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Brief Description

Melanoma skin cancer is the deadliest form of skin cancer, accounting for nearly 75% of all skin cancer deaths. A
number of studies have examined potential relationships among melanoma incidence and outcomes and a range of
demographic, socioeconomic, and other factors, with inconsistent results. This study examines incidence rates, stage
at presentation, and cause-specific mortality for nodular and superficial spreading melanoma across the rural-urban
continuum in Kentucky, and considers the implications of findings with respect to disparities in health care access in
rural areas.

Key Points

1. There was no difference in incidence rate of nodular and superficial spreading melanoma among Kentucky
counties associated with rural-urban continuum code (RUCC) categories. There was also no significant
difference in stage at presentation for nodular and superficial spreading melanoma among patients along the
rural-urban continuum.

2. However, there was a highly-significant difference in cause-specific mortality among patients from different
RUCC categories; patients from the most rural areas were 42.1% more likely to die than those from urban
areas. This difference in cause-specific mortality was driven by a significant difference in mortality from
superficial spreading melanoma.

3. The fact that cause-specific mortality from superficial spreading melanoma was significantly higher in rural
areas — despite this subtype being less aggressive and therefore more treatable — suggests that disparities in

health care access-may play a key role in health outcomes.
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ABSTRACT

Objectives: The aim of this study was compare incidence rates, stage at presentation, and cause-specific mortality of
nodular and superficial spreading melanoma along the rural-urban continuum in Kentucky. We compared resulting
patterns in our data to sample demographic and other potential factors including population by county, primary care
provider rate.

Methods: Retrospective patient data were extracted from the Surveillance, Epidemiology, and End Results (SEER)
database from 2010 through 2017. These data were supplemented by environmental, demographic, and
socioeconomic data derived from publically-accessible databases. Chi-square and correlation analyses were used to
test for significant differences in outcome variables by USDA Rural-Urban Continuum Code (RUCC) and those potential
predictor variables.

Results: Incidence rates by Kentucky county were not associated with RUCC or population; likewise, there was no
relationship between stage at presentation and RUCC category. However, there was a highly significant association
between cause-specific mortality and RUCC; patients from rural areas were significantly more likely to die from
melanoma than those in urban areas. This overall difference was due to differences in mortality for superficial
spreading melanoma.

Conclusions: Our results indicate- that a disparity in access te-primary care
providers post-diagnosis may be critical factor in determining the ultimate outcome of a melanoma

diagnosis-=
. Our data
provide additional support for inclusion of melanoma subtype in American Joint Committee on Cancer (AJCC)

guidelines.

INTRODUCTION

Skin cancer is the most common cancer in humans.! Melanoma is the deadliest form of skin cancer, accounting for
nearly 75% of skin cancer deaths despite constituting just 4% of diagnoses.? When left undiagnosed and untreated,
melanoma rapidly metastasizes and become life-threatening; because of this high metastasis rate, preventative care
and early diagnosis are critical components of treatment and patient survival rates.?

Ultraviolet radiation (UVR) exposure is one of the most common contributors to skin cancer, with an estimated 65-
90% attribution to melanoma, and outdoor occupations and recreation have been associated with a significantly
higher skin cancer rate.* Rural residents have been reported to both spend more hours per day outside and to
practice sub-optimal sun protection behavior.> By contrast, UVR exposure has also been hypothesized to exert a
beneficial effect on disease progression, either via increased vitamin D production slowing tumor growth or enhanced
capacity for photolytic DNA repair.® As such, the manner and extent to which UVR exposure ultimately impacts
melanoma incidence and progression remains unclear.

A number of studies have examined the relationships among melanoma incidence and/or outcomes and
demographic, socioeconomic, and other factors, focusing in particular on disparities along the rural-urban continuum,
with mixed results.2 Coory et al.” found significantly greater cause-specific mortality rates in rural areas of
Queensland, Australia, independent of thickness at presentation and other prognostic factors. Henley et al.® found
higher incidence rates for melanoma in non-metropolitan rural counties across the United States, and higher cause-
specific death rates in non-metropolitan vs. metropolitan counties overall. Shellenberger et al.® found both incidence
rates and cause-specific mortality rates for cutaneous melanoma to be significantly greater in rural Michigan counties.



Alternatively, Haluza et al.’® found significantly higher melanoma incidence and cause-specific mortality rates in urban
districts in Austria, yet somewhat conflicting patterns with respect to altitude.*®

One of the most significant challenges in rural areas is lack of healthcare access. Medically-underserved areas (MUAs)
and Health Professional Shortage Areas (HSPAs) are prevalent in rural America. MUAs are defined as having a
shortage of primary care health services for residents within a geographic area, while HSPA designations identify
areas, population groups, or facilities that are experiencing a shortage of health care professionals.’* Our home state
of Kentucky has over 200 designated MUA regions, with 75% of our counties (90 of 120) classified as MUAs county-
wide.? All but 19 of these MUAs carry a rural population status.?? Thirty-one (31) of Kentucky’s counties are HPSA-
designated, and all of these carry a rural population status.'® For states and regions similar to Kentucky, it is critically
important to take social determinants of health care and health system delivery into account, as disparities in these
dimensions can affect both initial incidence rates and subsequent health outcomes of patients diagnosed with
melanoma.

To explore the intersection of these environmental and societal factors with clinical incidence and outcomes, we
examined incidence rates, severity at presentation, and health outcomes in a retrospective study of patients from
Kentucky diagnosed with one of two contrasting forms of melanoma. Nodular melanoma is the most invasive, rapidly-
spreading, and deadly form of cutaneous melanoma, with a five-year survival rate of approximately 52%.***> By
contrast, superficial spreading melanoma is the most detectable, non-invasive, and most common form, with a five-
year survival rate of 87-95%.'>'¢ We asked four specific questions:

1. Isthere a significant difference in incidence rates for these types of melanoma across the rural-urban
continuum?

2. lIsthere a significant difference in stage at presentation and/or cause-specific mortality between rural and
urban communities?

3. Isthere any association between these the clinical patterns above and the specific type and pathology of
melanoma?

4. What relationships, if any, exist between patterns in incidence rate, stage at presentation, and/or cause-
specific mortality and the environmental, population, socioeconomic, and health system disparities
associated with the rural-urban continuum?

METHODS

All clinical data were derived from the Surveillance, Epidemiology, and End Results (SEER) Research Plus database,
2021 version.r” Our sample consisted of all Kentucky patients diagnosed with either nodular or superficial spreading
melanoma who met the following inclusion criteria: diagnosed from 2010 through 2017; male or female; white, non-
Hispanic; over 18 years of age. We chose to restrict our sample to white, non-Hispanic individuals because (1) this
group accounts for approximately 85% of the state’s population,® (2) the incidence rate of melanoma is at least three
times higher among white/non-Hispanics than other racial/ethnic groups,® and (3) including additional races and
ethnicities could have introduced confounding variables that may obscure any patterns in the data.

We extracted two sets of data from the SEER database. In the first query, we determined incidence rate per 100,000
population for each of Kentucky’s 120 counties, as well as their 2013 Rural-Urban Continuum Code (RUCC) as defined
by the US Department of Agriculture.?° Variables abstracted from the SEER case-history database for individual
patients included age at diagnosis, sex, combined summary stage at presentation, ICD-0-3 code (nodular or superficial
spreading melanoma), survival months, cause-specific death classification, and RUCC. Stage at presentation and
cause-specific death classification served as our primary outcome variables, while RUCC code was our primary
predictor variable in statistical analyses. We utilized other publically accessible data, including 2010 population and
percent rural area per county,® levels of UVR exposure at the county level,?



MUA, 2 = MUA communities within the county, 3 = MUA county-wide)*” and primary care physician and other primary
care provider (i.e., nurse practitioners, physician assistants, and clinical nurse specialists) rate by county?? as
additional predictor variables.

All statistical analyses were conducted using JASP.?® The effect of the potential confounders of gender, age category,
and year of diagnosis on outcome variables of interest were tested using chi-square tests of association. Differences
in incidence rate, stage at presentation, and-cause-specific mortality, and county MUA designation across RUCC
categories were also tested for significance using chi-square association tests. Spearman correlation coefficients were

used to examine potential correlations among incidence rate, county population, percentage of rural area per county,
and primary care physician/provider rate; significance was assessed using Bonferroni-adjusted criteria.

RESULTS

The Kentucky statewide incidence rate per 100,000 population of nodular and superficial spreading melanoma was
14.0% over the study period; this is less than the 2018 incidence rate of 22.0% for all types of cutaneous melanoma in
the United States as a whole.?* Among Kentucky’s 120 counties, county-wide incidence rates ranged from 6.2% (Lee
County) to 26.3% (Trigg County), and was normally distributed with a mean of 13.58 + 0.43. Nearly half of the
counties (n =53, 44.2%) fell into the most rural RUCC classification — non-metropolitan, not adjacent to a
metropolitan area. Another quarter (n = 32, 26.7%) were classified as non-metropolitan adjacent to a metropolitan
area. Only 35 counties (29.1%) were classified into one of the three metropolitan categories.

The average annual dose of UV irradiance in Kentucky as of 2017 was 3,700.2 + 26.0 J/m?. This is just slightly above
the mean of 3,440 J/m2 for the United States as a whole (z = 0.41, p = 0.68).2 Among counties, this value ranged from
3,232 (Fayette County) to 4,322 (Allen County). There was no correlation between levels of UV irradiance and
population number (Spearman Rho =-0.169, p = 0.066).

There was a significant association between county MUA designation and RUCC category (x* = 27.59,df = 16, p =

0.035); as expected, the most metropolitan counties were more likely than expected to have a non-MUA designation,

while the most rural counties tended to have higher MUA designations. However, this pattern was not entirely

consistent. Some of Kentucky’s most rural and least-populated counties (e.g., Ballard, Cumberland, Nicholas) carry a

non-MUA designation, while Kentucky’s most populous counties (i.e., Jefferson, Fayette, Kenton) contain MUA

communities within them (MUA level 2). In fact, MUA level 2 counties showed much greater variation in population

size than either MUA level 1 or level 3 counties; the median population size of MUA level 2 counties was twice as high
as level 1 or level 3 counties (47, 896 vs. 23,333 and 19,955, respectively) and differed over 84-fold from the smallest
to largest county in the group. As a measure of this within-group variability, the coefficient of variation in population

among MUA level 2 counties was 1.65, vs. 0.81 and 0.80 in level 1 and level 3 counties, respectively.

Our patient sample consisted of 1,915 individuals, 1,127 males (63.6%) and 788 females (36.4%). The modal age
group of patients was 60-70 years (n = 489, 25.5%), and patients ranged in ages from 20-30 years (n = 63, 3.3%) to
80+ years (n =167, 8.7%). 740 patients (38.6%) were diagnosed with nodular melanoma, and 1,170 (61.4%) with
superficial spreading melanoma. Approximately an equal number of patients resided in the most rural (554, 28.9%) vs.
most urban (601, 31.4%) RUCC categories. The majority of patients (1,448, 75.6%) presented at Stage 1/2, while only
a small percentage (41, 2.1%) presented at Stage 4. Two hundred twenty-one (221, 11.5%) of patients experienced
cause-specific mortality during the time frame of the study query; mortality rates were over twofold higher for
nodular melanoma (138, 18.5%) than superficial spreading melanoma (83, 7.1%); this difference was highly significant
(x2=58.25, df = 1, p < 0.001). There were no significant differences in either stage at presentation or cause-specific
mortality across patient gender, age, or year of diagnosis. These data are summarized in Table 1.



There was no significant difference in incidence rate of nodular and superficial spreading melanoma among RUCC
categories (F4115 = 1.04, p = 0.388) as derived from the county incidence rate dataset. Similarly, there was no
correlation between incidence rate and 2010 population by county (Spearman Rho =0.14, p = 0.122). However,
primary care providers were significantly fewer in more rural areas; both primary care physician rate and other
primary care provider rate showed significant negative correlations with the percentage of rural area per county
(Spearman Rho =-0.54 and -0.30, respectively; p < 0.001 for both comparisons). These data also show that other
primary care providers (e.g., nurse practitioners, physician’s assistants) are not offsetting a deficiency of physicians in
rural areas; there was a significant positive correlation between physician and other provider rates (Spearman Rho =
0.350, p < 0.001), as well as significant positive correlations between both groups of providers and county population
(Spearman Rho = 0.53, p < 0.001 and r =0.24, p = 0.008 for primary care physicians and other primary care providers,
respectively).

Patients’ stage at presentation did not differ significantly across the rural-urban continuum (x* =6.35, df =8, p =
0.608). However, cause-specific mortality showed a significant difference among RUCC categories (x?> = 15.24, df =4, p
=0.004); the risk of death attributable to melanoma in the most rural areas was 42.1% greater than in the most urban
setting (13.7% vs. 9.7%; RR = 1.42,z = 2.143, p = 0.032; ARl = 0.04; NNH = 24.59). This significant relationship between
RUCC category and mortality was driven by variation in mortality among patients diagnosed with superficial spreading
melanoma; subgroup analysis indicated that, while there was no significant difference in mortality by RUCC for
nodular melanoma (x* = 2.67, df =4, p = 0.615), the difference among superficial spreading melanoma patients was
highly significant (x* = 18.01, df = 4, p = 0.001). These results are summarized in Table 1.

DISCUSSION

Ourdata-indicatethatpPatients living in rural areas of Kentucky are no more likely to develop nodular or superficial
spreading melanoma or to present with a more advanced stage of the disease. However, patients diagnosed with
superficial spreading melanoma living in rural areas of Kentucky are significantly more likely to die as a result of their
diagnosis than their urban counterparts. These results are consistent with some prior studies and distinct from others.

Several prior studies have reached similar findings concerning cause-specific mortality and rurality, without identifying
access to care as a potential cause. Shellenberger et al.? saw both higher incidence and cause-specific mortality rates
in rural vs. urban Michigan counties. These findings were not correlated with differences in the number of practicing
dermatologists per county or likely associated with differences in stage at presentation, as even localized stage
presentation differed significantly between rural and urban locations; the authors hypothesized that an inability to
use race and/or insurance status as a covariate may have contributed to the observed patterns. Similarly, Haluza et
al.’% hypothesized that the observed discrepancy between incidence rate and mortality with respect to altitude could
have been due in part to confounders of the distribution of population density and ethnic diversity.

Ina-comparablestudy-Coory et al.” saw a 20% increase in cause-specific mortality rate in rural vs. urban areas in
Australia which they could not fully associate with differences in earlier diagnosis, in parallel with our findings; they
suggested that unstudied aspects of access to a wider range of therapies and/or follow-up care among urban
residents might contribute to the patterns observed. They also speculated that comorbidities including heart disease
and chronic renal failure could be more prevalent in rural communities and have a negative effect on melanoma
survival, possibly tied to limited access to care.’



Such comorbidities and/or insurance status may have played a role in our findings. However, our study restricted
sampling to white, non-Hispanic individuals, which eliminated race/ethnicity as a possible confounder as proposed in
these prior studies. It also seems unlikely that our results can be accounted for by differences in UVR irradiance
associated with elevation. Altitude in Kentucky ranges from approximately 250-1,260 m above sea level. Levels of UV
irradiance are moderate relative to the United States as a whole, vary by only + 12-16%, and are uncorrelated with
population by county; moreover, our observed incidence rates are below that of the United States overall.

We believe the question of access to diagnostic, therapeutic, or follow-up care, however, is highly-relevant to our
sample population and to similar rural populations in the South and throughout the United States. We found a highly-
significant negative correlation between counties’ primary care provider rate and percent of rurality, as well as a

general association between rurality and MUA designations+uratcounties-havefewerprimary-care-providers.

However, it is important to note that both provider rate and MUA status are determined on a per capita basis, while

rurality as defined by RUCC is based on absolute population size and adjacency to metropolitan areas. We suggest

that it may be more informative to emphasize these latter community dynamics over simply the per capita rate of

providers. Our data indicate that the number of primary care providers is generally sufficient to ensure melanoma is

diagnosed at similar stages throughout Kentucky; however, the higher cause-specific mortality we observed in rural

counties suggests that access to specialist providers, availability and distance to treatment centers, and/or overall

community health status may be more predictive of post-diagnosis outcomes. Future studies should investigate these
potent|a| factors ahd their |mpl|cat|0hs for health outcomes. At—the—sa%—&me—we%aw—ee—e%%ee—that—%eea—eﬁes

A number of studies have implicated access to health services and broader socioeconomic factors in melanoma
prognosis. Eide et al.%> used SEER data to associate melanoma survival with physician workforce dynamics; they saw
that higher densities of dermatologists and internists were associated with a better prognosis for survival, while
increased density of family practitioners was linked to a worse prognosis. Similarly, Aneja et al.?® found that the
presence of a single dermatologist in a US county reduced the melanoma mortality rate by 35%, while an increased

number did not yield additional benefit. Lower socioeconomic status in general has also been identified as a factor in
both stage at presentation and survival;?” while these authors noted stage at presentation and mode of treatment are
generally the strongest predictors of survival, they also hypothesized that other factors associated with
socioeconomic status — including differential treatment quality and timing, access to health care and insurance in
general, and underlying quality of life — as additional potential contributors. Consistent with this, Sitenga et al.?® found
disparities in income, insurance status, and education level among patients across the United States affected
treatment and survival rates at all disease stages.

Similar factors may be contmbutmg to the patterns in our data. I%ee%egethe#%mm%gest—ﬂqat—a—dﬁpap%y—m
eeteeeﬂe—ef—a—metaﬂcwqea—@ag-eeets—lt appears that rural re5|dents are not developlng melanoma more often due to
outdoors-lifestyle, nor are they waiting longer to get diagnosed.-Mhatisclearisthattherearefewerprimarycare
providers-na-ruralarea, However, which-may-tead-te-delays in seeking or acquiring follow-up care, limited the range

of therapies available, and/or limit educational opportunities that-could influence patients’ follow-up behavior. The
fact that cause-specific mortality was significantly higher for superficial spreading melanoma, and varied significantly

along the rural-urban continuum supports this interpretation. Because of its less aggressive nature, access to
treatment and follow-up care may be more likely to lead to a positive outcome for superficial spreading melanoma.
Beyond these direct impacts, Kentucky’s citizenry is characterized by a high prevalence of chronic comorbidities that
may be poorly-managed as a result of provider shortages and which may indirectly contribute to outcomes from the
primary melanoma diagnosis.” Differences in survival rate provide additional support for the view that melanoma



subtype should be considered for inclusion in the American Joint Committee on Cancer (AJCC) guidelines for staging,
management, and surveillance.®

CONCLUSIONS

Our study provides additional evidence that health care disparities along the rural-urban continuum ear-may
contributeresut—ia to differential health outcomes for patients. Future studies should focus on the relationship
between access to preventative and therapeutic care, as well as subtype, on melanoma incidence and outcomes.
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Table 1. Demographic characteristics of the patient sample, and results of significance tests on incidence rate, stage at

presentation, and cause-specific mortality across the rural-urban continuum. Rural-urban continuum code categories are

defined as follows: (0) non-metropolitan counties, not adjacent to a metropolitan area; (1) nonmetropolitan counties, adjacent
to a metropolitan area; (2) counties in metropolitan areas of less than 250,000 population; (3) counties in metropolitan areas of
250,000 to 1 million population; (4) counties in metropolitan areas of greater than 1 million population.?°

Variable Overall Rural-Urban Continuum Code (RUCC) Category p-
0 1 2 3 4 value

Gender 0.844

Male — no. (%) 1127(58.9) | 319(57.6) | 191(60.6) | 126(59.4) | 142 (60.9) | 349 (58.1)

Female — no. (%) 788 (41.1) | 235(42.4) | 124(39.4) | 86(40.6) | 91(39.1) | 252 (41.9)

Age category 0.997

20-29 63 (3.3) 25 (4.5) 9(2.9) 4 (0.9) 9(3.9) 16 (2.7)

30-39 167 (8.7) 47 (8.5) 34(10.8) | 23(10.8) 15 (6.4) 48 (8.0)

40-49 264 (13.8) | 69(12.5) | 46(14.6) | 30(14.2) | 30(12.9) | 87(14.6)

50-59 450(23.5) | 136(24.5) | 71(22.5) | 59(27.8) | 53(22.7) | 131(21.8)

60-69 489 (25.5) | 135(24.4) | 79(25.1) | 46(21.7) | 67(28.8) | 162(27.0)

70-79 315(16.5) | 97(17.5) | 52(16.5) | 35(16.5) | 37(15.9) | 94(15.7)

80+ 167 (8.7) 45 (8.1) 24 (7.6) 15(7.1) 22 (9.4) 61 (10.2)

Year of diagnosis 0.999

2010 165 (8.6) 56 (10.1) 33 (10.5) 12 (5.7) 14 (6.0) 50 (8.3)

2011 220 (11.5) | 72(13.0) | 34(10.8) 18 (8.5) 26 (11.2) | 70(11.6)

2012 255 (13.3) 76 (13.7) 34 (10.8) 34 (16.0) 33 (14.2) 78 (13.0)

2013 229 (12.0) 63 (11.4) 40 (12.7) 22 (10.4) 28 (12.0) 76 (12.6)

2014 266 (13.9) 82 (14.8) 42 (13.3) 27 (12.7) 32 (13.7) 83 (13.8)

2015 258 (13.5) | 63(11.4) | 44(14.0) | 27(12.7) | 43(18.5) | 81(13.5)

2016 265(13.8) | 73(13.2) | 43(13.7) | 33(156) | 31(13.3) | 8514.1)

2017 257 (13.4) | 69(12.5) | 45(14.3) | 39(18.4) | 26(11.2) | 78(12.5)

Stage at presentation 0.608

Localized (1/2) — no. (%) 1448 (75.6) | 424 (76.6) | 226 (71.6) | 163 (76.9) | 185(79.4) | 450 (74.8)

Regional (3) - no. (%) 426 (22.3) | 116(20.9) | 81(25.7) | 46(21.7) | 45(19.3) | 138(23.0)

Distant (4) — no. (%) 41(2.1) 14 (2.5) 8(2.5) 3(1.4) 3(1.3) 13(2.2)

Mortality - overall 0.004

Cause-specific — no. (%) 221 (11.5) 76 (13.7) 50 (15.9) 16 (7.5) 21(9.0) 58 (9.7)

Alive/dead by other cause —no. (%) 1694 (88.5) | 478 (86.3) | 265(84.1) | 196 (92.5) | 212 (91.0) | 543 (90.3)

Mortality - nodular 0.615

Cause-specific — no. (%) 138 (18.5) 46 (21.4) 27 (19.7) 10 (14.7) 17 (18.3) 38 (16.4)

Alive/dead by other cause — no. (%) 607 (81.5) 169 (78.6) | 110 (80.3) 58 (85.3) 76 (81.7) 194 (83.6)

Mortality — superficial spreading 0.001

Cause-specific — no. (%) 83(7.1) 30(8.8) 23(12.9) 6(4.2) 4(2.9) 20 (5.4)

Alive/dead by other cause —no. (%) 1087 (92.9) | 309 (91.2) | 155(87.1) | 138 (95.8) | 134(97.1) | 349 (94.6)




