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Abstract

Over the past 2 decades, population simulation modeling has evolved as an effective public health tool for surveillance of cancer
trends and estimation of the impact of screening and treatment strategies on incidence and mortality, including documentation of
persistent cancer inequities. The goal of this research was to provide a framework to support the next generation of cancer popula-
tion simulation models to identify leverage points in the cancer control continuum to accelerate achievement of equity in cancer
care for minoritized populations. In our framework, systemic racism is conceptualized as the root cause of inequity and an upstream
influence acting on subsequent downstream events, which ultimately exert physiological effects on cancer incidence and mortality
and competing comorbidities. To date, most simulation models investigating racial inequity have used individual-level race varia-
bles. Individual-level race is a proxy for exposure to systemic racism, not a biological construct. However, single-level race variables
are suboptimal proxies for the multilevel systems, policies, and practices that perpetuate inequity. We recommend that future mod-
els designed to capture relationships between systemic racism and cancer outcomes replace or extend single-level race variables
with multilevel measures that capture structural, interpersonal, and internalized racism. Models should investigate actionable
levers, such as changes in health care, education, and economic structures and policies to increase equity and reductions in health-
care-based interpersonal racism. This integrated approach could support novel research approaches, make explicit the effects of dif-
ferent structures and policies, highlight data gaps in interactions between model components mirroring how factors act in the real
world, inform how we collect data to model cancer equity, and generate results that could inform policy.

At present, minoritized populations experience substantially
poorer cancer outcomes than the overall population, reflecting
the impact of systemic racism on cancer control (1-12). Systemic
racism stems from policies and institutions that bolster the US
racial hierarchy (13). The term systemic racism broadly captures
the multiple levels (14,15) of racism including structural, inter-
personal, and internalized racism, which are deeply embedded in
systems, laws, written or unwritten policies, and entrenched
practices and beliefs that produce, condone, and perpetuate
widespread unfair treatment of minoritized populations, with
adverse health consequences (16).

There is an extensive body of literature describing the impact
of systemic racism on cancer incidence, progression, and death
(14,17-25). For example, despite lower incidence than other
groups, stage-for-stage, self-identified African American or Black
women have persistently higher breast cancer mortality than all

other racial and ethnic groups (1-3). Additionally, policies like
redlining and segregation have been linked to lower breast cancer
survival (26,27). Targeted smoking policies can increase rates of
lung cancer in minoritized groups (24), and lack of access to
screening can increase rates of avoidable colorectal cancer mor-
tality (25).

Policies and practices like discrimination in housing, educa-
tion, politics, and employment lead to increased exposure to car-
cinogens that increase risk of certain cancers while decreasing
access to and funding for cancer prevention, screening, and treat-
ment. Each of the multiple levels of systemic racism can also
increase the incidence of comorbidities like cardiovascular dis-
ease, hypertension, and diabetes, each of which can increase risk
of treatment toxicity, decrease the efficacy of cancer treatment,
and increase overall mortality. Despite this evidence, there has
been limited focus thus far on incorporating the direct effects of

Received: April 24, 2023. Revised: June 03, 2023. Accepted: June 22, 2023

© The Author(s) 2023. Published by Oxford University Press. All rights reserved. For permissions, please email: journals.permissions@oup.com


https://orcid.org/0000-0002-2490-005X

256 | Journal of the National Cancer Institute Monographs, 2023, Vol. 2023, No. 62

systemic racism on cancer outcomes in simulation modeling
research.

The National Cancer Institute-funded Cancer Intervention
and Surveillance Modeling Network (CISNET) is a consortium of
researchers who collaborate to use independent models to
describe trends in cancer rates, including inequities over time.
The modeling teams depict underlying relationships in the can-
cer control process and estimate how intervention at any point in
the process, such as screen detection at an early stage, affects
probability of cancer death (28,29).

Historically, CISNET models have approached equity analyses
by stratifying overall population input parameters like screening
rates by racial group (ie, Black vs White), where self-reported race
was considered as a sociopolitical and not a biological factor
(30,31). However, this approach does not fully explain the
observed cancer mortality disparities in the United States. For
example, a previous breast cancer modeling study showed that
only 44%-62% of mortality disparities could be explained by race-
specific input parameters, including screening use and treatment
efficacy (30,32). In analyses of screening guidelines, most past
CISNET analyses have focused on the overall population ignoring
potential differences in the cancer control process that impact
effectiveness of screening (or treatment) by race (33,34).
Additionally, one CISNET study illustrated that screening strat-
egies that started at earlier ages for Black vs White women would
be needed to achieve equity in breast cancer mortality, given
higher age-specific incidence rates at young ages and decreased
treatment effectiveness due to delays, dose reductions, and
incomplete cycles (31,35-37). These data could support imple-
mentation of race-based guidelines as one approach to increase
equity. However, studies that investigate race-based guidelines
are at risk for creating or perpetuating inequity if they fail to
incorporate frameworks that conceptualize race as a proxy for
systemic racism (38-40). Race does not have meaningful biologi-
cal underpinnings because the origins of segmenting populations
into groups based on geographic ancestry and skin color rest on
racism (eg, policies resulting in racial segregation) (41). Thus,
future progress in using models to guide efforts to improve equity
will require replacing race-specific inputs with factors that better
capture the multilevel nature of systemic racism, with a specific
focus on actionable, policy-relevant variables.

In this paper, we provide a health equity framework that can
serve as a road map to guide future modeling to support equi-
table cancer care. This road map is intended to guide the develop-
ment of future models that consider systemic racism and its
downstream impact on cancer control processes, underscore dif-
ferent assumptions about relationships when data are uncertain,
and identify critical new data needed to better depict structural
racism. The ultimate goal of this framework is to facilitate the
identification of strategic intervention leverage points in the can-
cer control continuum to redress effects of systemic racism and
use the results to inform discussions about policy, community-,
and individual-level interventions to accelerate achievement of
equity in cancer care (42,43).

Systemic racism framework

Our framework encompasses Bailey’s definition with a focus
on examples specifically related to cancer outcomes. For
instance, structural racism can be reflected in health-care
organization and policies that affect access to care, including
screening, prompt diagnosis and treatment initiation, and receipt
of guideline-concordant therapy and survivorship care (17).

Individualized racism refers to the interpersonal and internalized
manifestations of racial discrimination (14). Structural racism
includes the compounding impacts of the cultural norms, poli-
cies, laws, and practices that produce and maintain racial
inequity (14,44). As defined by Bailey and colleagues (44), struc-
tural racism refers to the totality of ways in which societies foster
racial discrimination through mutually reinforcing systems of
housing, education, employment, earnings, benefits, credit,
media, health care, and criminal justice. A focus on structural
racism offers a concrete, feasible, and promising approach
toward advancing health equity and improving population health
(44). These definitions are similar to those in past models
(18,19,23,45-47), although there has been wide variation in spe-
cific definitions and measures of these constructs in studies of
cancer mortality (48). In our framework, systemic racism is con-
sidered an upstream influence acting on subsequent downstream
events, including behavioral responses and their physiological
effects on cancer incidence and mortality and competing comor-
bidities (Figure 1). As described by Lett and colleagues (14),
the framework includes 2 domains of racism (structural and
individualized).

Upstream systemic racism
Structural racism and cancer

We emphasize 2 components of structural racism with the great-
est salience for simulating cancer control processes: inequitable
economic and social policy and practice and health-care policy.
Equitable economic and social and health-care policies therefore
represent tractable levers to improve cancer equity.

Social and economic policy and practice. Many social and economic
policies and practices, such as housing policy like redlining and
lending bias, adversely affect impact health (49) and cancer out-
comes (26,50). For instance, redlining, which maintains segrega-
tion, can facilitate disparate heat, carcinogen, and toxin exposure
and is associated with cancer mortality (26,50,51). Redlining also
affects the quality and number of resources available for educa-
tion (48). Education, in turn, affects subsequent occupation and
economic position, including adequate housing without the
stresses of crowding, availability of employer-sponsored health
insurance, paid health-care leave, and access to community
resources that promote health (eg, access to green space, gyms,
grocery stores). Education also influences health literacy, aware-
ness of the need for healthy behaviors (and risks for disease), and
knowledge and use of services like cancer screening and effects
of health-care spending (52,53).

Disparate carcinogen exposure also can occur without resi-
dential segregation through policies that permit use of culturally
based racist practices, like using hip-hop imagery in tobacco ads,
and geographically based practices, like disproportionate place-
ment of cigarette billboards in predominantly Black communities
(24). Given the salience of policies like redlining and practices like
race- and culturally based tobacco advertising, tractable solu-
tions include laws that change lending practices, improve the
safety of work environments, reduce air pollution and heat, and
prohibit racist carcinogen advertisements (eg, tobacco, alcohol)
(54-57). A detailed list of additional policies are detailed in a
review by Egede and colleagues (58) on the consequences of red-
lining. To begin to capture these forces in model analyses, area
data on redlining and area- and individual-level data on educa-
tion are fairly readily available, which could be incorporated into
equity-centered cancer simulation models (59). However, racism
and education interact, such that similar levels of education do
not always result in similar social and economic returns for
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Figure 1. Conceptual framework of systemic racism.

minoritized populations (60). Given this, race-education interac-
tion terms may be useful to include in simulation models as
proxies for racism until improved measures of education-related
discrimination are reported.

Finally, structural resilience or social cohesion and resources
in communities can offset some effects of systemic racism and
serve as other targets to improve equity (61). One example of this
approach is the training of community health workers as a com-
munity resource to overcome systemic racism-related barriers to
care and increase cancer awareness and screening (62-64).

Health-care policy. Although health-care policy is a subset of
economic and social policies, we portray it separately because it
is especially salient in modeling cancer equity. Insurance for
health-care services, goods, and pharmaceuticals has been con-
sistently linked to downstream health behaviors and cancer care
(65). As noted previously, health-care organization and policies
affect screening, prompt diagnosis and treatment initiation, and
receipt of guideline-concordant therapy and survivorship care.
Additionally, inequitable health policy leads to racial disparities
in the prevalence and adequate control of comorbidities like car-
diovascular disease, diabetes, and obesity, which increase cancer
risk, decrease therapeutic efficacy, and lead to higher treatment
toxicity. For example, obesity increases the risk of multiple can-
cers like breast and colorectal cancer and is associated with can-
cer recurrence, development of second primary cancers, and
cancer mortality (66-69). Having obesity can also impair access to
surgery because of elevated operative risks or preclude optimal
imaging or radiotherapy because of weight limits. Similarly, renal
disease or cardiac disease, which are far more common in Black
patients, can preclude receipt of specific chemotherapeutic regi-
mens. Health-care policy therefore represents a lever for increas-
ing equity. For example, changes in federal policies on drug
pricing, Medicare and Medicaid coverage of clinical trial partici-
pation, or coverage of new screening technology or therapeutic
approaches are all variables that could be built into cancer simu-
lation models to test and identify how policies that set prices or
guarantee coverage could increase equity or prevent the emer-
gence of inequities (70). This is critical for cancers with relatively

new or evolving future care options, where inequities arising
from uneven access haven't yet emerged. At the state level, par-
ticipation in Medicaid expansion such as occurred under the
Affordable Care Act or limiting Medicaid payment for cancer sur-
gery to high-volume hospitals has resulted in statistically signifi-
cant decreases in cancer mortality (71-74). However,
regionalization of care can also have unintended consequences,
as minoritized populations might be less likely to access high-
volume hospitals because of transportation issues or insurance
barriers (eg, hospitals refusing to accept Medicaid). Hospital-level
segregation often results in inequitable facility-level practices (ie,
separate is rarely equal), leading to delays in follow-up of abnor-
mal screening results and initiation of treatment (75).
Additionally, access variables will not alone capture variability in
realized access within the cancer care system related to the
effects of racism in the quality of treatment offered or ongoing
distrust resulting from systemic racism (76-78). At a local hospi-
tal system level, practice guidelines, audits, and electronic medi-
cal record triggers that prompt providers to prescribe tobacco
cessation aids or offer human papillomavirus vaccines or specific
cancer screening tests also provide additional levers to target
structural and interpersonal racism.

Finally, because the exclusion of certain racial and ethnic
groups from cancer research is another form of structural racism,
equity will depend on meaningful increases in research represen-
tation of minoritized populations and initiation of trials that spe-
cifically seek to address racial equity. Lack of sufficient research
representation precludes conclusions about efficacy and effec-
tiveness of new cancer care approaches in all populations. In
turn, lack of evidence is often cited as a barrier to action to
address equity. Remedying this will likely require designing trials
that are broadly accessible in terms of numbers of visits, time off
work, social support required, and insurance coverage (79).
Location of trials within community settings or minority-serving
institutions where priority populations obtain care is critical.
Additionally, enrollment can be facilitated by omitting unneces-
sary exclusions for concurrent diseases, addressing interpersonal
racism at the point of care for trial enrollment, and training a
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greater number of minority investigators (who can help facilitate
equitable enrollment) (80,81).

Individual-level racism
Racism is deeply embedded in modern society, so we conceptual-
ize individualized racism as the dominant form of racism from
which ongoing interpersonal and internalized racism originate
(18). Intrapersonal (ie, internalized acceptance of negative mes-
sages about their own abilities and worth) and interpersonal rac-
ism (ie, prejudice about the abilities, motives, and intentions of
others based on their race) can also affect downstream behaviors
and attitudes of health-care professions and individuals at risk
for cancer, ultimately impairing physiological homeostasis (18).
Interpersonal racism. Racism manifests at interpersonal levels
to affect downstream events affecting health, including cancer
mortality (14,82,83). Interpersonal racism at the point of care
results in decreased receipt of preventive care, such as human
papillomavirus vaccinations, care for depression, smoking cessa-
tion, and screening referrals, all of which are levers to improve
equity and could be captured in modeling (29,84). Interpersonal
racism also plays a major role in medical treatment receipt and
clinical trial enrollment (85,86). Interpersonal racism (eg, bias in
provider communication practices, discrimination practices) on
the part of health-care providers affects the care offered and con-
tributes to medical distrust (87). Data from group-based ratings
of discrimination and patient-provider communication (eg,
Consumer Assessment of Healthcare Surveys) might also be use-
ful to explore to capture interpersonal racism from health-care
professionals. Finally, interpersonal racism outside of health care
can be relevant for cancer outcomes, as discrimination can be
impactful coming from anyone who serves as a gatekeeper for
optimal cancer prevention, screening, or treatment receipt
including employers declining time off request for cancer screen-
ing, salesclerks targeting minoritized patients for tobacco sales,
or landlords failing to investigate requests for toxic concerns).
Intrapersonal and internalized racism. Structural and interperso-
nal racism can ultimately result in internalized racism, impact-
ing downstream attitudes and behaviors related to cancer
control. Internalized racism can contribute to fatalism, decreas-
ing motivation to stop smoking, maintaining a healthy diet, or
adhering to guidelines for physical activity or treatment regimens
(76,88,89).

Although individual-level racism is not particularly tractable
in simulation models because of the lack of capture of these vari-
ables in large data sets, it may be useful to include variables from
national survey data with broad representation, like smoking ces-
sation or screening rates by educational level, in simulation mod-
els to capture these downstream effects of racism on attitudes
and health behaviors.

Downstream effects of systemic racism
Physiological systems

Continuing downstream, systemic racism can affect physiologi-
cal homeostasis and disease development directly or indirectly
via effects on behaviors and attitudes (17,44). Exposures to envi-
ronmental toxins in a living or work situation can be a direct
result of social and economic policies. Disruptions in sleep, poor
physical activity, or smoking behaviors as a result of residential
segregation, violence, or noise pollution can lead to disruptions of
and damage to physiological homeostasis. These physiological
changes can affect cellular-level integrity via factors like inflam-
mation and DNA damage, which in turn can lead to comorbid
diseases and cancer development or progression (Figure 2)
(46,90-92). High community rates of HIV in segregated neighbor-
hoods are leading to earlier age of onset of non-AIDS-defining
cancers like lung cancer than seen in people without HIV infec-
tion as a consequence of disordered inflammation and immune
responses; at the same time, screening guidelines fail to consider
how to achieve equity for people living with HIV, a group overre-
presented by minoritized persons (93-96).

The chronic stress of systemic racism can also have direct
effects on physiological processes and homeostasis. For example,
physiological adaptations of biological systems to chronic stress,
known as allostatic load, have been found to consistently affect
systemic inflammation, epigenetic changes, gene expression, and
genetic instability (97-108). Epigenetic changes can also perpetu-
ate intergenerational trauma and chronic stress and its physio-
logical effects (109). Together these changes give rise to cancer
development, progression, and mortality and death from comor-
bid disease (41,46,103,105,107,110-113). Downstream interven-
tions to protect physiological systems like stress management
techniques or coaching for sleep hygiene may be useful for spe-
cific individuals (114-117) but do not address systemic inequities
at the root of most differences we see in physiological systems

EFFECTS OF SYSTEMIC RACISM ON PHYSIOLOGICAL SYSTEMS (eg, via health-care access and
quality, social and political policies affecting insurance, segregation, education, pollution)

|

‘ Oxidative DNA damage | Gene expression ‘
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|
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Figure 2. Impact of systemic racism on physiological systems.



and tumor biology that manifest at the population level. Overall,
investment in the development of systems biology models that
span physiological systems through population levels will be
challenging but useful to expand the ability to capture the down-
stream effects of systemic racism on cancer incidence and mor-
tality (48,118).

One major challenge is ascertaining whether racial trends in
cancer outcomes are partially influenced by genetic-based ances-
try patterns vs being driven by common, present-day effects of
racism. For example, numerous studies have demonstrated that
the incidence of triple-negative breast cancer is increased in
Black American and West African women. Because most Black
American women are of predominantly West African ancestry
due to the transatlantic slave trade, some researchers have
hypothesized that the increased incidence in both groups is
related to a genetic predisposition (118). However, there are
potential limits to this idea and difficulty with accurately meas-
uring the effects of racism. First, screening rates are low in most
places in West Africa in part because of the legacy of colonialism.
In this instance, detection biases may occur such that ductal car-
cinoma in situ and slower-growing invasive cancers can go unde-
tected, leading to a seeming increase in the incidence of the more
rapid-growing triple-negative cancers. Within the United States,
there is emerging evidence that social stress in the form of pov-
erty and other stressors is associated with increased triple-
negative incidence, even among White women. Given this, some
of the increased triple-negative incidence in Black American and
West African women could be due to ongoing racism and related
stressors and not necessarily genetics. Further complicating the
issue is the effects of racism manifest differently in the United
States and West Africa, as each context may have certain protec-
tive factors. Determining whether genetic-based ancestry play
any role in racial trends in cancer incidence and survival there-
fore requires a more extensive understanding of genetics and car-
cinogenesis specifically, as well as more detailed measurement
and investigation of the role of racism and other societal stres-
sors on cancer outcomes (48).
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Cancer incidence and mortality

The most downstream impact of systemic racism on disruption
of physiological homoeostasis is increased risk of certain cancers
(eg, cervical cancer, lung cancer), more advanced stage at diagno-
sis, and ultimately, inequities in life years that could be saved by
effective cancer control (1-11). In the next section we summarize
how simulation models have captured the pervasive influence of
systemic racism and suggest approaches for future model
research specifically designed to evaluate the effects of interven-
tions targeting levers to change components of systemic racism
and improve equity.

Application of equity framework for future
modeling

The papers in this issue used racial group stratification of input
parameters from multiple national data sources to evaluate the
relative contributions of prevention, preclinical and clinical
detection, treatment, and survivorship to mortality differences
between the overall population and self-identified Black per-
sons. Using this approach, the models stated their intention to
indirectly capture some of the upstream effects of systemic rac-
ism on structural factors that are known to impact use of
screening and prompt therapy (eg, insurance status, having
employer-based insurance) and were explicit that they were
using race as a sociopolitical and not a biological construct. In
future models designed to capture relationships between sys-
temic racism and cancer outcomes, race could be extended or
replaced by additional variables with more direct links to spe-
cific manifestations of individualized and structural racism and
actionable levers, such as insurance policy, education quality,
and economic opportunities and income (Figure 3). If/when race
is included in models, principles such as those outlined by the
US Centers for Disease Control and Prevention and other work-
ing groups (eg, Curricular Praxis Workgroup of Radical Public
Health) should be employed to capture links between data

EXAMPLAR SYSTEMIC RACISM INTERVENTIONS

ECONOMIC AND SOCIAL POLICY HEALTH CARE POLICY
RACISM Improved Education Access to ongoing screening,
Reduced Segregation prompt diagnosis and treatment, and
guideline concordant treatment and
// // \\ survivorship care
HPV vaccine Screening access Prompt diagnosis, Rx Surveillance

Best technology

Smoking cessation
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Physical activity

Guideline Rx
Supportive care

Symptom management
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CLINICAL CANCER
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Quality of life
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|
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Figure 3. Framework for incorporating systemic racism into simulation models. Rx = prescription.
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levels and information about interactions across variables and
levels (119).

One example of this approach is the use of educational level
as a proxy for economic opportunity in recent lung cancer simu-
lation modeling. In that analysis, Cao and colleagues (120) mod-
eled smoking behavior as a risk for lung cancer based on national
data on education level, where smoking rates were modeled as
decreasing more over time among birth cohorts with higher vs
lower educational levels. However, this relationship varied by
ethnic group, with Hispanic groups with low education levels
having the lowest smoking rates, underscoring the complexity of
this work and the need to consider education, race and racism
interactions explicitly in future work.

Insurance is another potential lever to increase equity because
it has effects on health behaviors, screening use, and access to
therapy and survivorship care (121). For example, National Health
Interview Survey data from different time periods could be used
to construct probability of obtaining a first screening exam or
later regular screening based on age, education, and insurance
coverage. This approach is planned for simulation modeling of
multiple myeloma and endometrial cancer, 2 of the new CISNET
incubator sites (122), and the lung cancer modeling team (59).

Policies that provide universal insurance coverage or include
mandates for evidence-based coverage of prevention and early
detection could increase screening for multiple cancer sites and
access to prescriptions for nicotine replacement and counterbal-
ance racism effects on lower access, provider bias in prescribing
or self-efficacy for quitting.

Income level has also been used as an indirect measure of the
downstream effects of systemic racism on structures related to
economic opportunity. This approach has recently been used in
lung cancer modeling that considers the impact of income on
smoking patterns (123). Although smoking prevalence has been
decreasing over time, the relative differences between low- and
high-income groups have increased substantially, with persons
from high-income groups having statistically significant lower
smoking rates with lower lung cancer mortality rates than those
from low-income groups (123).

Other approaches to capturing systemic racism would be to
use the data linking the downstream effects of racism on chronic
stress on epigenetic age or effects on DNA damage and damage
on cancer incidence or mortality. This is theoretically possible,
however, there are limited national datasets with individual data
and biospecimens that could be used to construct model input
parameters to capture these indirect effects of racism on cancer
outcomes. One example of data with the potential for use in con-
structing model inputs is from the long-term follow-up of women
enrolled in the Women’s Health Study, which includes detailed
data and specimen collection many years before and after cancer
onset (124).

Each of the above approaches to modeling systemic racism
relies on individual-level data. However, most work in this area
to date has relied on associations of area-level policy to group
outcomes. This approach can be useful for exploring relation-
ships between community factors and cancer outcomes and
identifying characteristics of areas in need of intervention (125).
However, area-level data limit inference about causality and can
limit the ability to develop model input parameters conditional
on individual attributes needed for the microsimulations.

Although there are some useful national datasets with indi-
vidual data, purposeful investment in collecting longitudinal
individual- and systems-level data will be necessary to better
define the temporal relationships between systemic racism and

time course of initiation of cancer progression, especially because
there is wide variability in these processes across cancer types.

Finally, there are other policy levers to reduce systemic racism
that may not have existing data linking the intervention to some
aspect of proximate or distal components of the cancer control
process captured in population simulation models. In these
cases, modeling could be useful to determine thresholds of asso-
ciation with cancer risk or access needed to change mortality via
approaches like payments for value-based systems, increases in
minimum wage, investment in green space for physical activity,
or provision of incentives for grocery store placement in food
deserts (58).

The proposed model integrating systemic racism in population
simulation models is intended to change the culture of modeling
cancer disparities and provide a feasible roadmap to addressing
the multilevel nature of systemic racism. This integrated
approach can support novel research approaches, make explicit
the effects of different structures and policies, highlight data
gaps in relationships between model components, inform how
we collect data to model cancer outcomes, and generate results
that could inform policy decisions (23).
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