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Abstract

Background: Although most patients with cutaneous melanoma are non-Hispanic whites
(NHWSs), minorities consistently suffer worse melanoma-specific survival (MSS). Much of the
literature comes from analyses of registries from the 1990s and 2000s.

Objective: We sought to evaluate whether and to what degree racial disparity in MSS persists
since 2010.

Methods: We analyzed 381,035 patients from the Surveillance, Epidemiology, and End Results
registry. Race categories included Hispanic, NHW, non-Hispanic black (NHB), non-Hispanic
Asian or Pacific Islander (NHAPI), and non-Hispanic American Indian/Alaska Native (NHAIAN).
We evaluated the association between MSS and race in 3 time periods: before the year 2000, 2000
to 2009, and 2010 or later. NHW was the reference group for all analyses.

Results: Racial disparity worsened from before the year 2000 to 2010 or later for Hispanic
(P<.001), NHB (P=.024), and NHAPI (P <.001) patients. Across all minority groups, patients
with localized disease suffered increasing disparity (£ =.010 for Hispanic, A/<.001 for NHB, P
=.023 for NHAPI, and £=.042 for NHAIAN patients). Among those with regional and distant
disease, Hispanic patients were the only minority to experience worsening disparity (= .001 and
P=.019, respectively).

Limitations: Lack of immunotherapy and targeted treatment information.
Conclusions: Racial disparity in MSS is worsening. Improving postdiagnosis management for

minorities with localized disease is imperative to mitigate disparity and improve survival.
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There are long-standing and well-documented racial disparities for patients with melanoma
in the United States. Compared with whites, racial and ethnic minorities consistently receive
diagnoses at more advanced disease stages and consequently suffer worse morbidity and
mortality.1= These discrepancies exist despite the higher annual incidence of melanoma in
whites versus nonwhites. Multiple studies have reported on the challenges to early detection
of melanoma in minorities, including a constellation of biologic, socioeconomic, and
cultural factors.19.11 However, the determinants of timely access to health care provide only
a partial explanation for disparate outcomes. Racial and ethnic minorities have consistently
lower rates of health insurance coverage compared with whites and continue to be
underrepresented in melanoma clinical trials, both of which beget further survival
disadvantages.12:13

Given ongoing demographic changes in the United States, it is imperative that clinicians
recognize the barriers to primary, secondary, and tertiary prevention of melanoma for
minority patients.1# The ability to do so requires a thorough understanding of how
presenting features and outcomes vary according to race and ethnicity. Yet much of the
extant literature comes from population-based analyses of national and state registries from
the 1990s and 2000s. There is a paucity of research describing trends in melanoma
presentation and survival by race since the introduction of immunotherapy around 2010. We
hypothesized that this phenomenon suggests that racial and ethnic minority groups continue
to suffer worse outcomes. To test this hypothesis, we assessed the association between racial
group and melanoma-specific survival (MSS) by using data from the National Cancer
Institute’s Surveillance, Epidemiology, and End Results (SEER) registry and adjusting for
up-to-date information on demographics and clinical characteristics.

METHODS

Patient population

We queried SEER 18 for cutaneous, mucosal, and uveal melanoma cases from 1975 to
2016.1°> Melanomas were classified according to the /nternational Classification of Disease
for Oncology, 3rd edition. In total, we identified 381,035 cutaneous, 4592 mucosal, and
12,407 uveal cases. We extracted race, ethnicity, age, gender, year of diagnosis, primary
tumor site, histologic subtype, and disease stage. We categorized race/ethnicity as Hispanic,
non-Hispanic white (NHW), non-Hispanic black (NHB), non-Hispanic Asian or Pacific
Islander (NHAPI), and non-Hispanic American Indian/Alaska Native (NHAIAN). Using the
SEER summary staging system, disease stage was classified as localized, regional, or
distant. The primary outcome was MSS. We evaluated MSS in 3 time periods: before 2000
(<2000; 1975-1999), 2000 to 2009, and 2010 or later (=2010; 2010-2016).

Statistical analyses

We used analysis of variance to analyze continuous variables and chi-square tests for
categorical variables. Kaplan—Meier survival curves were compared with log-rank tests. We
evaluated the association of race/ethnicity category with MSS by Cox proportional hazards
regression models including racial groups, categories of year of diagnosis (<2000, 2000-
2009, and =>2010), and their interactions. The interaction terms specifically test whether
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racial disparities increased in melanoma diagnosed from <2000 to =2010. We adjusted for
age, gender, stage at diagnosis, histologic subtype, and primary site location. To assess the
robustness of the persistent racial disparity secular trend, and to confirm that our results
were not the effect of selecting to analyze the above 3 time periods, we performed sensitivity
analysis using the year of diagnosis as a continuous variable. In all analyses, NHW was used
as the reference category. Hazard ratios (HRs) and 95% confidence intervals (CIs) were
reported with Pvalues obtained by 2-sided Wald tests. A<.05 was considered statistically
significant. All statistical analyses were performed using R software (v 4.0.1; available at:
http://www.R-project.org/). Assessment of study quality was performed using the
Strengthening the Reporting of Observational Studies in Epidemiology checklist.

Different demographic and clinical characteristics between NHW and minority patients
with melanoma

In total, there were 398,034 patients (Table 1). Of these, 381,035 had cutaneous, 12,407 had
uveal, and 4592 had mucosal melanoma. A majority of patients was NHW (95.4%). There
were several significant differences between racial groups. A majority of NHW patients was
male (57.6%) whereas a majority of NHB and Hispanic patients was female (54.7% and
57.5%, respectively). NHW patients had superficial spreading melanoma more frequently
than any minority population; NHB patients more frequently had acral lentiginous
melanoma (ALM) than any other group. The most common primary site was the lower limb
or hip for Hispanic, NHAPI, and NHB patients (25.9%, 31.4%, and 42.0%, respectively).
NHWSs more frequently developed melanoma on the trunk or upper limb and shoulder
(31.6% and 23.7%, respectively). A higher percentage of minorities had mucosal melanoma
compared with NHWs. Across all races, a majority of patients presented with localized
disease. However, compared with NHWs, significantly more minorities presented at later
disease stages. In total, 12.6% of NHWs presented with regional or distant disease whereas
21.0% of Hispanic, 34.1% of NHBs, 28.6% of NHAPIs, and of 18.6% NHAIANSs were
diagnosed at more advanced stages. There was a significant difference in tumor thickness
between races (P < .001) as well as in ulceration status (£<.001). NHWSs had the lowest
mean thickness (1.22 mm; 0.93 mm for localized stage) and percent with ulcerated tumor
(12.8%; 9.5% for localized stage).

Increasing racial disparity in prognosis for patients with cutaneous melanoma despite
improving survival

MSS improved for most racial groups from the <2000 period to the 22010 period, although
it was most significant for NHWs (P<.001, P=.054, and P=.047 for NHWSs, NHBs, and
NHAPIs, respectively; Fig 1). The improvement in MSS was not significant for Hispanics
and NHAIANS. The 5-year MSS rate for NHWs increased from 88.1% (95% CI 87.9-88.4)
for melanomas diagnosed <2000 to 92.9% (95% CI 92.7-93.1) for those diagnosed =2010.
Less improvement was observed for minorities over the same 2 time periods. For Hispanic
patients, it improved from 85.4% (95% CI 83.8-87.1) to 86.5% (95% CI 85.0-87.9). In
NHBs, the improvement was from 70.4% (95% CI 66.2-74.8) to 75.0% (95% CI 70.5-
79.8). In NHAPIs, it was from 76.6% (95% CI 73.0-80.4) to 81.6% (95% CI 77.9-85.4). In
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NHAIANS, it was from 84.9% (95% ClI 78.8-91.4) to 86.0% (95% CI 80.8-91.7). Despite
these improvements, minority patients had significantly worse MSS than NHWs (/<.001).

Racial disparity in MSS significantly worsened for Hispanics, NHBs, and NHAPIs from the
<2000 period to the >2010 period, but not for NHAIANS. The unadjusted HR are shown in
Table Il. The adjusted HRs (aHRs) are shown in Table I1l. The aHR for Hispanics compared
with NHWs increased from 0.95 (95% CI1 0.86-1.06) to 1.56 (95% CI 1.41-1.73; interaction
term P<.001). The aHR for NHBs increased from 1.40 (95% CI 1.20-1.64) to 1.87 (95% CI
1.54-2.28; interaction term £=.024). The aHR for NHAPIs increased from 1.20 (95% ClI
1.02-1.41) to 1.97 (95% CI 1.62-2.40; interaction term P <.001). Persistent disparity for
MSS was observed when we estimated the aHRs of minorities stratified by year of diagnosis
as a continuous variable (Fig 2). In a subset analysis of ALM, disparity worsened for
Hispanic (£=.001) and NHBs (£ =.003) but not NHAPIs (P=.92) or NHAIANSs (P= .37,
Supplemental Table I available via Mendeley at https://doi.org/10.17632/9hrjwmspc3.1). In
mucosal melanoma, there was no significant worsening in disparity (P = .69 for Hispanic; P
= .27 for NHB; P= .61 for NHAPI; and P= .49 for NHAIAN patients; Supplemental Table
I1). This was also true in uveal melanoma (P = .94 for Hispanic; £= .71 for NHB; and P

= .77 for NHAPI patients (NHAIANSs were not evaluated because of sample size);
Supplemental Table I11.

Stage-specific worsening of racial disparity in MSS

Across all disease stages, the disparity in MSS worsened for Hispanics, NHBs, and NHAPIs
compared with NHWSs from <2000 to 22010 (Table I11). In addition, for patients specifically
with localized disease, there has been worsening disparity in MSS for all minority races
compared with NHWs from <2000 to >2010 (interaction terms £=.010, /<.001, P=.023,
and P=.042 for Hispanics, NHBs, NHAPIs, and NHAIANS, respectively). However, in
patients with regional and distant disease, only Hispanic individuals suffered worsening
disparity in MSS from <2000 to =2010. For patients with regional disease, the aHR for
Hispanics compared with NHWSs increased from 1.01 (95% CI 0.83-1.22) to 1.56 (95% ClI
1.30-1.87; interaction term 2= .001). For patients with distant disease, the aHR for
Hispanics compared with NHWs increased from 0.83 (95% CI 0.66-1.05) to 1.17 (95% ClI
0.99-1.38; interaction term £=.019). In a subset analysis of patients =65 years of age,
Hispanics and NHBs with localized disease had relative worsening in MSS from <2000 to
>2010 (P=.046 and A<.001, respectively), but NHAPIs and NHAIANS did not (P= .96 and
P= .45, respectively); Supplemental Table IV.

DISCUSSION

In this study, we tested the hypothesis that racial disparities in MSS persist in the United
States in the contemporary treatment era. Our analysis confirmed that Hispanic, NHB, and
NHAPI patients continue to suffer worse outcomes than their NHW counterparts. In fact,
that discrepancy significantly increased from the <2000 period to the 22010 period despite
the introduction of immunotherapy and targeted therapies. Interestingly, this recent trend
toward worsening disparity occurred despite almost universal improvement in melanoma
outcomes. We found that the 5-year disease-specific survival rate improved for most races in
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the >2010 period. This reflects progress on multiple fronts, such as changes in screening
guidelines and advances in disease management. In line with our own findings, 2 recent
studies also show that mortality for patients with advanced melanoma has significantly
improved since 2011, when immunotherapies and targeted agents began to receive approval
by the U.S. Food and Drug Administration.16:17

Importantly, our data suggest that the degree of improvement in survival for minorities has
been significantly worse compared with NHWSs. There are several possible explanations.
Foremost, minorities may not have equal access to contemporary treatments. Since most
patients with melanoma are white, minorities are repeatedly underrepresented in clinical
trials. For example, CheckMate-067 and CheckMate-037 included <0.7% African
Americans and <1.1% patients of Asian descent.1819 This disparity permeates translational
cancer research. In the Cancer Genome Atlas cohort, only 7 African American patients with
melanoma were included out of the approximately 1100 cases. Such stark
underrepresentation naturally limits the generalizability of study findings to the broader
American population, which translates into less frequent prescription of immunotherapy for
minorities in the community setting. This conclusion is supported by Haque et al, 2% who
showed that black patients are less likely to receive immunotherapy compared with white
patients. There is an urgent need for clinical and translational studies to include larger
minority cohorts.

Several previously established etiologies for racial disparity in melanoma are
redemonstrated in our article. First, we found that lower extremity melanoma occurs most
often in NHBs and least often in NHWs. The lower extremities are less frequently exposed
to the sun, which can provide false reassurance to patients and providers that these anatomic
loci are immune to developing melanoma. As a result, they may be overlooked during
physical examinations, which can lead to presentation at later disease stages. The early
diagnosis of melanoma may be more challenging in darkly pigmented skin, which can also
beget later presentation for minorities. Consistent with previous reports, we observed that
NHW patients were more likely than minorities to present with early stage melanoma.
3.10.21-24 Eqrly-stage disease is one of the most important factors contributing to
significantly better MSS for NHWSs compared with minorities.?> Increased tumor thickness
and ulceration occur with delayed diagnosis and portend worse survival. Here, we found
significant racial disparity in both. Finally, we found that ALM, which is often detected late,
was more common in minorities than in NHWs. Disparity in MSS significantly worsened for
Hispanics and NHBs with ALM but not NHAPIs or NHAIANS. In previous work, we
showed that ALM is an independent negative predictor of survival.28 Collectively, these data
suggest that the predilection for minorities to more frequently develop ALM contributes to
their worse outcomes. However, because not all minorities with ALM suffered worsening
disparity, and because minorities do not appear to be more susceptible to ALM now versus
<2000, this biologic predisposition is unlikely to be the sole factor driving worsening
outcomes. Mucosal melanoma is also more common in minorities, which we redemonstrated
here.2’ However, we found no worsening disparity in MSS, likely because mucosal
melanoma develops and progresses in occult locations irrespective of race.
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Notably, we found that disparity in MSS worsened for NHB, NHAPI, and NHAIAN patients
with local disease but not for those with regional or distant disease. Minorities with early-
stage disease suffer worse outcomes than their white counterparts because of multiple
factors. A longer time from diagnosis to definitive surgery is associated with worse survival,
and several studies show that minorities more often have a longer time from diagnosis to
definitive surgery.28-30 Insurance status may play a role because it too is associated with
time from diagnosis to definitive surgery. One study of patients in North Carolina found that
privately insured patients were least likely to experience delays in surgery, followed by
Medicare and then Medicaid patients.3! In a similar vein, lower socioeconomic status is
associated with worse overall survival and MSS.32 While these findings highlight
opportunities to improve the management of melanoma, they do not explain the worsening
disparity, which should be elucidated in future research. Since early-stage melanoma carries
a favorable prognosis, efforts to improve postdiagnosis care for minorities with local disease
may substantially improve survival and concomitantly mitigate health care costs.33

In contrast to NHBs and NHAPIs, Hispanics suffered increasing disparity in MSS across all
disease stages from <2000 to =2010. The universal worsening is particularly concerning
considering how rapidly this ethnic group is growing in the United States. Among Hispanics,
a lack of awareness about melanoma contributes to both development of disease and delayed
presentation. Public health initiatives may not have effectively reached the Hispanic
population. Educational programs represent an opportunity for primary and secondary
disease prevention. In 2 recent studies that proposed educational curricula, the
postintervention surveys reflected significant improvement in knowledge about melanoma,
34,35 which speaks to the potential impact of disseminating melanoma information. As is the
case for other minorities, Hispanics with advanced disease may have limited access to
immunotherapy and targeted therapy. It is imperative that forthcoming randomized trials
include larger cohorts of Hispanic patients.

There are several limitations to this study. SEER does not have information on
immunotherapy or targeted therapy, which were introduced around 2010 and have
dramatically improved survival in melanoma. Thus, we could not analyze racial disparity in
MSS in patients who received either treatment. While our study calls attention to worsening
racial disparity in melanoma, we did not have the granular socioeconomic information
needed to uncover clear etiologies for this trend. This includes data such as income and
insurance coverage. For instance, we found that Hispanics and NHBs =65 years of age with
localized disease had relative worsening in MSS but NHAPIs and NHAIANS did not. This
age group can access Medicare, but that information was not available through SEER and
we could not determine whether Medicare enrollment accounts for these discrepancies
between minorities.

In conclusion, the almost universal improvement in MSS across racial and ethnic groups is
encouraging, but there is persistent and worsening racial disparity in outcomes. Based on our
findings, identifying and mitigating barriers to postdiagnosis care is essential to further
improve outcomes for minorities with early-stage disease.
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CAPSULE SUMMARY

. Racial disparity in melanoma survival persists since 2010. In all minority
groups, patients with localized disease suffered worsening disparity. In
patients with regional or distant disease, Hispanic patients were the only
minority to suffer increasing disparity.

. Improving postdiagnosis management for minorities with localized disease is
imperative to improve survival outcomes.
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Fig 1.

Estimated survival curves for melanoma-specific survival in different racial groups from the
Surveillance, Epidemiology, and End Results cohort and stratified by year of diagnosis. P
values were estimated by log-rank test comparing survival outcomes for each racial group in
the diagnosis period. NHAIAN, non-Hispanic American Indian/Alaska Native; NHAPI,
non-Hispanic Asian or Pacific Islander; NHB, non-Hispanic black; NHW, non-Hispanic
white.
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Fig 2.

Trgend of adjusted hazard ratios (HRs) for melanoma-specific survival (MSS) of minorities to
non-Hispanic whites along years of melanoma diagnosis in the Surveillance, Epidemiology,
and End Results cohort. Adjusted HRs were calculated from multivariable Cox proportional
hazard models, adjusting for racial groups, age, gender, primary site, histologic subtype, and
stage. The same model was performed for samples of melanoma patients diagnosed in each
year. The adjusted HRs of each minority group to non-Hispanic whites are presented on the
Y axis and the diagnosis year is presented on the X axis (dots). Loess curves were estimated
for the adjusted HRs along years of diagnosis for each racial group. NHA/AN, Non-
Hispanic American Indian/Alaska Native; NHAPI, non-Hispanic Asian or Pacific Islander;
NHB, non-Hispanic black.
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