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Abstract

Despite treatment advancements and improved survival, approximately 1800 children in the
United Stateswill die of cancer annually. Survival may depend on nonclinical factors, such

as economic stability, neighborhood and built environment, health and health care, social and
community context, and education, otherwise known as social determinants of health (SDoH).
Extant literature reviews have linked socioeconomic status (SES) and race to disparate outcomes;
however, these are not inclusive of all SDoH. Thus, we conducted a systematic review on
associations between SDoH and survival in pediatric cancer patients. Of the 854 identified
studies, 25 were included in this review. In addition to SES, poverty and insurance coverage were
associated with survival. More studies that include other SDoH, such as social and community
factors, utilize prospective designs, and conduct analyses with more precise SDoH measures are
needed.
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INTRODUCTION

In the United States, approximately 16,000 cases of cancer are diagnosed in individuals
ages 0-19 years, and an estimated 1800 children and adolescents will die of cancer each
year.12 Malignant neoplasms are the third leading cause of deaths among children and
adolescents after motor vehicle crashes and firearm injuries, accounting for 9% of all deaths
in 2016.3 The most common cancer diagnoses for this population are leukemias, central
nervous system (CNS) tumors, and lymphomas.? Due to rapid advancements in diagnosis
and treatment, 84% of pediatric cancer patients will survive 5 years or longer; however,
survival may depend on nonclinical factors, such as social determinants of health (SDoH).*

Healthy People 2030 defines SDoH as “conditions in the environment in which people are
born, live, learn, work, play, worship, and age that affect a wide range of health, functioning,
and quality-of-life outcomes and risks.”® SDoH can be categorized into five main domains:
(a) economic stability, (b) educational access and quality, (c) healthcare access and quality,
(d) neighborhood and built environment, and (e) social and community context. Within each
domain are measurable underlying factors. Economic stability encompasses stable housing,
food security, stable employment, and poverty. The neighborhood and built environment
domain takes into account access to healthy foods, crime and violence, environment
conditions, and housing quality. Health and healthcare consider whether individuals have
access to healthcare and primary care and health literacy. Social and community contexts
examine civic participation, discrimination, social cohesion, and incarceration. Education
includes early childhood education, high school graduation, literacy, and higher education
enroliment.

The relationship between SDoH and pediatric cancer outcomes and impact on families has
been explored by numerous researchers. Treatment and care for pediatric cancer patients is
resource intensive and can strain families physically, emotionally, and financially. SDoH,
such as extent of economic stability or instability can vary across time. Bilodeau et al.’s
study provided evidence of the dynamism of SDoH. In their cohort of 99 pediatric cancer
families, 15% reported household material hardship (HMH) initially, but HMH increased to
33% after 6 months of chemotherapy.® Similarly, another study by Bona et al. found that
over the course of treatment, the proportion of families unable to meet basic needs increases
and families of children undergoing chemotherapy could lose over 40% of their household
income.” Lack of social support (social and community context) and adverse economic
situations, as demonstrated by Santacroce’s and Kneipp’s survey, are associated with severe
distress and stress-related symptoms due to pediatric cancer treatment-induced financial
burden.8 In addition to inducing financial and material hardship, nonclinical factors can also
contribute to medication or treatment adherence among pediatric cancer patients. Hoppmann
et al. have tested and validated risk prediction models for mercaptopurine nonadherence
that includes race/ethnicity, annual household income, maternal and paternal education, and
whether mothers serve as full-time caregivers.? All of these studies point to the potential

of SDoH as important factors that can be used to predict prognosis, health outcomes (e.g.,
survival), and health service utilization by pediatric cancer patients.
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Yet, there is limited understanding of the extent to which SDoH impacts survival because
pediatric cancer tends to be rare. Evidence demonstrating a relationship between SDoH

and survival may also be impacted by an absence of standardized SDoH measurements,
leaving researchers to rely on imprecise estimates from secondary data sources. Previous
systematic reviews and studies have examined racial or ethnic disparities in survival.
Bhatia’s review, for example, found that White children and adolescents had higher

survival rates for acute lymphoblastic leukemia (ALL), acute myeloid leukemia (AML),
Hodgkin lymphoma (HL), rhabdomyosarcoma, and neuroblastoma than Black, Hispanic,
and Asian children and adolescents.1% Kahn et al.’s secondary analysis of the Surveillance,
Epidemiology, and End Results (SEER) database demonstrated mixed findings, with some
racial disparities improving, some persisting, and others worsening.11 Another systematic
review demonstrated that low socioeconomic status (SES) is associated with inferior
pediatric cancer survival; however, SES alone does not encompass all SDoH.12 Studies and
reviews that examine the relationship between SDoH and cancer survival have also primarily
focused on cancers affecting adults.13-20 Thus, the purpose of this review is to summarize
extant literature that examines the relationship between SDoH and pediatric cancer survival,
and to assess how and which SDoH are captured in such studies.

METHODS

Information sources, eligibility criteria, and search strategy

This systematic review was conducted in accordance with Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. An academic librarian with
expertise in health sciences helped develop search strings. A strategy involving keyword
searching, medical subject heading (MeSH) terms, filters, and manual reference reviews was
used to identify studies investigating relationships between SDoH on survival outcomes in
pediatric patients with cancer (Table 1). All studies published up until January 31, 2021
were included. The authors used Covidence systematic review software (Veritas Health
Innovation, Melbourne, Australia) for title, abstract, and full-text screening.

The following inclusion criteria were used to determine eligible studies: (a) published within
the last two decades (January 1, 2000 to January 31, 2021); (b) published in English
language; (c) conducted with US-based patient data; (d) examined children, ages 0 through
19 years; (e) study population diagnosed with any type of cancer; (f) included results of

at least one social determinant; (g) assessed survival as a primary or secondary outcome
measure (e.g., 1-, 5-, 10-year survival, etc.); and (h) completed study. We used Healthy
People 2030"s framework to determine whether predictor variables or covariates fit the
definition for social determinants.

Study selection and data collection

YHT reviewed titles and abstracts to ensure that the study met the criteria for pediatric
cancer patient. YHT reviewed all full articles to determine which studies met inclusion
criteria. Coauthors applied inclusion and exclusion criteria to manually search for relevant
articles and assisted with full-text review. Authors erred on the side of inclusion whenever
disputes arose.
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The authors extracted the following information from each study: (a) author name, (b)

year published, (c) sample size, (d) social determinant(s) collected, (e) survival outcome
measured, (f) effect size type (e.g., Cox proportional hazard ratios [HR] or odds ratios), (g)
effect size estimate, (h) statistical significance when provided, (k) type of cancer, (I) time
range, and (m) study design. We considered findings significant at the level a = .05. Authors
primarily focused on assessing effect sizes of multivariable analyses.

Quality assessment

All studies included in the review were observational, so the Newcastle-Ottawa Scale
(NOS) tool for retrospective cohort studies was used to assess quality. For cohort studies,
NOS scores study quality based on representativeness of exposed and nonexposed cohorts,
ascertainment of exposure, comparability of cohorts, assessment of outcome, adequate
follow-up period, and adequate follow-up of cohorts.

RESULTS

Figure 1 shows the process of identifying articles for inclusion. Our search identified 847
unique manuscripts, and 25 articles were included in the final analysis. All articles were
published between 2009 and 2021. All included studies ranged from moderate quality to
high quality. Almost all studies relied on one registry, except for Acharya et al., who
utilized the FCDS and TCR.2! The three most common source of data were SEER (eight
out of 25 or 32%), TCR (five out of 25 or 20%), and CCR (four out of 25 or 16%).

Other data sources used were the Dana Farber Cancer Institute (DFCI)/ALL Consortium, the
Centers for Disease Control and Prevention (CDC)’s National Program of Cancer Registries
(NPCR), the National Cancer Database (NCDB), the Children’s Oncology Group, the
Pediatric Health Information System, the Center for International Blood and Bone Marrow
Transplant Research, and University of California San Francisco’s Cancer Registry. Most
studies focused on one type of cancer, with the most common being leukemias (ALL and
AML), followed by CNS tumors. Additional study characteristics can be found in Table 2.

Socioeconomic status

The most common factor assessed was SES (52.2%), a measure that encompasses more than
one SDoH (see Table 3). No study used individual-level SES measures, as the data were not
available in datasets. In studies that included SES in analyses, researchers measured SES

at the neighborhood, county, or census tract level. Some studies derived SES from seven
block-level census variables, which is a method validated by the Agency for Healthcare
Research and Quality (AHRQ).22-30 Acharya et al. used census tract-level poverty rate,
measured as the percentage of households within a census tract living under the poverty
threshold, as a measure of SES.2! Bona et al. measured community-level SES using the
median household income and percentage of families in poverty by zip code data from the
US Census Bureau and partitioned patients into low-poverty and high-poverty categories
depending on whether at least 20% of residents within a zip code live at or below the
poverty level.3 Knoble et al. conducted factor analysis of 23 SES variables to derive a four-
factor solution that accounted for co-occurrence of social risk factors.32 Ribeiro et al. used
Census 2000 data to determine median values for crowding, rural/urban status, educational
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attainment, and poverty levels, which they then used as cutoff values.33 Schraw et al.

used the area deprivation index (ADI), developed and validated by Singh.34 The ADI uses
census tract data to create a composite index that includes 21 indicators covering education,
employment, median family income, income disparity, median home value, median gross
rent, median monthly mortgage, home ownership rate, population below poverty threshold,
single-parent households, lack of transportation (motor vehicle), lack of telephone, housing
with incomplete plumbing, and crowding.34

Except for Garner et al., Abrahdo et al.’s acute promyelocytic leukemia (APL) study, and
Austin et al.’s paper on solid tumor malignancy, all other studies that included SES in

their models as the main predictor or covariate, found significant associations between SES
and survival. Kehm et al. tested the mediating effect of SES and reported that SES was a
significant mediator of race/ethnicity and survival.28 Abrahio et al.’s ALL study, Acharya
et al., Byrne et al., Hamilton et al., Kent et al., Ribeiro et al., and Mitchell et al. found

that patients in the lowest SES, in the highest poverty level, most disadvantaged, or most
economically deprived were more likely to experience higher risk of death.

SDoH domain 1: Economic stability

Similar to how SES was addressed, investigators who included a poverty variable in their
analyses used community level data rather than individual data. Byrne et al., Garner et

al., Dressler et al., Khullar et al., and Siegel et al. included poverty variables in their
analyses as measures of economic stability. In Byrne et al.’s paper, community poverty

level was measured as the percentage of households in a census block whose income was
below the poverty line and categorized poverty level into four categories.3® Byrne et al.’s
sample included patients less than 10 years up to age 59 years and did not do subset
analyses for patients under 18 years; however, they did find that residing in an area with the
lowest poverty level was an independent predictor of worse survival among AML patients.3°
Similarly to Byrne et al., Bona et al.’s study of hematopoietic cell transplant recipients
measured neighborhood poverty as the proportion of persons living below 100% of the

FPL. Among malignant patients, neighborhood poverty did not contribute to significant
differences in all-cause mortality, but was associated with transplant-related mortality.36
Dressler et al., Khullar et al., and Garner et al. used median household income by zip
code.37-39 In Dressler’s study of children with medulloblastoma, a median income of less
than $30,000 or between $35,000 and $45,999 was associated with lower survival.3” Khullar
et al.’s study demonstrated a significant association between worse survival and median
income below $63,000. On the other hand, Garner et al. found no difference in overall
survival (OS) when adjusting for poverty. Siegel et al. included county-level economic
status data from the CDC’s NPCR, which applies the Appalachian Regional Commission’s
index-based county economic classification system. Their analyses demonstrated that those
in the top 25% and transitional (25%—-75%) economic groups had lower risk of death than
those with unknown or lower economic status.*0 Only one study from 2020 by Bona et al.
measured household poverty in addition to neighborhood poverty and found that the former
was associated with worse OS (3.08, 95% confidence interval [CI]: 1.76-5.39), but the latter
measure of poverty was not significantly associated with difference in 0S.4! Moreover, this
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study linked dual poverty exposure (both neighborhood and household poverty) to worse
Os.

SDoH domain 2: Neighborhood and built environment

Only three studies specifically examined the influence of geography. No studies reported
significant relationships between rurality or crowding and survival.33:3942 Two studies,
Hamilton et al. and Khullar et al., included driving distance to the treatment center in their
analyses and also did not find statistically significant relationships.27:38

SDoH domain 3: Health and healthcare

We considered insurance status as a measure of health and health-care. Cancer databases
such as SEER or the CCR did not reliably collect insurance data until 1996. Unlike SES,
poverty, or education, insurance coverage was reported at the individual level. In our cohort
of studies, 43.5% included insurance coverage as a predictor variable or covariate. There
were mixed findings regarding the potential impacts of insurance on cancer survival, and
findings appeared to differ by cancer type. Abrahdo et al.’s ALL study demonstrated

that having no insurance, public insurance, or unknown insurance was associated with
lower OS compared to private insurance.23 However, in APL patients, Abrah&o et al. only
found a significantly higher risk of death among uninsured patients. In AML patients,
being insured by Medicaid alone was associated with lower overall median survival times,
whereas other types of insurance had no impact on median survival time. Public or no
insurance was significantly associated with death for adolescent patients (ages 15-19
years) with lymphoid leukemia, AML, HL, and unspecified carcinomas; however, there
was no significant relationship between public or no insurance and death in patients with
non-Hodgkin lymphomas, astrocytomas, gliomas, hepatic carcinomas, fibrosarcomas, and
gonadal germ cell tumors. Kent et al. found that no or unknown insurance was associated
with worse survival rates than having private insurance in leukemia patients among all race/
ethnic groups except Asian and Pacific Islanders. In HL patients, those uninsured, covered
by Medicaid, or have other nonprivate insurance had worse survival outcomes compared to
patients with private insurance. In patients with bone and soft tissue sarcomas, low-income
public insurance was also associated with worse survival when accounting for all other
covariates. For patients with unspecified malignant disease who received hematopoietic
cell transplant treatment, those on public insurance (Medicaid) had higher probability of
all-cause mortality.36

Some studies found no association between insurance and survival. Bona et al. found a
significant difference in mortality for Medicaid patients; however, unknown insurance status
was not associated with a difference in mortality.38 Lee et al. found that mean survival
times after 5 years did not significantly differ by insurance type, even though there was

an increased hazard of cancer death for uninsured patients compared to public or private,
public, or any insurance. When adjusted for socioeconomic factors and cancer type, Lee

et al. did not find any difference in insurance status and mortality. Additionally, Garner et
al. did not report any quantitative findings but noted that there was no difference in OS by
insurance type. Mitchell et al.’s study of patients with primary CNS tumors reported no
difference in OS by insurance type when adjusting for sex, age, year of diagnosis, tumor
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category, race/ethnicity, and SES. When only adjusting for sex, age, year of diagnosis, and
tumor category, patients with public insurance (Medicaid) appeared to have worse survival
rates.

SDoH domain 4: Social and community context

No study included in this review examined social and community context at the patient level,
zip code level, or geocode level. We searched for inclusion of community capacity, civic
participation, reported discrimination, incarceration and crime rates, and measures of social
cohesion or connectedness in statistical models. No study included such measures.

SDoH domain 5: Education

Several studies included education as separate variable in their analyses instead of including
education within SES or some other composite index. Garner et al. used zip code level
education, measured as the number of adults without a high school degree, and partitioned
data into quartiles. Garner et al. did not find a statistically significant difference in

survival by proportion of adults in a zip code attaining a high school degree and did

not report quantitative results for this finding. Likewise, Khullar et al. did not find
statistically significant association between education attainment and survival.38 Ribeiro et
al. categorized low education attainment as greater than 16.6% of persons 25 years or older
in a county with less than high school graduate, and high education attainment as less than
or equal to 16.6% of persons 25 years or older with less than a high school degree.33 While
5-year relative survival rates for Langerhans cell histiocytosis was higher among patients
residing in less educated counties, 97.0% (95% CI: 78%—99.6%) versus 87.8% (95% ClI:
79.1%-93.0%), there was no statistically significant difference (p = .156)

Interaction effects: Race/ethnicity

All studies included in this review recorded patient race/ethnicity. However, few studies
reported testing of interactions between race/ethnicity and social determinants. Cooney et
al., Garner et al., and Penumarthy et al. did not find any influence of race/ethnicity on
survival 26:39:44 A|| other studies that included race/ethnicity in their models demonstrated
a significant association between race/ethnicity and survival in unadjusted, adjusted, or both
models. In general, non-Hispanic Black, African American, or Hispanic were associated
with worse survival outcomes compared to White patients, even when adjusting for SES,
insurance, and other variables.

DISCUSSION

We conducted a systematic review that examines any association between social
determinants and cancer survival among pediatric patients. Previous reviews have linked
race and ethnicity as well as SES to cancer survival. As defined by Healthy People

2030, SDoH span multiple categories that race/ethnicity and SES alone do not address.
Findings from this review generally support existing literature linking SES to poor survival
outcomes. Additionally, this review examines several studies that test the relationship
between poverty (or income), education, insurance coverage, geography (rural vs. urban and
driving distance), and crowding. Only insurance coverage, particularly being uninsured or
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having low-income public insurance, was associated with poorer survival outcomes. Finally,
this review identifies several social determinants that have not been extensively studied in
the context of pediatric cancer survival: food security, stable employment (and not overall
unemployment rates), health literacy, civic participation, social cohesion, and discrimination.

Inconsistent findings on associations between SDoH and pediatric cancer survival may

be attributed to retrospective designs and secondary data sources. Cancer registries and
census data report social determinants data at the county, zip code, or census tract

level. Thus, estimated effect sizes may be biased or imprecise. These issues high-light
opportunities for investigators to identify different data sources, such as electronic health
records or health information exchanges or to collect primary data. Moreover, the absence of
prospective studies presents opportunities for researchers to design prospective studies that
test interventions, such as implementing universal SDoH screening similarly to the approach
taken by Power-Hays et al.*6 Other approaches, such as administering surveys to about
basic resource needs and financial burden, have been demonstrated to be feasible in recent
studies.®8

Many of the articles included in this systematic review rely on the SEER database for
analysis. SEER data comes from registries in the following states: Connecticut, Georgia,
California, Hawaii, Idaho, lowa, Kentucky, Louisiana, Massachusetts, New Mexico, New
York, Washington, Utah, and Wisconsin.#”48 SEER data also includes the Alaska Native
Tumor, Arizona Indians, and Cherokee Nation registries.4’48 Data from these registries,
which encompass 26% of the US population, are then extrapolated to represent the
national pediatric cancer data.*® Using the SEER database has several advantages, such
as a large sample size and long follow-up periods. A caveat of using the SEER database
is that participating registries may change over time. For example, population-based
cancer registries from Detroit, Michigan, and New Jersey no longer participate in the
SEER program.4748 A second limitation of the SEER database is that there is a higher
proportion of foreign-born and urban-dwelling individuals represented than in the actual
US population.#® SEER data may also suffer from missing or inaccurate data due to
underreporting of radiation therapy, radiation fields, doses, and intent; low coding reliability
for rare histologies; patient migration; and selection bias.*®

There are several limitations associated with this systematic review. First, only PubMed/
MEDLINE’s database was searched, so this review may have missed key references
indexed in other databases. Second, by narrowing the age range to only pediatric patients,
we may have missed articles that combined child and adolescent with young adult and

adult populations. Third, by using reference review as the only method of hand-searching
additional references, we may have also missed white papers, gray literature, pre-print
articles, articles with null findings, and published literature not indexed in PubMed.

Fourth, we could not conduct meta-analyses, given the heterogeneity of the articles, and
therefore could not approximate the extent of publication bias. Finally, NOS used for
quality assessment is less time consuming than other quality assessment methods but has its
limitations, which include low to moderate interrater reliability. Nonetheless, we believe that
the articles included in this systematic review are representative of the body of literature and
that this review contributes to understanding the role of SDoH in pediatric cancer outcomes.
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