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I. Background and Rationale:
Importance of Studying Healthcare Use and Cost for Survivors on Medicaid
As the most important health insurance program for low-income and disabled
Americans, Medicaid accounts for one-sixth of all spending in the U.S. healthcare system and
finances health services for 73 million individuals, including cancer patients and survivors.1
Given that health insurance in this country is commonly employer-sponsored, individuals who
are low-income or disabled, including many cancer survivors, depend extensively on Medicaid
to finance healthcare. In 2010-2012, annual Medicaid expenditures on cancer care were
estimated to be nearly $7 billion.2 Under the Affordable Care Act, which has expanded Medicaid
services in 37 states,3 Medicaid is playing an even larger role in providing healthcare to these
medically vulnerable populations in many states.4 Yet, little is known about coverage patterns,
covered services, and outcomes among cancer survivors participating in Medicaid programs.
Furthermore, Medicaid spending constitutes one of the largest and growing portions of state
budgets, accounting for nearly one-fifth of state spending.5 The growing costs have been a
concern for state Medicaid programs, suggesting the particular importance of understanding the
economic impact of cancer survivorship in this system to inform state-level efforts of managing
spending and increasing efficiency of healthcare.
The lack of studies evaluating individual-level Medicaid data has, to date, made it difficult
to understand the economic burden imposed by cancer survivorship within the Medicaid system.
The ability to link detailed information on individual cancer diagnosis and treatment to data on
Medicaid-covered services and outcomes during or after cancer treatment is especially
important to track coverage, service use, and outcomes among low-income survivors in a
longitudinal manner. While the NCI-supported efforts to link data from its Surveillance,
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Epidemiology, and End Results (SEER) program with Medicare claims have long provided an
efficient way to study cancer care, costs, and outcomes in cancer patients aged 65 and older,
these SEER-Medicare files are of limited utility for analyzing childhood cancer survivorship
questions.
Studies have examined health service utilization among childhood cancer survivors.
These studies have reported more frequent outpatient visits and hospitalizations used by
childhood cancer survivors, as compared with the general population.6-13 Common determinants
of outpatient and inpatient care use among childhood cancer survivors include older age, certain
types of cancer (e.g., central nervous system), history of high intensity therapy (e.g., radiation to
the chest), having chronic conditions, and experiencing cancer reoccurrence and/or second
malignancy.6-8,10,11,13,14 In addition, insurance type has been found as a determinant of service
use among survivors.14-16 For example, two analyses of the Childhood Cancer Survivor Study
(CCSS) reported that survivors with public insurance coverage were more likely than their
privately-insured counterparts to receive survivor-focused healthcare,15 and more likely than
those uninsured to seek care from primary and specialty care physicians.14 Of note, previous
research on childhood cancer survivors has largely focused on individual-level determinants of
healthcare use. To our knowledge, research assessing the role of contextual-level factors in
service use among childhood cancer survivors has been limited. A recent study of the CCSS
reported moderate associations between local area socioeconomic status and survivors’ riskbased survivor-focused care.17 In this study, nonetheless, measures of healthcare utilization are
exclusively self-reported.
For healthcare costs, a few studies have reported overall and mental health service
costs attributable to cancer survivors; these studies largely focused on adult-onset cancers.18
However, little is known about medical costs specifically among childhood cancer survivors.
Furthermore, to date, we are not aware of any study examining healthcare cost, as well as its
individual- and contextual-level determinants, among low-income childhood cancer survivors in
the Medicaid system.
Importance of Studying Medicaid Disenrollment Among Survivors
Despite the significance of Medicaid coverage, lack of insurance is still common among
Medicaid beneficiaries due in part to disenrollment for eligible individuals. Disenrollment refers
to periods of time when former enrollees lose Medicaid coverage and become either uninsured
or privately insured; these episodes are often associated with a subsequent re-enrollment in
Medicaid.19 In a year, approximately one in five children and one in three adults experience
Medicaid disenrollment.20 Importantly, the majority of beneficiaries become uninsured, at least
for a short period, after losing Medicaid, rather than gaining other sources of insurance.21,22 This
is especially true for childhood cancer survivors, who are more likely than their healthy peers to
be low-income or unemployed.23
Medicaid disenrollment is of particular concern for beneficiaries surviving cancer. A lack
of Medicaid coverage may impede access to general and survivor-focused care and disrupt
treatment continuity during periods with no insurance coverage.24,25 Research has suggested
that many survivors require lifelong outpatient healthcare to monitor and treat cancer-related
morbidities.26,27 Discontinuity in these interventions may compromise survivors’ health status,
potentially triggering adverse events or complications. Furthermore, because of the
discontinuity in ongoing survivorship care and the inability to establish an enhanced patientprovider relationship, disenrollment can create difficulties for healthcare providers in managing
care of survivors with late medical and psychiatric comorbidities.28 In addition, administrative
costs can be higher for beneficiaries who experience disenrollment, compared to those
continuously enrolled.28 The administrative cost of reenrolling a person who dis-enrolled from
Medicaid ranged from $400 to $600 per person in 2015.29 Thus, unstable Medicaid coverage
for survivors, even if temporary, poses significant public health and policy problems. However,
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to date, no data have existed on Medicaid enrollment and disenrollment patterns among
childhood cancer survivors.
A number of factors may explain disenrollment. First, some states made Medicaid
eligibility recertification processes stringent, leading to fewer Medicaid caseloads and ultimately
lower Medicaid expenditures.30,31 For example, states may require biannual or even monthly
eligibility recertification, or enforce face-to-face interview requirements at eligibility renewal.32,33
These policies required beneficiaries to revisit the social welfare office and provide
documentation to prove eligibility biannually or even more frequently, imposing substantial
burden on individuals and families in terms of increased time and paperwork. Thus, more
stringent eligibility recertification policies may exacerbate disenrollment.30 Other factors
contributing to disenrollment include: incorrect paperwork or certification data, the lack of a
timely reminder or notification of eligibility recertification from the program, and inadequate or
non-existing application assistance and outreach efforts.34-37 For those with serious diseases
like cancer, disenrollment may also occur due to difficulty in responding to program
communications and completing the complicated paperwork required to maintain coverage.38
These vulnerable individuals may also experience instability in housing, leading to high mobility;
they may lose Medicaid when failing to receive notices of recertification due to address
changes.37
Conceptual Framework
According to the behavioral model of health service use by Andersen,39,40 both
individual- and contextual-level factors can determine the use of the healthcare system (Exhibit
1). Three types of factors are considered in the model: (1) predisposing factors, which affect the
inclination to use health services and primarily include demographic factors (e.g., age, sex); (2)
need factors, which include evaluated or perceived health status that affect healthcare use (e.g.,
chronic conditions, cancer experience); and (3) enabling factors, which are resources available
to facilitate care use (e.g., socioeconomic status, availability of primary care clinicians and
cancer specialists in community, state Medicaid policy).39,40 The model also suggests a
relationship between these factors and Medicaid disenrollment.
More specifically, cancer experience may be associated with Medicaid disenrollment.
Survivors may be more likely than their healthy peers to participate in the Medicaid program,
potentially because of cancer-related chronic conditions and associated healthcare needs.
Survivors are also more likely than healthy peers to be low-income or unemployed,23 and
thereby, more likely to resort to Medicaid for insurance coverage. Of those on Medicaid,
survivors may be more likely than healthy peers to experience coverage discontinuities because
survivors may experience instability in health status and thus the ability to work, leading to
fluctuations in their income and changes in Medicaid eligibility. Some survivors may be too ill to
respond to program communications and complete the complicated paperwork required to
maintain Medicaid coverage. Conversely, survivors may be less likely than healthy peers to
experience Medicaid discontinuities due to their constant engagement in the healthcare system
to treat and manage cancer-related chronic conditions.
In addition, survivors residing in socioeconomically disadvantaged communities, where
local norms place lower value on being insured, could experience higher rates of Medicaid
disenrollment, based on the contagion theory;41-44 survivors are also likely to experience more
emergency visits, given inadequate capacity and low quality of outpatient services, including
general care and survivor-focused care, in these communities.45-47 Survivors living in
communities with fewer healthcare providers are more likely to experience Medicaid
disenrollment, because healthcare is less geographically accessible and providers in these
areas are less likely to assist survivors in Medicaid eligibility renewal;30,35,48 survivors in these
communities, where they have less geographic access to outpatient care, could also incur more
emergency visits.49-52
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State Medicaid policies – including provider reimbursement, Medicaid benefit generosity,
and streamlined enrollment procedures – are also important determinants of service use and
Medicaid disenrollment. Provider reimbursement refers to payment for services remitted by
insurance companies to qualified healthcare providers.53 Lower level of reimbursement from
Medicaid could increase emergency visits, because providers are less incentivized to treat
Medicaid-enrolled survivors in offices and more likely to refer these survivors to ED;54-56 lower
reimbursement level may also be associated with higher Medicaid disenrollment rate due to
poorer access to care and lower perceived benefits of participation in Medicaid.30,56 Medicaid
benefit generosity refers to cost-sharing requirements and scope of services covered that can
shift the trade-off survivors face in deciding whether to enroll in Medicaid.57 Less generous
benefits are likely associated with higher rates of Medicaid disenrollment due to reduced
attractiveness of Medicaid,30,58,59 and associated with more emergency visits due to poorer
access to outpatient care (resulted from disenrollment).50,59,60 Medicaid streamlined enrollment
procedures refers to state policies that reduce the burden of Medicaid application/renewal
process in terms of time, information, and documentation.61 By minimizing the need for visits
with caseworkers in welfare or Medicaid offices, these policies make the enrollment process
less onerous61 through, for example, the elimination of an in-person interview and the
requirement of annual eligibility renewal.62 Thus, more streamlined enrollment procedures may
be associated with lower disenrollment rate;61,63,64 it can also reduce emergency visits through
improving continuity of coverage for needed care and preventing acute conditions.
Significance
The proposed study will link the survey and medical data from the CCSS and national
Medicaid claims data to provide valuable insights into understanding insurance coverage
patterns, health service utilization, and the resulting economic burden of childhood cancer
survivors placed on the Medicaid system, and how this might vary by cancer history and
survivors’ chronic condition characteristics. This study will also link the CCSS data with countylevel data from the Area Health Resources File (AHRF) and state policy data. Understanding
associations between social context and survivors’ health service use will inform the
development of future public health and policy interventions at various levels (communities,
systems, and states) to assure effective access to care and improve health outcomes among
low-income childhood cancer survivors.
Exhibit 1. Proposed determinants of health service utilization in cancer survivors on the
basis of the Andersen behavioral model of healthcare utilization:39,40

Contextual Determinants

Individual Determinants

Predisposing Factors

Predisposing Factors

Enabling Factors

Need Factors

Economic Conditions
Healthcare Infrastructure
State Medicaid Policies

Cancer History,
Chronic Conditions,
Psychologic Health

Enabling Factors
Medicaid Enrollment
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Healthcare Utilization

II. Specific Aims and Research Hypotheses:
Aim 1: Of all eligible individuals in CCSS cohort, describe (i) the proportion of those partially or
fully enrolled in Medicaid during the study period among survivors and siblings; and (ii) the
characteristics (cancer treatment [e.g., radiation therapy, chemotherapy], chronic condition,
local socio-demographics) of survivors partially or fully on Medicaid, as compared to all other
survivors (i.e., survivors with no insurance, private insurance, or other insurance).
Hypothesis 1a: Survivors will have a higher rate of Medicaid uptake (i.e., higher proportion
for those partially or fully enrolled in Medicaid), compared with siblings.
Hypothesis 1b: Among survivors, those exposed to high intensity therapy (e.g., radiation to
chest/pelvis/abdomen/etc., anthracyclines of ≥300 mg/m2) will have a higher rate of
Medicaid uptake.
Hypothesis 1c: Among survivors, those with multiple or more severe types of chronic
medical conditions or with psychological health problem (i.e., emotional distress, cancerrelated anxiety) will have a higher rate of Medicaid uptake.
Hypothesis 1d: Among survivors, those living in rural areas and socioeconomically
disadvantaged communities will have a higher rate of Medicaid uptake.
Aim 2: Of those partially or fully enrolled in Medicaid, describe (i) patterns of Medicaid
disenrollment (i.e., loss of Medicaid coverage in former enrollees, with and without subsequent
re-enrollment in Medicaid) among survivors and siblings; and (ii) whether survivors’ Medicaid
disenrollment patterns are associated with cancer treatment, chronic conditions, local
sociodemographic and healthcare infrastructure characteristics, and Medicaid policy
parameters.
Hypothesis 2a: Survivors will be more likely (or less likely; both directions could be
possible as elaborated in “Conceptual Framework” above) than siblings to experience
Medicaid disenrollment.
Hypothesis 2b: Among survivors, those with multiple or more severe types of chronic
medical conditions or with psychological health problem will be less likely to experience
Medicaid disenrollment.
Hypothesis 2c: Among survivors, those living in rural areas, socioeconomically
disadvantaged communities, and communities with less accessibility to healthcare
resources will be more likely to experience Medicaid disenrollment.
Hypothesis 2d (exploratory): Among survivors, those living in states with certain Medicaid
policy parameters – better provider reimbursement rate, better scope of covered services,
reduced cost-sharing, streamlined eligibility recertification procedures – will be less like to
disenroll from Medicaid.
Aim 3: Of those continuously enrolled in Medicaid, describe (i) service use and costs, overall
and by care settings (outpatient, hospitalization, emergency department [ED], pharmacy) among
survivors, as compared to siblings; and (ii) whether survivors’ service use and costs are
associated with treatment exposures, chronic conditions, local sociodemographic and
healthcare infrastructure characteristics, and Medicaid policy parameters.
Hypothesis 3a: Medicaid-covered service use and expenditures will be higher among
survivors than among siblings.
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Hypothesis 3b: Among survivors, longer-term survivors, survivors with younger age of
diagnosis, older survivors, and survivors exposed to high intensity therapy (e.g., radiation
to chest/pelvis/abdomen/etc., anthracyclines of ≥300 mg/m2) will have greater service use
and Medicaid expenditures.
Hypothesis 3c: Among survivors, those with more severe types of chronic medical
conditions or with psychological problems will have higher utilization of services and
higher Medicaid expenditures.
Hypothesis 3d: Among survivors, those living in socioeconomically disadvantaged
communities and communities with less accessibility to healthcare resources will be less
likely to use outpatient services and more likely to have emergency visits.
Hypothesis 3e (exploratory): Among survivors, those living in states with the Medicaid
policy parameters as described above (in H2d) will be more likely to use outpatient
services and less likely to have emergency visits.

III. Analysis Framework:
External Data Sources:
• Medicaid Research Files. The CCSS data will be linked to the Medicaid Analytic eXtract
(MAX) Files and the Transformed Medicaid Statistical Information System Analytic Files
(TAF; the new generation of MAX files).65,66 The MAX/TAF Files are administered by the
Centers for Medicare and Medicaid Services (CMS), and provide individual-level information
on Medicaid eligibility types, Medicaid enrollment and disenrollment, service utilization, and
Medicaid payments. For the current project, we propose to link CCSS data (2014 and 2017
CCSS survey years for the original cohort, and the baseline survey for the expansion cohort)
with 2014-2016 MAX/TAF Files (our pilot funding available in hand can support access to 3
years’ Medicaid data). The 2016 data will be the most updated Medicaid data available at
the projected start date for this study. The 2014 and 2017 CCSS survey will be used
because they are the closest to the proposed years of Medicaid data. Notably, the current
pilot project will set the foundation for our extramural funding applications to support largerscale, follow-up studies that will link more years of Medicaid data with CCSS data.
The Medicaid research files include five data files in a given year. The eligibility files
comprise individual-level records for all individuals who were enrolled in Medicaid for at least
one day over the year. These files provide information on individual-level demographic
characteristics (e.g. date of birth, race/ethnicity, sex), Medicaid eligibility types (e.g., poverty
versus disability), monthly enrollment status, Medicare dual eligible status, Medicaid
managed care coverage, and geographic location (e.g., zip code, state and county FIPS
codes). The inpatient files comprise hospital stay records for Medicaid enrollees who were
hospitalized. These files provide information on diagnosis codes, procedure codes, length of
stay, and payment associated with each hospitalization. The prescription drug files provide
information on NDC code, medication supply days, and dosages associated with each filled
prescription medication. The long-term care files comprise claim records for services
delivered in long-term care facilities, including intermediate care facilities, independent
psychiatric facilities, and skilled nursing facilities. The other service files comprise claim-level
records not included in the aforementioned Medicaid files, including physician and other
provider services, hospital outpatient services, laboratory and radiologic services, clinic
services, and dental services. These files provide information on date of service and the
diagnosis and procedure associated with each service (with at most two diagnosis codes
and one procedure code per claim).
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Linkage procedures: MAX/TAF Files will be linked with the CCSS data to identify a
cohort of childhood cancer survivors who had any Medicaid coverage during the study
period. The linkage will be conducted using the following individual-level variables: Social
Security Number, date of birth, and sex (residential zip code optional). Per CMS procedures,
a strict/deterministic match using these individual-level variables will be conducted by
statisticians at the Chronic Conditions Warehouse (CCW) contracted by CMS; results on
matching will then be returned by CCW.67 Individuals matched on these identifiers will be
included in the analytic sample. Data checks for the completeness of claims will be
performed using methods suggested by Hennessy et al.68 Specifically, we will examine the
number of enrollees with an outpatient medical claims, the number of claims for dispense
medication prescriptions, and the number of enrollees with an inpatient hospitalization claim,
on a monthly basis, to identify any obvious blocks of missing claims for certain time periods.
To check the overall validity of demographic and clinical data, we will also compare
participants’ self-reported demographic data (e.g., race/ethnicity), chronic conditions, and
medical service use in the CCSS data with their demographic, diagnostic, and utilization
information on Medicaid claims.
Area Health Resources File. The AHRF69 is a national data file providing information on
healthcare facilities, healthcare professions, measures of resource scarcity, socioeconomic
and environmental characteristics, and local economic circumstances for almost every U.S.
county. Measures in the AHRF (in the same year as the year of the linked Medicaid data)
will be merged with the linked CCSS-Medicaid data using residence state and county FIPS
codes.
State Medicaid Policy Data. State Medicaid policy characteristics will be drawn from
statistics compiled by the Kaiser Family Foundation, the Kaiser Commission on Medicaid
and the Uninsured, the Centers for Medicare and Medicaid Services, and published
articles.70-72 These resources, put together, will provide state-level information on the
eligibility requirements, administration structure, financing, and general covered services of
state Medicaid programs. These policy data (in the same year as the year of the linked
Medicaid data) will be merged with the CCSS-Medicaid data using residence state FIPS
code.

Sample Inclusion
Study participants will include a cohort of childhood cancer survivors and siblings who (1) will be
identified from the CCSS original or expansion cohorts and (2) 21-64 years of age in the
observation period (sample for Aim 1). Of these, individuals fully or partially enrolled in Medicaid
are defined as those who appear in the Medicaid claims data (i.e., have at least one-month
Medicaid enrollment during the study period). We focus on individuals aged 21-64 years
because, in Medicaid claims data, the majority of enrollees aged <21 years have missing values
in their SSN, a crucial variable for the proposed data linkage. In contrast, the completeness of
SSN for enrollees age ≥21 years in MAX is high (greater than 95% -- see “Special
Consideration” below).73 We expect that these inclusion criteria will yield at minimum 2,254
Medicaid-insured survivors and 100 Medicaid-insured siblings in the linked dataset (sample for
Aim 2; see detailed sample size calculation in “Special Consideration” below).
When examining healthcare service use and cost (Aim 3), we will further restrict
survivors and siblings to those with continuous Medicaid enrollment for at least a full year to
capture complete profiles of service receipt and outcomes within the Medicaid system in a given
year. Continuous Medicaid enrollment will be defined as having Medicaid coverage for at least
six months over the calendar year (contingent on the size of sample linked, we may make this
definition more restricted [e.g., having Medicaid coverage for at least 12 months]). Notably,
participants with dual Medicare-Medicaid eligibility (available in Medicaid data) will be excluded
7

from the analysis, because of the commonly incomplete data for the services billed to Medicare,
particularly inpatient hospitalization claims.68,74
Variables:
Outcome variables (from Medicaid data):
• Medicaid uptake (Aim 1) will be assessed by a dichotomous variable identifying whether
individuals have at least some Medicaid enrollment (versus no Medicaid) during the study
period.
• Medicaid disenrollment (Aim 2) will be assessed by a dichotomous variable identifying
whether an individual has at least one Medicaid coverage disruption (versus continuous
enrollment) over the calendar year. A coverage disruption will be defined as an enrollment
gap of one month or longer.75,76 A secondary measure will be a continuous variable
reflecting the total number of months without Medicaid coverage over a calendar year; this
variable will be zero for individuals with continuous enrollment. These measures will be
created using the monthly data on Medicaid enrollment status available in MAX/TAF.
• Healthcare service use (Aim 3) will be assessed by the numbers of all-cause ED visits,
inpatient episodes, inpatient days, and outpatient visits. ED visits will be identified from the
other services and inpatient files of Medicaid data following recommended approaches.77
The numbers of inpatient episodes and inpatient days will be determined using the start and
end dates of inpatient claims to ensure that a single episode will not counted as multiple
hospitalizations.75 Outpatient visits will be calculated using all claims, except for ED claims,
identified from the other service files.
• Service costs (Aim 3) will be calculated based on the dollar amounts paid by Medicaid as
indicated in claims, not on provider charges. Costs will be classified as: (1) all-cause costs
on all visits, regardless of setting or diagnosis; (2) costs on ED visits and inpatient
hospitalizations; (3) medication costs on all filled prescriptions; and (4) outpatient costs on
all visits except for ED visits, inpatient hospitalizations, and filled prescriptions. For
comparison purposes, all cost estimates will be adjusted to 2014 U.S. dollars using the
gross domestic product deflator.78
Independent Variables:
• Individual-level predictors (from CCSS data) will include individual-level sociodemographic
characteristics (age in the observation period [i.e., the year when the CCSS participant’s
Medicaid claims were linked], sex, race/ethnicity, level of education, marital status,
employment status, household income), survivors’ cancer history (type of cancer, age at
diagnosis, years since diagnosis, cancer treatment [chemotherapy, radiation therapy,
surgery]), and chronic conditions (presence of severe/life-threatening chronic medical
conditions [grade 3-4], bodily pain intensity (based on SF-36 subscale), second malignancy,
cancer recurrence, emotional distress (defined as having a T-score score ≥63 on any two
symptom scales or on the summary GSI scale, according to BSI-18 manual), and cancerrelated anxiety.
Of note, we will use CCSS data (2014 and 2017 surveys for the original cohort, and
baseline survey for the expansion cohort) to link with 2014-2016 Medicaid data. For each
CCSS participant who will be linked to their Medicaid claims, we will compare the availability
and value of each survey measure of our interest (described above) in all survey years, and
then decide the algorithm/assumption to address any potential difference in the measure
across survey years. All individual-level variables that will be extracted from the CCSS
survey, along with their available survey years and survey questions, are summarized in
Exhibit 3.
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Local area level predictors (from the AHRF) will include county sociodemographic
characteristics (poverty rate, unemployment rate, racial/ethnic composition, urbanicity) and
measures of healthcare resources (numbers of primary care physicians, mental health
clinicians, cardiovascular disease specialists, and community health centers per capita in
the county). Zip code of residence for survivors and siblings will be used to link measures
from AHRF with CCSS data. Consistent with prior research,17 to measure geographic
access to specialty cancer care services, we will also include the number of CCSS
participating institutions within a 100-radius of the survivor’s zip code of residence (from
CCSS data).
State Medicaid policy predictors (from published reports) will include Medicaid provider
reimbursement rate, state Medicaid income threshold, total Medicaid spending per capita,
Medicaid eligibility recertification protocols (eligibility recertification frequency, requirement of
face-to-face interviews at recertification), and copayment rates for medical visits and
prescription drugs. Zip code of residence for survivors and siblings will be used to link these
state policy measures with CCSS data.

Statistical Analyses:
Using the linked dataset, a CCSS statistician will help with the proposed statistical analysis.
Descriptive statistics -- including percentages, means, and standard deviations -- will first be
provided, with statistical tests as appropriate (chi-squared test for categorical/dichotomous
variables; t-test for continuous variables), to describe and compare sample characteristics
between survivors and siblings. Multivariable regression analyses will then be performed to
assess associations of contextual- and individual-level predisposing, enabling, and need factors
with the outcomes of interest. In the models including siblings, Generalized Estimating Equation
will be used to account for the within-family correlation among survivors and siblings. SAS
statistical software will be used for all analysis.
Aim 1: Of all eligible individuals in CCSS cohort, describe (i) the proportion of those partially or
fully enrolled in Medicaid during the study period among survivors and siblings; and (ii) the
characteristics of survivors partially or fully on Medicaid, as compared to all other survivors.
Analyses: Descriptive statistics will be provided to describe the sample characteristics (cancer
history, chronic condition, local sociodemographic factors) between those with at least some
Medicaid enrollment versus those with no Medicaid throughout the study period, among
survivors and siblings (Table 1). Two-sample t test will be performed for continuous variables,
and χ² test will be performed for categorical variables.
Aim 2: Of those partially or fully enrolled in Medicaid, describe (i) patterns of Medicaid
disenrollment among survivors and siblings; and (ii) whether survivors’ Medicaid disenrollment
patterns are associated with cancer treatment, chronic conditions, local sociodemographic and
healthcare infrastructure characteristics, and Medicaid policy parameters.
Analyses: Descriptive statistics will first be provided to describe the rate and total months of
disenrollment among survivors and siblings (Table 2). Multivariable regression analysis will be
conducted to estimate the model-adjusted differences between survivors and siblings in
patterns of Medicaid disenrollment (Table 2). The likelihood of experiencing any Medicaid
disenrollment will be analyzed using a logistic regression model. A zero-inflated Poisson model
will be analyzed for total counts of disenrollment months. Among survivors, individual-level
(cancer type, cancer treatment, chronic conditions), county-level (local sociodemographic
factors, healthcare infrastructure), and state-level Medicaid policy predictors will be included in
multivariable regression analysis as a function of Medicaid disenrollment (Table 3). The
variance inflation factor will be estimated to ensure there will be no serious multicollinearity in all
regression models.
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Aim 3: Of those continuously enrolled in Medicaid, describe (i) service use and costs, overall
and by care settings among survivors, as compared to siblings; and (ii) whether survivors’
service use and costs are associated with treatment exposures, chronic conditions, local
sociodemographic and healthcare infrastructure characteristics, and Medicaid policy
parameters.
Analyses: Descriptive statistics will first be provided to describe visits and costs among
survivors versus siblings (Table 2). Service use and cost measures will be standardized to per
person per Medicaid-covered month. Multivariable regression analysis will be conducted to
estimate the model-adjusted differences between survivors and siblings in service use and
costs, adjusting for individual-level sociodemographic characteristics (Table 2). Service use and
costs will be analyzed using two-part models with a logit model in the first part (estimating the
probability of having any visit/cost) and a GLM with a log link and gamma distribution in the
second part (estimating total visits/costs given that they are non-zero).79 This technique will
accommodate the skewed distribution of visits and costs, and produce robust estimates even in
the presence of heteroskedasticity.79,80 Modified Park test that recommends a family given a link
function will be conducted.81 If the test will not support the initial choice of models, alternative
model specifications, such as Gaussian distribution, will be considered.81 Similarly to Aim 1,
among survivors, individual-, county, and state-level predictors will be included in multivariable
regression analysis as a function of service use (Table 4) and Medicaid costs (Table 5).
IV. Special Considerations:
First, as with other claim data-based studies, claims data rely on physician diagnoses and thus
may be inaccurate due to coding errors or misdiagnosis.82 Second, Medicaid data do not
provide information on services not Medicaid-reimbursed. Therefore, the findings cannot reflect
all care experiences of Medicaid-enrolled survivors. However, the Medicaid data are the best
source available to provide accurate estimates of services used by childhood cancer survivors
visible to the Medicaid system.
Third, according to CMS, participants’ name is not available in the MAX/TAF files;
participants’ social security number (SSN) will be the key variable (along with date of birth and
sex) to perform the proposed data linkage. The completeness of the SSN variable in the
MAX/TAF data is around 95% in the states where the CCSS institutions are located. Notably,
records with missing SSN in MAX/TAF (around 5%) largely concentrate in Medicaid enrollees
aged 20 years or younger.73 This issue is less likely to affect our analysis because we will focus
on adult Medicaid enrollees aged at least 21 years. In CCSS data, the proportion of the cohort
participants with complete SSN is estimated to be 68% (73% among survivors and 40% among
siblings, respectively; see Exhibit 2). In addition, according to a previous CCSS report,83
approximately 12% of survivors and 5% of siblings are covered by Medicaid in a given year.
Accordingly, the estimated sample size of Medicaid-insured survivors in the final linked dataset
will be approximately 2,254 (25,746 [total number of survivors in CCSS cohort] x 73%
[percentage of adult survivors with complete SSN] x 12% [percentage of survivors on Medicaid
at a time point]). Similarly, the estimated sample size of siblings in the linked dataset will be 100
(5,034 [total number of siblings in CCSS cohort] x 40% [percentage of siblings with complete
SSN] x 5% [percentage of siblings on Medicaid at a time point]).
We expect this a minimum estimation of the numbers of Medicaid-insured survivors and
siblings in our data. Individuals may be on-and-off Medicaid over time, and thereby, the true
percentage of survivors and siblings who have ever been on Medicaid could be larger.
Moreover, this earlier CCSS report occurred before the ACA’s Medicaid expansion (in 20102011).83 Under the ACA, Medicaid expansion became effective on January 1, 2014 for states
that opted for expansion,84 as well as 8 states (CA, CT, CO, DC, MN, MO, NJ, and WA) that
expanded earlier (2010-2012).85 Thus, we expect to see a greater proportion of Medicaid10

covered survivors and siblings than in the earlier estimation. Upon the approval of this proposal,
we will first use the information on insurance coverage available in recently released Follow-Up
6 Questionnaire to provide a more recent estimate of the sample size of Medicaid-insured
survivors and siblings.

Exhibit 2. Completeness of Social Security Number (SSN) in CCSS cohorts
Row Labels
Expanded Case
No
Partial
Yes
Original Case
No
Partial
Yes
Total of Survivors
No
Yes or partial
Expanded Siblings
No
Original Siblings
No
Partial
Yes
Total of Siblings
No
Yes or partial
Grand Total
No
Yes or partial

Count of SSN
Survivors
11,386
4,149
122
7,115
14,360
2,814
17
11,529
25,746
6,963
18,783
Siblings
1,007
1,007
4,027
2,005
1
2,021
5,034
3,012
2,022
Total
30,780
9,975
20,805

%
36%
1%
62%
20%
0%
80%
27%
73%

0%
50%
0%
50%
60%
40%

32%
68%

Exhibit 3. Summary of Included Survey Information from CCSS Survey
Variable

CCSS Survey Questions

Age
Sex
Race/ethnicity

“What is your date of birth”
“What is your sex”
“To which one of the following (race/ethnicity) groups
do you belong”
“Are you Hispanic”
“What is the highest grade or level of schooling that
you have completed”
“If you have completed high school, did you receive a
regular high school diploma or did you receive a high
school equivalency certificate, also called a GED”
“Which of these possibilities best describes your
current marital status”
“What is your current employment status? Include
unpaid work in the family business or farm”

Level of education

Current marital status
Current employment
status
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Available Survey
Years
Baseline,
Follow-up 2000,
Follow-up 2003,
Follow-up 2007,
Follow-up 2014,
Follow-up 2017, and
Expansion Baseline

or
“During the last 12 months, did you work at any time
at a job or business, not counting work around the
house (Include unpaid work in the family business or
farm)” / “How long has it been since you last worked
at a job or business” / “What kind of business or
industry was this job in?” (from Baseline)
Household income

“Over the last year, what is the total income of the
household you live in”

Presence of
severe/life-threatening
chronic medical
conditions

“The next series of questions related to medical
conditions that have ever occurred in your
lifetime...Please indicate…if a doctor or other health
care professional has told you that you have any of
the following conditions…please give your
approximate age when you were first told about this
condition”
“How much bodily pain have you had during the past
4 weeks”
“Do you currently have anxieties/fears as a result of
your cancer, leukemia, tumor or similar illness, or its
treatment”

Bodily pain
Cancer-related anxiety

Second malignancy/
Cancer recurrence

Emotional distress

“The following questions…relate to the diagnosis of
another cancer, leukemia, tumor, or other similar
illness, or a recurrence (relapse) of your original
diagnosis, which has occurred since the first one”
or
“Have you been diagnosed with another cancer,
leukemia, tumor, or a recurrence (relapse) since you
last provided us information in…”
“…mark the circle to the right that best describes how
much that problem has distressed or bothered you
during the past 7 days including today” (i.e., Brief
Symptom Inventory-18)
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Baseline,
Follow-up 2003,
Follow-up 2007,
Follow-up 2014,
Follow-up 2017, and
Expansion Baseline
Baseline,
Follow-up 2000,
Follow-up 2007,
Follow-up 2014, and
Expansion Baseline

Baseline,
Follow-up 2003,
Follow-up 2007,
Follow-up 2014,
Follow-up 2017, and
Expansion Baseline
Baseline,
Follow-up 2000,
Follow-up 2003,
Follow-up 2005,
Follow-up 2007,
Follow-up 2014,
Follow-up 2017, and
Expansion Baseline
Baseline,
Follow-up 2003,
Follow-up 2007,
Follow-up 2014,
Follow-up 2017, and
Expansion Baseline

Table 1. Sample characteristics among childhood cancer survivors and siblings [Aims 1]
Individuals fully or
Individuals with no
p-value
partially enrolled in
Medicaid during
(comparing
Medicaid
study period
two
survivor
Survivors Siblings Survivors Siblings
groups)
(n=)
(n=)
(n=)
(n=)
Individual-level predictors, %
------Age in the observation period, years
------21-29
------30-39
------40 and older
------Sex
Male
Female
Race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic/Latino
Other
Education§
High school of less
Some college or more
Marital status§
Married
Unmarried
Employment status§
Unemployed
Employed, student, and caring for home
Household income§
Less than $40K
$40K - $79K
Over $80K
Chronic medical conditions §
Grade 0, 1, 2
Grade 3, 4
Emotional distress§
No
Yes
Bodily pain§
None, very mild, mild
Moderate, severe, very severe
Cancer-related anxiety§
----None, a small amount
----Moderate, a lot, extreme
----Secondary cancers
----No
----Yes
----Recurrence of primary malignancy
----No
----Yes
----Type of cancer
----Leukemia
----Central nervous system
----Hodgkin’s lymphoma
-----

13

Neuroblastoma
Wilms (kidney) tumor
Soft tissue sarcoma
Bone
Non-Hodgkin’s lymphoma
Age at diagnosis
0–4
5 – 10
11 – 15
16 – 20
Years since diagnosis
≤20
21 – 30
>30
Received chemotherapy
Any
None
Received radiation
Any
None

-----------------------------------------

-----------------------------------------

County-level predictors, mean (SD), median,
range
Percent of county residents below poverty
Unemployment rate
Percent of non-white county residents
Percent of urban population
No. of primary care physicians per capita
No. of mental health clinicians per capita
No. of cardiovascular disease specialists per capita
No. of community health centers per capita
No. of CCSS centers within 100 miles
State-level predictors
State Medicaid income threshold, mean (SD),
median, range
Total Medicaid spending per capita, mean (SD),
median, range
Medicaid provider reimbursement rate, mean (SD),
median, range
Annual (vs. more frequently) eligibility
recertification, %
Face-to-face interviews at recertification (vs. not
required), %
Copayment rate, mean (SD), median, range
Note: §An individual-level measure from the CCSS data, which will be extracted from the CCSS survey in
the same year as (or the year closest to) the year of the participant’s linked Medicaid claims data.
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Table 2. Estimates of outcome measures between childhood cancer survivors and siblings
insured with Medicaid [Aim 2, Aim 3]
Outcome variables

Among those partially or
continuously enrolled in
Medicaid
ModelSurvivors Siblings
adjusted
(n=)
(n=)
difference⁋

Medicaid disenrollment
Any enrollment disruption (vs. continuous enrollment) over the
year, %
Total months of enrollment disruptions in a year, mean (SD),
median, range
Among those continuously
enrolled in Medicaid
ModelSurvivors Siblings
adjusted
(n=)
(n=)
difference⁋
Service use per person per Medicaid-covered month, mean
(SD), median, range
Number of ED visits
Number of inpatient episodes
Inpatient days
Number of non-ED outpatient visits
Cost per person per Medicaid-covered month, mean (SD),
median, range
Total all-cause cost
Cost of outpatient care
Cost of filled prescriptions
ED and/or inpatient services cost
Notes: ⁋Marginal effects reported. Regression models adjust for individual-level sociodemographic
characteristics, including age at observation, sex, race/ethnicity, education, marital status, employment
status, household income, chronic medical conditions, emotional distress, and bodily pain.
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Table 3. Individual-, county-, and state-level predictors of Medicaid disenrollment among
childhood cancer survivors [Aim 2]
Any enrollment
Total duration of
disruption
enrollment
(vs. continuous
disruptions, in
enrollment), %
months
Marginal Effects Marginal Effects
Individual-level predictors
Age in the observation period
21-29
30-39
40 and older
Sex
Male
Female
Race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic/Latino
Other
Education
High school of less
Some college or more
Marital status
Married
Unmarried
Employment status
Unemployed
Employed, student, and caring for home
Household income
Less than $40K
$40K - $79K
Over $80K
Chronic medical conditions
Grade 0, 1, 2
Grade 3, 4
Emotional distress
No
Yes
Bodily pain
None, very mild, mild
Moderate, severe, very severe
Cancer-related anxiety
None, a small amount
Moderate, a lot, extreme
Secondary cancers
No
Yes
Recurrence of primary malignancy
No
Yes
Type of cancer
Leukemia
Central nervous system
Hodgkin’s lymphoma
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Table 3 (Continued). Individual-, county-, and state-level predictors of Medicaid disenrollment
among childhood cancer survivors [Aims 2]
Any enrollment
disruption
(vs. continuous
enrollment), %
Marginal Effects
Type of cancer
Neuroblastoma
Wilms (kidney) tumor
Soft tissue sarcoma
Bone
Non-Hodgkin’s lymphoma
Age at diagnosis
0–4
5 – 10
11 – 15
16 – 20
Year since diagnosis
≤20
21 – 30
>30
Received chemotherapy
Any
None
Received radiation
Any
None
County-level predictors
Percent of county residents below poverty
Unemployment rate
Percent of non-white county residents
Percent of urban population
Number of primary care physicians per capita
Number of mental health clinicians per capita
Number of cardiovascular disease specialists per capita
Number of community health centers per capita
Number of CCSS centers within 100 miles
State-level predictors
State Medicaid income threshold
Total Medicaid spending per capita
Medicaid provider reimbursement rate
Annual (vs. more frequently) eligibility recertification
Face-to-face interviews at recertification (vs. not required)
Copayment rate
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Total duration of
enrollment
disruptions, in
months
Marginal Effects

Table 4. Individual-, county-, and state-level predictors of healthcare service use among Medicaidenrolled childhood cancer survivors [Aim 3]
No. of
No. of
Inpatient
No. of
ED
inpatient
days
non-ED
visits
episodes
outpatient
visits
Marginal Marginal Marginal Marginal
Effects
Effects
Effects
Effects
Individual-level predictors
Age in the observation period
21-29
30-39
40 and older
Sex
Male
Female
Race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic/Latino
Other
Education
High school of less
Some college or more
Marital status
Married
Unmarried
Employment status
Unemployed
Employed, student, and caring for home
Household income
Less than $40K
$40K - $79K
Over $80K
Chronic medical conditions
Grade 0, 1, 2
Grade 3, 4
Emotional distress
No
Yes
Bodily pain
None, very mild, mild
Moderate, severe, very severe
Cancer-related anxiety
None, a small amount
Moderate, a lot, extreme
Secondary cancers
No
Yes
Recurrence of primary malignancy
No
Yes
Type of cancer
Leukemia
Central nervous system
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Table 4 (Continued). Individual-, county-, and state-level predictors of healthcare service use
among Medicaid-enrolled childhood cancer survivors [Aim 3]

Type of cancer
Hodgkin’s lymphoma
Neuroblastoma
Wilms (kidney) tumor
Soft tissue sarcoma
Bone
Non-Hodgkin’s lymphoma
Age at diagnosis
0–4
5 – 10
11 – 15
16 – 20
Year since diagnosis
≤20
21 – 30
>30
Received chemotherapy
Any
None
Received radiation
Any
None
County-level predictors
Percent of county residents below poverty
Unemployment rate
Percent of non-white county residents
Percent of urban population
Number of primary care physicians per capita
Number of mental health clinicians per capita
Number of cardiovascular disease specialists per capita
Number of community health centers per capita
Number of CCSS centers within 100 miles
State-level predictors
State Medicaid income threshold
Total Medicaid spending per capita
Medicaid provider reimbursement rate
Annual (vs. more frequently) eligibility recertification
Face-to-face interviews at recertification (vs. not
Copayment rate
required)
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No. of
ED
visits

No. of
inpatient
episodes

Inpatient
days

Marginal
Effects

Marginal
Effects

Marginal
Effects

No. of
non-ED
outpatient
visits
Marginal
Effects

Table 5. Individual-, county-, and state-level predictors of Medicaid costs among Medicaidenrolled childhood cancer survivors [Aim 3]
Total
Cost of
Cost of filled
ED and
cost
outpatient prescriptions inpatient
care
cost
Marginal Marginal
Marginal
Marginal
Effects
Effects
Effects
Effects
Individual-level predictors
Age in the observation period
21-29
30-39
40 and older
Sex
Male
Female
Race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic/Latino
Other
Education
High school of less
Some college or more
Marital status
Married
Unmarried
Employment status
Unemployed
Employed, student, and caring for home
Household income
Less than $40K
$40K - $79K
Over $80K
Chronic medical conditions
Grade 0, 1, 2
Grade 3, 4
Emotional distress
No
Yes
Bodily pain
None, very mild, mild
Moderate, severe, very severe
Cancer-related anxiety
None, a small amount
Moderate, a lot, extreme
Secondary cancers
No
Yes
Recurrence of primary malignancy
No
Yes
Type of cancer
Leukemia
Central nervous system
Hodgkin’s lymphoma
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Table 5 (Continued). Individual-, county-, and state-level predictors of Medicaid costs among
Medicaid-enrolled childhood cancer survivors [Aim 3]
Total
cost
Marginal
Effects
Type of cancer
Neuroblastoma
Wilms (kidney) tumor
Soft tissue sarcoma
Bone
Non-Hodgkin’s lymphoma
Age at diagnosis
0–4
5 – 10
11 – 15
16 – 20
Year since diagnosis
≤20
21 – 30
>30
Received chemotherapy
Any
None
Received radiation
Any
None
County-level predictors
Percent of county residents below poverty
Unemployment rate
Percent of non-white county residents
Percent of urban population
Number of primary care physicians per capita
Number of mental health clinicians per capita
Number of cardiovascular disease specialists per
Number of community health centers per capita
capita
Number of CCSS centers within 100 miles
State-level predictors
State Medicaid income threshold
Total Medicaid spending per capita
Medicaid provider reimbursement rate
Annual (vs. more frequently) eligibility recertification
Face-to-face interviews at recertification (vs. not
Copayment
required) rate
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Cost of
outpatient
care
Marginal
Effects

Cost of filled
prescriptions
Marginal
Effects

ED and
inpatient
cost
Marginal
Effects
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