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Abstract

Objective. Socioeconomic and other demographic factors are
associated with outcomes in head and neck cancer. This
study uses a national cancer database to explore how
patient race, ethnicity, and socioeconomic status (SES) are
associated with esthesioneuroblastoma outcomes, including
5-year disease-specific survival (DSS), conditional DSS, stage
at diagnosis, and treatment.

Study Design. Retrospective cohort analysis.

Setting. Patients with esthesioneuroblastomas between 1973
and 2015 from the SEER registry (Surveillance, Epidemiology,
and End Results).

Methods. The National Cancer Institute Yost Index, a census
tract–level composite score composed of 7 parameters, was
used to categorize the SES of patients. Kaplan-Meier analysis
and Cox regression were conducted to assess DSS.
Conditional DSS was calculated per estimates from simpli-
fied Cox models. Logistic regression was conducted to iden-
tify risk factors for advanced cancer stage at diagnosis and
the likelihood of receiving multimodal therapy.

Results. Complete data were included for 561 patients. DSS
was significantly associated with SES (log-rank, P \ .01) but
not race. According to Cox regression, DSS was worse for
the lowest SES tertile vs the highest (hazard ratio, 1.70 [95%
CI, 1.05-2.75]; P = .03). Patients of the lowest SES tertile
exhibited an increased risk of advanced cancer stage at diag-
nosis as compared with the highest SES tertile (odds ratio,
1.84 [95% CI, 1.06-3.30]; P = .035). Black patients (odds
ratio, 0.44 [95% CI, 0.24-0.84]; P = .011) were less likely
than other patients to receive multimodal therapy. SES alone
was not associated with receiving multimodal therapy.

Conclusion. SES is significantly associated with DSS and
conditional DSS for patients with esthesioneuroblastomas.
Inequalities in access to care and treatment likely contribute
to these disparities.
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R
acial, ethnic, and socioeconomic disparities influence

outcomes for many cancers.1-10 Studies have consis-

tently demonstrated decreased survival for solid

tumors as well as hematologic malignancies among patients

of certain racial and socioeconomic backgrounds.11,12

Mechanisms underlying these disparities include differences

in access to care and follow-up, screening utilization, and

health behaviors.13,14 For specific malignancies, studies have

also illustrated that the likelihood of receiving standard-of-

care treatment may vary by patient race.15 Therefore, dispari-

ties in oncologic outcomes are likely influenced by key socio-

demographic variables. This variance presents an important

avenue of study and intervention to improve cancer treatment

and outcomes for patients in high-risk cohorts.
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Esthesioneuroblastomas, or olfactory neuroblastomas,

are malignant tumors that arise from the olfactory neuroe-

pithelium. These tumors are uncommon, accounting for only

2% to 3% of nasal cavity neoplasms.16 There is a bimodal dis-

tribution in the age of diagnosis, with most presenting in the

second decade or fourth to sixth decade of life.17 Severe dis-

ease can include intracranial and orbital invasion, in addition

to regional nodal and distant metastasis.18 The most common

form of treatment combines surgery and adjuvant radiother-

apy, which shows superior outcomes to using either modality

alone.18-23 The role of chemotherapy remains unclear, but it is

commonly used for disseminated and locally advanced dis-

ease.24 Overall 5-year disease-specific survival (DSS) is

approximately 69%.25

The effect of race, ethnicity, and SES on survival patterns

for rare sinonasal tumors such as esthesioneuroblastomas

has not been well established.26 This study aims to explore the

association of sociodemographics with several outcome

metrics for patients with esthesioneuroblastoma, such as DSS,

5-year conditional DSS (CDSS), stage at diagnosis, and treat-

ment received. Specifically, we use data from the SEER regis-

try (Surveillance, Epidemiology, and End Results) and the

National Cancer Institute’s Yost Index—a validated census

tract–level composite score of socioeconomic status (SES)—

to explore the effects of race, ethnicity, and SES on these out-

comes.10,27,28 CDSS characterizes the likelihood of continued

survival based on the duration of time already survived since

diagnosis. This measure of survival can effectively inform

treatment plans and surveillance patterns and provide a more

accurate assessment of prognosis for patients.29-34 Findings

from this study may not only help to characterize disparities

in outcomes for esthesioneuroblastomas but also inform

future studies and intervention strategies to improve survival

for patients in high-risk cohorts.

Materials and Methods

Data Source and Study Population

This study is an analysis of the National Cancer Institute’s

SEER registry. This database acquires data from 18 population-

based registries that represent approximately 30% of the US

population. With a dedicated team of trained data curators,

SEER accurately captures information on patient demographics,

tumor characteristics, treatment factors, and survival statistics.

Race and ethnicity were categorized separately at the case level

by using 2 variables in the SEER database. Both variables were

included in multivariable analyses.

Patients were identified with the SEER histologic code for

esthesioneuroblastoma (9522-3) with a primary site in the

nasal cavity and sinuses (SEER site code C30.0-31.9) or intra-

cranial location (C70.0-71.9). Patients were included if they

had (1) a diagnosis of esthesioneuroblastoma between 1973

and 2015 and (2) complete data available on age at diagnosis,

sex, stage at diagnosis, race, ethnicity, SES, treatment regi-

men (surgery, radiation, and/or chemotherapy), and follow-up

visits to calculate DSS. After application of exclusion criteria,

only patients after 2000 were included.

Although esthesioneuroblastomas are generally staged

with the Kadish and other systems, these data are not available

in the SEER registry.35 Instead, the standard SEER staging

system was used, which stratifies disease into 3 main cate-

gories: localized disease, defined as a malignancy isolated to

the primary site; regional disease, characterized as infiltration

into surrounding tissues and/or spread to regional lymph

nodes; and distant disease, such as malignances with meta-

static spread to remote tissues or lymphatic systems.

Yost Index

The National Cancer Institute utilizes a composite score

known as the Yost Index to quantify SES.10,27 Based on geo-

coded patient-level data, the index is a validated census tract–

level composite score integrating 7 SES parameters: median

household income, median home value, median rent, percent-

age of individuals\150% of the federal poverty line, percent-

age unemployment, percentage working-class occupation,

and educational achievement index. The use of census tract–

level data is superior to other county-level measurements of

SES, as census tracts are smaller and more targeted and pro-

vide greater resolution and specificity of SES characteriza-

tion. The Yost Index is divided into tertiles, of which the first

is the lowest SES and the third is the highest. Several studies

have illustrated the validity of the Yost Index in cancer

outcomes.27,36

Primary and Secondary Outcomes

DSS is the primary outcome analyzed in this study, which was

based on SEER data on the cause of death (cancer vs noncan-

cer related). Patients who died from causes other than esthe-

sioneuroblastoma or had an unknown cause of death were

censored in survival analysis. Five-year CDSS was calculated

according to simplified DSS estimates controlling for stage

and SES.

Secondary outcomes included (1) stage of disease at diag-

nosis and (2) use of multimodal therapy (defined as receiving

any�2 of surgery, radiation, and/or chemotherapy).

Statistical Analysis

Kaplan-Meier with log-rank statistic was used to examine the

association between DSS and SES tertile, race, and ethnicity.

A Cox proportional hazard regression model was generated

while adjusting for age, sex, race, ethnicity, stage, Yost Index,

and treatment (surgery, radiation, and/or chemotherapy). This

model was utilized to understand the independent influence of

SES, race, and ethnicity on survival and other outcomes.

Multivariable logistic regression models were then generated

to determine the association between secondary outcomes

(stage at time of diagnosis and use of multimodal therapy) and

SES, race, and ethnicity. Notably, logistic regression predict-

ing the use of multimodal therapy was adjusted for stage of

disease among other covariates.

A simplified Cox proportional hazard, S(x), regression

model controlling for cancer stage and Yost Index was used to

estimate CDSS. The 5-year CDSS is calculated through con-

ditional survival: CS(5 1t | t) = S(5 1t) / S(t). S is the function
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for DSS based on the Cox proportional hazard regression

model controlling for stage and Yost Index. This equation

establishes the probability that a patient will live an additional

5 years, given that the patient has already survived t years

since diagnosis. For example, the CDSS after 4 years since

diagnosis is calculated as S(9)/S(4).

Statistical analysis was conducted in R version 4.03.1

(RStudio). Statistical significance was set at P \ .05. This

study was exempted by the Columbia University Institutional

Review Board due to the deidentified nature of the data.

Results

In this study, 561 patients with complete data were included

for analysis. Forty-four percent (n = 247) were in the third ter-

tile, representing the highest SES, 32% (n = 182) in the

second tertile, and 24% (n = 132) in the first tertile. Table 1
illustrates various demographic characteristics stratified

by Yost Index tertiles. Most patients were White (79%), fol-

lowed by Asian/Pacific Islander (10.7%) and Black (9.3%).

Seventy-three patients (13.0%) were Hispanic. Patients in the

highest SES tertile had the lowest mortality rate (16%), while

patients in the lowest SES tertile exhibited the highest mortal-

ity (29%). The total incidence of deaths across the 3 SES ter-

tiles was significantly different (P = .009).

Table 2 illustrates the tumor characteristics of the patients.

The largest number of patients presented with regional disease

(42%). Thirty percent of patients received chemotherapy,

86% surgery, and 71% radiation. The likelihood of being

treated with chemotherapy (P = .020) and surgery (P = .006)

was also significantly different across Yost Index tertiles.

Patients in the highest SES tertile exhibited the lowest rates of

chemotherapy treatment (25%), and patients in the lowest

SES tertile had the lowest rates of surgery (79%).

Kaplan-Meier analysis (Figures 1 and 2) illustrated a sig-

nificant difference in DSS when stratified by Yost Index (log-

rank P \ .001) but not race (P = .096) or Hispanic ethnicity

(P = .720). According to Cox proportional hazard models

(Table 3), only SES measured by the Yost Index was associ-

ated with DSS after controlling for tumor stage, treatment,

and other demographic factors. The lowest SES tertile exhib-

ited worse DSS vs the highest (hazard ratio, 1.70 [95% CI,

1.05-2.75]; P = .03).

Table 4 depicts logistic regression models predicting

advanced-stage cancer, defined as regional or distant spread,

at presentation. Patients of the lowest SES tertile exhibited

an increased likelihood of a having an advanced-stage lesion

at the time of diagnosis as compared with the highest SES

tertile (odds ratio, 1.84 [95% CI, 1.06-3.30]; P = .035).

Additionally, we examined predictors of multimodal therapy

(Table 5). Black patients were significantly less likely than

their White counterparts to receive multimodal therapy

(odds ratio, 0.44 [95% CI, 0.24-0.84]; P = .011). SES was

Table 1. Demographic Factors and Mortality Rate Stratified by SES Tertiles.a

SES tertile, No. (%)

Third (n = 247) Second (n = 182) First (n = 132) Total P valueb

Age, y .489

\45 56 (23) 43 (24) 42 (32) 141 (25.1)

45-59 98 (40) 71 (39) 43 (33) 212 (37.8)

60-79 81 (33) 57 (31) 38 (29) 176 (31.4)

�80 12 (4.9) 11 (6.0) 9 (6.8) 32 (5.7)

Race

White 194 (79) 147 (81) 102 (77) 443 (79.0) \.001

Black 12 (4.9) 17 (9.3) 23 (17) 52 (9.3)

Asian/Pacific Islander 36 (15) 17 (9.3) 7 (5.3) 60 (10.7)

Alaskan Native/Native American 0 (0) 0 (0) 0 (0) 0 (0)

Other 5 (2.0) 1 (0.5) 0 (0) 6 (1.1)

Hispanic \.001

Non-Hispanic 226 (91) 162 (89) 100 (76) 488 (87.0)

Hispanic 21 (8.5) 20 (11) 32 (24) 73 (13.0)

Sex .312

Female 110 (45) 68 (37) 57 (43) 235 (41.9)

Male 137 (55) 114 (63) 75 (57) 326 (58.1)

Mortality .009

Censored 208 (84) 139 (76) 94 (71) 441 (78.6)

Dead due to cancer 39 (16) 43 (24) 38 (29) 120 (21.4)

Abbreviation: SES, socioeconomic status.
aThe third tertile indicates the highest SES, and the first tertile indicates the lowest SES.
bChi-square test of independence. Bold indicates P \.05.
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not associated with the likelihood of receiving multimodal

therapy.

Figure 3 illustrates conditional survival curves stratified

by stage of disease and SES tertiles. For localized disease,

5-year conditional survival estimates remain consistently

favorable, with limited differences among SES tertiles. With

increasing stage, there were stronger improvements in CDSS

in the first 2 years after diagnosis, but these improvements

diminished with increased survivorship, as shown by the flat-

tening slope. This finding suggests that prognosis does not

dramatically improve with increased survival. Qualitatively,

the differences among SES tertiles appear to become more

pronounced as stage at diagnosis becomes more advanced,

with the lowest SES tertile consistently exhibiting the worst

conditional survival predictions.

Discussion

In this study, we analyzed .500 patients with esthesioneuro-

blastoma in the National Cancer Institute’s SEER registry to

understand the association of race, ethnicity, and SES with

several outcome metrics, such as DSS, use of multimodal

therapy, and cancer stage at presentation. Additionally, we

examined the effect of SES on 5-year conditional survival, a

powerful metric in cancer outcomes that more accurately

characterizes prognosis and can effectively inform surveil-

lance strategies. While the effect of race and SES on cancer

outcomes has been well described for various malignancies,

few studies have examined their role in esthesioneuroblastoma

outcomes, and none have examined conditional survival.

Our analysis illustrates that patients of lower SES status

experienced higher mortality and worse DSS after controlling

for a number of potential confounders, including stage at diag-

nosis and treatment modality. Notably, patients of the lowest

SES tertile experienced a dramatic 70% worse DSS when

compared with the highest SES tertile. However, race and eth-

nicity alone were not statistically associated with differences

in DSS in this cohort.

Disease presentation and treatment modalities are signifi-

cantly associated with sociodemographic factors. We illu-

strated that patients of the lowest SES tertile were almost 85%

more likely to present with advanced-stage cancer than

patients in the highest SES tertile, a dramatic disparity.

Table 2. Tumor and Treatment Characteristics Stratified by SES Tertiles.

SES tertile, No. (%)

Third (n = 247) Second (n = 182) First (n = 132) P valuea

Stage of disease .082

Localized 69 (28) 43 (24) 21 (16)

Regional 105 (43) 74 (41) 59 (45)

Distant 73 (30) 65 (36) 52 (39)

Chemotherapy: yes 61 (25) 60 (33) 50 (38) .020

Surgery: yes 224 (91) 155 (85) 104 (79) .006

Radiation: yes 178 (72) 129 (71) 90 (68) .730

Abbreviation: SES, socioeconomic status.
aChi-square test of independence. Bold indicates P \.05.

Table 3. Cox Proportional Hazard Model for Disease-Specific
Survival.a

HR 95% CI P valueb

Race

White — —

Black 1.32 0.75-2.32 .30

Asian/Pacific Islander 1.30 0.73-2.30 .40

Other 0.00 0.00-Inf ..9

Sex

Female — —

Male 1.47 1.00-2.17 .05

Hispanic ethnicity

Non-Hispanic — —

Hispanic 0.91 0.50-1.65 .80

Yost Index, SES tertile

Highest — —

Middle 1.48 0.95-2.32 .08

Lowest 1.70 1.05-2.75 .03

Abbreviations: HR, hazard ratio; SES, socioeconomic status.
aControlling for age, stage, treatment, and age in addition to variables in table.
bBold indicates P\.05.

Figure 1. Kaplan-Meier curve stratified by socioeconomic status ter-
tiles. Significance values are results of log-rank statistics.
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Disease stage at presentation is often considered a proxy for

access to specialized tertiary care, as a delay in access to care

represents an opportunity for disease progression. While there

was no association between SES tertiles and use of multimo-

dal therapy, race has a considerable association with treatment

course. Black patients were .60% less likely to receive multi-

modal therapy than White patients. These findings suggest that

there is treatment equality across SES but not across different

races, which is interesting as SES and race are traditionally

closely related. Of note, the nuances and intricacies of treatment

frequency and duration are not effectively captured within our

database, which may explain some of these discrepancies.

Socioeconomic factors, ranging from marital status to

neighborhood characteristics, have been associated with dis-

ease stage at presentation as well as quality of care. However,

the interplay of SES and cancer outcomes is complex and

multifaceted.37,38 Proper management of oncologic disease

involves numerous components, such as access to and quality

of health care and material resources, all of which are inter-

twined with economic and social policies. Patients of lower

SES may present at later stages for numerous reasons—for

example, a lower frequency of primary and specialist care utili-

zation or disproportionate exposure to carcinogenic environ-

ments. However, as few risk factors for esthesioneuroblastoma

have been identified at this time, delayed acknowledgment of

symptoms by the patient and a low index of clinical suspicion

by providers may also contribute to late-stage diagnosis. Other

possible factors could include scrutinizing the health literacy of

patients, distribution of specialty referral networks, adherence

to therapy protocols, and surveillance strategies.

Finally, our analysis of CDSS helps to elucidate the possi-

ble mechanisms for reduced survival by SES tertiles. Notably,

SES does not primarily affect conditional survival estimates

for localized tumors but does for regional and distant staged

Figure 2. Kaplan-Meier survival curve stratified by (a) race and (b) Hispanic ethnicity with log-rank statistics.

Table 4. Logistic Regression Model Predicting Late-Stage Disease at
Diagnosis.a

OR 95% CI P valueb

Sex

Female — —

Male 1.34 0.89-1.99 .157

Race

White — —

Black 2.4 1.05-6.48 .055

Asian/Pacific Islander 1.74 0.89-3.68 .123

Other 0.39 0.07-2.18 .261

Hispanic ethnicity

Non-Hispanic — —

Hispanic 1.26 0.68-2.44 .479

Yost Index, SES tertile

Highest — —

Middle 1.19 0.76-1.88 .444

Lowest 1.84 1.06-3.30 .035

Abbreviations: OR, odds ratio; SES, socioeconomic status.
aControls for age in addition to variables in table.
bBold indicates P \.05.

Table 5. Logistic Regression Model Predicting Use of Multimodal
Therapy.a

OR 95% CI P valueb

Sex

Female — —

Male 0.9 0.61-1.32 .584

Race

White — —

Black 0.44 0.24-0.84 .011

Asian/Pacific Islander 1.12 0.58-2.27 .744

Other 0.07 0.00-0.48 .019

Hispanic ethnicity

Non-Hispanic — —

Hispanic 0.96 0.53-1.78 .894

Yost Index, SES tertile

Highest — —

Middle 0.9 0.58-1.41 .644

Lowest 0.78 0.47-1.29 .327

Abbreviations: OR, odds ratio; SES, socioeconomic status.
aControls for stage and age in addition to variables in table.
bBold indicates P \.05.
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tumors. There was no convergence among the tertiles even

several years after diagnosis. Factors affecting long-term sur-

vival metrics in regional and distant tumors commonly

include adherence to surveillance and treatment modalities,

both of which may be affected by SES and access to care.

Therefore, the mechanisms of SES and survival may be due to

long-term over short-term factors, although further studies

scrutinizing recurrence and related outcomes are necessary. It

is also noteworthy that our data demonstrate a relatively con-

stant 5-year CDSS for esthesioneuroblastoma. In other words,

a patient who has survived 5 years since the time of diagnosis

still has about the same 5-year survival as when the diagnosis

was made. This survival outcome is unusual for head and

neck cancers. In general, head and neck cancer recurrence and

mortality are thought to occur most often within the first 5

years after diagnosis and treatment, and continued survivor-

ship is associated with an improved DSS and prognosis; this

relationship would be demonstrated with an upward-sloping,

increasing CDSS over time, rather than the relatively constant

CDSS that we have identified for esthesioneuroblastoma.

Esthesioneuroblastoma is a rare lesion; therefore, large sta-

tistical analyses require the use of a large database. However,

such studies have several inherent limitations. Large national

databases such as the SEER registry help study rare diseases

such as esthesioneuroblastoma, but they carry limitations

regarding the specificity and nuances of data. While robust

and generalizable, the SEER registry lacks comorbidity data,

detailed treatment information, and recurrence data, all of

which affect survival in these cohorts. Additionally, the Yost

Index uses census tract–level data. Although this is one of the

most effective geospatial measurements of SES available, it

does not replace prospectively collected SES data at the indi-

vidual patient level. Additionally, there are inherent limita-

tions to the characterization of race and ethnicity in the SEER

database. SEER uses a fairly narrow representation of race

and ethnicity, which does not capture the rich diversity of

ethnic-racial backgrounds in the United States, as well as

those who are from multiple racial and ethnic backgrounds.

Additionally, SEER captures only a portion of the US popula-

tion, which carries limitations when generalizing to more

racially/ethnically diverse regions of the county or interna-

tionally. Finally, this cohort comprises patients who were

diagnosed over a time span of nearly 40 years. Changing treat-

ment paradigms and management strategies during this time

may influence survival estimates as well.

Overall, we believe that this study provides insight on the

association of race, ethnicity, and SES with clinical outcomes

for patients with esthesioneuroblastoma. These data not only

provide a foundation for further study to determine the

mechanisms of the associations between sociodemographic

factors and cancer outcomes but also represent an opportunity

for otolaryngologists to explore interventions to mitigate

these considerable disparities for esthesioneuroblastoma.

Conclusion

Esthesioneuroblastoma presentation, treatment, and survival

outcomes are significantly associated with demographic fac-

tors such as race, ethnicity, and SES. This study is the first to

examine CDSS for this specific pathology, which illustrates

an unusual lack of improved DSS with increasing survivor-

ship. Further studies should be devoted to the nuances of these

observations to mitigate these risks for vulnerable patient

populations.
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