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Abstract
OBJECTIVES—To determine the association between socioeconomic status (SES) and survival in
older patients with melanoma.

DESIGN—Retrospective cohort study.

SETTING—Surveillance, Epidemiology and End Results (SEER): a population-based cancer
registry covering 14% of the U.S. population.

PARTICIPANTS—Twenty-three thousand sixty-eight patients aged 65 and older with melanoma
between 1988 and 1999.

MEASUREMENTS—Outcome was melanoma-specific survival. Main independent variable was
SES (measured as census tract median household income) taken from the SEER-Medicare linked
data.

RESULTS—Subjects residing in lower-income areas (≤$30,000/y) had lower 5-year survival rates
(88.5% vs 91.1%, P<.001) than subjects residing in higher-income areas (>$30,000/y). In Cox
proportional hazard models, higher income was associated with lower risk of death from melanoma
(hazard ratio = 0.88, 95% confidence interval = 0.79–0.98, P = .02) after adjusting for
sociodemographics, stage at diagnosis, thickness, histology, anatomic site, and comorbidity index.
There was an interaction effect between SES and ethnicity and survival from melanoma. For whites
and nonwhites (all other ethnic groups), 5-year survival rates increased as income increased, although
the effect was greater for nonwhites (77.6% to 90.1%, 1st to 5th quintiles, P = .01) than for whites
(89.0% to 91.9%, 1st to 5th quintiles, P<.001).

CONCLUSION—Older subjects covered by Medicare residing in lower-SES areas had poorer
melanoma survival than those residing in higher-SES areas. Further research is needed to determine
whether low SES is associated with late-stage disease biology and poorer early detection of
melanoma.
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White older men have had a sustained increase in melanoma incidence and mortality in the last
2 decades in the United States. From 1969 through 1999, it has been reported that mortality
rates from melanoma increased 157% in men aged 65 and older, more than three times greater
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than the increase for women of the same age.1 Similarly, the incidence of melanoma increased
nearly five times for older men; the incidence also increased for older women, but the increase
was less than in older men. Another study2 found that the rate of thick melanomas (≥4 mm)
has increased significantly in men aged 60 and older but not in men of other ages or in women.

Socioeconomic status (SES) influences cancer survival. Two English studies reported that
patients from affluent areas had better survival rates than patients from deprived areas for lung,
breast, colorectal, bladder, prostate, uterine, and cervical cancer.3,4 Disparities in cancer
survival have been also reported in the United States and Canada between socioeconomic and
ethnic groups.5,6

Population-based, cohort, and hospital-based registry studies have showed lower survival from
melanoma in low-SES populations.7 In those studies, SES was measured at individual
(occupation) or aggregate levels (median household income, education, socioeconomic
deprivation, or poverty percentage). SES may interact with other sociodemographic factors
and affect living conditions and availability of health care, and by affecting health status or by
determining stage at diagnosis, may affect survival from melanoma.4,7

The Surveillance Epidemiology and End Results (SEER) tumor registry, which has been linked
to Medicare claims data at the National Cancer Institute, was used in this study.8 Few studies
on melanoma have been done using the SEER-Medicare linked database and none on the
association between SES and melanoma.9 The objective of this study was to examine the
relationship between SES and survival in patients with melanoma in the older Medicare
population. The hypothesis is that low SES is associated with poorer survival in patients with
melanoma.

METHODS
Data Source

Data for the study were obtained from a database of linked tumor registry records from the
SEER program and Medicare claims from the Health Care Financing Administration (now
called the Centers for Medicare and Medicaid Services). Cases reported by the SEER registries
from 1988 to 1999 were matched against Medicare’s master enrollment file.9,10 The method
of linking these data has been described previously.10

Study Sample
Because of an interest in disparities, subjects with unknown ethnic group were excluded from
this study. The sample included 23,068 subjects aged 65 and older who were Medicare
beneficiaries, resided in a SEER area (11 areas), and received a new diagnosis of melanoma
in 1988 through 1999.

Measures
The outcome was melanoma-specific survival. Survival is the period of time between the date
of diagnosis and the date of death from melanoma, measured in months.

SES was the main independent variable. SES was measured according to median annual
household income per year collected at the census tract level. Median annual household income
was used as a categorical and a continuous variable. For bivariate comparisons, income was
used in quintiles and dichotomized as $30,000 or less and more than $30,000; the cutoff point
corresponds to the median household income in the year before the decennial census for the
United States in 1989.11 For multivariate comparisons, it was used as a continuous variable
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(natural logarithm (ln) of (income/1,000)). The use of census-derived measures of SES has
been validated in previous studies.11,12

Age was categorized into four groups (65–69, 70–74, 75–79, and ≥80). Other variables were
sex (male, female), marital status (married, unmarried, unknown), and ethnicity, which was
used in two ways: first, in nine categories (white, black, Hispanic, Chinese, Japanese, Filipino,
Hawaiian, American Indian, and other) and second, in two categories (white, nonwhite (all
other ethnic groups)). Cohort effect was assessed by period 1988 to 1993 (1) versus period
1994 to 1999 (0).

Stage of melanoma at diagnosis is divided into five categories: (1) in situ, (2) local (invasive
cancer confined to the organ of origin), (3) regional (spread to adjacent organs by direct
extension or to regional lymph nodes), (4) distant (extension to organs other than those covered
in the regional category or metastases to distant organs or distant lymph nodes), and (5)
unstaged or unknown stage. Tumor thickness (Breslow’s depth, in mm) was treated as a
categorical variable, according to the American Joint Committee on Cancer categories (≤1.00
mm, 1.01–2.00 mm, 2.01–4.00 mm, >4.00 mm, and unknown).13 Histology was categorized
into nodular, lentigo maligna, superficial spreading, acral lentiginous, and other. Site of the
tumor was categorized as trunk, face, upper limb, lower limb, and nonspecified. Comorbidity
was ascertained from Medicare inpatient and outpatient claims through diagnoses or
procedures made 1 year before the diagnosis of melanoma. The comorbidity index created
earlier14 and later validated15 was used, using the International Classification of Diseases,
Ninth Revision, Clinical Modification, diagnosis and procedure codes. Comorbidity index was
categorized into none, one, and two or more.

Analyses
For descriptive analyses, frequencies and percentages were used to describe the study
population. Pearson chi-square (χ2) analysis was used to test bivariate differences across
categories of variables. Survival analysis techniques were used to estimate the risk of death
from melanoma after diagnosis. The date of censoring was at death from other causes or on
December 31, 2000, whichever came first. Kaplan-Meier product limit was used to estimate
the event-free duration for SES and ethnic categories. The log-rank test was used to compare
survival curves across SES and ethnic variable categories.

Adjusted Cox regression proportional hazard regression models (PHREG procedure) were
used to predict the risk of death from melanoma at follow-up and to determine the independent
influence of SES and other potential predictors on the event (death from melanoma).
Assumptions underlying the model, such as proportionality and an absence of colinearity, were
tested and found to be met. For analyses of interaction between income and ethnicity, ethnicity
was dichotomized because of the small number of other ethnic groups different from whites.
The PHREG procedure and the contrast statement for calculations related to interactions were
used. For all analyses, the significance level (two tailed) was set at P<.05. All computer
programming and analyses were completed using SAS for Windows version 9.1 (SAS Institute,
Inc., Cary, NC).

RESULTS
Table 1 shows that 60% of the study subjects were men, 45.2% were aged 75 and older, 51.2%
were married, and 96.3% were white. In addition, 58.3% of cases corresponded to the period
1994 to 1999; 32.8% and 45.7% had in situ and localized stages at diagnosis, respectively;
30.7% had lesion thickness of less than 1 mm; 7.1% were nodular, 30.4% were lentigo maligna,
and 21.6% were superficial spreading melanomas; and 37.4% of lesions were located on the
face and 22.8% on the trunk. Residing in low-income areas (≤$30,000/y) was associated with
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older age (especially ≥80), female sex, being unmarried, being black or Hispanic, being
diagnosed between 1988 and 1993, having regional and distant stages at diagnosis, having
thicker lesions (2.01–4.00 mm, >4.00 mm), having nodular or acral lentiginous melanoma, and
having two or more comorbid conditions. Whether a cohort effect influence the data was also
analyzed. Subjects who were diagnosed during the later period (1994–99) were more likely to
have an in situ diagnosis (37.2% vs 26.7%); and less likely to have unstaged melanoma (2.9%
v 20%, a potential underascertainment bias of cases) than those diagnosed during the earlier
period (1988–93) (P<.001).

The overall 5-year Kaplan-Meier survival rate was 90.5% (95% confidence interval (CI) =
90.0–90.9). When subjects were stratified by income (≤$30,000/y vs >$30,000/y), there was
a significant difference on survival rates between low-income (88.5%, 95% CI = 87.5–89.4)
and high-income areas (91.1%, 95% CI = 90.6–91.5). Subjects aged 80 and over had
significantly lower survival rates (87.4%, 95% CI = 86.2–88.4) than subjects of other age
categories (65–69: 91.7%, 95% CI = 90.9–92.4; 70–74: 91.4%, 95% CI = 90.7–92.2; 75–79:
90.6%, 95% CI = 89.6–91.5). In addition, men had significantly lower survival rates (89.7%,
95% CI = 89.1–90.3) than women (91.5%, 95% CI = 90.9–92.1).

In the adjusted Cox proportional regression analyses (Table 2), as income increased, there was
a significant decrease in the risk of death from melanoma. In Model 1, adjusting for other
sociodemographic variables, the hazard ratio (HR) for income was 0.79 (95% CI = 0.71–0.88,
P<.001). Blacks, Hispanics, Chinese, Filipinos, and Hawaiians had a greater risk of death from
melanoma than whites. In the fully adjusted Model 2, although the effect decreased, higher
income was also associated with lower risk of death from melanoma (HR = 0.88, 95% CI =
0.79–0.98, P = .02). The effect of race disappeared and ethnic groups were no longer significant
after adjusting for stage, tumor characteristics, and comorbidities. Other factors independently
associated with greater risk of death from melanoma were older age, male sex, being unmarried,
and being diagnosed between 1988 and 1993. Advanced stage at diagnosis of melanoma
(localized, regional, distant vs in situ) and thicker lesions (1.01–2.00 mm, 2.01–4.00 mm, >4.00
mm vs ≤1.00 mm) were associated with greater risk of death. Lentigo maligna, superficial
spreading, acral lentiginous, and other histological subtypes were associated with a lower risk
of death than nodular melanoma. Melanomas located on the face and upper limbs were
associated with a lower risk of death, but melanomas in a nonspecified site were associated
with a higher risk of death than melanomas located on the trunk. Finally, subjects with two or
more comorbid conditions had a higher risk of death from melanoma than subjects without
comorbidities.

Figure 1 presents the 5-year survival rates (%) by income quintiles (<$28,089, $28,089–35,440,
$35,441–42,924, $42,925–55,025, >$55,025) and two ethnic groups. Both groups, whites and
nonwhites, tended to have greater survival rates as income increased (nonwhites, from 77.6 to
90.1, log-rank χ2 = 12.2, P = .01; whites, from 89.0 to 91.9, log-rank χ2 = 19.5, P<.001), but
there are wide confidence intervals for nonwhites because of their small number. Nonwhites
had lower survival rates in the first two quintiles (77.6, 95% CI = 71.4–82.6; 82.8, 95% CI =
74.2–88.7) than whites (89.0, 95% CI = 87.8–90.0; 90.2, 95% CI = 89.1–91.2), but in the third
quintile and over, the confidence intervals overlapped. Two-way interaction effects were tested
to assess whether the risk of death from melanoma varied by census tract median income for
ethnicity (P = .02). For whites and nonwhites, the risk of death decreased as income increased,
although their effects differ in magnitude; for example, the HR for income in whites was 0.76
(95% CI = 0.68–0.85) and in nonwhites was 0.47 (95% CI = 0.32–0.70). When adjusting for
all other variables, the interaction was no longer significant; the HR for income in whites was
0.89 (95% CI = 0.79–0.99) and in nonwhites was 0.79 (95% CI = 0.54–1.17) (interaction term
P = .56).
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Additional analyses show that nonwhites were more likely to be in advanced stages at diagnosis
(regional or distant) and have thicker lesions (>2 mm) than white people when they were
stratified by income (≤$30,000 vs >$30,000). Percentages for advanced stages were 22.9%
(nonwhite and ≤$30,000), 17.2% (nonwhite and >$30,000), 13.5% (white and ≤$30,000), and
10.5% (white and >$30,000) (P<.001). Percentages for thicker lesions (>2 mm) were 15.9%
(nonwhite and ≤$30,000), 13.1% (nonwhite and >$30,000), 12.6% (white and ≤$30,000), and
9.7% (white and >$30,000) (P<.001). This may explain in part why the interaction effect
between income and ethnicity and survival disappears after adjusting for stage, thickness, and
other tumor characteristics.

DISCUSSION
The findings indicate that SES, measured according to census tract median household income,
is significantly associated with survival from melanoma, even after adjusting for other
sociodemographic variables, stage at diagnosis, co-morbidity index, and tumor characteristics
such as thickness, histology, and location of the lesion in the body. This suggests that residing
in low-income areas is an independent poor prognostic factor for melanoma survival.

This association between SES and melanoma survival is in accordance with other reports in
the literature in the United States and other countries.7,16–21 One population-based study in
the United States16 reported that men and women of all ages with invasive melanoma living
in poor areas had lower survival rates than those living in wealthier areas. A study using
hospital-based cancer registries data17 reported that patients living in low-income areas (<
$20,000, by ZIP code) had lower survival rates from melanoma than patients living in high-
income areas (>$47,000) (83.2% vs 90.9%). Finally, a population-based study in
Massachusetts18 reported that advanced stage of melanoma was associated with lower census
tract or ZIP code income (lowest vs highest tertiles rate ratio = 1.6, 95% CI = 1.2–2.3). In
studies in other countries, lower melanoma survival rates were reported for patients from lower-
SES groups or residing in lower-SES areas than for patients from higher-SES groups or residing
in higher-SES areas.19–21

SES may affect melanoma survival through at least four types of factors: biological
characteristics of the tumor, stage or thickness at diagnosis, host factors, and treatment.22 In
the current study, nodular melanoma was more frequent in subjects residing in low SES areas
(Table 1) and was associated with a higher risk of dying from melanoma (Table 2). In other
studies the nodular type of melanoma was reported as a poor prognostic factor for melanoma
survival.13,23,24 In addition, in the current study, advanced stage at diagnosis and thicker
lesions were associated with residing in low-SES areas (Table 1) and with a higher risk of death
from melanoma (Table 2). Other studies have been also reported the association between SES
and stage or thickness of melanoma at diagnosis and between SES and melanoma survival,
adjusting for stage or thickness.17–19,25,26 Furthermore, in the current study, a higher number
of comorbid conditions were associated with a higher risk of death from melanoma. Indeed,
host factors such as comorbidities, nutritional status, and immune functions are usually
associated with SES.4–6,22 Comorbidities may influence the progression of the tumor after
diagnosis and the ability to tolerate the treatment, which in turn could affect survival from
melanoma. Finally, treatment may affect survival from melanoma.22,27 Although data on
treatment were not available for this analysis, earlier detection and local resection of melanoma,
which would potentially enhance survival, remain as the main strategies for treating melanoma.
Indeed, adjuvant therapy (e.g., interferon alpha) and treatment of metastatic disease have
appreciable toxicity and unclear survival influence and would not likely influence results in
older adults.28
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The second major finding from this study was the interaction effect between income and
ethnicity and survival of subjects with melanoma. Indeed, nonwhites exhibited poorer survival
rates than whites, especially if they resided in low-income areas (≤$30,000/y), although the
interaction effect disappeared after adjusting for stage and tumor characteristics, probably
because it was demonstrated that nonwhites were more likely to advanced stage and thicker
lesions than whites even when stratified by income categories (see Results).

The findings of the current study that older age, male sex, and being unmarried were associated
with greater risk of death from melanoma are in accordance with some previous studies. Recent
studies have showed that older age has been associated with lower survival in patients with
melanoma.13,28 Older patients are usually screened less than younger patients, have later
stages of melanoma when diagnosed, and have more nodular melanomas (high potentiality for
metastases).17,28,29 Sex may influence the clinical course of melanoma, which has a worse
prognosis in men than women.19,25 Women may have a distribution of melanoma lesions
localized to more-favorable anatomic sites than men; women are also more likely to seek
screening. Furthermore, men also present with a higher proportion of thicker lesions.13,28
Married people usually have more social ties and support that may affect their response to the
disease or cause them to look for early diagnosis of melanoma.30

This study showed that there was a survival advantage during 1994 to 1999 over the earlier
period. There are two possible explanations for this phenomenon. First is its association with
low poverty; in the later period, a lower percentage of subjects resided in low-income areas.
Second is the presence of lead-time bias; in the later period, there was a higher percentage of
in situ stage, probably because of increased skin screening.

This study has some limitations. First, the study findings applied only to older patients enrolled
in Medicare. Second, census tract level socioeconomic data are imperfect proxy measures of
individual level SES. Third, data were not available for other factors (e.g., nutritional status)
or treatment that could affect survival in people with melanoma.22 Fourth, a small number of
minority patients were included, which could cause an underestimation of the association
between race and survival. Fifth, tumor ulceration and lymph node involvement are important
prognostic factors for melanoma not captured by the database.13 Nevertheless, this study has
some strengths. First, no detailed report related to the interaction between SES and ethnicity
and the risk of death from melanoma was found in the literature. Second, the effect of SES on
survival from melanoma was demonstrated, adjusting for other variables that are well known
to be major prognostic factors for death from melanoma. Third, the SEER-Medicare linked
database used in the study is considered to be a complete database and may capture 88% of
melanoma cases.9 Fourth, the finding that there was a greater percentage of nodular melanoma
in older adults residing in low-SES areas is important, because nodular melanoma often eludes
early detection and presents at a more-advanced stage, especially in older adults.17,28,29

In conclusion, older subjects covered by Medicare residing in low-SES areas had a greater risk
for death from melanoma. For whites and nonwhites, the risk of death decreased as income
increased, although the effect was greater for nonwhites than whites. Further research is needed
to determine whether low SES leads to later diagnosis, worst biological characteristics of the
tumor (e.g., ulceration), or poorer early detection or resection of melanoma in older adults.
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Figure 1.
Five-year Kaplan-Meier survival rates by income quintiles and ethnic groups. CI = confidence
interval.
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