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Abstract

Introduction: Well-differentiated thyroid cancer (WDTC) is the most common thyroid
malignancy, and the worldwide incidence is increasing. Early stage disease is curable with surgery.
We hypothesized that patients who live at greater distances from health care institutions or have
complicating socioeconomic barriers may present with more advanced diseases and have worse
outcomes.

Methods: The National Cancer Database (NCDB) was used to identify patients who were
diagnosed with WDTC between 2004 and 2018. Race, ethnicity, insurance status, income status,
and distance from residence to health care clinic of diagnosis (great circle distance [GCD])
were analyzed with respect to the severity of disease at presentation (stage) and outcomes.
Binary logistic regression and Cox regression were used to determine associations between
socioeconomic variables and tumor stage or survival.

Results: The Hispanic (OR: 1.49, Cl: 1.45-1.54, £< 0.001) and Asian (OR: 1.49, ClI: 1.43-1.55,
P <0.001) populations had higher odds of developing an advanced disease when compared to the
White population separately. Patients without insurance displayed higher odds of developing an
advanced disease at diagnosis compared to those with insurance (OR: 1.39, Cl: 1.31-1.47, P<
0.001). Adjusted-Cox regression analysis of survival revealed that Black patients had detrimental
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survival outcomes when compared to White patients (HR: 1.24, £< 0.001), and patients with
private insurance had improved survival outcomes when compared to those without insurance
(HR: 0.58, £< 0.001).

Conclusions: Hispanic and Asian patients were found to be more likely to present with

an advanced disease but also displayed greater overall survival when compared to the White
population. The Black population, patients without insurance, and patients with lower income
status exhibited worse survival outcomes.
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Introduction

Survival and disease stage at presentation for patients with thyroid cancer are influenced
by a host of factors. Thyroid malignancies frequently have an indolent clinical course

with minimal symptoms and may go undetected for extended periods of time.1~3 As these
patients frequently have mild symptoms, those with less access to health care facilities
may be less likely to seek medical attention, causing delays in diagnosis. These delays

can certainly result in progression to advanced stages. Recent studies have drawn particular
attention to racial and socioeconomic disparities that may negatively influence clinical
outcomes in a variety of diseases.24> These studies suggest that delayed presentation at
healthcare facilities among patients of minority racial groups is one of the primary factors
leading to worse outcomes in these groups.* 6.7

Well-differentiated thyroid cancer (WDTC) encompasses papillary thyroid carcinoma and
follicular thyroid carcinoma, which account for approximately 95% of thyroid cancer
diagnoses in the United States.8:2 As the worldwide incidence of these cancers has

risen sharply over the past decade, research efforts have been dedicated to determining
predisposing factors for WDTC and providing greater insight into treatment options.8:10-12
While WDTCs tend to have favorable outcomes, there is little data characterizing the
populations that are at risk for poor outcomes.13:14

Therefore, we sought to explore the association between socioeconomic factors and
outcomes of WDTCs using data from the National Cancer Database (NCDB). We
hypothesized that members of minority populations have less access to health care and less
socioeconomic support, thereby making them more likely to present with advanced stages of
disease and have worse outcomes when compared to their White peers.

Materials and Methods

In order to test these hypotheses, we examined these socioeconomic factors in the
context of disease stage at presentation for WDTC’s. Subsequently, we examined
survival results realizing that comorbidities are a complicating factor. We controlled for
this factor using the Charlson-Deyo index score.1® The NCDB was used to identify
patients who were diagnosed with thyroid cancer between 2004 and 2018. At our
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institution, publicly available datasets do not require institutional review board approval.

We utilized the following ICD-0-3 codes classified as WDTC for our analysis: 8050
(papillary carcinoma), 8260 (papillary adenocarcinoma), 8330 (follicular adenoma), 8331
(follicular adenocarcinoma), 8332 (follicular adenocarcinoma, trabecular), 8335 (follicular
carcinoma, minimally invasive), 8340 (papillary carcinoma, follicular variant), 8337 (insular
carcinoma), 8341 (papillary micro-adenoma), 8342 (papillary carcinoma, oxyphilic), 8343
(papillary carcinoma, encapsulated) and, 8344 (papillary carcinoma, columnar cell).16 All
other tumor types were excluded from further analysis. We excluded all patients with
missing or blank values for tumor staging at diagnosis or missing vital status at the date

of last contact or death. We also excluded patients with missing characteristics of interest
such as race, ethnicity, insurance status, or grater circle distance (GCD). We excluded those
with greater than 2802 miles GCD (the longest possible distance between two locations

in the mainland United States) in order to focus on a patient population exclusive to the
continental United States (Fig. 1). It is noteworthy that all patients who were staged by the
AJCC 8th edition staging system were excluded as a result of the exclusion factors that were
used in the study (Fig. 1). A table of the characteristics of the excluded patients is shown

in the supplemental materials. In general, the excluded patients had similar race/ethnicity
compared to included patients, but it is not possible to make firm comparisons since the
excluded patients were missing relevant information. (See Supplemental Material).

Next, the GCD variable was divided into quintiles. The aim of this methodology was to
create 5 groups with similar numbers of patients. The divisions between categories of this
variable were based on differences in distance between patient residence and their hospital
of diagnosis. Patients who lived between 0 miles and 4.2 miles of their hospital of diagnosis
were grouped into the first group. The mile markers for the other groups were 4.2-8.3 miles
(group 2), 8.3-14.4 miles (group 3), 14.4-28.9 miles (group 4), and =28.9 miles (group 5).

Race and ethnicity were categorized based on definitions for racial and ethnic categories
proposed by the National Institutes of Health in 2015 including White, Black, and Asian,
with ethnicity defined as Hispanic or non-Hispanic.1’ To determine whether patients should
be classified as Hispanic or non-Hispanic, a new variable was generated to account for
Hispanic ethnicity in addition to the racial categories above. Therefore, the final racial

and ethnic categorical variable included the following categories: White, Black, Asian, and
Hispanic.

Several variables were recoded into dichotomous values for binary logistic regression. The
data obtained from the NCDB contained a categorical variable that included four overall
stages to describe the tumors at diagnosis of the patients in the dataset. The staging
system utilized by the NCDB is the standard Tumor (T), Nodes (N), and Metastasis (M)
AJCC staging system.18 In order to create a dichotomous variable, a new variable was
recoded to include two values: “early stage disease” (AJCC stage | or 1) or an “advanced
disease” (AJCC stage Il or 1VV). Age was similarly recoded, with values representing
patients diagnosed with WDTC at age <50 and those diagnosed at age >50. These cutoffs
were selected because the mean and median age of diagnosis for the dataset was 50.

The Charlson-Deyo comorbidity score was also recoded into a dichotomous variable. The
original variable contained 4 values, with 0 indicating a lack of comorbidities, and values
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of 1-3 indicating comorbidities of increasing severity. This variable was dichotomized

such that all values indicating the presence of comorbidities were grouped, and all values
indicating a lack of comorbidities were grouped together (in a secondary analysis, stage was
dichotomized as TINOMO or “higher stage” and used as a substitution for the above noted
dichotomy of “early stage”/”advanced disease”.)

Statistical analysis

Results

Analysis of associations between “demographic data” categories in relation to racial or
ethnic status were conducted using chi-squared and one-way analysis of variance (one-way
analysis of variance was only used for age as it was analyzed as a continuous variable)
(Table 1). Subsequently, a binary endpoint of 50 years old was chosen for the age

variable. These analyses were conducted between all four racial and ethnic groups of
interest. Binary logistic regression was performed to determine the relationship between
demographic variables and tumor staging at diagnosis. The demographic variables used

for binary logistic regression of stage included age at diagnosis, insurance status, sex,
income status, comorbidity score (Charlson-Deyo score), GCD, and race/ethnicity. Initially,
univariate binary logistic regression analyses were conducted for each demographic variable.
Multivariate binary logistic regression was then conducted using the same variables.
Subsequently, all of the above variables were included for the race/ethnicity analysis. The
White category was used as reference.

Following the above-noted binary analysis of tumor stage at diagnosis, the continuous
variable of survival was analyzed. Cox regression was performed to conduct survival
analyses. The covariates that were included in this analysis included race/ethnicity, age

at diagnosis, insurance status, GCD, Charlson-Deyo score, median household income, and
tumor stage at diagnosis. These factors were selected because they showed the greatest
influence in univariate analysis. The time variable that was used for Cox regression
contained the months from diagnosis until the last contact with the patient or death.

These analyses produced several different survival analyses based on the above-mentioned
covariates. Cox regression also produced hazard ratios that compared the survival of patients
with various demographic characteristics. SPSS (version 27) statistical software was used to
conduct all analyses for this study.

There were 322,923 patients with WDTC included in this study. The patients’ demographic
data are listed in Table 1. There were 253,762 (78.2%) White patients, 22,978 (7.1%) Black
patients, 16,761 (5.2%) Asian patients, and 29,422 (9.1%) Hispanic patients. The Asian

and Hispanic populations presented with the youngest mean ages of diagnosis at 47.35

and 46.30, respectively. Lack of health insurance was highest in the Hispanic population
(10.0%), while government insurance use was highest in the Black population (36.7%). The
Black population was found to have the highest rate of comorbid conditions when compared
to the other populations in the study (24.3%). The Black population had the lowest rate of
advanced disease at diagnosis (18.9%), and the Asian population had the highest rate of
advanced disease at diagnosis (22.9%). The White population had the highest rate of living
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>28.9 miles (furthest distance measured) from the hospital of diagnosis (21.5%), and the
Black population had the highest rates of living 0-4.2 miles (closest distance measured)
from their hospital of diagnosis (28.8%). The Black population had the highest rate of living
in areas where the median income was <$50,353 (57.0%), and the Asian population had the
highest rate of living in areas where the median income was >$50,353 (79.3%).

Binary logistic regression analyses displayed differences between different categories of
socioeconomic variables that were assessed in this analysis in relation to association with

an advanced disease (AJCC tumor staging of I11-1V) at the time of diagnosis. Univariate
binary logistic regression showed that age at diagnosis younger than 50 (odds ratio [OR]:
0.21, 95%, confidence interval [CI]: 0.20-0.21, P < 0.001), absence of comorbidities (OR:
0.66, 95% CI: 0.65-0.68, P < 0.001), and GCD less than 28.9 miles (OR: 0.87, 95% CI:
0.85-0.89, P < 0.001) were associated with a lower likelihood of diagnosis with an advanced
disease, while male sex (OR: 2.23, 95% CI: 2.19-2.27, P < 0.001) and lower income (OR:
1.03, 95% ClI: 1.01-1.05, P < 0.001) were associated with increased likelihood of diagnosis
with an advanced disease (Table 2). Multivariate binary logistic regression showed that age
at diagnosis younger than 50 (OR: 0.22, 95%, Cl: 0.21-0.22, P < 0.001), lower income
status (OR: 0.98, 95%, CI: 0.96-0.99, P < 0.001), absence of comorbidities (OR: 0.90,

95%, Cl: 0.88-0.92, P < 0.001), and GCD less than 28.9 miles (OR: 0.89, 95%, ClI: 0.87-
0.91, P < 0.001) were associated with a lower likelihood of diagnosis with an advanced
disease, while male sex (OR: 1.96, 95%, CI: 1.92-1.99, P < 0.001) and lack of insurance
(OR: 1.39, 95%, CI: 1.31-1.47, P < 0.001) were associated with increased likelihood

of diagnosis with an advanced disease (Table 2). Lower income status was associated

with more advanced diseases on univariate analysis and after controlling for other factors

on multivariate analysis, lower income status was associated with less advanced disease.
However, the OD for univariate and multivariate analyses of this factor were close to unity. It
is noteworthy that a separate multivariate analysis (only changing the binary factor of stage
to TINOMO versus “higher stage™) showed that patients younger than 50 were more likely
to be diagnosed with disease greater than TINOMO staging when compared to patients older
than 50 (P < 0.001), but as noted above, they were less likely to have stage 111 or IV disease
(Tables 2 and 3).

Racial and ethnic status variables were also used in the above noted binary logistic
regression analyses regarding tumor stage at presentation. Univariate binary logistic
regression indicated that Black patients were less likely to be diagnosed with an advanced
disease when compared to the White population (OR: 0.92, CI: 0.89-0.95, P < 0.001)
(Table 2). Multivariate analysis (controlling for all factors listed in Table 2) did not produce
significant results when comparing the likelihood of diagnosis with an advanced disease
between the Black population and White population. Univariate and multivariate analyses
showed that Hispanic patients were more likely to be diagnosed with advanced diseases
when compared to the White population (univariate OR: 1.12, Cl: 1.09-1.16, P < 0.001;
multivariate OR: 1.49, Cl: 1.45-1.54, P < 0.001) (Table 2). Univariate and multivariate
analysis indicated that the Asian population was more likely to be diagnosed with advanced
diseases when compared to the White population (univariate OR: 1.17, Cl: 1.13-1.22, P <
0.001; multivariate OR: 1.49, ClI: 1.43-1.55, P < 0.001) (Table 2). A separate multivariate
analysis (only changing the binary factor of stage to TINOMO or “higher stage™) showed that
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the Black population had more “higher stage” (>T1NOMO) than the White population (P =
0.002) (Table 3).

Survival analysis using Cox regression indicated a survival advantage for Asian patients
(HR: 0.77, P < 0.001) and Hispanic patients (HR: 0.82, P < 0.001) and a survival
disadvantage for Black patients (HR: 1.27, P < 0.001) (Fig. 2, Table 4). The median income
status of patients’ area of residences was also found to have an association with long-term
survival. When compared to patients from areas with a median household income of less
than $40,227 (lowest quartile of income among patients), patients living in areas with a
median household income of greater than $40,227 were shown to have a survival advantage
(Fig. 3, Table 4). Analysis of the GCD of patients’ residences to hospitals of diagnosis
indicated that patients living less than 28.9 miles from the hospital of diagnosis were
associated with improved survival when compared to patients living greater than 28.9 miles
(HR: 0.90, P < 0.001) (Fig. 4, Table 4). Patients with private insurance and government
insurance were shown to have a hazard ratios of 0.58 (P < 0.001) and 0.95 (P < 0.001),
respectively (improved survival), when compared to patients without any form of insurance
(Fig. 5, Table 4).

Discussion

This study examined associations between health care disparities and outcomes for patients
with WDTCs. Our results demonstrated that certain race or ethnic statuses, income statuses,
insurance statuses, and distances of residences from hospitals of diagnosis were associated
with worse outcomes. This analysis highlights important realities of our health care system
that have an effect on highly curable WDTCs. Our results reveal that key socioeconomic
factors need to be addressed regarding the management of these WDTCs.

Differences in outcomes for patients with WDTCs relative to race and ethnic status were
present in our analysis. The Black population was found to have a significantly decreased
survival rate compared to the White population (Fig. 2). This finding is consistent with
similar studies assessing thyroid cancer outcomes in the Black population, which have
shown higher rates of advanced disease, more aggressive tumor growth, and poor survival
outcomes.1® Our analysis did not show that the Black population was more likely to present
with an advanced disease compared to the White population, but other studies have indicated
that the Black population has an increased likelihood of being diagnosed with tumors >4

cm compared to the White population.19 Similarly, our study did show that the Black
population had more disease greater than TINOMO (Table 3). Our findings that demonstrated
decreased survival, but similar rates of advanced disease for Black patients compared to
White patients were intriguing. These findings may suggest that the crude assessment of
cancer stage from large national databases may have underestimated the rate of higher stage
disease in Black patients. Alternatively, these findings may suggest that a cancer diagnosis
has greater ramifications on overall physical and mental health in patients already burdened
with socioeconomic stressors. Therefore, a WDTC diagnosis in the Black population

may influence survival to a greater degree than these patients’ peers. Some demographic
characteristics of the Black population may predispose this population to poorer survival
outcomes such as higher rates of comorbidities, decreased rates of private insurance usage,
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and lower income among the Black population compared to other populations. Additionally,
it is possible that racism plays a role in how patients navigate the health care system based
on previous analyses that have focused on the effects of racism on outcomes in various
health care settings.20:21

The Asian and Hispanic populations displayed the highest rates of overall survival, even
though both populations had a higher likelihood of developing an advanced disease at
diagnosis when compared to the White population. It is difficult to assess the factors that
may be contributing to these contrasting results regarding survival and disease presentation.
Based on our results regarding income and insurance status, it may be more important

to consider socioeconomic factors when attempting to explain differences in disease
progression between various groups of patients with WDTCs. On the other hand, it may also
be important to determine whether there is a biologic basis for differences between racial
and ethnic groups regarding disease progression. Many studies have already undertaken
this effort by conducting molecular and genetic analyses to compare genetic factors that
may predispose different populations to WDTC. For instance, it has been suggested that
the Korean population may be more likely to develop papillary thyroid cancer due to

an increased rate of v-Raf murine sarcoma viral oncogene homolog B1 mutations when
compared to other populations around the world.22 Further molecular analysis will provide
greater insight into factors that may be affecting disease progression in different racial and
ethnic populations.

A prominent finding in our study was related to the income status of patients with

WDTC. When controlling for several other variables, the median income status of patients’
residential areas (zip code) was associated with survival. It has long been known that
counties with lower median incomes have worse cancer survival outcomes compared to
higher income counties.23 Several studies have indicated that a patient’s income status may
have an impact on his or her ability to receive quality health care. Additionally, in the

field of endocrine surgery, patients with lower income have been shown to be more likely
to receive care from low-volume endocrine surgeons who tend to have worse long term
postoperative outcomes.24-27 This may help to explain the difference in outcomes despite
less number of advanced diseases at diagnosis in the Black population. Patients with lower
income were slightly less likely to present with an advanced aisease compared to wealthier
patients. This finding contrasted with our results showing poorer survival outcomes for
low-income patients compared to the wealthier population. Some researchers have indicated
that low-income patients may delay medical care despite access to care for reasons such as
misconceptions about the health care system cancer diagnosis.28 Based on these findings,
it will be important to further elucidate factors that may contribute to the adverse survival
outcomes among the low-income status patients other than tumor staging at diagnosis.
Certainly, age and distance from cancer treatment sites are intertwined with income levels.
Younger patients were more likely to present with disease greater than TLNOMO, but they
had a lesser number of advanced diseases and better survival, as has been shown by
others.29:30 L ikewise, patients who lived in the furthest quintile of distance from treatment
did poorly as previously reported.31:32 Further analysis will be necessary to decipher the
interplay of income, age, and distance from treatment center as we seek to help patients gain
better access to care.
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Finally, patients with private health insurance were found to have improved survival. It

is noteworthy that minority populations, such as Blacks and Hispanics, were more likely
than the White population to utilize government insurance or live without insurance, which
suggests that some intersectional factors may be contributing to poor outcomes related to
insurance status. Future efforts should be focused on determining methods of directing

(or navigating) patients to prompt, high-volume endocrine surgeons and other providers
regardless of their insurance status.33-3%

An additional consideration of this study is the underlying uncertainty of large databases.
The NCDB is currently one of the best resources for information on large populations with
various diagnoses of cancer. However, the study is limited by the potential for inaccurate
staging of patients at diagnosis by individual providers as well as the inability of large
databases to capture the entire milieu of comorbidities. We made efforts to mitigate these
uncertainties by using two different staging cut-offs for patients at presentation and using
standard comorbidity scores. However, these mitigation efforts potentially suffer from
improper coding or inherent inaccuracies in staging and/or assessments of comorbidities.
Also, we acknowledge that our study does not display causality between the socioeconomic
factors that were analyzed and the outcomes of interest given the study design, but
clarification of associations between different factors and outcomes should provide direction
for further studies to assess causality.

Conclusions

The above-noted disparities in outcomes for minority patients, rural patients, and patients
who lack private insurance are vital obstacles to the optimization of our health care system.
This study used WDTC to illustrate this point, but unfortunately, these disparities are very
prevalent among many tumor types. A recent study using the Surveillance, Epidemiology,
and End Results database examined race and ethnicity with respect to outcomes in nine
major cancers: prostate, ovarian, breast, stomach, pancreatic, lung, liver, esophageal, and
colorectal cancers. This large study of more than 950,000 patients examined race as

divided into White, Asian, Black, and Hispanic. Using a multivariate logistic regression to
account for confounding factors, only Black patients demonstrated a statistically significant
increased rate of metastases at diagnosis. The Asian population was found to have the lowest
rate of metastases at diagnosis (OR: 1.14, P < 0.001). Both Black and Hispanic patients were
less likely to receive definitive treatment (OR: 0.63, P < 0.001 and OR: 0.75, P < 0.001;
respectively).36

The breadth and depth of disparities in cancer outcomes for disadvantaged socio-economic
groups have been well-documented in the literature.36-38 Currently, researchers are
exploring methods to mitigate disparities in cancer care outcomes. It is believed that
prospective studies involving assessments of biological, social, and individual factors are
needed. The multiethnic cohort study, which was started in the early 1990’s, has been
funded by the National Cancer Institute to decipher racial and ethnic differences for
patients diagnosed with cancer based on biological, social, and individual assessments.3”
These study patients undergo baseline data collection (biological specimens as well

as questionnaires involving multiple socioeconomic and lifestyle factors), and they are
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subsequently followed with multiple repeated assessments. Studies of this nature are
beginning to unravel biological and socioeconomic root causes for disparate cancer
outcomes, but more studies such as this are needed. For instance, researchers are examining
other methodologies such as community-based participatory research.38 These efforts recruit
community representatives to partner with health care researchers. This partnership is
formed to develop a program that involves co-learning, shared decision-making, and mutual
ownership. Community involvement can potentially enhance patient engagement, improve
communication, and reduce misconceptions about health care.38

In order to build on the research efforts noted above, public policy programs will be
needed to effect changes that are deemed necessary based on research findings. Esnaola

et al. have identified five areas of policy that will need to be addressed in the future:
improve access to care, increase diversity in the physician workforce, expand the use of
patient navigators, expand the use of active comanagement, and increase adherence to best
practices.38 Improving disparities in cancer outcomes will require much more outreach to
under-served populations and these efforts will be the subject of intense work in the future.
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Assessed for eligibility
(n=482,875)
Patients who were diagnosed
with thyroid cancer (2004-2018

Excluded (n=159,952)
+ Thyroid Cancers other than Well-Differentiated
Thyroid Cancer (n=32,835)

Missing tumor stage at diagnosis (n= 15,618)

Great circle distance >2802 miles (n=45,290)

Missing vital status at date of last contact or
death (n= 27,816 patients )

Missing insurance status (n= 28,972)

Missing information of race/ethnicity (n= 7,993)

|

<

* o

v
Included (n=322,923)

Fig. 1 -

Consort flow diagram for patient inclusion: the consort flow diagram displays the criteria
that were considered for excluding certain patient populations from this study as well as the
number of patients that were excluded.
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Survival Analysis by Race/Ethnicity

1.00

0.95
©
>
'S 0.90
5 Race/Ethnicity
2 Categories
© 0.85 _
o -1 White
3 —I1 Black

0.80 ~I1 Asian

) —I1 Hispanic
0.75
.00 50.00 100.00 150.00 200.00
Time (Months from Diagnosis)
Fig. 2 -.

Survival results for race/ethnicity variables: analysis displays the differences in overall
survival between the race/ethnicity categories that were compared in this study.
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Survival Analysis by Median Income Status

Median Household
Income Quartiles
2012-2016

.11 Less than $40,227
—I1$40,227 - $50,353
-1 1$50,353 - $63,332
-1 $63,333 or more

.00 50.00 100.00 150.00 200.00
Time (Months from Diagnosis)

Fig. 3—.
Survival results for income quartiles: analysis displays the differences in overall survival
between the different income categories that were compared in this study.
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Survival Analysis for Great Circle Distance

Great Circle Distance

11 <28.9 Miles
1 1= 28.9 Miles

.00 50.00 100.00 150.00 200.00
Time (Months from Diagnosis)

Fig. 4 -.

Survival results for GCD: analysis displays the differences in overall survival between
patients who lived within 28.9 miles of the hospital of diagnosis and patients who lived
beyond 28.9 miles of their hospital of diagnosis.
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Survival Analysis for Insurance Status

1.00

0.95
©
S
‘S 0.90
} -
=
n
©0.
5 0.8 Insurance Status
6 _I"1 No Insurance

0.80 -1 1 Government Insurance

| _I"1 Private Insurance
0.75
.00 50.00 100.00 150.00 200.00
Time (Months from Diagnosis)
Fig. 5 -

Survival results for insurance status: analysis displays the differences in overall survival
between the different insurance categories that were compared in this study.
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