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Abstract

Background: For individuals with hepatocellular carcinoma (HCC), type of insurance may be an
important prognostic factor because of its impact on access to care. This study investigates the
relationship between insurance type at diagnosis and stage-specific survival.

Methods: This retrospective cohort analysis used data from 18 Surveillance, Epidemiology, and
End Results Program cancer registries. Individuals ages 20 to 64 years, diagnosed with primary
HCC between 2010 and 2015, with either private, Medicaid, or no insurance were eligible for
cohort inclusion. Adjusted Cox proportional-hazards regression models were used to generate HRs
and 95% confidence intervals (CI) for associations between insurance type at diagnosis and overall
survival. All models were stratified by stage at diagnosis.

Results: This analysis included 14,655 cases. Compared with privately insured individuals with
the same stage of disease, those with Medicaid had a 43% (HR = 1.43; 95% Cl, 1.13-1.32), 22%
(HR =1.22; 95% ClI, 1.13-1.32), and 7% higher risk of death for localized, regional, and distant
stage, respectively. Uninsured individuals had an 88% (HR = 1.88; 95% CI, 1.65-2.14), 59% (HR
=1.59; 95% Cl, 1.41-1.80), and 35% (HR = 1.35; 95% CI, 1.18-1.55) higher risk of death for
localized, regional, and distant stage, respectively, compared with privately insured individuals.

Corresponding Author: Shoshana Adler Jaffe, University of New Mexico Comprehensive Cancer Center, 2325 Camino de Salud,
Albuquerque, NM 87131. Phone: 505-272-6504; Fax: 505-925-4459; sadlerjaffe@salud.unm.edu.

Authors’ Contributions

Conception and design: S.A. Jaffe, C.L. Wiggins, D.A. Hill, J.A. McDougall

Development of methodology: S.A. Jaffe, O. Myers, C.L. Wiggins, J.A. McDougall

Acquisition of data (provided animals, acquired and managed patients, provided facilities, etc.): C.L. Wiggins, J.A. McDougall
Analysis and interpretation of data (e.g., statistical analysis, biostatistics, computational analysis): S.A. Jaffe, O. Myers, A.L.W.
Meisner, C.L. Wiggins, D.A. Hill, J.A. McDougall

Writing, review, and/or revision of the manuscript: S.A. Jaffe, O. Myers, A.L.W. Meisner, C.L. Wiggins, D.A. Hill, J.A.
McDougall

Administrative, technical, or material support (i.e., reporting or organizing data, constructing databases): C.L. Wiggins
Study supervision: J.A. McDougall

Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jaffe et al. Page 2
Conclusions: Disparities in survival exist by the type of insurance that individuals with HCC
have at the time of diagnosis.

Impact: These findings support the need for additional research on access to and quality of cancer
care for Medicaid and uninsured patients.

Introduction

Hepatocellular carcinoma (HCC) accounts for approximately 75% of all primary liver cancer
diagnoses (1). Both the incidence and mortality for HCC are increasing in the United States,
with the number of deaths from the disease doubling between 1999 and 2016 (2, 3). The
prognosis for liver cancer is poor, with 5-year stage-specific survival probabilities of 37%,
13%, and 4% for localized, regional, and distant stage disease, respectively (4). Effective
HCC treatment options depend on the extent of disease and underlying liver function and
include surgery, radiotherapy, and systemic therapies. Advances in HCC treatment have led
to improvements in overall survival (https://www.nccn.org/professionals/physician_gls/pdf/
hepatobiliary.pdf; ref. 5).

Inequities in the timely access to HCC therapy has been proposed as a leading cause of
persisting racial/ethnic and socioeconomic disparities in HCC survival. Specifically, prior
studies using the population-based Surveillance, Epidemiology, and End Results (SEER)
data have found that Blacks and Hispanics have substantially poorer survival than Whites
and Asians, and minority patients are considerably less likely to receive HCC-directed
therapy (6, 7). However, observed survival disparities are often attenuated, if not eliminated,
when accounting for differences in stage and treatment (8).

The impact of insurance on the survival of individuals with HCC has not been extensively
studied. Private health insurance, as compared with Medicaid or no insurance, has been
associated with improved survival in other types of cancer, such as breast, colorectal,
gallbladder, lung, and multiple myeloma (9-12). In HCC, disparities in receipt of surgical
treatment have been observed by insurance type, with privately insured individuals
consistently being more likely to receive HCC-directed surgery (13-16). However, the
relationship between insurance and HCC survival is poorly understood. One study using data
from the Tennessee cancer registry found that, compared with privately insured individuals,
those with no insurance had a 2-fold higher risk of death while Medicaid-insured individuals
had a 33% higher risk of death (15). However, adjustment for stage and treatment attenuated
the relationship between insurance type and survival in their analysis. Another recent study
used the SEER database to analyze and compare survival outcomes in individuals with
Medicare/commercial insurance, Medicaid, and no insurance (17). The latter study reported
that uninsured patients had significantly worse survival than their insured counterparts.
However, the grouping of Medicare and privately insured individuals may have been
problematic, as the demographic characteristics and ability to access care likely differs
between the two groups (18, 19).

The objective of this study was to investigate stage-specific HCC survival by insurance type
at diagnosis for a population-based cohort of working-age individuals.
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Materials and Methods

Study design and source of data

We conducted a retrospective cohort study using data from SEER. We included data from 18
population-based cancer registries, covering approximately 28% of the population of the
United States. SEER databases are linked to statewide and National Vital Statistics records,
which allows SEER to document date of death and cause of death (COD). The study was
exempt from Institutional Review Board oversight.

Study population

Males and females, aged 20-64 years, with a first primary diagnosis of HCC (defined as
International Classification of Disease for Oncology, Third Edition topography code C22.0
and morphology codes 8170-8175), between 2010 and 2015 were eligible for inclusion (20).
We restricted this analysis to pathologically confirmed cases with the above stated
topography and morphology codes, a decision which was made to ensure our findings were
comparable with existing HCC literature (21-23). In addition, individuals had to have
known values for insurance type at the time of diagnosis, survival months, stage (localized,
regional, distant), and race/ethnicity. Individuals, whose cancer diagnosis was solely
confirmed by death certificate or autopsy report, were excluded.

Insurance type

Individuals were grouped into three categories: private insurance, any Medicaid, or no
insurance, according to the insurance at diagnosis recorded in the SEER registry files. The
SEER program specifically recommends against using their insurance variable for
individuals older than 64 years due to the possibility of those individuals having concurrent
insurance policies, (i.e. Medicare and private insurance); therefore, we did not include
individuals older than 64 years of age in this study (20). We were also only interested in
assessing insurance status and HCC survival in working-age individuals.

Survival time

Survival time, measured in months, was determined from SEER, using an individual’s date
of diagnosis and vital status (alive, dead, or lost to follow-up) through 2015.

Survival for individuals lost to follow-up were censored at that time and those still alive at
the end of 2015 were administratively censored (24).

Covariates of interest

All analyses were stratified using the SEER Historic Stage variable that classifies tumors
into localized, regional, or distant (25). The SEER Historic Stage variable provides a
consistent measure of stage across the time period of this study, as compared with the
various versions of AJCC staging that are not always strictly comparable from year to year.

Sex and age at diagnosis were ascertained from SEER. Age was classified roughly into
tertiles based on distribution of cancer case ages in the population. The SEER race and
Hispanic origin recode variable was used to classify individuals into the following
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categories: Non-Hispanic White, Black, Non-Hispanic Asian/Pacific Islander, Non-Hispanic
American Indian/Alaska Native, and Hispanic (any race). The SEER marital status variable
was used to further classify individuals as being in a relationship (married or in a domestic
relationship), not in a relationship, or relationship status unknown. Surgical treatment was
split into three broad categories: no surgery, surgery but no liver transplantation (LT), and
total hepatectomy and liver transplantation (26). The “total hepatectomy and liver
transplantation” group contains regional and distant stage disease patients despite transplant
being contraindicated in later stages because the extent of the disease may not be known
prior to surgery (e.g., staging occurs after surgery has occurred). In addition, recent
transplant eligibility criteria have been expanded to include those with regional stage disease
and few risk factors (27). It is also important to note that individuals who are underinsured
are typically not eligible for liver transplant. Finally, individuals were classified on the basis
of county of residence (rural vs. urban), using the Rural-Urban Continuum Code 2013
variable in SEER (20).

Statistical analysis

We used descriptive statistics to assess demographic characteristics of the cohort. )(2 tests
were used to determine differences in covariates by insurance status. \We examined overall
survival by insurance type, generating separate stage-specific Kaplan—Meier plots. Log-rank
tests were used to test the null hypothesis of no difference in stage-specific survival by
insurance type.

Cox proportional-hazards regression models were used to calculate HRs and 95%
confidence intervals (CI) for the association between each variable in the model and the risk
of death from any cause (overall survival). We confirmed that all assumptions required for
conducting a Cox proportional hazards regression were met using graphical representations
of Schoenfeld residuals using STATA (28). Variables were included in the multivariable
adjusted model if significant at the £< 0.20 level in univariate analyses. Sex and age were
included as a priori confounders in all adjusted models based on the prognostic importance
of both variables (29). Models stratified by race/ethnicity and rurality were also conducted;
however, due to the lack of statistically or clinically meaningful differences in the data, these
stratified analyses are not presented here. In an effort to adjust for socioeconomic status
(SES), we used a county-level poverty indicator in one of our multivariable models.
Specifically, we adjusted the multivariable model for the percentage of individuals with less
than a high-school education using data from the linked county attributes data provided in
SEER. We also conducted a cancer-cause-specific survival analysis as a sensitivity analysis
(30). Cases were censored if they died of any cause other than liver disease or HCC in this
secondary analysis intended to account for the possible influence of comorbidities.
Statistical significance was determined using two-tailed tests with £< 0.05. We used
SEER*Stat version 8.3.5 (seer.cancer.gov/seerstat) and Stata/IC (v15.1; ref. 31) to conduct
our analyses.
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We identified 46,000 incident liver cancer cases diagnosed during the study period, of which
14,655 were determined to be eligible (Fig. 1). Of those included in our analysis, 58% (7=
8,447) were privately insured at the time of diagnosis, while 35% (7= 5,101) had Medicaid
and 7% (7= 1,107) were uninsured (Table 1). Of cases included in the analysis, 83% of
privately insured individuals were between the ages of 53-64 years while 76% and 74% of
Medicaid and uninsured individuals were in the same age category, respectively. The
majority of cases were male, with the highest proportion of males in the uninsured group
(87%). Compared with privately insured individuals with HCC, those with Medicaid and
those who were uninsured tended to be younger, were less likely to be Non-Hispanic White
(NHW), and were less likely to be in a relationship. Uninsured individuals were also slightly
more likely to live in rural counties.

Medicaid-insured and uninsured individuals were more likely to be diagnosed with distant
stage disease and less likely to receive surgery than privately insured individuals. In
accordance with the SEER data use agreement, demographic characteristics of American
Indian/Alaska Native (AI/AN) cases are not presented; however, these individuals were
included in subsequent survival analyses.

between insurance type and overall survival: localized HCC

Among those diagnosed with localized stage HCC (n = 7,773), median overall survival was
statistically significantly higher for privately insured individuals than for Medicaid-insured
or uninsured individuals (overall survival in months: 18 vs 11 vs 8, respectively, £< 0.001;
Fig. 2A). In unadjusted analyses, individuals with Medicaid had a 70% higher unadjusted
risk of death than privately insured (HR = 1.70; 95% CI, 1.59-1.82) while the uninsured
died at more than twice the rate of privately insured (HR = 2.25; 95% ClI, 1.98-2.56; Table
2). In addition, individuals who were not in a relationship at the time of diagnosis and had
localized disease had a 51% (HR = 1.51; 95% CI, 1.41-1.62) higher risk of death as
compared with those in a relationship. Individuals who resided in a rural area had a 19%
increased risk of death in localized cases compared with individuals living in an urban area
(HR =1.19; 95% ClI, 1.05-1.33).

In the multivariable model restricted to individuals with localized disease (Table 3), those
with Medicaid had higher risks of dying (adjusted HR = 1.42; 95% ClI, 1.32-1.53) than those
who were privately insured. Uninsured individuals had an elevated risk of death, as
compared with privately insured individuals (adjusted HR = 1.86; 95% CI, 1.63-2.11).
Black individuals with localized disease were found to have a 11% increased risk of death
(adjusted HR = 1.11; 95% ClI, 1.01-1.22), as compared with Non-Hispanic White
individuals. Those with localized disease who were not in a relationship had an 18% greater
risk of death (adjusted HR = 1.18; 95% CI, 1.09-1.27), as compared with those in a
relationship.
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between insurance type and overall survival: regional HCC

For individuals with regional stage HCC, privately insured individuals had significantly
higher median overall survival than Medicaid-insured or uninsured individuals (overall
survival in months: 7 vs. 4 vs. 2, respectively, < 0.001; Fig. 2B). In unadjusted analyses,
those with Medicaid or who were uninsured had a 33% (HR = 1.33; 95% Cl, 1.24-1.43) or
83% (HR = 1.83; 95% ClI, 1.62-2.06) higher risk of dying than those with private insurance,
respectively (Table 2). Regional stage cases residing in rural locations were 19% more likely
to die than individuals living in urban areas (HR = 1.19; 95% CI, 1.06-1.34).

In our multivariable model restricted to cases with regional stage disease, individuals with
Medicaid had a 22% (adjusted HR = 1.22; 95% CI, 1.13-1.32) increased risk of death while
uninsured individuals had a 59% (adjusted HR = 1.59; 95% ClI, 1.40-1.80) increased risk, as
compared with privately insured cases. Rural residence was associated with the risk of death
in regional disease (adjusted HR = 1.18; 95% Cl, 1.05-1.34).

between insurance type and overall survival: distant HCC

In distant stage disease, median survival was not statistically different among the three
insurance categories (overall survival in months: 2 vs. 2 vs. 1, respectively, £< 0.220; Fig.
2C). In the unadjusted analysis, Medicaid-insured or uninsured individuals had an 11% (HR
=1.11; 95% Cl, 1.01-1.21) or 38% (HR = 1.38; 95% Cl, 1.21-1.58) higher risk of dying
than those with private insurance, respectively (Table 2). Single individuals had a 13% (HR
=1.13; 95% ClI, 1.03-1.23) increased risk of death as compared with individuals in
relationships with late-stage disease.

In the multivariable adjusted model restricted to cases with distant stage disease, Medicaid-
insured patients had a slightly higher risk of death than patients with private insurance
(adjusted HR = 1.06; 95% CI, 0.97-1.17), although this difference did not achieve statistical
significance. The risk of death in uninsured individuals exceeded that in patients with private
insurance (adjusted HR = 1.33; 95% CI, 1.17-1.53). Finally, race/ethnicity and county of
residence were not included in the distant stage model because they were not significant in
the unadjusted model.

Sensitivity analyses

Cause-specific survival was investigated as a secondary outcome and compared to the results
of the overall survival analyses. The results using cause-specific survival did not vary from
those observed in the overall survival models. We also conducted analyses in which we
adjusted our models for SES at the county level, which did not yield significantly different
HRs.

Discussion

In this large, national, population-based study, we found substantial evidence of disparities
in stage-specific HCC survival by insurance type at diagnosis. Among individuals diagnosed
with localized or regional stage HCC, those with Medicaid at the time of diagnosis were
significantly more likely to die at any given time than privately insured individuals.
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Uninsured individuals also had a significantly higher risk of death than privately insured
individuals across all stages.

Our results align with previous studies. In Tennessee, uninsured HCC cases were more than
twice as likely (HR = 2.03; 95% CI 1.24-3.31) to die as those with private insurance (15).
Similarly, in a population-based cancer registry sample (18 SEER Program registries), when
compared with commercially or Medicare insured individuals, localized stage HCC patients
with Medicaid had a 17% higher risk of death (HR = 1.17; 95% ClI, 1.13-1.22) and those
who were uninsured had a 39% higher risk of death (HR = 1.39; 95% ClI, 1.29-1.50; ref.
18).

In our study, disparities in HCC survival by insurance type at diagnosis were particularly
pronounced in earlier stage disease, where timely access to care has the highest likelihood to
improve prognosis. Surgery is the primary treatment for localized disease and several studies
suggest that delays in surgical treatment may worsen survival (13, 16). Similarly, delays in,
or inability to, access to chemotherapy, radiation, and targeted therapy may all lead to poorer
survival for regional or distant stage disease; however, as the baseline prognosis of HCC
worsens with later stage, the potential impact of clinical intervention lessens, making
insurance disparities less pronounced. Although we controlled for treatment received in our
multivariable analyses, the association between insurance type and survival persisted,
highlighting the importance of the quality and timing of treatment.

Importantly, the type of insurance that an individual has at the time of HCC diagnosis may
be an indicator for health habits and chronically mismanaged or untreated comorbidities
(32-36), which may also contribute to cause-specific survival. Medicaid is an income-based
insurance program (https://www.medicaid.gov/medicaid/eligibility/index.html) and having
Medicaid or no insurance are important markers of socioeconomic position. Further study is
warranted to disentangle the mechanisms by which insurance impacts survival. The type of
insurance an individual has may also impact their treatment options and treatment decisions.
For example, certain treatments may not be covered by insurance or the portion that the
patient must cover is cost prohibitive (37).

Although we did not have data on the Hepatitis C (HCV) status of individuals, prior studies
provide evidence of disparities in HCV incidence (38, 39). Specifically, men and non-
Hispanic white individuals have an increased incidence of HCV (38-40). Recent advances in
HCV treatment have led to improved health outcomes as a result of higher rates of viral
clearance, but treatments are expensive and the benefits of these new antiviral regimens are
not accessible to everyone (41). These treatment disparities have been previously
characterized in Hispanics and Medicaid-insured populations (38, 42). This is important
because chronic HCV infection is a risk factor for HCC, suggesting that unmeasured
differences in chronic HCV infection likely contribute to the disparities in HCC survival
observed in our study.

We also observed disparities by race/ethnicity. Our results align with findings from two other
recent studies in which Black patients with HCC had approximately a 15% increased risk of
death as compared with Non-Hispanic White individuals (43, 44). We also noted that in
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localized disease, Asian/Pacific Islanders experienced a lower risk of death than Non-
Hispanic White cases. However, there are conflicting reports regarding racial disparities in
HCC and not all studies have found survival disparities among different racial/ethnic groups
(45).

We also found that individuals living in rural areas had an 19% higher risk of death from
regional stage HCC than individuals living in urban areas. Patients residing in rural areas
may be less likely to access certain treatment options such as surgery (17). The type of
cancer center at which a patient receives care impacts their survival (46). Patients residing in
a rural area may not be able to access care at an NCI-Designated Cancer Center due to
barriers such as lack of transportation (47) and the financial burdens that arise as a result of
traveling for care (48).

Importantly, survival disparities persisted despite controlling for insurance type at diagnosis
and receipt of treatment. This suggests that insurance alone is not enough to eliminate
disparities and unequal socioeconomic factors impacting access to care, such as lack of time
or adequate transportation to attend appointments, may still need to be addressed. Also,
biologic differences in the aggressiveness of the tumor and/or in response to therapy may
also not be addressed by improving access to care.

In our analysis, marital status was associated with an increased risk of death. Those who had
localized disease and were not in a relationship had an 18% increased risk of death as
compared with those in a relationship. In another study, being single was associated with a
23% increase in death for individuals diagnosed with the top ten most deadly cancers, of
which liver cancer is one (49). Relationships may improve social support and reduce
isolation, both of which may lead to better health outcomes (50). Our finding suggests the
need to further investigate the role of social support networks in reducing insurance related
cancer outcome disparities.

The results of this analysis need to be interpreted in the context of several limitations. While
SEER provides a large, nationally representative database for cancer surveillance, the SEER
program does not collect data on individual-level socioeconomic factors, health behaviors,
comorbidities, or adherence to treatment. These factors likely differ between individuals
with private, Medicaid, or no insurance. For example, the Healthy People 2020 initiative
reported that people with private health insurance had an age-adjusted smoking rate of
12.6% (https://www.healthypeople.gov/2020/leading-health-indicators/2020-Ihi-topics/
Tobacco/data) Individuals with public health insurance had an age-adjusted smoking rate of
26.1%, which is notably higher than the prevalence in the population with private health
insurance (https://www.healthypeople.gov/2020/leading-health-indicators/2020-1hi-topics/
Tobacco/data). If we were able to control for the aforementioned factors, we would expect
the HRs for the uninsured and Medicaid populations to decrease because some of the
increased risk is likely explained by systematic differences in areas that affect survival
among the different insurance categories. Similarly, residual confounding may exist despite
our attempts to control for socioeconomic status and rural residence, as both of these factors
were measured at the county level (51). Future studies using more granular socioeconomic
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information, such as census tract, or individual measurement will need to be conducted to
better understand the associations that we document in this article.

In addition, the reliability and validity of the insurance type at diagnosis variable in SEER
has not been well-studied. Misclassification in insurance type at diagnosis may occur
because of inconsistencies across medical records, differences in the timing of abstraction of
this variable, and retroactive coverage. In the United States, 46 states offer retroactive
Medicaid coverage, which means that healthcare costs incurred in the 3 months prior to
Medicaid enrollment are covered, as long as the individual was eligible for Medicaid during
that time period (https://www.medicaid.gov/medicaid/eligibility/index.html). In addition,
individuals may have more than one type of insurance and insurance status may change after
a cancer diagnosis (19). The uninsured category likely includes a small minority who elect
to be uninsured due to their ability to cover healthcare costs out-of-pocket when necessary.

In an analysis of insurance status in the Greater Bay Area Cancer Registry, Ellis and
colleagues found agreement between 79% and 89% when examining categories based on
type of insurance, and 96% to 99% agreement when using binary categories of any
insurance or none (52). We conducted a sensitivity analysis, combining our Medicaid and
privately insured group and comparing them to the uninsured. However, doing so attenuated
the association between being uninsured and having either private or Medicaid insurance,
likely because the Medicaid group was more similar in both their sociodemographic
characteristics and survival to the uninsured. Thus, despite possible misclassification, we
think that the most important information comes from presenting the survival probabilities
separately for privately insured, Medicaid and uninsured individuals. Finally, we were
unable to assess potential differences in the quality of private insurance and the access to
care that the insurance affords an individual.

Despite these limitations, the magnitude of the disparities in HCC survival observed in our
analyses warrant further study. Our findings illuminate the need to explore the potential
impacts of insurance, race/ethnicity, and socioeconomic factors on HCC survival. As the
incidence of HCC continues to rise (53), and Medicaid expansion debates continue,
understanding the role of health insurance on cancer survival may help inform future
policies surrounding Medicaid eligibility and coverage. Future efforts in this area should
include a focus on assessing access to care and quality of care for Medicaid and uninsured
individuals to potentially reduce cancer survival disparities.
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46,000 Liver cancer cases (2010-2015)
Restrict to HCC cases

39,964 HCC Cases

Restrict to age 20-64 years at diagnosis

|¢

22,354 HCC Cases

“

Restrict to first primary only Restict to known survival time and known stage

14,698 HCC Cases

|¢

Restrict to known insurance type

14,655 HCC Cases

|¢

Restrict to known race

&

Final sample size: 14,655 cases

Figure 1.
Summary of exclusions in the analysis. HCC, hepatocellular carcinoma.
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Figure 2.
A-C, Kaplan—Meier survival analysis of patients with HCC. Stratified by stage, privately

insured patients are represented by the dotted black line, Medicaid-insured individuals are
represented by the solid gray line, and uninsured individuals are represented by the solid
black line. A, Localized: Uninsured individuals had the worst survival of those with
localized disease (P < 0.001). B, Regional: Uninsured individuals also had the worst survival
in regional stage disease (P < 0.001). C, Distant: Survival disparities by insurance status
were less apparent in distant stage disease as signified by the intersection of the survival
Ccurves.
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