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ABSTRACT
◥

Background: Head and neck cancer (HNC) mortality differs by
race, ethnicity, and socioeconomic status (SES). However, it is
unclear whether the relationship between race/ethnicity and
HNC-specific mortality varies according to the residence-level SES.

Methods: Data from the Surveillance Epidemiology and End
Results database included participants with primary HNC
between 2006 and 2017 (followed through 2018) to assess the
joint association of race/ethnicity and census-tract level SES
Yost-index groups (quintiles) with all-cause and HNC-specific
mortalities. Relative survival rates at 1, 5, and 10 years were
calculated. Multivariable Cox proportional hazard regression
models estimated hazard-ratios and 95% confidence intervals
for all-cause mortality, and Fine-Gray subdistribution hazard
models for HNC-specific mortality. Cumulative incidence curves
for HNC-specific deaths were estimated.

Results: 76,095 patients were included in the analysis: 63.2% were
<65 years, 73.4% male, and 11.3% non-Hispanic (NH) Black. Most
patients (58.3%) were diagnosed at regional or distant stages and
20.6% died ofHNC.Thefive-year relative survival rate increasedwith
SES group, with 51.6% in the lowest SES group, and 74.1% in the
highest SES group.NH-Blackpatients hadhigher risk of all-cause and
HNC-specific mortality than NH-White patients, regardless of the
SES group. NH-Asian/Pacific Islander and Hispanic patients had
higher risk of HNC-specific mortality in some SES groups.

Conclusions: NH-Black patients of all SES strata had signifi-
cantly worse outcomes. Other factors, such as healthcare quality,
may be associated with persistent disparities.

Impact: The study highlights the persistence of significant racial
disparities in HNC survival across socioeconomic categories. There
is need to consider additional factors underlying these disparities.

Introduction
Cancers of the head andneck (HNC) account for�4%of all primary

cancers in the United States (1). In 2022, approximately 66,000 new
cases and 15,000 HNC-related deaths are estimated in the United
States (2). The overall survival outcomes among HNC have improved
in the past decades. The 5-year relative survival rate increased from
54.7% in 1992 to 1996 to 65.9% in 2002 to 2006 (3), largely due to
improved diagnostic techniques, advancements in treatment modal-
ities, and involvement of multidisciplinary teams in cancer care (3–6).
However, not all patients appear to benefit equally from advanced
treatments. For example, compared with the non-Hispanic (NH)

White patients, racial and ethnic minorities are more likely to be
diagnosedwith late-stage cancers, experience inadequate care, and lack
treatment adherence (7). White patients with HNC are more likely to
receive life-saving treatments, such as surgery plus radiation and/or
chemotherapy. In contrast, Black patients are more likely to be treated
with only radiation and/or chemotherapy (8). Thus, differences in
HNC outcomesmay be attributed to a combination of multiple factors
that result in higher mortality among racial/ethnic minorities (8, 9).

Racial and ethnic disparities for many cancers are widened by
individual and residential area-level socioeconomic status (SES;
refs. 10, 11). Specifically, individual-level factors such as low income,
lack of education, cultural barriers, and lack of insurance are major
contributing factors to unequal access to care, amongst minority
populations (12). In a large study that examined SES and racial and
ethnic disparities in all cancers, combined, and major cancers from
1950 to 2014, survival was significantly lower in more deprived
neighborhoods and among most ethnic-minority groups (13).

In the past few decades, few studies have investigated the association
between SES and HNC survival (14–17). Area-level measures of SES
include neighborhood disadvantages (e.g., poverty, local health-related
businesses, household crowding, etc.), which have been shown to
reduce access to care for treatment and screening services (18, 19),
ultimately leading to poorer health outcomes (20–22).

An important first step towards achieving cancer survivorship
equity is to better understand how race/ethnicity and SES status
interact. To address this, we used data from the Surveillance Epide-
miology and End Results (SEER) Cancer Registry database to evaluate
the joint association of race/ethnicity and census-tract-level SES with
relative survival rates and all-cause and HNC-specific mortality. We
hypothesized that census-tract-based socioeconomic factors play a
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significant role in persistent racial and ethnic disparities in patients
with HNC. Our study may help inform clinicians and health policy
officials of the need to increase access to and quality of healthcare for
patients from racial and ethnic minorities and low-SES areas to
improve survival.

Materials and Methods
Data source and study population

The data for this study were obtained from the publicly available
SEER database of the NCI. We downloaded SEER Datasets and
Software (RRID:SCR_006902; ref. 23) version 8.4.0 (http://seer.can
cer.gov/seerstat/) and acquired specialized SEER Research Plus Data
(Specialized with Census Tract SES/Rurality), 18 Registries (excl AK),
Nov 2020 Sub (2006–2018), which covers �28% of the U.S. popula-
tion (24). Patients with HNC were defined as adults aged ≥20 years
diagnosed between 2006 and 2017 (followed through 2018) with
primary cancer of the oral cavity, pharynx (hypopharynx, nasophar-
ynx, oropharynx), salivary glands, nasal cavity, middle ear, and larynx.
Although cases diagnosed in 2018 were available, they were not
included to allow at least one year of survival. We excluded patients
(n¼ 389) who were identified as American Indian/Alaska Native due
to small sample size, those with missing Yost Index (n ¼ 5,834). In
addition, we excluded patients with a follow-up time of <12 months
(n¼ 15,652). The characteristics of 15,652 excluded patients are shown
in Supplementary Table S1 and the characteristics of patients with
missing Yost Index in Supplementary Table S2.We definedHNCcases
using the International Classification of Diseases for Oncology, 3rd
Edition (ICD-O-3) site (25). This study was exempted by the Insti-
tutional Review Board of the University of Florida because the analysis
was based on publicly available data. Data were abstracted from the
SEER�Stat version 8.4.0.

Demographic variables and clinical characteristics were obtained
from the SEER database (24). Self-reported race/ethnicity were cat-
egorized into NH [NH-White, NH-Black, NH-Asian Pacific Islander
(Asian/PI), andHispanic (all races)]. Hereafter, wewill exclude theNH
prefixwhen referring to racial groups. Demographic variables included
age at diagnosis (20–49, 50–64, 65–79, and≥ 80 years) and sex (female/
male). The tumor stage was classified according to the SEER Summary
stage as localized, regional [regional by direct extension, regional
lymph nodes, regional by both direct extension and lymph node
involvement, regional (not otherwise specified)], distant [distant
site(s)/node(s) involved], and unstaged/unknown (26). The histology
type was categorized according to the histology recode broad group-
ings, into squamous cell carcinoma (8050–8089), adenomas/adeno-
carcinomas (8140–8389), and other histologic types (8000–8009,
8010–8049, 8090–8139, 8390- 9589; ref. 24). Other demographic
variables included marital status (married/partnered vs. never mar-
ried/divorced/separated/widowed/unknown), and treatment received,
which was defined as receipt of surgery (yes/no), receipt of radiother-
apy (yes/no), and receipt of chemotherapy (yes/no/unknown). The
years of HNC diagnosis were categorized as 2006 to 2009, 2010 to
2013, and 2014 to 2017.

Census-tract SES
We used the Census-tract SES Yost index as the SES measure, as

defined by Yost and colleagues (2001), with higher scores correspond-
ing to higher SES (27). The index is based on seven measures:
education index, median household income, percent unemployed,
percent below 150% of the poverty line, percent working class, median
house value, and median rent. The Yost index scores were categorized

into quintiles with roughly equal proportions of the population as
group 1 (lowest SES), group 2 (low-middle), group 3 (middle), group 4
(high-middle), and group 5 (highest SES). SES classification was then
assigned to all cancer cases residing in the census tract at the time of
cancer diagnosis (27).

HNC sites
HNC was defined by the primary sites and categorized into the oral

cavity (codes C00.0-C00.9, C02.0-C02.3, C02.8, C02.9, C03.0-C06.9,
and C07.9- C08.9), pharyngeal (codes C01.9, C02.4, C09.0- C10.9,
C11.0- C11.9, C12.9-C13.9, C14.0-C14.8), sinonasal (C30.0-C31.9),
and larynx (C32.0-C32.9; ref. 25).

Outcome
The study had two main outcomes: all-cause death and HNC-

specific death through December 31, 2018. We used two variables to
identify death: vital status and SEER cause-specific death classification,
which were combined to provide: (i) a single dichotomous variable for
all-cause death and (ii) a 3-level variable each for HNC-specific death
(live/censored, HNC-specific death, and competing causes of death).
The follow-up timewas defined as the interval from cancer diagnosis to
the date of death or December 31, 2018, whichever occurred first. The
patients were censored if they were alive at the end of the study period.

Statistical analysis
All statistical analyses were performed using SAS version 9.4.

Patient characteristics were summarized according to the four race/
ethnic groups. Among each census-tract SES Yost index group, 1-, 5-,
and 10-year relative survival rates per 100,000 (with standard errors)
were computed for HNC cases using the SEER�Stat (Version 8.4.0) for
race/ethnicity. The relative survival rate represents the ratio of two
survival rates: the survival of the population of patients with cancer
(which is the observed rate) divided by the expected survival of the
general population with a similar distribution of age, sex, and race
during the same period using the actuarial method (28). General
population mortality data used are from the National Center for
Health Statistics and accessed through SEER, which is used to generate
expected survival using the Ederer II method (28, 29). Multivariable
Cox regression models were used to examine the joint association
between race/ethnicity and SES index and the risk of all-cause mor-
tality to estimate HRs and 95% confidence intervals (CI), evaluating
each SES group in a separatemodel adjusted for age, sex,marital status,
stage at diagnosis, treatment (surgery, chemotherapy, and radiother-
apy), histology type, and year of diagnosis. The Cox model propor-
tionality assumption was examined using the Schoenfeld residual
method (30). Patients who died from other non-HNC causes were
considered competing risks. Several adjusted multivariable competing
risk hazard models (Fine and Gray’s sub-distribution) were used to
estimate the subdistributionHR (sHR)with a 95%CI forHNC-specific
mortality. Statistical significance was set at P < 0.05, and the Holm
Bonferroni procedure (31) was used to preserve the family-wise type-1
error rate for multiple comparisons within each set of analyses (15
hypothesis tests in each). In addition, we examined the joint associ-
ation of the SES index [reference: Group 1(lowest SES)] and race/
ethnicity and the risk of all-cause and HNC-specific mortality eval-
uating each race/ethnicity group in separate models adjusted for the
same covariates mentioned above.

Adjusted cumulative incidence function curves with 95% CIs were
generated to describe the incidence over time of death (32) for HNC-
specific death with a ’baseline’ statement to predict the cumulative
incidence for male patients, 60 to 64 years at diagnosis, married,
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surgically treated for localized stage HNC cancer, and regional-stage
cancer separately. This analysis aimed to compare racial and ethnic
groups across SES groups, using similar baseline variables.

Subgroup analyses were conducted to further explore and examine
the interaction of race/ethnicity and SES for each cancer site-specific
mortality to estimate the HR and 95% CIs.

Data availability
The data analyzed in this study are available from the SEER

database, which is available from the NCI (https://seer.cancer.gov/
data-software/).

Results
The final study sample included 76,095 individuals aged 20 years

and older who had survived for ≥1 year with a median [interquartile
range (IQR)] follow-up time of 4.3 (2.5–7.5) years (Supplementary
Fig. S1). Table 1 presents the demographic and clinical distribution of
primary HNC cases diagnosed between 2006 and 2017. Almost 60%
were aged <65 years at the time of diagnosis; approximately two thirds
(73.4%) were male, and the majority were White (75.3%), followed by
Black (11.3%), Hispanic (6.8%), and Asian/PI (6.7%). The pharyngeal
(39.3%) and oral cavities (33.8%) were the most common HNC
subsites. After stratifying by race, approximately half of the Black
patients (49.7% vs. 13.5%) lived in lowest SES regions and were more
likely to be younger (<65 years) at diagnosis (70.9% vs. 61.4%), had
laryngeal cancer (34.7% vs. 21.8%), and more likely to be diagnosed
with a distant stage (22.6% vs. 13.7%), received radiotherapy (77.6% vs.
69.5%) and chemotherapy (49.9% vs. 42.9%), and were less likely to
undergo surgery (43.5% vs. 55.2%) than White patients. Asian/PI
patients lived in the highest SES regions (41.1%) and were more likely
to be diagnosed with pharyngeal cancer (44.4% vs. 39.8%) thanWhite
patients. Our main analysis excluded patients who survived for
<12 months. The overall characteristics of these excluded patients
showed that 4,261 (27.2%) belonged to the lowest-SES group, and of
these, 1,642 (38.5%)were Black (Supplementary Table S1). In addition,
we examined the demographic and clinical characteristics by SES
groups, comparing lowest versus highest SES groups, distant stage was
prevalence was 18.8% versus 13.0% and were less likely to receive
surgery (47.4% vs. 58.1%; Supplementary Table S3).

One-, 5-, and 10-year, relative cumulative survival rates are pre-
sented according to race/ethnicity and census-tract SES groups
in Table 2. The overall 1-, 5-, and 10-year survival rates on SES
showed an increasing pattern from group 1 (lowest) to group 5
(highest) SES. All racial groups mostly followed a similar pattern of
highest relative survival rate in the high SES group compared with the
low SES group, but the rates were consistently lowest among Black
patients.

Survival analysis
Table 3 presents the joint associations of race/ethnicity and SES

with all-cause and HNC-specific mortalities. The all-cause death rate
in group 1 (lowest SES) was 92.9/1,000 person-years, which was 44%
higher than that in group 5 (highest SES) (52.0/1,000 person-years).
Similarly, the HNC-specific death rate was highest in group 1 (56.9/
1,000 person-years), which was 45% higher than that in group 5 (31.3/
1,000 person-years).

Compared withWhite patients, Black patients had an increased risk
of all-causemortality among all SES groups (but only groups 1, 2, and 4
were significant at P < 0.003 when adjusted for multiple comparisons).
In contrast, Asian/PI patients had a lower risk of all-cause mortality,

while Hispanic patients had a higher risk of mortality in the SES group
4 [adjusted HR (aHR), 1.14; 95% CI, 1.02–1.28]. The joint association
between SES and race/ethnicity was significant (P ¼ 0.018).

In the adjusted Fine-Gray hazard models for HNC-specific mor-
tality (Table 3), there was no observed joint association (P ¼ 0.241);
however, Black patients had �30% increased mortality among four
SES groups compared with White patients. The adjusted sHR for
group 1 (lowest SES) was 1.32 (95% CI, 1.23–1.42) and 1.37 (95% CI,
1.14–1.62) for group 5 (highest SES). Asian/PI and Hispanic patients
had higher HNC-specific mortality than White patients, but the
associations were not significant, except for Hispanic patients in
groups 2 (low-middle) and 4 (high-middle). These results are illus-
trated in the cumulative incidence curves for the lowest and highest
SES groups by race/ethnicity in Fig. 1. The predicted curves in younger
males (60–64 years) with localized HNC showed an increased inci-
dence of death amongBlack followed byHispanic patients, followed by
Asian/PI, as comparedwithWhite patients in all SES groups. Using the
same baseline variables as the regional stage HNC, the cumulative
survival curves showed an increased risk, but similar patterns in all SES
groups (Supplementary Fig. S2). The Supplementary Table S4 presents
cancermortalityHRs for each race/ethnic subgroup. Therewas a dose–
response effect seenwith lowerHRswith an increase in each SES group
compared with group 1 (lowest SES) in all race/ethnic subgroups
except the Hispanic.

Survival analysis by HNC subsites
Furthermore, we examined the four cancer subtypes individually

(Supplementary Tables S5–S6). Similar to the results stated above, the
all-cause and HNC-specific death rates were higher in group 1 and
lower in the higher SES groups. The disparity in pharyngeal cancer
death rate was widest, 67.6 deaths/person-years in the lowest SES
group versus 28.6/person-years in the highest SES group. There was
increased mortality due to all-cause and pharyngeal-specific deaths
(Supplementary Table S5b) among four SES groups in Black patients
and the lower-middle SES group among Hispanic patients, compared
with their White counterparts.

Discussion
Using the population-based SEER dataset, this study intended to

examine the role of area-level SES in racial disparities in mortality
among individuals diagnosed with HNC. We found that the survival
rates increased with each SES quintile. Compared withWhite patients,
Black patients across all SES levels have lower relative survival rates and
higher risk of mortality, while Hispanic and Asian/PI patients have a
higher risk of cause-specific mortality. This study contributes to the
literature on survival disparities by considering the joint association
between race/ethnicity and SES groups. Although a total of 76,095
individuals included in the study had survived for at least 1 year after
HNCdiagnosis, racial, and SES disparities persisted and increased over
time.

It is well documented that minority populations are at a higher risk
of all-cause and cause-specific death compared withWhite individuals
(7, 33–35). Proffered reasons for racial disparities include differences
in the advanced stage of diagnosis, suboptimal surgical care, access to
health care, quality of medical care, biologic/genetic factors, comorbid
conditions, exposure to carcinogens, diet, and cultural beliefs
(35, 36, 37). However, we observed that Black patients had poorer
outcomes in most SES groups, indicating other possible etiologic
pathways. The 10-year cumulative incidence curves of HNC-
specific mortality showed that disparity gaps increased dramatically
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after 3 years of survival in Black and Hispanic patients, and to a lesser
extent inAsian/PI, comparedwith theWhite patients in all SES groups.
To the best of our knowledge, this has not been demonstrated in
previous research.

In the current study, all-cause and HNC-specific mortality were
largely driven by pharyngeal cancers. Black patients had an increased
mortality risk in most SES groups compared with White patients. In a
study by Rotsides and colleagues, the authors reported that Black
versus White patients (HR ¼ 1.22; 95% CI, 1.11–1.34) and low versus
high SES status (income <$38,000 vs. >$63,000; HR ¼ 1.58; 95% CI,
1.45–1.72) were associated with worse overall survival in oropharyn-

geal cancer (38). However, similar to other studies (39–41), the joint
association of race and SES status was not evaluated in that study. Our
analysis indicates that compared with White patients, Hispanic
patients had a higher risk of pharyngeal-specific mortality in the
low-middle SES group, oral cavity and sinonasal-specific mortality
in the high-middle SES group, and laryngeal-specific among the
highest SES group. This contradicts the Hispanic Paradox of lower
mortality rates compared with theWhite population reported in prior
research (7, 39–41). By examining the census-tract level SES, we
observed higher mortality among Hispanic patients, and to our
knowledge, this has not been reported previously.

Table 1. Demographic and clinical characteristics of patients with primary HNC by race/ethnicity.

Characteristic N (%) Overall N ¼ 76,095 NH-Black 8,595 (11.3) Hispanic 5,136 (6.8) NH-Asian/PI 5,087 (6.7) NH-White 57,277 (75.3)

Age groups, year
20–49 years 12,281 (16.1) 1,566 (18.2) 1,179 (23.0) 1,471 (28.9) 8,065 (14.1)
50–64 years 35,814 (47.1) 4,531 (52.7) 2,234 (43.5) 1,959 (38.5) 27,090 (47.3)
65–79 years 22,494 (29.6) 2,166 (25.2) 1,404 (27.3) 1,294 (25.4) 17,630 (30.8)
80þ years 5,506 (7.2) 332 (3.9) 319 (6.2) 363 (7.1) 4,492 (7.8)
Sex
Female 20,280 (26.6) 2,429 (28.3) 1,475 (28.7) 1,663 (32.7) 14,713 (25.7)
Male 55,815 (73.4) 6,166 (71.7) 3,661 (71.3) 3,424 (67.3) 42,564 (74.3)
Marital status
Married or Partnered 41,337 (54.3) 2,900 (33.7) 2,614 (50.9) 3,456 (67.9) 32,367 (56.5)
Other 34,758 (45.7) 5,695 (66.3) 2,522 (49.1) 1,631 (32.1) 24,910 (43.5)
SES index (quintiles)
Group 1 (lowest) 13,558 (17.8) 4,270 (49.7) 1,199 (23.4) 362 (7.6) 7,727 (13.5)
Group 2 (low-middle) 13,128 (17.3) 1,751 (20.4) 1,102 (21.5) 527 (10.4) 9,748 (17.0)
Group 3 (middle) 13,621 (17.9) 1,083 (12.6) 959 (18.7) 781 (15.4) 10,798 (18.9)
Group 4 (high-middle) 16,129 (21.2) 919 (10.7) 946 (18.4) 1,328 (26.1) 12,936 (22.6)
Group 5 (highest) 19,659 (25.8) 572 (6.7) 930 (18.1) 2,089 (41.1) 16,068 (28.1)
Primary site
Oral cavity 25,782 (33.8) 2,181 (25.3) 1,880 (36.6) 2,024 (39.8) 19,697 (34.4)
Pharyngeal 29,901 (39.3) 3,083 (35.9) 1,764 (34.3) 2,259 (44.4) 22,795 (39.8)
Sinonasal 3,173 (4.2) 353 (4.1) 307 (6.0) 250 (4.9) 2,263 (4.0)
Larynx 17,239 (22.7) 2,978 (34.7) 1,185 (23.1) 554 (10.9) 12,522 (21.8)
Stage
Localized 29,147 (38.3) 2,861 (33.3) 1,972 (38.4) 1,804 (35.5) 22,510 (39.3)
Regional 32,648 (42.9) 3,545 (41.2) 2,065 (40.2) 2,031 (39.9) 25,007 (43.7)
Distant 11,733 (15.4) 1,938 (22.6) 876 (17.1) 1,066 (21.0) 7,853 (13.7)
Unknown 2,567 (3.4) 251 (2.9) 223 (4.8) 186 (3.7) 1,907 (3.3)
Histology type
Squamous 64,884 (85.3) 7,203 (83.8) 4,065 (79.2) 3,481 (68.4) 50,135 (87.6)
Adenoma/Adeno 2,823 (3.7) 348 (4.1) 277 (5.4) 285 (5.6) 1,913 (3.3)
Other type 8,388 (11.0) 1,044 (12.1) 794 (15.4) 1,321 (26.0) 5,229 (9.1)
Surgery
Yes 40,970 (53.8) 3,741 (43.5) 2,961 (57.7) 2,665 (52.4) 31,603 (55.2)
No 35,125 (46.2) 4,854 (56.5) 2,175 (42.4) 2,422 (47.6) 25,674 (44.8)
Radiotherapy
Yes 53,506 (70.3) 6,667 (77.6) 3,478 (67.7) 3,542 (69.6) 39,819 (69.5)
No 22,589 (29.7) 1,928 (22.4) 1,658 (32.3) 1,545 (30.4) 17,458 (30.5)
Chemotherapy
Yes 33,424 (43.9) 4,285 (49.9) 2,160 (42.1) 2,385 (46.9) 24,594 (42.9)
No/unknown 42,671 (56.1) 4,310 (50.1) 2,976 (57.9) 2,702 (53.1) 32,683 (57.1)
Year of diagnosis
2006–2010 23,234 (30.5) 2,705 (31.4) 1,537 (29.9) 1,520 (29.9) 17,472 (30.5)
2011–2013 25,796 (33.9) 2,886 (33.6) 1,756 (34.2) 1,702 (33.5) 19,452 (34.0)
2014–2017 27,065 (35.6) 3,004 (35.0) 1,843 (35.9) 1,865 (36.7) 20,353 (35.5)
Years of follow-up
Median (IQR) 4.3 (2.5–7.5) 3.6 (1.8–6.8) 4.2 (2.0–7.3) 4.3 (2.2–7.6) 4.4 (2.3–7.5)

Oral cavity, oral cavity, and salivary gland tumors; pharyngeal, oropharyngeal, nasopharynx, and hypopharynx; sinonasal, nasal cavity, and paranasal sinus; marital
status other; never married/divorced/separated/widowed/unknown.
Abbreviation: PI, Pacific Islander.
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The current study evaluated the role of area-level SES using the
Yost index, which can be moderately approximated to individual
socioeconomic measures and access to healthcare (42). To our knowl-
edge, this is the first study to use the Yost index as ameasure of SES in a
large number of patients to evaluate HNC-specific mortality among
the racially diverse population-based SEER database. Our analysis
illustrated that lower SES neighborhoods were associated with
decreased survival rates in a dose-dependent manner, clearly demon-
strating a socioeconomic gradient, with each increasing SES quintile
associatedwith longer survival across all racial and ethnic groups. Prior
research by Reitzel and colleagues showed an increased risk of
mortality among oropharyngeal cancer patients living in the most
deprived neighborhoods (17). Patients living in lower SES neighbor-

hoods lack adequate healthcare facilities,may have less access to cancer
screening, have insufficient knowledge of the signs and symptoms of
cancer, and have higher levels of stress leading to poorer cancer
outcomes (43–45). Notably, our analysis examining cumulative inci-
dence curves demonstrated a consistent pattern of disparities and a
higher risk of HNC-specific mortality in Black patients, followed by
Hispanic and Asian/PI patients who had survived for one year or more
following diagnosis. Possible explanations for disparities after treatment
are associated with factors such as lack of abstinence from smoking,
alcohol use, treatment-related toxicities, existing comorbidities, and
inadequate survivorship care (46, 47). Massa and colleagues reported
that approximately one in three head and neck squamous cell carcinoma
patients died from competing causes linked to tobacco use (48).

Table 2. One-, 5-, and 10-year relative survival rates (%) by SES and race/ethnicity.

One-year relative survival rates (%, SE)
SES index (quintiles)a Overall NH-Black Hispanic NH-Asian/PI NH-White

Group 1 (lowest) 77.2 (0.3) 73.1 (0.6) 79.3 (0.8) 79.3 (1.6) 78.8 (0.4)
Group 2 (low-middle) 82.4 (0.3) 77.6 (0.8) 82.5 (0.8) 83.7 (1.2) 83.1 (0.3)
Group 3 (middle) 84.1 (0.3) 79.0 (1.0) 83.3 (0.9) 84.8 (1.0) 84.6 (0.3)
Group 4 (high-middle) 86.4 (0.2) 82.7 (1.1) 85.5 (0.8) 86.6 (0.8) 86.7 (0.3)
Group 5 (highest) 89.9 (0.2) 85.1 (1.3) 88.7 (0.8) 91.0 (0.5) 90.0 (0.2)
Five-year relative survival rates (%, SE)
SES index (quintiles)a Overall NH-Black Hispanic NH-Asian/PI NH-White
Group 1 (lowest) 51.6 (0.4) 43.4 (0.7) 55.5 (1.2) 52.0 (2.2) 55.0 (0.5)
Group 2 (low-middle) 59.6 (0.4) 50.8 (1.2) 57.2 (1.2) 59.5 (1.9) 61.4 (0.5)
Group 3 (middle) 63.6 (0.4) 56.0 (1.5) 65.4 (1.3) 62.3 (1.5) 64.2 (0.5)
Group 4 (high-middle) 67.3 (0.4) 61.4 (1.6) 64.2 (1.3) 67.1 (1.2) 68.0 (0.4)
Group 5 (highest) 74.1 (0.3) 66.1 (2.0) 70.5 (1.4) 72.5 (1.0) 74.9 (0.4)
Ten-year relative survival rates (%, SE)
SES index (quintiles)a Overall NH-Black Hispanic NH-Asian/PI NH-White
Group 1 (lowest SES) 40.5 (0.5) 32.2 (1.0) 46.2 (1.3) 43.5 (2.4) 43.0 (0.8)
Group 2 (low-middle) 49.1 (0.5) 42.1 (1.5) 49.7 (1.7) 50.0 (2.1) 50.0 (0.6)
Group 3 (middle) 52.5 (0.5) 45.9 (1.8) 54.6 (2.0) 57.4 (1.9) 52.5 (0.6)
Group 4 (high-middle) 58.2 (0.2) 50.6 (2.3) 56.8 (2.1) 61.5 (1.7) 58.5 (0.6)
Group 5 (highest) 67.2 (0.5) 57.3 (3.0) 63.8 (2.6) 65.4 (1.6) 67.9 (0.6)

aPI, Pacific Islanders.

Table 3. Joint association between Race/Ethnicity and SES and Mortality.

No.
deaths

Person-
years

Deaths/1,000 person-
years (95% CI)

NH-Black vs.
NH-White

NH-Asian/PI vs.
NH-White

Hispanic vs.
NH-White

All-cause mortality among patients who survived ≥ 1 year aHR and 95% CI
SES index (quintiles)
Group 1 (lowest) 5,846 62,914 92.9 (90.6–95.3) 1.19 (1.12–1.26)� 0.87 (0.73–1.04) 0.88 (0.80–0.97)
Group 2 (low-middle) 5,028 64,129 78.4 (76.3–80.6) 1.19 (1.10–1.29)� 0.99 (0.85–1.16) 1.05 (0.94–1.16)
Group 3 (middle) 4,749 68,817 69.0 (67.1–71.0) 1.16 (1.05–1.29) 0.87 (0.76–0.99) 0.95 (0.85–1.07)
Group 4 (high-middle) 5,232 83,510 62.7 (60.9–64.4) 1.21 (1.08–1.35)� 0.94 (0.85–1.05) 1.14 (1.02–1.28)
Group 5 (highest) 5,470 105,202 52.0 (50.6–53.4) 1.25 (1.08–1.44) 1.01 (0.92–1.11) 0.95 (0.83–1.08)

Pinteraction ¼ 0.018
HNC-specific mortality among patients who survived ≥ 1 year sHR and 95% CI
Group 1 (lowest) 3581 62914 56.9 (55.1–58.8) 1.32 (1.23–1.43)� 1.10 (0.89–1.36) 1.10 (0.97–1.25)
Group 2 (low-middle) 2972 64129 46.3 (44.7–48.0) 1.30 (1.18–1.45)� 1.20 (1.00–1.45) 1.23 (1.09–1.40)�

Group 3 (middle) 2713 68817 39.4 (38.0–40.9) 1.19 (1.04–1.36) 1.01 (0.85–1.20) 1.09 (0.94–1.27)
Group 4 (high-middle) 3099 83510 37.1 (35.8–38.4) 1.34 (1.16–1.54)� 1.14 (1.00–1.30) 1.36 (1.18–1.57)�

Group 5 (highest) 3295 105202 31.3 (30.3–32.4) 1.37 (1.14–1.62)� 1.18 (1.05–1.30) 1.10 (0.94–1.30)
Pinteraction ¼ 0.241

Fine–Gray models were adjusted for age, sex, marital status, tumor site, stage, surgery, radiotherapy, chemotherapy, histology, and year of diagnosis.
�Significant when multiple comparison corrections for P values were applied.
�Statistical significance was determined by post hoc Holm-Bonferroni correction for multiple comparisons.
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Currently, there is a lack of evidence from real-world data con-
cerning the optimal surveillance period for HNC survivors. HNC
survivors are at high risk of second primary cancers and other
smoking-related comorbidities because 70% to 80% of HNC cases
are associated with prior tobacco use (49). In a recently published
secondary analysis of the National Lung Screening Trial study parti-
cipants, the risk of second primary lung cancer was 2.5 times higher
among HNC survivors compared with participants without a history
of HNC (50). Hence, adequate tobacco cessation and surveillance,
targeted interventions, and dismantling of structural racism may hold
the key to reducing disparities (48, 51, 52).We were unable to estimate
these aspects in our current analysis due to the lack of data in the SEER
database, however, we believe the influence of residential SES on access
to quality healthcare before, during, and after treatment is demon-
strated by substandard survivorship care (53) and inferior cancer
outcomes (54). Approximately 50% of Black patients belonged to low
SES, which highlights the importance of addressing policies on finan-
cial hardship due to cancer treatment as a key to promoting cancer
health equity. For instance, one study demonstrated that Medicaid
expansion in Louisiana improved access to care and potential clinical
courses for Louisiana residents diagnosed with HNC (55). Other
dimensions of access are also relevant for HNC quality survivorship
care, including accessibility (distance and transportation), availability
(density of oncologists or specialists, hospital quality), and acceptabil-
ity (trust and cultural competency), and a better understanding of
these dimensions can help identify interventional opportunities to
reduce disparities (56).

Strengths and limitations
The strengths of this study include the large sample size from a

population-baseddatabase that enabled the examinationof differencesby
race/ethnicity and SES groups in the United States. In addition, the large
sample size allowed for stratification by HNC subtype, and the use of
SEER data ensured that all variables were standardized. However, our
study has certain limitations. First, although census-tract SES has been
validated as a solid measure of neighborhood SES, we were unable to
account for individual-level variation, which could lead to a potential
misclassification using area-based measures (22). Also, the census tract
SESmeasureswere taken at the time of diagnosis, and thesemeasures can
change between diagnosis and mortality (11). In addition, the classifi-
cation of race/ethnicity was based on a race recode variable with a
combinedgroupforNH-AsianAmericansandNH-Pacific Islanders (24),
and the aggregation may mask variation in poorer health outcomes,
predominantly amongst NH-Pacific Islanders (57, 58). Furthermore, key
variables such as insurance, comorbidities, tobacco use, HPV status, and
alcohol use were not available. Despite these limitations, our study
provides information on SES and its relationship with survival using a
composite measure rather than a single measure of SES.

Conclusion
This is the first U.S. population-based study to characterize the joint

association between census-tract-based SES and race/ethnicity in
HNC mortality. Compared with other race/ethnic groups, Black
patients had significantly worse survival outcomes across all SES strata
compared with NH-White patients. By restricting the sample to

Figure 1.

Cumulative incidence curves for the HNC-specific death by race/ethnicity and SES. The predicted curveswere based onmale participantswho are 60 to 64 years old
at diagnosis,married, surgically treated for localized stageHNCcancer, and survived for at least 12months. Abbreviations: PI, Pacific Islander.A,Cumulative incidence
curves for the HNC-specific death by Race/Ethnicity and Group 1(lowest SES); B, Cumulative incidence curves for the HNC-specific death by Race/Ethnicity and
Group 2 (low-middle SES); C, Cumulative incidence curves for the HNC-specific death by Race/Ethnicity and Group 3 (middle SES); D, Cumulative incidence curves
for theHNC-specific deathbyRace/Ethnicity andGroup4 (high-middle SES);E,Cumulative incidence curves for theHNC-specific deathbyRace/Ethnicity andGroup
5 (highest SES).
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patients who survived at least 1 year after diagnosis, the current study
highlights the critical importance of long-term surveillance and cancer
care for patients diagnosed with HNC. Our study emphasizes the
importance of using an "intersectional lens" to design multi-level
interventions and implement policies to improve HNC screening,
diagnosis, treatment, and specifically survivorship for racial and ethnic
minorities and lowest-SES residential areas.
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