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Background. Hispanics diagnosedwith cutaneousmelanoma aremore likely to present at advanced stages but the reasons for this are
unknown. We identify census tracts at high risk for late stage melanoma diagnosis (LSMD) and examine the contextual predictors
of LSMD in California, Texas, and Florida. Methods. We conducted a cross-sectional study using geocoded state cancer registry
data. Using hierarchical multilevel logistic regression models we estimated ORs and 95% confidence intervals for the impact of
socioeconomic, Hispanic ethnic concentration, index of dissimilarity, and health resource availability measures on LSMD. Results.
We identified 12,493 cases. In California, late stage cases were significantly more likely to reside within census tracts composed
mostly of Hispanics and immigrants. In Texas, LSMD was associated with residence in areas of socioeconomic deprivation and
a higher proportion of immigrants. In Florida, living in areas of low education attainment, high levels of poverty, and a high
percentage of Hispanic residents was significantly associated with LSMD. Residential segregation did not independently affect
LSMD. Conclusion. The influence of contextual predictors on LSMD varied in magnitude and strength by state, highlighting both
the cosegregation of social adversity and poverty and the complexity of their interactions.

1. Introduction

Cutaneous melanoma is a significant public health con-
cern with an estimated 76,380 cases diagnosed in 2016
and approximately 10,130 deaths as a result of this dis-
ease [1]. When diagnosed early, melanoma is associated
with favorable survival rates (5-year overall survival for
melanoma in situ and stage 1A melanomas is 99% and
97%, resp.) [2]. In contrast, the prognosis for advanced-
stage melanoma is poor, with a 16% 5-year survival
rate for patients with stage IV disease [2]. Hence, early
and timely detection is critical to reducing mortality
[3].

Despite the higher incidence of melanoma among
non-Hispanic whites (NHW), Hispanics diagnosed with
melanoma are 2.4 times [age adjusted odds ratio (OR), con-
fidence interval (CI) 1.89–3.05] more likely to present with
stage III disease [4] and 3.64 times more likely (CI 2.65–5.0)
to have distant metastases than NHWs [3, 5–9]. Moreover,
while the number of local stage or in situ melanomas has
increased significantly amongNHWs (indicative of improved
screening efforts), the increasingmelanoma incidence among
Hispanicmen living in California can be attributed to tumors
thicker than 1.5mm [10].

We do not know why Hispanics have worse melanoma
outcomes. Late presentation of melanoma in Hispanics has
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been attributed to lack of awareness and knowledge [6],
lower rates of self and physician performed skin examinations
[7], differences in tumor biology [6], and socioeconomic
forces. Primary care access may be particularly important
for melanoma diagnosis and outcomes, given its importance
to early diagnosis and the variability in health insurance
coverage and healthcare access in this population. These
factors may place Hispanic men at particular risk. US His-
panics are heterogeneous in many dimensions relevant to
health outcomes [11] and display wide diversity in nativity,
primary language, acculturation, education, and degree of
social and spatial integrationwith non-Hispanic populations.
Local lifestyle factors, access, and use of healthcaremay shape
the diagnosis, treatment, and progress of melanoma.

2. Conceptual Framework

The social ecological model (SEM) conceptually informs the
design of this study. The SEM centers on the notion that
spatial variations in health are due to characteristics of the
environment, with ecological attributes of the (geographic)
space affecting entire groups of people [12]. These attributes
encompass a broad range of variables including language,
culture, economic opportunity, healthcare resources, and
utilization, as well as social integration with other racial and
ethnic groups. Social determinants of late stage of diagnosis
may operate at both the individual and neighborhood (census
tract) levels and may be correlated. For example, immigrant
Hispanics are more likely to use Spanish as their primary
language, be in lower skilled occupations, have lower income,
lack health insurance, live in immigrant enclaves, and live in
an area with few healthcare resources [13, 14].

In this study, we (1) identify places at high risk for late
stage diagnosis and (2) examine the contextual predictors of
late stage diagnosis across three states (California, Texas, and
Florida) in which just over half of the Hispanic population
in the United States resides. We hypothesize that markers of
small area ethnic concentration, residential segregation, tract
economic disadvantage, and underservice by the healthcare
system are each associated with a higher proportion of late
stage diagnosis. We also hypothesize that the impact of these
contextual correlates of late stage diagnosis varies among
Hispanic men in each state because of variation in settlement
patterns between states.

3. Material and Methods

3.1. Study Design. We conducted a cross-sectional study
using geocoded state cancer registry data from California,
Texas, and Florida to examine the impact of neighborhood
characteristics on melanoma stage at diagnosis in Hispanic
men.We considered census tracts, which are relatively homo-
geneous with respect to their economic and living conditions,
as a rough proxy for neighborhood [15, 16]. Census tracts
have an average size of 4,000 inhabitants and generally cover
a contiguous area [17]. A key advantage to census tract data
is its relative stability, facilitating the comparison of data over
time and space [17].

3.2. Data Source. The California, Texas, and Florida cancer
registries collect information on incidence and clinically con-
firmed cancer stage at diagnosis. Each registry collects demo-
graphic, clinical, diagnostic (type of cancer, date of diagnosis,
histology, and extent of disease), and treatment information
(surgery, radiation, chemotherapy, and hormonal therapy).

3.3. Study Population. We limited data to histologically con-
firmed cutaneous melanoma [International Classification of
Disease for Oncology, third edition site codes (C440–449)
and histological codes (8720–8790)] reported to the registries
during 1996 to 2012.We considered cases eligible for the study
if registry data indicatedHispanic ethnicity, male gender, and
age older than 18 years. Cases were identified as Hispanic,
according to the North American Association of Central
CancerRegistriesHispanic IdentificationAlgorithm (NHIA).
The algorithm uses the following variables to assign Hispanic
ethnicity: Spanish/Hispanic origin, last name, maiden name,
birthplace, race, and sex. We excluded 94, 43, and 81 cases
due to missing census tract addresses in California, Texas,
and Florida, respectively. This study was approved by the
administrative committees and the respective Institutional
Review Boards (IRB) for each state, Eastern Virginia Medical
School, and Hampton University.

3.4. Cancer Cases. For each case, we collected information
on race, ethnicity, age, summary stage, tumor thickness,
histological subtype, treatment status, and census tract of
residence at the time of diagnosis.We categorized histological
subtype as superficial spreading, nodular, acral lentiginous,
lentigo maligna, and other. We assigned census tracts using
2010 US Census geocodes.

The key dependent variable was stage at diagnosis: late
stage versus early stage (Table 1). We defined late stage
regional melanoma (direct extension only; regional, regional
lymph nodes only; regional, direct extension and regional
lymph nodes; regional, NOS), distant stage melanoma, and
unknown stage. We included unknown stage in the late
stage category since unknown staged melanoma has been
shown to have comparable 5-year survival rates to regional
stage melanoma [18]. We defined early stage as all melanoma
recorded as “localized” and in situ.

3.4.1. Neighborhood Measures. We explored several key area-
based SESmeasures to capture different domains of socioeco-
nomic position (poverty, income, and education), in relation
to melanoma outcomes. Census tract socioeconomic data on
percent of tract residents living below the federal poverty
line, percent of tract residents, age 25 or older, possessing less
than a high school education, and median household income
were extracted from the 1990 and 2000 US Decennial Census
and the American Community Survey (ACS), 2009–2012. To
facilitate spatial modeling using a common set of geographic
units, 1990 and 2000 Census data were obtained in 2010
boundaries [19]. To obtain census tract values for interdental
years, we interpolated between 1990 and 2000 and 2000 and
2007 (the first available year for the ACS 5-year estimates),
using linear interpolation for median household income and
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Table 1: Distribution of patient cases by summary stage, California, Texas, and Florida, 1996–2012.

Summary stage at diagnosis California Texas Florida Category
Frequency % Frequency % Frequency %

In situ 875 29.44 2123 42.35 1925 42.64 Early
Localized 1385 46.60 1804 35.99 1785 39.53
Regional by direct extension 76 2.56 67 1.34 53 1.17

Late

Regional by lymph nodes 195 6.56 142 2.83 141 3.12
Regional by direct extension and lymph nodes 47 1.58 36 0.72 28 0.62
Regional, NOS 26 0.87 6 0.12 11 0.24
Remote 225 7.57 189 3.77 153 3.39
Unknown or not specified 143 4.81 646 12.89 419 9.28

logistic interpolation for percent below poverty and percent
less than high school education.

We categorized percent below poverty into high poverty
(>20%), medium poverty (10–19.9%), and low poverty
(<10%). Census tract education was classified into low, low-
mid, mid, and high levels of educational attainment as
40–100%, 25–39.9%, 15–24.9%, and 0–14.9%, respectively.We
defined cut points for these neighborhood socioeconomic
measures based on the published literature [20]. We defined
quintiles of median household income based on the census
tract distribution across the three states. Segregation mea-
sures have been used inmany studies of health and healthcare
use in ethnic populations in two dimensions: evenness of
residential distribution of a group to a comparison group or
groups and exposure to other groups, or, its converse, isolation
from other groups [21, 22].

We use the most commonly used measure of evenness,
the index of dissimilarity. The index is measured as

∑
(

HispanicTract
HispanicCounty

) − ( Non-HispanicTract
Non-HispanicCounty

)


∗ 50,
(1)

where GroupTract is the count of group members in the 𝑖th
census tract and GroupCounty is the total population of that
group in the county.The index of dissimilarity takes the value
0 if the shares of the groups compared residing in each tract
within a county are identical and 100 if no members of the
two groups coreside in the same tract. High values of the
index are frequently interpreted as an indicator of residential
avoidance and social distance between groups, which may
indicate barriers to access to healthcare services [21, 23, 24].
The referent of the index of the index of dissimilarity is the
larger unit of geography—in this case the county, with the
county scores assigned to its component tracts.

We used three variables to capture the effects of ethnic
isolation on late stage melanoma diagnosis: the proportion
of tract residents who are Hispanic, the percentage of
tract residents who are foreign born, and the proportion
of tract residents who do not speak English well. In the
context of studies of Hispanic health, high values of isolation
measures are commonly interpreted as proxy indicators
of continued strength of supportive community ties and
cultural continuity, though they may also be interpreted as

indices of isolation from acculturating influences [25, 26].
There is some disagreement among ethnic, immigrant, and
language concentration as the most relevant indicator, and
we investigate relationships to all three [25, 27, 28]. We chose
to operationalize the isolation measures at the local (i.e.,
census tract) level, rather than using a regional average score,
following the most common practice in Hispanic health
studies, and because this is the more direct measure of the
ethnic isolation construct. We defined cut points for each of
these enclave variables using quartiles based on distribution
across the three states.

We used two data sources to understand local avail-
ability of medical care resources: (1) Health Resources and
Services Administration designated medically underserved
areas (MUA) and (2) the Dartmouth Health Atlas Primary
Care Service Area. MUAs are identified using the index
of medical service (IMU) scale to designate an area as
being medically underserved [29]. IMU is based on four
variables: the ratio of primary care physicians (PCPs) per
1000 population; the infant mortality rate; the percent of
population with income below the poverty level; and the
percentage of population, age 65 or older. We assigned each
cancer case an appropriate MUA value (0 = non-medically
underserved area, 1 = medically underserved area, and 2 =
medically underserved population).

We cross-walked census tract of residence with Dart-
mouth Health Atlas Primary Care Service Areas (PCSAs)
to incorporate measures of adjusted rate of PCP intensity
at the level of the PCSA [30]. We defined cut points based
on distribution in the dataset as <57, 57–82, and >82 PCPs
per 100,000 inhabitants per PCSA at the census tract level
and assigned tracts a value according to their corresponding
PCSA.

4. Statistical Analyses

Wemerged the case data with the census tract data by census
tract and year. We summarize the sample characteristics and
crude associations of each of the independent variables with
melanoma stage at diagnosis (early versus late) in Table 2.We
tested for differences in these variables between early and late
stage melanoma cases using Student’s t-test or theWilcoxon-
Mann-Whitney test for continuous variables and Chi-square
test or Fisher’s exact test for categorical covariates.
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Tomodel the impact of individual-level covariates, neigh-
borhood socioeconomic measures, and Hispanic enclave
measures on late stage cancer melanoma diagnosis in His-
panic men in California, Texas, and Florida, we adopted a
hierarchical multilevel logistic regression model as follows:
the modeling framework was as follows.

Let 𝑦𝑖𝑗 be an indicator variable taking a value of zero if
patient 𝑖 in area 𝑗 was diagnosed early and 1 otherwise. We
model

𝑦𝑖𝑗 ∼ Bernoulli (𝑝𝑖𝑗) ,
logit (𝑝) = 𝛽0 + 𝛽1𝑥1 + ⋅ ⋅ ⋅ + 𝛽𝑞𝑥𝑞 + 𝑢𝑗,

(2)

where 𝑢𝑗 is a normally distributed random area effect
with mean 0 and variance 𝜎2𝑢. The covariates 𝑥1, . . . , 𝑥𝑞
included age, census tract median household income, edu-
cation, poverty, medically underserved area, adjusted rate
of allocated PCPs, and Hispanic enclave variables (i.e., the
percentage of tract’s Hispanics who were fluent in English,
Hispanic, and foreign born). The multilevel logistic model
was fit separately for each state using the Glimmer procedure
in SAS version 9.4 (SAS Institute, Cary, NC).

We initially attempted to fit this model with census tract
level random effects but found thatmodel fittingwas unstable
due to the scarcity of cases among Hispanic men in many
of the census tracts. We accordingly adopted the following
hybrid approach. If the number of Hispanic male melanoma
cases was ≥5, we retained the census tract as the unit of
geography for the random effects specification. If the number
of cases was <5, we aggregated these cases into the census
county subdivision in which the census tract was located.The
census tract/county division crosswalk was obtained from
MABLE/Geocorr [31]. This permitted us to obtain estimates
for census tracts with sufficient cases to allow for stable
estimation. This algorithm resulted in 70, 846, and 1006
census tracts and 2819, 4170, and 3342 county subdivisions
in California, Texas, and Florida, respectively. Neighborhood
covariate values including the ethnic isolation measures for
all cases were still assigned based on tract residence. The
dissimilarity index score was in all cases calculated for
distribution to tracts within counties and the resulting value
assigned to the subcounty units.

Interactions terms between education, poverty, and His-
panic enclave measures were systematically considered in the
multilevel model and retained based on their significance.
The effects of the predictors on the outcome are given as odds
ratios and 95% confidence intervals. The predicted estimates
from the multilevel models were used in Arc Geographic
Information System (GIS) to visualize geographic patterns
of late stage melanoma. All 𝑃 values less than 0.05 were
considered statistically significant.

To explore state differences in the overall prevalence of
late stage melanoma and covariate effects, we also fit a pooled
model over all states and tested for significant interactions
between state and the final set of covariates from the state-
specific models.

5. Results

We identified 12,493 melanoma cases in Hispanic men
residing in California, Texas, or Florida for 1996–2012. The
demographic and clinical characteristics are presented in
Table 2. The Hispanic populations and communities of the
three states differ markedly, particularly between Texas and
California versus Florida. Hispanics in Florida are older and
more likely to be immigrants, but they also have on average
higher levels of education.

Table 3 shows a correlation matrix for selected tract-
level variables for each state using 2006–2011 American
Community Survey data, weighted for the Hispanic popula-
tion of each tract. In Florida neither ethnic nor immigrant
concentration in census tracts is associated with economic
disadvantage or a lower ratio of PCPs to population, in
contrast to both Texas and California. In California and
Florida, ethnic concentration (percent Hispanic) is strongly
associated with immigrant enclaves (percent immigrant). By
contrast, in Texas, tract-level ethnic concentration frequently
occurs even in the US-born Hispanic population, especially
near theMexican border where US-born Hispanics comprise
large majorities.

In Figure 1, state-specific maps display the spatial distri-
bution of late stage diagnosis. States differed markedly in the
prevalence of late stage disease. California had the highest
rates of late diagnosis with late stage cases clustering in the
southern corner of the state. In Texas, late diagnosis tended to
concentrate in the border areas; in Florida, rates of late stage
diagnosis were greatest along the southeast coastline.

Table 4 displays the significant contrasts in neighborhood
characteristics by stage at diagnosis. Across the three states,
a greater proportion of late stage versus early stage cases
resided in areas characterized by higher levels of poverty,
lower levels of educational attainment, and lower median
household income. A greater percentage of late stage cases
was found in census tracts containing a higher density of His-
panics, immigrants, and individuals with limited knowledge
of English. A greater proportion of late stage cases lived in
medically underserved and PCP shortage areas.

The minimally adjusted (Model 1) and fully adjusted
(Model 2) odds ratios (with 95% confidence intervals) for late
stage diagnosis are shown in Table 5. In California, late stage
cases remained significantlymore likely than early stage cases
to reside in areas composed of Hispanics (being themajority)
[OR (95% CI): 2.4 (1.5–3.7) for >60% Hispanic], immigrants
[OR (95% CI): 2.1 (1.0–4.5) for >65% immigrants], and those
with fewer PCPs [OR (95%CI): 1.4 (1.0–1.9) for <57 PCPs]. In
Texas, late stage melanoma was associated with higher odds
of residence in areas of socioeconomic deprivation [OR (95%
CI): 2.6 (1.7–3.9) lowest levels of education attainment and 1.8
(1.3–2.4) for increased poverty], higher proportion of immi-
grants [OR (95% CI): 2.1 (1.1–3.9) for >65% immigrants], and
low PCP supply [OR (CI): 1.6 (1.2–2.1) for <57 PCPs]. In
Florida, living in areas of low education attainment [OR (95%
CI): 1.8 (1.1–2.8) lowest levels of education attainment], high
poverty [OR (95%CI): 1.8 (1.3–2.5)], and a high percentage of
residents identifying as Hispanic [OR (95% CI): 1.9 (1.4–2.5)
for >60% Hispanic] was significantly associated with late
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Figure 1: Spatial distribution of late stage diagnosis. ((a)–(c)) Each map depicts the prevalence of late stage melanoma diagnosis in Hispanic
men in California, Texas, and Florida, respectively. Maps were generated using the Geographic Information System (GIS). All 𝑃 values less
than 0.05 were considered statistically significant.
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stagemelanoma diagnosis. Across all three states, the index of
dissimilarity did not impact the odds of late stage melanoma
diagnosis.

6. Discussion

We used state registry population-based data to investi-
gate the relationship between neighborhood characteristics
and melanoma stage at diagnosis among Hispanic men
in California, Texas, and Florida. Our analysis, including
approximately 12,493 patient cases, reveals five major find-
ings. First, residence in census tracts with high immigrant
density (California and Texas) and a high composition of
Hispanics (California and Florida) was a significant pre-
dictor of late stage melanoma diagnosis in fully adjusted
models. Second, the strength of the association between SES
measures (poverty and education) and stage of diagnosis
was attenuated in multivariate models when enclaves and
health resource related factorswere taken into account.Third,
we found an increased likelihood of late stage diagnosis
in areas with low PCP density in California and Texas.
Fourth, the probability of late stage diagnosis concentrates
in specific regions along the US/Mexico borders, in south
central California, and in the southeast coast of Florida.
Lastly, in Texas, Hispanic men, ages 18–34 and 35–49, were
at increased risk for late stage diagnosis compared to men 65
years or older.

While our results suggest that the spatial aggregation
of immigrants and Hispanics into neighborhood enclaves
adversely affects melanoma outcomes, they also imply that
the attributes of immigrant and Hispanic enclaves vary
by state of settlement. For example, Hispanic clustering is
correlated with immigrant status more strongly in California
and Florida than in Texas. While California and Texas show
an association of Hispanic/immigrant and SES measures of
disadvantage, Florida does not. Prior studies have found
that segregation is an important determinant of racial and
ethnic health disparities because it effectively measures social
distance [23, 32]. However, we did not find an independent
effect of model of late stage melanoma diagnosis.

Numerous studies have reported the association of late
stage cancer diagnosis and residence in census tracts with
high proportions of Hispanics and immigrants [27, 33–35].
Gomez et al. found that foreign-born Hispanic women living
in low-SES high-enclave neighborhoods were at greater risk
of being diagnosed with late stage cervical cancer than those
in high-SES low-enclave neighborhoods [34]. Reyes-Ortiz et
al. found that while Hispanics living in densely populated
neighborhoods may benefit from lower cancer incidence,
they were burdened by late stage diagnosis and larger tumors
of the breast, cervix, and colon [33]. Although immigrant and
Hispanic enclaves have been shown to serve as sources of
social support [27], they may also negatively influence health
via barriers to assimilation, linguistic isolation, lack of access
to medical care, and health information and by reinforcing
health-related behavioral norms. Residence in enclaves may
also reinforce negative skin-related health behaviors and
foster false perceptions regarding skin cancer risks. Studies
show significantly lower rates of skin self-examinations

[36–41] and physician-assisted skin examinations [41–43]
among Hispanics compared to NHWs. Among Hispanics,
factors associated with skin self-examinations and receipt
of physician-assisted skin examinations include greater US
acculturation, older age, an increased number of melanoma
risk factors, physician recommendations [44, 45], country of
origin [46], elevated levels of skin cancer knowledge, and
heightened awareness of perceived skin cancer risks.

The greater likelihood of late stage melanoma diagnosis
for Hispanics in lower income tracts has been previously
reported. A recent investigation found that the association
of thicker tumors (>2mm) and low SES was stronger among
Hispanic men (relative risk [RR] 2.18; CI 1.73–2.74) and
women (RR 1.98; 1.55–2.51) compared to their NHW coun-
terparts, suggesting Hispanics may be disproportionately
burdened by barriers to screening and care due to poverty
[10]. Hu et al. found that, for every 1% increase in the popu-
lation living below the federal poverty level, the odds among
Hispanics of living in a high risk cluster increased 2% [47].
Our findings from adjusted analyses point to a more complex
relationship between socioeconomic indicators and late stage
diagnosis, particularly in California where the influence of
poverty and education was attenuated after controlling for
health access and enclavemeasures. Prior studies have shown
that educational and income gradientsmay behave differently
for Hispanics across various health outcomes. Goldman et al.
found aweak association between education and select health
behaviors and outcomes for foreign- and US-born Mexicans
[48]. Perhaps in California, a state in which immigrant
and Hispanic status of neighborhoods are highly correlated,
SES may be of less relevance than cultural factors (cultural
norms, reinforced health-related skin behavior), suggesting
that the health advantages of upward economic mobility are
counteracted by strong cultural perceptions and norms.

We found that cases residing in PCSAs with lower PCP
availability in California and Texas, but not Florida, had
higher odds of late stage diagnosis. PCSAs, small geographic
units defined by utilization data, approximate self-contained
markets for ambulatory primary care services [19]. Previous
studies do not agree on the influence of health professional
shortages on health outcomes [49–51]. In our study, poor PCP
supply in Florida did not independently predict late stage
diagnosis. As demonstrated by Allen et al., socioeconomic
and cultural determinants may outweigh the importance of
physician supply [52]. Alternatively, deficiencies in physician
supply may be buffered by services provided by physician
extenders, but additional studies are required to confirm
this. Notably, the association of lack of surgical intervention
with late stage diagnosis was most profound in California.
Additional analyses (data not shown) revealed that this
finding was unrelated to individual primary payer status.The
impact of PCSA on receipt of surgical treatment is unclear,
but it may signal deficiencies in access to oncologic services
and inefficient care coordination.

While studies have explored primary and dermatologic
care access and melanoma outcomes in NHWs [39], we are
unaware of published studies on the association of healthcare
access and melanoma burden in Hispanics. This is especially
important for melanoma, which is amenable to screening by
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primary practitioners and particularly relevant for Hispanics
who experience substantial obstacles to basic healthcare.
More than one-quarter of Hispanic adults do not consistently
visit a PCP and Hispanics are twice as likely as non-Hispanic
blacks and three times as likely as NHWs to have no
regular healthcare provider [40]. Further, undocumented
immigrants are ineligible for the Federal Marketplace [41] of
Medicaid [42] and, if Medicaid eligible, may face a 5-year
waiting period [41]. Contextual variables that impact access
to care and treatment also impact access to screening and
screening use [43], a behavior with respect to melanoma that
Hispanics infrequently engage in [31]. Further investigation
is warranted of how immigration status, insurance status,
and healthcare access influence melanoma outcomes in the
Hispanic population.

We detected a robust association of late stage diagno-
sis with primary melanoma of the lower limbs across all
three states. Numerous studies have reported the increased
prevalence of lower extremity melanoma among minorities,
including Hispanics [4, 5]. Unfortunately, the nature of
cancer registry data hindered our precise characterization
of tumor location and histological subtype. Melanoma of
the lower extremity may be less conspicuous and therefore
remain undetected by both patients and their providers.
Alternatively, melanoma of the lower extremities may signal
the presence of distinct etiological pathways and risk factors
for Hispanics.

7. Strengths and Limitations

The strengths of this study include its large population-based
sample, its inclusion of states which together account for∼55% of US Hispanics, and the inclusion of numerous area-
based measures of SES, healthcare resources, and Hispanic
enclaves. However, we note several important limitations.
Similar to other cancer registry-based investigations, we were
unable to examine potential confounding individual-level
factors such as health insurance status and comorbidities. We
were also unable to characterize the phenotypic profile of our
patient cases; this is especially important for melanoma, as
skin and hair color are established risk factors for melanoma
development. Similarly, measures of ethnic environments
were based on census measures of population prevalence,
rather than more fine-grained measures of ethnic relations
and interaction. Misclassification of Hispanic ethnicity is
a third possible limitation; however, the North American
Association of Cancer Registries Hispanic Identification
Algorithm utilized to identify our patient cases minimizes
such misclassification [53]. This population could poten-
tially be overlooked as PCSAs are derived from Medicare
claims. Despite this limitation, prior studies have shown the
applicability of PCSAs to Medicaid and private insurance,
implicating their utility in this study [38].

8. Conclusion

In conclusion, we found that the risk of late stage melanoma
diagnosis among Hispanic men varied by neighborhood

socioeconomic factors, residence in ethnic and immigrant
enclaves, and residence in low primary care resource settings.
The influence of these exposures varied in magnitude and
strength by state, highlighting both the cosegregation of
social adversity and poverty, and the complexity of their inter-
actions. Further scrutiny is warranted into the role of cultural
factors, nativity, insurance status, and healthcare access in
melanoma screening and diagnosis among Hispanics. The
main objective of our paper was to show the spatial variation
in late stage melanoma diagnosis across multiple domains
related to SES, ethnic concentration, and healthcare resource
allocation. However other contextual measures, such as
transportation and housing, may also be related to delayed
diagnosis, and variables in these domains are likely correlated
with the SES measures used in our analysis. Future research
investigating how factors such as housing, transportation,
and occupation (and other contextual measures) drive the
observed associations between socioeconomic deprivation,
ethnic concentration, healthcare resource allocation, and late
stage melanoma diagnosis is warranted.
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