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Introduction: The social determinants of health (SDOH), such as socioeconomic
status, rurality, and healthcare access, are increasingly recognized as
key factors in the care of head and neck cancer (HNC). In central
Missouri, where rurality and socioeconomic disparities are prevalent,
understanding these factors is essential for improving early diagnosis
and outcomes.

Methods: Retrospective analysis of 880 patients diagnosed with
primary HNC at the Ellis Fischel Cancer Center from 2006 to 2022.
Demographic and tumor staging data were collected from electronic
medical records. Socioeconomic status was assessed using Area Deprivation
Index (ADI) scores, rurality was determined by Rural-Urban Commuting
Area (RUCA) codes, and travel distance to care was estimated from
patients’ addresses. Associations between SDOH factors and stage at
diagnosis were evaluated using chi-square tests, ANOVA, and multivariate
logistic regression.

Results: Patients residing more than 100 miles from the cancer center had higher
rates of stage IV presentation compared to local Boone County residents (53
vs. 28%; p = 0.005). Higher state ADI scores were significantly associated with
advanced-stage disease (p = 0.017). In multivariate analysis, travel distance (OR =
1.24, 95% CI: 1.09-1.41, p = 0.001) and ADI (OR = 1.06, 95% CI: 1.01-1.11,p =
0.02) remained independently associated with a higher stage at diagnosis. RUCA
classification (p = 0.769) and sex (p = 0.312) were not significantly associated
with stage.

Discussion: Greater travel distance and higher socioeconomic deprivation were
independently associated with advanced-stage HNC at diagnosis. These findings
underscore the importance of addressing SDOH HNC care, particularly in rural
and disadvantaged populations.
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Introduction

Head and neck cancer (HNC) is comprised of several distinct
tumor types that primarily arise from the epithelium of the
oral cavity, oropharynx, nasopharynx, and larynx (1). Early
identification is directly linked to improved outcomes and survival
(2). Well-established risk factors for head and neck cancer are
tobacco use, alcohol use, and human papillomavirus.

Equally important factors that are often excluded in this
conversation are the social determinants of health (SDOH), which
have been recognized as key influences on health outcomes (3).
SDOH are the social, economic, and physical conditions that
impact health (4). This includes economic status, healthcare access,
neighborhood and environment, education access and quality, and
community. Multiple studies have identified disparities in race,
literacy level, rurality, and socioeconomic status that contribute to
worse outcomes such as quality of life or overall survival in patients
with head and neck cancer (5-7). With increasing emphasis for
personalizing medical care, identifying disparities in SDOH is
essential for care regimens and providing patients a chance to
maximize their outcomes.

The Ellis Fischel Cancer Center (EFCC) at the University of
Missouri-Columbia serves as the state’s cancer facility, providing
treatment to Missouri residents. It is the only academic center
situated in central Missouri, which is surrounded by rural counties.
According to the Missouri Department of Health and Senior
Services, 86% of Missouri counties are rural (8). Furthermore, 45
of these rural counties are without an acute general care hospital,
highlighting significant barriers to care for rural residents. This
study examines the demographics of HNC patients treated at
EFCC and evaluates how factors such as geographic location, travel
distance, and socioeconomic disadvantage influence cancer stage at
diagnosis and recurrence.

Methods

Institutional Review Board approval was obtained at the
University of Missouri-Columbia. We retrospectively identified
patients evaluated at Ellis Fischel Cancer Center (EFCC) with a
diagnosis of a primary head and neck malignancy between 2006
and 2022. Patients were included if they had newly diagnosed,
previously untreated head and neck cancers with complete
demographic (age, sex, race, and ZIP code) and tumor (primary
site, T/N/M classification, and overall AJCC stage) information
available. Patients were excluded if they had prior head and
neck surgical resection, radiation therapy, or chemotherapy before
presentation, as these cases were considered recurrent disease.
Patients were also excluded if they had missing key demographic
or tumor staging information. After applying these criteria, a
total of 880 patients were included in the final analysis. Baseline
demographic and social determinant characteristics of the study
cohort are summarized in Table 1. Only patients with complete ADI
and RUCA data were included in respective analyses.

Socioeconomic status was assessed using Area Deprivation
Index (ADI) scores, which takes into consideration income,
education, employment, and housing quality (9). Rurality score was
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TABLE 1 Patient demographics.

Characteristic Value

Total patients n =880
Age, median (IQR), year 70 (63-77)
Age, range, year 22-103
Sex

Male 660 (75.0%)
Female 220 (25.0%)

Travel distance

Boone County (local) 150 (17.0%)

0-50 miles 287 (32.6%)

51-100 miles 323 (36.7%)

101-150 miles 99 (11.2%)

>150 miles 21 (2.4%)
Area deprivation index

State ADI, mean (SD) 5.6 (2.6)
National ADI, mean (SD) 69.0 (18.7)
AJCC stage at diagnosis

Stage 0 8(0.9%)
Stage I 221 (25.1%)
Stage IT 135 (15.3%)
Stage III 166 (18.9%)
Stage IV 350 (39.8%)

determined using Rural-Urban Commuting Area (RUCA) codes
based on county of residence. Travel distance was estimated using
the fastest driving route from the patients county of residence
to EFCC based on Google Maps. Patients were categorized by
travel distance using Boone County, MO, the location of EFCC,
residents as the reference group. Travel distance categories were
selected to capture clinically meaningful geographic zones relative
to the cancer center. Boone County residents served as the
reference group (local access). The 0-50 mile category represents
neighboring counties with reasonable same-day travel access.
The 51-100 mile category captures patients requiring substantial
but manageable travel (1-2h). The 101-150mile and 151+
mile categories represent patients facing significant travel burden
requiring either very early departures or overnight stays. These
thresholds were chosen based on Missouri’s geographic distribution
and prior literature suggesting that distances exceeding 50-100
miles create substantial access barriers in rural cancer care.

Tumor characteristics, such as primary site and TNM staging,
were collected. Patients without TNM staging explicitly written
in their chart were retrospectively staged using AJCC 8th edition
guidelines based on pathology or tumor board reports.

Group comparisons were conducted using the Kruskal-Wallis
test for non-parametric comparisons of RUCA scores, and ANOVA
for differences in ADI scores across tumor stages. Bonferroni
correction was applied for multiple comparisons. Statistical
significance was set at p < 0.05.
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Univariate and multivariate ordinal logistic regression models In multivariate logistic regression, adjusting for travel distance,
were used to assess associations between social determinants  ADI, sex, and age, travel distance remained independently
(travel distance category, ADI, sex, and age) and cancer stage  associated with higher cancer stage (OR = 1.24 per category
at diagnosis. Travel distance was treated as an ordinal variable increase, 95% CI: 1.09-1.41, p = 0.001). State ADI also remained
with five categories. Results are reported as odds ratios (OR) with  significant (OR = 1.06 per 1-unit increase, 95% CI: 1.01-1.11, p =
95% confidence intervals (CI). Multivariate analysis included all ~ 0.02). Neither sex (OR = 1.26, 95% CI: 0.95-1.67, p = 0.11) nor
variables simultaneously to assess independent associations while  age (OR = 1.01, 95% CI: 1.00-1.02, p = 0.26) were significantly

adjusting for potential confounders. associated with stage in the adjusted model (Table 2).
Results Discussion
A total of 880 patients met the inclusion criteria. Of these, This study highlights the significance of geographic and

150 patients (17.0%) resided in Boone County, while 120 (13.6%)  socioeconomic disparities on stage at presentation in patients with
lived more than 100 miles from EFCC. Among Boone County = HNC. That is, our findings support the association between longer
residents, 37% presented with stage 1 disease and 28% with stage  travel distances and higher socioeconomic deprivation on late-stage
4. In contrast, patients living more than 100 miles away had = HNC diagnoses and associated delays in care.
lower rates of early-stage presentation (21.7% stage I) and higher Patients residing more than 100 miles from the center had
rates of advanced-stage disease (53.3% stage IV). This association  substantially higher rates of stage IV disease at presentation
between travel distance and stage was statistically significant  compared to local residents (53 vs. 28%). This association remained
(p = 0.005; Figure 1). Sex-based differences were observed but did  significant after adjusting for AD], sex, and age (OR = 1.24, p =
not reach statistical significance (p = 0.312). Females presented ~ 0.001), suggesting that travel burden represents an independent
with stage IV disease at a rate of 34.1% compared to 41.7%  barrier to timely diagnosis beyond socioeconomic factors alone.
for males (Supplementary Figure S1). There were no statistically ~ This data is consistent with previous studies, which have shown
significant differences in tumor stage at presentation across RUCA  that increased travel time is associated with later-stage presentation,
classifications (p = 0.769). RUCA category 10 was the most  particularly among low-income populations (10). In Missouri
common (27.0%), followed by RUCA category 1 (24.9%). specifically, rural infrastructure is limited, and healthcare access is
State-level ADI was significantly associated with tumor stage  unequally distributed. Thus, travel-related delays may be especially
(p = 0.017). Patients in the highest ADI deciles (most deprived)  consequential. Interestingly, even among Boone County residents
showed higher proportions of stage IV disease (47.4% in decile 9,  with minimal travel burden, 28% still presented with advanced-
45.7% in decile 10) compared to those in the lowest deciles (23.3%  stage disease, suggesting that proximity alone does not eliminate
in decile 1; Figure 2). barriers to early detection.

Distribution of Cancer Stage by Travel Distance

>150 mi (n=21) 1

101-150 mi (n=99)

51-100 mi (n=323)

0-50 mi (n=287)

Distance from Treatment Facility

Boone County (n=150)

F T T T T 1

0 20 40 60 80 100
Percentage of Patients (%)

mmm Stage 0 Stage | Stage Il Stage Il mmm Stage IV

FIGURE 1

Tumor stage distribution by travel distance from Ellis Fischel Cancer Center. Stage distribution (N = 880) across five travel-distance categories from
Ellis Fischel Cancer Center. The proportion of stage IV disease increases with travel distance, from 28.0% among Boone County residents to 52.4%
among patients traveling >150 miles (p = 0.005).
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Distribution of Cancer Stage by Area Deprivation Index

Decile 10 (n=46)

Decile 9 (n=116)

Decile 8 (n=71)

Decile 7 (n=94) 4

Decile 6 (n=100)

Decile 5 (n=114) 1

Decile 4 (n=111)

Area Deprivation Index (State Decile)
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FIGURE 2
Tumor stage frequencies by state ADI decile. Stage distribution by state-level ADI decile (1 = least deprived, 10 = most deprived). Higher ADI was
associated with a higher proportion of advanced-stage disease (p = 0.017).

While rurality is often cited as a risk factor for delayed
diagnosis, our data did not show a statistically significant
association between RUCA classification and tumor stage (p =
0.769). RUCA category 10 (the most rural classification) was the
most represented group in our cohort, emphasizing both the large
rural population served by our institution and the widespread
challenges encountered by these communities. Previous research
has shown that rural patients often have fewer specialty care
options, greater transportation barriers, and more limited primary
care access, factors not fully elucidated by RUCA codes alone (11,
12). Thus, rural classification may underestimate the complexity of
healthcare access issues faced by these communities, especially in
the context of early detection of HNC.

Socioeconomic deprivation, measured through both state- and
national-level ADI, was significantly associated with advanced stage
presentation. Patients with stage 4 disease had the highest mean
ADI, consistent across both scales. Although the effect size was
modest, it serves to reinforce previous findings that economic
instability and social disadvantage contribute to poorer cancer
outcomes (13, 14). High ADI areas often lack preventive services,
such as routine screenings and smoking cessation programs,
and face environmental exposures and healthcare shortages that
increase risk and delay treatment (15, 16). The consequences
of these findings are increasingly important in survivorship, as
patients from disadvantaged backgrounds continue to experience
lower survival rates even after treatment, highlighting concerns
about equitable access to follow-up care and rehabilitation services

Frontiersin Cancer Controland Society

TABLE 2 Univariate and multivariable regression of factors associated with stage at diagnosis.

Variable Univariate analysis  Multivariate analysis
OR p-Value (0]} p-Value
(95% Cl) (95% CI)
Travel 1.27 <0.001 1.24 0.001
distance (1.12-1.45) (1.09-1.41)
State ADI 1.08 0.002 1.06 0.02
(1.03-1.13) (1.01-1.11)
Male sex (vs. 1.25 0.12 1.26 0.11
female) (0.94-1.65) (0.95-1.67)
Age 1.00 0.54 1.01 0.26
(0.99-1.01) (1.00-1.02)

(17). These disparities call for systemic changes in how care is
delivered and accessed.

Sex was not significantly associated with stage at diagnosis
(p = 0.312), although males showed a non-significant trend toward
presenting with more advanced disease. These trends reflect known
behavioral and biological differences, including lower preventive
care utilization among males, higher rates of tobacco and alcohol
use, and possible differences in tumor aggressiveness (18-22).

This study has several limitations. First, it was conducted
at a single institution in central Missouri, which may limit
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generalizability to other regions with different healthcare
infrastructure and demographics. Second, ADI is a neighborhood-
level ecological measure that cannot capture individual-level
socioeconomic factors; more specific measures such as personal
income, educational attainment, insurance status, and access
to transportation would provide additional characterization of
disparities. Third, the retrospective design precluded assessment of
time from symptom onset to diagnosis, which would more directly
measure diagnostic delay. Fourth, inconsistent documentation
prevented reliable assessment of smoking history and HPV status,
which are important prognostic and etiologic factors in HNC.
Fifth, while our multivariate model adjusted for several potential
confounders, residual confounding from unmeasured variables
(e.g., comorbidities, health literacy, social support networks)
cannot be excluded. Finally, the relatively small number of patients
in the most distant travel category (>150 miles, n = 21) limits the
precision of estimates for this group and may underestimate the
true effect of extreme travel burden.

Overall, the disparities identified in this study highlight the
need to address structural and geographic barriers that may be
disproportionately affecting underserved populations. Our research
indicates that patients facing greater travel distances and higher
levels of socioeconomic deprivation are more likely to present with
advanced-stage disease. As efforts to improve cancer outcomes
continue, integrating SDOH into clinical decision-making and
care planning may be an important step closer to achieving more
equitable care delivery.
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patients (p = 0.312).
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