
https://doi.org/10.2105/AJPH.2013.301706
https://doi.org/10.1158/1078-0432.CCR-16-1371
https://doi.org/10.21037/jtd.2017.11.124
https://doi.org/10.1158/1078-0432.CCR-09-3342
https://doi.org/10.1371/journal.pone.0037928
https://doi.org/10.1158/1055-9965.EPI-08-0926
https://doi.org/10.1158/1055-9965.EPI-08-0312
https://doi.org/10.1007/s00439-013-1311-6
https://doi.org/10.1186/1471-2164-15-151
https://doi.org/10.2217/epi-2017-0013
https://doi.org/10.1002/path.1982
https://doi.org/10.1371/journal.pone.0024839
https://doi.org/10.1007/s10900-011-9450-y.
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Watson et al. Lung Cancer and Epigenetics and Ecological Framework

59. Wendler D, Kington R, Madans J, Van Wye G, Christ-Schmidt H, Pratt LA,

et al. Are racial and ethnic minorities less willing to participate in health

research? PLoS Med. (2005) 3:e19. doi: 10.1371/journal.pmed.0030019

60. Davis S, Wright PW, Schulman SF, Hill LD, Pinkham RD, Johnson LP, et al.

Participants in prospective, randomized clinical trials for resected non-small

cell lung cancer have improved survival compared with nonparticipants in

such trials. Cancer. (1985) 56:1710–18.

61. Heiat A, Gross CP, Krumholz HM. Representation of the elderly, women, and

minorities in heart failure clinical trials. Arch Intern Med. (2002) 162:1682–8.

doi: 10.1001/archinte.162.15.1682

62. Hussain-Gambles M, Atkin K, Leese B. Why ethnic minority groups

are under-represented in clinical trials: a review of the literature.

Health Soc Care Commun. (2004) 12:382–8. doi: 10.1111/j.1365-2524.2004.

00507.x

63. Miranda J, Nakamura R, Bernal G. Including ethnic minorities

in mental health intervention research: a practical approach to

a long-standing problem. Cult Med Psychiat. (2003) 27:467–86.

doi: 10.1023/B:MEDI.0000005484.26741.79

64. Yancey A, Ortega A, Kumanyika S. Effective recruitment and retention of

minority research participants. Annu Rev Public Health. (2006) 27:1–28.

doi: 10.1146/annurev.publhealth.27.021405.102113

65. Adkins RM, Krushkal J, Tylavsky FA, Thomas F. Racial differences in gene-

specific DNA methylation levels are present at birth. Birth Defects Res Part A

Clin Mol Teratol. (2011) 91:728–36. doi: 10.1002/bdra.20770

66. National Institutes of Health. NIH Policy and Guidelines on the Inclusion of

Women and Minorities as Subjects in Clinical Esearch. Office of Extramural

Research. (2017). Available online at: https://grants.nih.gov/grants/funding/

women_min/guidelines.htm

67. Wahidin A. The needs of older men and women in the criminal justice system:

an international perspective. Prison Serv J. (2005) 160:13–22.

68. Fouad MN, Acemgil A, Bae S, Forero A, Lisovicz N, Martin MY, et al. Patient

navigation as amodel to increase participation of African Americans in cancer

clinical trials. J Oncol Pract. (2016) 12:556–63. doi: 10.1200/JOP.2015.008946

69. Dunlop AL, Leroy ZC, Logue KM, Glanz K, Dunlop BW. Preconsent

education about research processes improved African Americans’ willingness

to participate in clinical research. J Clin Epidemiol. (2011) 64:872–7.

doi: 10.1016/j.jclinepi.2010.11.008

70. Rahm AK, Sukhanova A, Ellis J, Mouchawar J. Increasing utilization of cancer

genetic counseling services using a patient navigator model. J Genet Couns.

(2007) 16:171–7. doi: 10.1007/s10897-006-9051-6

71. Corbie-Smith G, Thomas SB, St George DM. Distrust, race, and research.Arch

Intern Med. (2002) 162:2458–63. doi: 10.1001/archinte.162.21.2458

72. Jallo N, LyonDE, Kinser PA, Kelly DL,Menzies V, Jackson-Cook C. Recruiting

for epigenetic research: facilitating the informed consent process. Nurs Res

Pract. (2013) 2013:935740. doi: 10.1155/2013/935740

73. Washington HA. Limning the semantic frontier of informed consent. J Law

Med Ethics. (2016) 44:381–93. doi: 10.1177/1073110516667936

74. BeLue R, Taylor-Richardson K, Lin J, Rivera AT, Grandison D. African

Americans and participation in clinical trials: differences in beliefs

and attitudes by gender. Contemp Clin Trials. (2006) 27:498–505.

doi: 10.1016/j.cct.2006.08.001

75. Calderon JL, Baker RS, Fabrega H, Conde JG, Hays RD, Fleming E, et al. An

ethno-medical perspective on research participation: a qualitative pilot study.

Med Gen Med. (2006) 8:23.

76. Gollin LX, Harrigan RC, Calderon JL, Perez J, Easa D. Improving Hawaiian

and Filipino involvement in clinical research opportunities: qualitative

findings from Hawaii. Ethnic Dis. (2005) 15(4 Suppl. 5):S5-111-9.

77. Sadler GR, Gonzalez J, Mumman M, Cullen L, LaHousse SF, Malcarne

V, et al. Adapting a program to inform African American and Hispanic

American women about cancer clinical trials. J Cancer Educ. (2010) 25:142–5.

doi: 10.1007/s13187-009-0032-y

78. Stern AM. Sterilized in the name of public health: Race, immigration, and

reproductive control in modern California. Am J Public Health. (2004)

95:1128–38. doi: 10.2105/AJPH.2004.041608

79. Murphy E, Thompson A. An exploration of attitudes among black

Americans towards psychiatric genetic research. Psychiatry. (2009) 72:177–94.

doi: 10.1521/psyc.2009.72.2.177

80. Luisa Zúñiga M, Blanco E, Martínez P, Strathdee SA, Gifford AL. Perceptions

of barriers and facilitators to participation in clinical trials in HIV-

positive Latinas: a pilot study. J Womens Health. (2007) 16:1322–30.

doi: 10.1089/jwh.2006.0234

81. Mills EJ, Seely D, Rachlis B, Griffith L, Wu P, Wilson K, et al.

Barriers to participation in clinical trials of cancer: a meta-analysis and

systematic review of patient-reported factors. Lancet Oncol. (2006) 7:141–8.

doi: 10.1016/S1470-2045(06)70576-9

82. Banda DR, Germain DS, McCaskill-Stevens W, Ford JG, Swain SM. A critical

review of the enrollment of black patients in cancer clinical trials. Am Soc Clin

Oncol Educ Book. (2012) 153–7. doi: 10.14694/EdBook_AM.2012.32.153

83. UyBico SJ, Pavel S, Gross CP. Recruiting vulnerable populations into research:

a systematic review of recruitment interventions. J Gen Intern Med. (2007)

22:852–63. doi: 10.1007/s11606-007-0126-3

84. Davis RM, Hitch AD, Nichols M, Rizvi A, Salaam M, Mayer-Davis E. A

collaborative approach to the recruitment and retention of minority patients

with diabetes in rural community health centers. Contemp Clin Trials. (2009)

30:63–70. doi: 10.1016/j.cct.2008.09.007

85. O’Brien RL, Kosoko-Lasaki O, Cook CT, Kissell J, Peak F, Williams EH. Self-

assessment of cultural attitudes and competence of clinical investigators to

enhance recruitment and participation of minority populations in research. J

Natl Med Assoc. (2006) 98:674–82.

86. Parra-Medina D, D’Antonio A, Smith SM, Levin S, Kirkner G, Mayer-

Davis E. Successful recruitment and retention strategies for a randomized

weight management trial for people with diabetes living in rural, medically

underserved counties of South Carolina: the POWER study. J Am Diet Assoc.

(2004) 104:70–5. doi: 10.1016/j.jada.2003.10.014

87. Swanson G, Ward AJ. Recruiting minorities into clinical trials:

toward a participant-friendly system. Cancer Inst. (1995) 87:1747–59.

doi: 10.1093/jnci/87.23.1747

88. Corbie-Smith G, Moody-Ayers S, Thrasher AD. Closing the circle between

minority inclusion in research and health disparities. Arch Intern Med. (2004)

164:1362. doi: 10.1001/archinte.164.13.1362

89. Kuczewski MG, Marshall P. The decision dynamics of clinical research. Med

Care. (2002) 40:V-45-V-54. doi: 10.1097/00005650-200209001-00007

90. MacEntee MI, Wyatt C, Kiyak HA, Hujoel PP, Persson RE, Persson GR, et al.

Response to direct and indirect recruitment for a randomised dental clinical

trial in a multicultural population of elders. Community Dent Oral Epidemiol.

(2002) 30:377–81. doi: 10.1034/j.1600-0528.2002.00003.x

91. Leeman J, Calancie L, Kegler MC, Escoffery CT, Herrmann AK, Thatcher

E, et al. Developing theory to guide building practitioners’ capacity to

implement evidence-based interventions. Health Educ Behav. (2017) 44:59–

69. doi: 10.1177/1090198115610572

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2019Watson, Hulbert, Henderson, Chukwudozie, Aponte-Soto, Lerner,

Martinez, Kim and Winn. This is an open-access article distributed under the terms

of the Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org 10 March 2019 | Volume 9 | Article 87

https://doi.org/10.1371/journal.pmed.0030019
https://doi.org/10.1001/archinte.162.15.1682
https://doi.org/10.1111/j.1365-2524.2004.00507.x
https://doi.org/10.1023/B:MEDI.0000005484.26741.79
https://doi.org/10.1146/annurev.publhealth.27.021405.102113
https://doi.org/10.1002/bdra.20770
https://grants.nih.gov/grants/funding/women_min/guidelines.htm
https://grants.nih.gov/grants/funding/women_min/guidelines.htm
https://doi.org/10.1200/JOP.2015.008946
https://doi.org/10.1016/j.jclinepi.2010.11.008
https://doi.org/10.1007/s10897-006-9051-6
https://doi.org/10.1001/archinte.162.21.2458
https://doi.org/10.1155/2013/935740
https://doi.org/10.1177/1073110516667936
https://doi.org/10.1016/j.cct.2006.08.001
https://doi.org/10.1007/s13187-009-0032-y
https://doi.org/10.2105/AJPH.2004.041608
https://doi.org/10.1521/psyc.2009.72.2.177
https://doi.org/10.1089/jwh.2006.0234
https://doi.org/10.1016/S1470-2045(06)70576-9
https://doi.org/10.14694/EdBook_AM.2012.32.153
https://doi.org/10.1007/s11606-007-0126-3
https://doi.org/10.1016/j.cct.2008.09.007
https://doi.org/10.1016/j.jada.2003.10.014
https://doi.org/10.1093/jnci/87.23.1747
https://doi.org/10.1001/archinte.164.13.1362
https://doi.org/10.1097/00005650-200209001-00007
https://doi.org/10.1034/j.1600-0528.2002.00003.x
https://doi.org/10.1177/1090198115610572
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Lung Cancer Screening and Epigenetics in African Americans: The Role of the Socioecological Framework
	Introduction
	Screening in High Risk Populations
	Multi-Level Approach to Tobacco Cessation and Lung Cancer Screening
	Individual Level
	Interpersonal Level
	Organizational Level
	Community Level
	Policy Level

	Epigenetics in Lung Cancer Disparities
	Using the SEM to Address Lack of Engagement of Diverse Populations in Epigenetic Research
	Individual Level

	Interpersonal Level
	Organizational Level

	Community Level
	Advancing Diversity in Lung Cancer Research Through Community Based Epigenetic Research

	Conclusion
	Author Contributions
	Funding
	References


