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Abstract: Melanoma is a rare malignancy that invades the skin and the mucosa. Research has been conducted
on melanoma incidence and the survival of patients with melanoma; however, no studies in melanoma incidence
and the survival spanning 40 years and based on a large population have thus far been reported. We obtained
data on patients with melanoma for each decade from 1974 to 2013 from the Surveillance, Epidemiology, and End
Results (SEER) database. Disparities in survival by decade, age group, gender, race, site, and socioeconomic status
(SES) within the aforementioned period were analyzed by comparison of Kaplan-Meier curves. We collected data
on 133,996 melanoma patients in 18 SEER registry regions for the period 1974-2013. Our study found that the
melanoma incidence increased continuously for the total population as well as for most age groups. The survival of
patients with melanoma (except mucosal melanoma) also increased. This study showed increases in incidence and
survival in melanoma across four decades in a large sample; meanwhile, the survival rates for mucosal melanoma
decreased in the latter three decades, suggesting the need to improve melanoma diagnosis, broaden melanoma
awareness among health care providers, and initiate the development of more effective treatments than the exist-
ing ones.
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Introduction not only necessary but also useful to analyze
the clinical data of melanoma.

Melanoma, one of malignant skin tumors,
ranks fifth as the most common cancer in men
and seventh in women. Melanoma incidence
has continuously risen worldwide, particularly
in people with light complexion [1, 2]. Although
typically diagnosed in patients aged 50 on the
average [3], melanoma can also occur in young
adults and children [3]. The incidence of mela-
noma, particularly mucosal melanoma, in the
United States has also increased significantly

Methods and materials

All data used in the current study were obtained
from the SEER program of the National Cancer
Institute in the United States. The incidence
data on melanoma spanning four decades were
obtained for patients from the original nine
SEER sites only (the states of Connecticut,
lowa, New Mexico, Utah, and Hawaii and the
metropolitan areas of Atlanta, Detroit, San

at a rate faster than that for any other solid
tumor in recent years [1]. The survival rates of
patients with advanced melanoma remain low;
specifically, the 5-year survival rate in patients
with stage IV melanoma is ~6% [4]. Thus, it is

Francisco-Oakland, and Seattle-Puget Sound),
whereas the survival data on melanoma were
obtained for patients from the original 18 SEER
sites (the original 9 sites plus Los Angeles, San
Jose-Monterey,
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Figure 1. Summary incidences of patients diagnosed with melanoma between 1974 and 2013 at the original nine
SEER sites. Incidence and number of melanoma cases are shown by age group (total and ages 0-39, 40-54, 55-69,
70-84 and 85+ years) and calendar period. Incidence (A, C, E, G) and number (B, D, F, H) of melanoma cases are

grouped by sex, SES, and race, respectively.

Rural Georgia, the Alaska Native Tumor Re-
gistry, Greater California, Kentucky, Louisiana,
New Jersey, and Greater Georgia).

Patients with melanoma were analyzed in the
SEER registries by the norm, which was set up
by the World Health Organization International
Classification of Diseases for Oncology. Our re-
search objects were melanoma patients diag-
nosed from 1974 to 2013, which were selected
using ICD-0O-3 site codes (C00.0-C14.0, C20-
C22, 8C44.0-C44.9, C51-C64) and ICD-0-3
histology codes (8720-8790) [5-8]. The data in-
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cluded melanoma incidence and the relative
survival rates (RSRs) of patients. Those diag-
nosed by autopsy or merely reported as having
died from the disease in death certificates were
excluded. The socioeconomic status of the
area was determined using the county poverty
rate [9, 10], which is the percentage of persons
in the county living below the national poverty
threshold in Census 2000 (County attributes
2000s.% Persons below poverty 2000 of low-
poverty: 0-999, County attributes 2000s.%
Persons below poverty 2000 of medium-pover-
ty: 1000-1999, County attributes 2000s.%

Am J Cancer Res 2019;9(7):1396-1414
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Table 1. The incidence of melanoma according to age group and decade within sex, SES, and race
groups from 1974 to 2013 at the nine original SEER sites. Data are incidence per 100,000 people by
year of diagnosis, with the number of patients in parentheses

Variable Age Groups Decade
1974-1983 1984-1993 1994-2003 2004-2013
Total
0-85+ 8.7 (16032) 12.2 (26441) 15.2 (38772) 17.8 (52751)
0-39 3.7 (4669) 4.5 (6898) 4.7 (7584) 9 (7667)
40-54 13.2 (4396) 17.7 (7031) 21.1(11818) 22.2 (14086)
55-69 16.3 (4375) 25.3 (7205) 34 (10226) 40.8 (17286)
70-84 17.8 (2156) 29 (4478) 41.6 (7701) 56.3 (10945)
85+ 22.2 (436) 30.6 (829) 38.7 (1443) 55.1 (2767)
Sex Male
0-85+ 9.4 (7983) 14.2 (13951) 18.1 (20948) 21 (28891)
0-39 3.2 (1988) 3.8 (2896) 3.6 (2923) 3.6 (2784)
40-54 13.8 (2251) 19.4 (3772) 22.6 (6240) 22 (6935)
55-69 19.9 (2497) 33.1(4420) 44.8 (6402) 53.1 (10733)
70-84 23 (1097) 40.7 (2524) 61.2 (4691) 82.6 (6924)
85+ 25.1 (150) 44.8 (339) 3 (692) 92.4 (1515)
Female
0-85+ 8.2 (8049) 10.7 (12490) 13.1(17824) 15.4 (23860)
0-39 2 (2681) 5.1 (4002) 5.9 (4661) 6.3 (4883)
40-54 12.6 (2145) 16.1 (3259) 19.7 (5578) 22.5 (7151)
55-69 13.2(1878) 18.5 (2785) 24.3 (3824) 29.6 (6553)
70-84 14.5 (1059) 21.2 (1954) 27.8 (3010) 36.3 (4021)
85+ 1(286) 25.1 (490) 28.5 (751) 37.1(1252)
Race white
0-85+ 9.9 (15788) 14.4 (26085) 18.5(38118) 22.6 (51889)
0-39 4.4 (4621) 5.5 (6817) 1 (7460) 6.8 (7532)
40-54 15.3 (4339) 21.2 (6956) 26.2 (11647) 29 (13873)
55-69 18.4 (4296) 29.6 (7107) 41.1 (10050) 51 (17031)
70-84 19.4 (2110) 32.6 (4398) 48.3 (7566) 68.1 (10743)
85+ 23.4 (422) 33.3(807) 42.7 (1395) 63.8 (2710)
Black
0-85+ 1(119) 0.9 (146) 1(210) 0.9 (251)
0-39 0.1 (13) 0.1 (26) 0.2 (41) 0.2 (32)
40-54 1.1 (31) 0.7 (27) 0.8 (48) 0.7 (56)
55-69 2.1(41) 1.8 (42) 2.2 (57) 2.1(85)
70-84 3.5 (24) 4 (40) 3.4 (44) 3.9 (59)
85+ 11.2 (10) 7.2 (11) 9.1 (20) 6.2 (19)
Other
0-85+ 1.3 (125) 1.4 (210) 1.8 (444) 1.8 (611)
0-39 0.4 (35) 0.4 (55) 0.5 (83) 0.5 (103)
40-54 1.3 (26) 1.5 (48) 2.2 (123) 2 (157)
55-69 2.7 (38) 2.6 (56) 4 (119) 3.5(170)
70-84 4.4 (22) 4.6 (40) 5.7 (91) 6.6 (143)
85+ 5.8 (4) 8.6 (11) 11.5(28) 8.2 (38)
SES Low Poverty
0-85+ 9.6 (9662) 13.5(16216) 16.9 (24751) 19.5 (34646)
0-39 4 (2726) 4.9 (4109) 5.3 (4773) 5.6 (4998)
1398 Am J Cancer Res 2019;9(7):1396-1414



Trends in incidence and survival in patients with melanoma, 1974

40-54 15 (2779) 19.8 (4448) 23.4 (7648) 24.3 (9384)
55-69 18.3 (2668) 28.3 (4446) 38 (6546) 44.6 (11274)
70-84 19.1 (1245) 31.9 (2719) 45.9 (4887) 61.5 (7131)
85+ 22.3 (244) 32.3(494) 40.6 (897) 59.4 (1859)
Medium Poverty
0-85+ 7.5 (6044) 10.6 (9702) 13 (13305) 15.5 (17309)
0-39 3.4 (1867) 4 (2663) 4 (2686) 4.2 (2608)
40-54 10.9 (1530) 15.1 (2464) 18 (3962) 19.4 (4527)
55-69 13.8 (1610) 21.8 (2624) 29.1 (3485) 36.1(5724)
70-84 16.2 (860) 25.1 (1642) 35.9 (2660) 49.4 (3592)
85+ 21.2 (177) 27.5 (309) 35.5 (512) 48.2 (858)
High Poverty
0-85+ 7.7 (292) 9.2 (458) 10.4 (671) 9.5 (756)
0-39 2.3(68) 2.9 (107) 3(115) 1.5 (58)
40-54 11.1(78) 11.4 (104) 14.1 (191) 10.4 (166)
55-69 16 (88) 17.3 (119) 22.2(188) 22.8 (267)
70-84 19.1 (45) 30.5 (107) 31.5 (146) 37.7 (217)
85+ 39.5 (13) 39 (21) 37.3(31) 43.9 (48)
Abbreviation: SES, socioeconomic status.
Persons below poverty 2000 of high-poverty: Results

2000-5692, these can be selected in the
SEER*Stat software). The patients in the cur-
rent study were classified by socioeconomic
status (SES) (low-poverty, medium-poverty, hi-
gh-poverty), sex, race (White, Black, and oth-
ers), and age at diagnosis (0-39, 40-54, 55-69,
70-84, and 85+y).

Data on cancer patient survival were analyzed
from the date of diagnosis to the date of death.
Period analysis was conducted to calculate the
RSRs, which indicated the deaths attributable
to melanoma either directly or indirectly. The
RSRs were computed as the ratio of the abso-
lute survival rate of melanoma patients divided
by the expected survival rate for a group of
age-, sex-, and race-matched individuals in the
general population. This experiment was de-
signed to identify trends in the clinical out-
comes of patients over time. Relative survival
point estimates (expressed as percentages),
means, and standard errors were computed in
the SEER*Stat software in accordance with the
standard statistical methodology using the
Ederer Il method. Kaplan-Meier curves were
constructed to estimate the overall survival,
and differences between the curves were
assessed using the two-tailed logrank test.
Stata 12.0 (StataCorp) was used for analysis
as well. The difference (p value < 0.01) was
considered statistically significant.
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Trends in melanoma incidence at the nine
original SEER sites over four decades

A total of 133,996 patients diagnosed with
melanoma between 1974 and 2013 in the
SEER program of the National Cancer Institute
at the nine original registry sites were collected.
As indicated in Figure 1 and Table 1, the mela-
noma incidence in the four decades continually
increased (8.7 per 100,000 from 1974 to
1983, 12.2 per 100,000 from 1984 to 1993,
15.2 per 100,000 from 1994 to 2003, 17.8 per
100,000 from 2004 to 2013). Similar trends
were observed in the four decades for almost
all age groups (meanwhile, melanoma inci-
dence for the 85+ group decreased from 1994
to 2013). Compared with females, males exhib-
ited a markedly higher melanoma incidence per
100,000 (Figure 1).

Melanoma incidence by SES and race

The low-poverty group showed a slightly higher
melanoma incidence than that of the medium-
poverty group, which was higher than that of
the high-poverty group. Melanoma incidence
per 100,000 in low-and medium-poverty exhib-
ited an increasing trend (from 9.6 to 13.5 to
16.9 to 19.5 in the low-poverty group and from
7.5 t0 10.6 to 13.0 to 15.5 in the medium-pov-

Am J Cancer Res 2019;9(7):1396-1414
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Figure 2. Summary incidences of patients diagnosed with cutaneous melanoma and mucosal melanoma between
1974 and 2013 at the original nine SEER sites. Incidence and number of two types melanoma cases are shown by
age group (total and ages 0-39, 40-54, 55-69, 70-84 and 85+ years) and calendar period. Incidence and number
of two types melanoma cases are grouped by sex, SES, and race, respectively (A, C, E, G, |, K, M, O for cutaneous
melanoma, while B, D, F, H, J, L, N, P for mucosal melanoma).
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Table 2. The incidence of cutaneous melanoma according to age group and decade within sex, SES,
and race groups from 1974 to 2013 at the nine original SEER sites. Data are incidence per 100,000

people by year of diagnosis, with the number of patients in parentheses

Variable Age Groups Decade
1974-1983 1984-1993 1994-2003 2004-2013
Total
0-85+ 8.5 (15787) 12 (26074) 15 (38333) 17.6 (52180)
0-39 3.7 (4643) 4.4 (6854) 4.7 (7556) 9 (7628)
40-54 13.1(4357) 17.6 (6983) 21 (11735) 22.1(13991)
55-69 16.1 (4300) 25 (7103) 33.6 (10100) 40.4 (17106)
70-84 17.1 (2070) 28.1 (4347) 40.8 (7553) 55.3 (10759)
85+ 21.3 (417) 29.1 (787) 37.2 (1389) 53.7 (2696)
Sex Male
0-85+ 9.3 (7940) 14.1 (13855) 18 (20838) 20.9 (28742)
0-39 2 (1986) 3.8 (2886) 3.6 (2918) 6 (2773)
40-54 13.8 (2241) 19.3 (3756) 22.5(6216) 219 (6901)
55-69 19.8 (2484) 32.8 (4385) 44.6 (6369) 52.9 (10689)
70-84 22.7 (1082) 40.2 (2493) 60.7 (4653) 2 (6874)
85+ 24.6 (147) 44.2 (335) 62.1 (682) 91.8 (1505)
Female
0-85+ 8 (7847) 10.5 (12219) 12.9 (17495) 15.2 (23438)
0-39 4.2 (2657) 5.1 (3968) 5.8 (4638) 6.3 (4855)
40-54 12.5 (2116) 16 (3227) 19.4 (5519) 22.3(7090)
55-69 12.8 (1816) 18.1 (2718) 23.7 (3731) 29 (6417)
70-84 13.5 (988) 20.1 (1854) 26.8 (2900) 35.1 (3885)
85+ 19.8 (270) 23.2 (452) 26.8 (707) 35.3(1191)
Race white
0-85+ 9.8 (15562) 14.2 (25747) 18.4 (37743) 22.3 (51403)
0-39 4.4 (4596) 5.5 (6774) 6.1 (7436) 6.8 (7499)
40-54 15.2 (4305) 21.1 (6913) 26.1 (11579) 28.9 (13797)
55-69 18.1 (4227) 29.2 (7014) 40.7 (9942) 50.5 (16878)
70-84 18.7 (2029) 31.7 (4279) 475 (7435) 67.1(10584)
85+ 22.5 (405) 31.6 (767) 41.3 (1351) 62.3 (2645)
Black
0-85+ 0.9 (108) 0.8 (133) 0.9 (191) 0.8 (222)
0-39 0.1 (12) 0.1 (26) 0.2 (40) 0.1 (30)
40-54 1(29) 0.7 (24) 0.7 (44) 0.6 (49)
55-69 1.9 (38) 1.7 (39) 2 (53) 1.9 (75)
70-84 2.9 (20) 3.5(35) 3.1 (40) 3.4 (51)
85+ 10.1 (9) 5.9 (9) 6.4 (14) 5.5 (17)
Other
0-85+ 1.2 (117) 1.3 (194) 1.6 (399) 1.6 (555)
0-39 0.4 (35) 0.4 (54) 0.4 (80) 0.4 (99)
40-54 1.1 (23) 1.4 (46) 2 (112) 1.8 (145)
55-69 2.5(35) 2.3 (50) 3.6 (105) 3.2 (153)
70-84 4.2 (21) 3.8(33) 4.9 (79) 5.7 (124)
85+ 4.3 (3) 8.6 (11) 9.8 (24) 7.3 (34)
SES Low Poverty
0-85+ 9.4 (9514) 13.3 (16002) 16.7 (24501) 19.3 (34294)
0-39 4 (2710) 4.8 (4081) 5.3 (4756) 5.5 (4974)
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40-54 14.9 (2757)
55-69 17.9 (2615)
70-84 18.4 (1199)
85+ 21.3 (233)
Medium Poverty
0-85+ 7.4 (5949)
0-39 3.3 (1857)
40-54 10.7 (1513)
55-69 13.6 (1589)
70-84 15.4 (821)
85+ 20.3 (169)
High Poverty
0-85+ 7.7 (290)
0-39 2.3 (68)
40-54 11.1(78)
55-69 15.9 (87)
70-84 18.7 (44)
85+ 39.5 (13)

19.7 (4423) 23.3 (7606) 24.2 (9318)
27.9 (4387) 37.5(6468)  44.2 (11172)
30.9 (2643) 45.1 (4804) 60.6 (7023)
30.6 (468) 39.3(867) 57.7 (1807)
1
10.4 (9553)  12.9(13132)  15.4 (17108)
4 (2648) 4 (2676) 4.2 (2594)
15 (2441) 17.9 (3925) 19.3 (4502)
21.5 (2582) 28.7 (3440) 35.6 (5651)
24.2 (1588) 35.1 (2600) 48.4 (3520)
26.2 (294) 34.1(491) 47.3 (841)
9.1 (454) 10.2 (655) 9.2 (739)
2.9 (106) 3(114) 1.5 (57)
11.4 (104) 13.8 (187) 10.1 (162)
17.1 (118) 21.8 (185) 22.5 (263)
30.2 (106) 30.4 (141) 36.7 (211)
37.1(20) 33.7 (28) 42 (46)

Abbreviation: SES, socioeconomic status.

erty group). The melanoma incidence in the
high-poverty group also increased in the first
three decades but decreased in the fourth
decade (from 7.7 to 9.2 to 10.4 to 9.5, Table 1;
Figure 1E, 1F). As illustrated in Table 1 and
Figure 1G, 1H, Whites exhibited a markedly
higher melanoma incidence in the four decades,
compared with Blacks and other races. In addi-
tion, this difference in incidence between Whi-
tes and the other groups widened.

Comparison of the incidence between cutane-
ous melanoma and mucosal melanoma

The incidence of cutaneous melanoma in ma-
les was significantly higher than that in females,
whereas the incidence of mucosal melanoma
in females was significantly higher than that in
males (Figure 2). A considerably large propor-
tion of the incidence of mucosal melanoma
was attributed to Whites although the propor-
tion of Blacks and other patients increased sig-
nificantly (4.4% for mucosal melanoma in
Blacks vs. 0.5% for cutaneous melanoma in
Blacks; 7.7% for mucosal melanoma in others
vs. 0.9% for cutaneous melanoma in others;
Tables 2, 3). No apparent differences in SES
and age were observed between cutaneous
melanoma and mucosal melanoma, and the
trends with respect to SES and age were similar
for all types of melanoma.

1402

Relative survival estimates for the 18 SEER
sites over four decades

The RSRs (Table 4 and Figure 3) and survival
times of patients with melanoma across the
four decades improved for each age group ana-
lyzed. The one-year RSR gradually increased
over time (94.40% from 1974 to 1983, 96.30%
from 1984 to 1993, 96.90% from 1994 to
2003, and 97.00% from 2004 to 2013; P <
0.0001 for each decade). However, the 1-year
survival rate increased very slowly. Kaplan-
Meier survival analysis indicated increases in
survival time over the four decades for all age
groups (Figure 3; Table 4). The 5-year RSR
increased from 81.60% to 87.70% to 90.10% to
91.10% over the four decades. The 10-year
RSR increased from 76.80% to 84.90% to
87.90% in the first three decades but decreased
to 87.80% in the fourth decade.

The survival rate in both sexes over the four
decades improved (Table 5 and Figure 4A).
Females showed a slightly higher 12-month
RSR than males (96.00% vs. 92.80%) from
1974 to 1983; in the subsequent three de-
cades, both sexes showed a similar 12-month
RSR (97.20% for females vs. 95.50% for males
from 1984 to 1993, 97.60% for females vs.
96.40% for males from 1994 to 2003, and
97.70% for females vs. 96.50% for males; Table
5). The same trend was exhibited in the

Am J Cancer Res 2019;9(7):1396-1414



Trends in incidence and survival in patients with melanoma, 1974

Table 3. The incidence of mucosal melanoma according to age group and decade within sex, SES,
and race groups from 1974 to 2013 at the nine original SEER sites. Data are incidence per 100,000
people by year of diagnosis, with the number of patients in parentheses

. Decade
Variable Age Groups
1974-1983 1984-1993 1994-2003 2004-2013
Total
0-85+ 0.1 (145) 0.2 (367) 0.2 (439) 0.2 (571)
0-39 0 (26) 0 (44) 0 (28) 0 (39)
40-54 0.1(39) 0.1 (48) 0.1 (83) 0.2 (95)
55-69 0.7 (86) 0.4 (102) 0.4 (126) 0.4 (180)
70-84 0.6 (78) 0.9 (131) 0.8 (148) 1(186)
85+ 1(19) 1.6 (42) 1.4 (54) 1.4 (71)
Sex Male
0-85+ 0.1 (43) 0.1 (96) 0.1 (110) 0.1 (149)
0-39 0(2) 0 (10) 0(5) 0(11)
40-54 0.1 (10) 0.1 (16) 0.1(24) 0.1(34)
55-69 0.3 (15) 0.3(35) 0.2 (33) 0.2 (44)
70-84 0.2 (11) 0.5(31) 0.5(38) 0.6 (50)
85+ 0.5(3) 0.5 (4) 0.9 (10) 0.6 (10)
Female
0-85+ 0.2 (202) 0.2 (271) 0.2 (329) 0.3 (422)
0-39 0(24) 0(34) 0(23) 0(28)
40-54 0.1 (29) 0.2 (32) 0.2 (59) 0.2 (61)
55-69 1.0 (71) 0.4 (67) 0.6 (93) 0.6 (136)
70-84 0.9 (67) 1.1 (100) 1(110) 1.2 (136)
85+ 1.2 (16) 1.9 (38) 1.7 (44) 1.8 (61)
Race white
0-85+ 0.1 (226) 0.2 (338) 0.2 (375) 0.2 (486)
0-39 0 (25) 0(43) 0(24) 0(33)
40-54 0.1 (34) 0.1 (43) 0.2 (68) 0.2 (76)
55-69 0.8 (81) 0.4 (93) 0.4 (108) 0.5 (153)
70-84 0.7 (73) 0.9 (119) 0.8 (131) 1(159)
85+ 0.9 (17) 1.6 (40) 1.3 (44) 1.5 (65)
Black
0-85+ 0.1 (11) 0.1 (13) 0.1 (19) 0.1 (29)
0-39 0(1) 0(0) 0(1) 0(2)
40-54 0.1(2) 0.1(3) 0.1(4) 0.1 (7)
55-69 0.6 (4) 0.1(3) 0.2 (4) 0.3 (10)
70-84 0.6 (4) 0.5 (5) 0.3 (4) 0.6 (8)
85+ 1.1 (1) 1.3(2) 2.7 (6) 0.7 (2)
Other
0-85+ 0.1(8) 0.1 (16) 0.2 (45) 0.2 (56)
0-39 0(0) 0(1) 0(3) 0(4)
40-54 0.1(3) 0.1(2) 0.2 (11) 0.2 (12)
55-69 0.2 (1) 0.3 (6) 0.5 (14) 0.4 (17)
70-84 0.2 (1) 0.8 (7) 0.8 (13) 0.9 (19)
85+ 1.4 (1) 0(0) 1.6 (4) 0.9 (4)
SES Low Poverty
0-85+ 0.2 (148) 0.2 (214) 0.2 (250) 0.2 (352)
0-39 0 (16) 0(28) 0 (17) 0(24)
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40-54 0.1 (22)
55-69 0.4 (53)
70-84 0.7 (46)
85+ 1(11)
Medium Poverty
0-85+ 0.1 (95)
0-39 0 (10)
40-54 0.1 (17)
55-69 0.2 (21)
70-84 0.7 (39)
85+ 1(8)
High Poverty
0-85+ 0(2)
0-39 0(0)
40-54 0(0)
55-69 0.2 (1)
70-84 0.3(1)
85+ 0(0)

0 (15)

0.1(42)
0.5(78)
0.8 (83)
1.4 (30)

0.2 (173
0 (10)

0.3 (16)
0(1)
0.3(4)
0.4 (3)
1.1 (5)
3.6(3)

0.2 (66)
0.4 (102)
0.9 (108)
1.7 (52)

) 0.2 (201)
0 (14)

0.1 (25)

0.5 (73)
1(72)
1(17)

0.2 (17)
0(1)
0.3 (4)
0.4 (4)
1(6)
1.8(2)

Abbreviation: SES, socioeconomic status.

Table 4. Relative survival rates of melanoma patients during the periods of 1974-1983, 1984-1993,
1994-2003 and 2004-2013 at eighteen SEER sites. Data are mean + standard error of the mean, with

number of patients in parentheses

Age Group

1974-1983 1984-1993 1994-2003 2004-2013
12-Mo RS
All 94.40+0.20 (16461) 96.30+0.10 (28410)*** 96.90+0.10 (75353)*** 97.00+0.10 (139017)
0-39 96.80+0.30 (4865) 97.80+0.20 (7433)** 98.40+0.10 (14096)**  98.50+0.10 (18894)
40-54 95.60+0.30 (4530) 97.00£0.20 (7663)*** 97.50+0.10 (22876) 97.60+0.10 (37066)*
55-69 93.40+0.40 (4454) 95.80+£0.30 (7691)***  96.70+0.10 (20200)***  96.90+0.10 (45926)
70-84 89.90+0.80 (2180) 94.70+0.50 (4743)***  95.60+0.20 (15278)*  96.40+0.20 (30023)*
85+ 88.20+2.50 (432) 89.70+1.70 (880)* ** 93.10+0.90 (2903) 93.50+0.60 (7108)
60-Mo RS
All 81.60+£0.40 87.70£0.30*** 90.10+0.20*** 91.10£0.10***
0-39 86.90+0.50 91.30+£0.30*** 94.20+0.20* ** 95.00+0.20**
40-54 83.80+0.60 89.00+0.40*** 91.40+£0.20%** 92.70+0.20***
55-69 79.90+0.70 86.90+0.50*** 90.00+0.30*** 90.90+0.20*
70-84 70.80+1.50 82.80+1.00*** 86.40+0.50*** 88.10+£0.40*
85+ 61.00+£5.20 71.30+£3.30 75.60+£2.10 80.80+1.70
120-Mo RS
All 76.80+0.40 84.90+0.30*** 87.90+£0.20%** 87.80+0.24
0-39 82.80+0.60 88.50+0.40*** 92.20+0.20* ** 92.55+0.31
40-54 79.10+0.70 85.30+0.50*** 88.90+0.30 89.40+0.32
55-69 74.30£0.90 85.20+0.60*** 88.00+0.40* ** 89.00+0.45
70-84 64.60+2.10 79.50+£1.40%** 84.20+0.80** 86.00+1.00
85+ 51.50+9.00 66.90+7.90 68.90+4.40 70.00+£6.30

Abbreviations: Mo, month; RS, relative survival; SEM, standard error of the mean. *P < 0.01, **P < 0.001, and ***P < 0.0001

for comparisons with the preceding decade.
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Figure 3. Trends in 10-year relative survival rates (A, C, E, G, |, K) and Kaplan-Meier survival analysis (B, D, F, H, J, L)
for patients with melanoma at eighteen SEER sites in 1974-1983 (orange), 1984-1993 (blue), 1994-2003 (black)
and 2004-2013 (gray) respectively according to age group (total and ages 0-39, 40-54, 55-69, 70-84 and 85+

years).

Table 5. 12-month relative survival rates of melanoma patients ac-
cording to sex, age group, and calendar period from 1974 to 2013
at eighteen SEER sites. Data are means 6 standard error of the
mean, with number of patients in parentheses

Decade Age Group

Sex

Male

Female

74-83  12-Mo RS
All
0-39
40-54
55-69
70-84
85+

12-Mo RS
All
0-39
40-54
55-69
70-84
85+

12-Mo RS
All
0-39
40-54
55-69
70-84
85+

12-Mo RS
All
0-39
40-54
55-69
70-84
85+

84-93

94-03

04-13

92.80+0.30 (8198)
94.90+0.50 (2074)
93.80+0.50 (2316)
92.30+0.60 (2553)
89.90+0.80 (2180)
88.20+2.50 (432)

95.50+0.20 (15002)
96.30+0.30 (3124)
96.50+0.30 (4114)
94.90+0.40 (4733)
94.70+0.60 (2669)
90.50+2.70 (362)

96.40+0.10 (41349)
97.60+0.20 (5692)
96.70+0.20 (12223)
96.60+0.20 (12738)
95.40+0.30 (9324)
92.20+1.30 (1435)

96.50+0.10 (77685)
97.50+0.20 (7095)
96.60+0.10 (18837)
96.40+0.10 (28831)
96.50+0.20 (18996)
95.10+0.80 (3926)

96.00+0.30 (8263)***
98.20£0.30 (2791)***
97.50+0.40 (2214)* **
94.80+0.60 (1901)**
89.30+1.20 (1107)
84.00+4.60 (148)

97.20+0.20 (13408)***
98.90+0.20 (4309)***
97.70+0.30 (3549)**
97.30+0.40 (2958)***
94.60+0.70 (2074)
89.10+2.10 (518)

97.60+0.10 (34004)***
99.00+0.10 (8467)***
98.30+0.10 (10653)* **
96.90+0.20 (7462)
95.90+0.40 (5924)
93.90+1.10 (1468)

97.704£0.10 (61332)***
99.20+0.10 (11799)***
98.60+0.10 (18229)***
97.60+0.10 (17095)* * *
96.30+0.30 (11027)
91.60+0.80 (3182)**

Abbreviations: mo, month; RSR, relative survival rate; SEM, standard error of the
mean. **P < 0.001, and ***P < 0.0001 for comparisons with the Male group.
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60-month and 120-month
relative survival (Table 6).
Kaplan-Meier survival analy-
sis indicated that survival
time differed between males
and females especially in
the 60-month RSR and the
120-month RSR (Figure S1).
In some age groups, the
difference in survival rate
between the sexes was mo-
re apparent (Table 5 and
Figure 4). For patients aged
0-39 y, the 12-month RSR
was significantly higher in
females than males in the
second decade to the fourth
decade (98.2.90% vs. 94.9%
from 1974 to 1983, P <
0.001; 98.90% vs. 96.30%
from 1984 to 1993, P <
0.0001; 99.00% vs. 97.60%
from 1994 to 2003, P <
0.0001; 99.20% vs. 97.50%
from 2004 to 2013, P <
0.0001). For patients aged
40-54 y, the 12-month RSR
was higher in females th-
an males in each decade
(97.50% vs. 93.80% from
1974 to 1983, P < 0.0001;
97.70% vs. 96.50% from
1984 to 1993, P < 0.0001;
98.30% vs. 96.70% from
1994 to 2003, P < 0.0001;
98.60% vs. 96.60% from
2004 to 2013, P < 0.0001).
The same tendency was
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Figure 4. 12-month relative survival rates from 1974 to 2013 (A, C, E, G, |, K) and Kaplan-Meier survival analysis
from 1974 to 2013 (B, D, F, H, J, L) for male (orange) and female (blue) with melanoma at eighteen SEER sites by

age group (total and ages 0-39, 40-54, 55-69, 70-84 and 85+ years).

Table 6. 12-month, 60-month and 120-month relative survival rates
of melanoma patients according to sex, age group, and calendar

period from 1974 to 2013 at eighteen SEER sites. Data are means +
standard error of the mean, with number of patients in parentheses

Sex
Decade Age Group Male Female
74-83 12-Mo RS
All 92.80+0.30 (8198) 96.00+0.30 (8263)***
0-39 96.8+£0.30 (2704) 94.9+0.50 (2791)
40-54 93.8+0.50 (2316) 97.50+0.40 (2214)***
55-69 92.30+0.60 (2553) 94.80+0.60 (1901)**
70-84 89.3+£1.20 (1107) 90.5+1.10 (1073)
85+ 84.00+4.60 (148) 90.3042.90 (284)
60-Mo RS
All 77.30+£0.60 85.8+0.50***
0-39 86.90+0.50 80.4040.90***
40-54 79.50+0.90 88.30+0.70***
55-69 77.3£1.0 83.4+1.0***
70-84 68.80+2.20 72.80+£1.90
85+ 48.70+9.20 66.1+5.1
120-Mo RS
All 71.9+0.7 81.6+0.60***
0-39 75.10£1.00 88.50+0.60* **
40-54 74.5+1.1 84.00£0.90***
55-69 71.2+1.30 78.4+1.3%**
70-84 60.8+2.9 66.2+2.7
85+ 36.8+16.7 55.3+10.7
84-93 12-MoRS
All 95.50+0.20 (15002) 97.20£0.20 (13408)***
0-39 96.30+£0.30 (3124) 98.910.2 (4309)***
40-54 96.50+0.30 (4114) 97.70+0.30 (3549)**
55-69 94.90+0.40 (4733) 97.304£0.40 (2958)***
70-84 94.70£0.60 (2669) 94.60+0.70 (2074)
85* 90.5+2.70 (362) 89.10+2.10 (518)
60-Mo RS
All 85.10+0.40 90.50£0.30***
0-39 86.80+0.60 94.6+£0.4***
40-54 86.20+0.60 92.30£0.50***

observed in the 55-69 and
70-84 age groups. The dif-
ferencesin survival between
males and females were
similar for all age groups
except the 85+ age group.
For patients aged more than
85 vy, the survival rates in
the last three decades were
higher in males than fe-
males. Similar disparities in
60-month and 120-mon-
th RSRs were found bet-
ween sexes and age groups
(Table 6 and Figure S1).

Melanoma survival by SES
and race

White patients exhibited a
markedly higher 12-month
RSR than Black patients for
four decades (94.5% vs.
79.5% from 1974 to 1983,
96.40% vs. 86.60% from
1984 to 1993, 96.90% vs.
87.30% from 1994 to 2003,
97.00% vs. 87.90% from
2004 to 2013; P < 0.0001
for each decade; Figure 5B
and Table S1). A similar ten-
dency over time was ob-
served in the 60-month and
120-month survival rates
(Table S1). The high-poverty
group consistently exhibited
the lowest 12-, 60-, and
120-month RSRs, whereas
the low-poverty group con-
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55-69 85.1+0.7
70-84 82.60+1.40
85+ 68.8+5.9
120-Mo RS

All 81.90+0.50
0-39 83.00+0.70
40-54 82.00+0.70
55-69 83.5+0.9
70-84 79.5+x1.4

85+ 38.4+10.3

94-03 12-MoRS

All 96.40+0.10 (41349)
0-39 97.60+0.20 (5629)

40-54 96.70+0.20 (12223)
55-69 96.60+0.20 (12738)
70-84 95.40+0.30 (9324)

85+ 96.50+0.10 (1435)
60-Mo RS
All 88.10+0.20
0-39 90.7+0.40
40-54 89.00+0.30
55-69 88.90+0.40
70-84 85.80+0.70
85+ 89.40+0.20
120-Mo RS
All 85.70+0.30
0-39 87.8+0.5
40-54 86.20+0.40
55-69 87.2+0.5
70-84 82.80+1.10
85+ 70.70x£4.60
04-13 12-Mo RS
All 96.50+0.10 (77685)
0-39 97.50+0.20 (7095)

40-54 96.60+0.10 (18837)
55-69 96.40+0.10 (28831)
70-84 96.50+0.20 (18996)

85+ 95.10+0.80 (3926)
60-Mo RS
All 89.40+0.20
0-39 91.80+0.40
40-54 90.30+0.30
55-69 89.50+0.30
70-84 87.70+£0.60
85+ 83.40+2.50
120-Mo RS
All 84.90+0.40
0-39 88.10+0.59
40-54 86.40+0.52
55-69 87.80+0.54
70-84 83.00+1.30
85+ 73.00+£8.20

89.80+0.70***
83.00+1.30
723141

88.20+0.40***
92.50+0.40%***
89.10+0.60***
87.91+0.9%*
79.2+1.9
72.3£4.1%**

97.60£0.10 (34004)***
99.00+0.10 (8467)***
98.30+0.10 (10653)***
96.90+0.20 (7462)
95.90+0.40 (5924)
97.70+0.10 (1468)***

92.50+0.20***
96.50+0.20***
94.10+£0.30***
91.80+0.40***
87.30+0.80
93.20+0.20%**

90.60+0.30***
95.20+0.30%**
92.10+£0.30***
89.4+0.5**
85.8+1.1
66.30+5.90

97.70+£0.10 (61332)***
99.20+0.10 (11799)***
98.60+0.10 (18229)***
97.60£0.10 (17095)***
96.30+0.30 (11027)
91.60+0.80 (3182)**

93.20+0.20***
96.90+0.20***
95.30+0.20%**
93.20+0.30***
88.60+0.60
77.70£2.40

90.80+0.37***
95.15+0.35***
93.40+0.35***
91.60+0.56***
87.80+0.76**
62.00+7.50

Abbreviations: Mo, month; RS, relative survival; SEM, standard error of the mean. *P

<0.01, **P < 0.001, and ***P < 0.0001.
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sistently showed the high-
est survival rates (Figure
5C, Table S2). All SES groups
showed improvement in sur-
vival rate across the four
decades; the three SES
groups exhibited markedly
larger differences in survival
rate in the fourth decade
than in the first three de-
cades. Similarly widening
gaps in the 60- and 120-
month survival rates were
found (Table S2). Notably,
the distribution of the SES
groups differed between ra-
ces: more White than BI-
ack patients were classified
as low-poverty individuals
(64.1% vs. 35.5%), and mo-
re Black than White patients
were classified as medium-
poverty individuals (64.2%
vs. 34.3%; Figure S2; Table
S3). The disparity in survival
between White and Black
patients reflected the differ-
ence in survival between
the low- and medium-pover-
ty groups. A similar trend
was indicated in the Kaplan-
Meier survival analysis for
the three SES groups over
the four decades. Higher
poverty was always associ-
ated with shorter survival
(Figure 5C).

Comparison of survival be-
tween cutaneous melano-
ma and mucosal melanoma

Cutaneous melanoma exhi-
bited improved survival over
the four decades, whereas
mucosal melanoma showed
survival rates mainly de-
creased from 1974 to 2013
(Figure 6, Tables S4, S5). In
addition, cutaneous mela-
noma showed a markedly
higher 12-month RSR, com-
pared with mucosal mela-
noma from 1974 to 2013
(94.70% vs. 75.60% from
1974 to 1983; 96.50% vs.
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80.60% from 1984 t0 1993; 97.10% vs. 77.30%
from 1994 to 2003; 97.20% vs. 74.80% from
2004 to 2013; Tables S4, S5). A similar tenden-
cy was found for 60- and 120-month survival
rates. Owing to a small number of cases in each
age group, the differences in survival data for
the two types of melanoma between different
age groups are not discussed.

In addition, the medium-poverty group showed
higher survival rates in cutaneous melanoma in
the four decades, whereas the low-poverty
group showed higher survival rates in mucosal
melanoma (owing to the considerably small
number of patients in the high-poverty group,
they were not included in this study; Figures S1,
S3). In addition, both types of melanoma
showed a similar trend in survival to that of all
types of melanoma by sex and race. However,
the difference in changes in SES and race was
more apparent in mucosal melanoma than in
all other types of melanoma (Figure S3).

Discussion

In a word, not only the melanoma incidence but
also the RSRs for melanoma increased in each
decade from 1974 to 2013. However, no im-
provement in the survival rate for mucosal mel-
anoma was observed in the latter three de-
cades; and the survival rates were higher in the
second decade than in the first decade, indicat-
ing the urgent need for the development of
effective treatments to improve this situation.

In this study, melanoma incidence per 100,000
was markedly higher in males than in females.
Evidence strongly indicates that exposure to
ultraviolet radiation from the sun is an impor-
tant pathogenic factor for malignant melanoma
[11]. Compared with females, males exhibited
greater exposure to sunlight, which could be
the main reason males showed higher inci-
dence than did females. In addition, long hair,
which leaves less skin exposed to sunlight,
could also slightly affect the lower incidence
of cutaneous melanoma in female patients.
Meanwhile, the incidence of mucosal melano-
ma in females is higher than that in males prob-
ably because lesions in females are more
inclined to arise in the genital tracts [12].

Slightly improving long-term survival in both
sexes was observed, with survival in females
being superior to that in males. The higher sur-

1410

vival in females than males may be attributed
to the typical presentation of thinner lesions in
females [13-15]. The distribution of the ana-
tomic origin of cutaneous melanomas differs
between males and females: females have a
higher percentage of extremity melanomas,
whereas males have a higher percentage of
truncal melanomas. The axial location of mela-
noma has been associated with worse progno-
sis [16]. The sex differences revealed in the cur-
rent study may be related to hormonal effects
on the prognosis of melanoma as well.

Compared with Blacks and other races, Whites
exhibited markedly higher incidence in either
cutaneous or mucosal melanoma during the
four decades; this difference may be attributed
to the lightness of skin of White. With respect to
SES, the low-poverty group showed the highest
incidence, whereas the high-poverty group
exhibited the lowest incidence; the reason may
be that Whites mostly comprise the low-poverty
population. Meanwhile, the high survival rate of
Whites may be attributed to most Whites being
in the low-poverty group, allowing them to be
equipped with better medical care and earlier
diagnosis of the disease, compared with the
other races. Thinner lesions may also be asso-
ciated with better survival in Whites [12]. With
regard to patients with cutaneous melanoma,
the medium-poverty group showed the highest
survival, which was directly related to income
level [12].

The incidence of mucosal melanoma remained
low and stable, but the survival rate was
decreasing for the latter three decades. Th-
erefore, the etiology and treatment of mucosal
melanoma, require close attention. However,
risk factors for mucosal melanoma have not
been clearly determined. Mucosal melanomas
are rare tumors and can be easily misdiag-
nosed during clinical examination and imaging.
Biopsy, histopathological examination, and im-
munohistochemistry are thus recommended
for a conclusive diagnosis. TakagiM et al. re-
ported that oral mucosal melanoma can be
behind with oral pigmentation [17]. Pathological
changes such as oral pigmentation can be
increased by cigarette smoking, which may be
related to oral mucosal melanoma [18]. Mu-
cosal melanoma seems to be a particularly
aggressive subtype of melanoma. Only 9% of
patients with cutaneous melanoma involve

Am J Cancer Res 2019;9(7):1396-1414
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eighteen SEER sites from 1974 to 2013.

regional lymph nodes when diagnosed, where-
as in mucosal melanoma, the percentage is
considerably higher (21% in head and neck
mucosal melanoma, 61% in anorectal mucosal
melanoma, and 23% in vulvovaginal mucosal
melanoma) [12]. Some patients with mucosal
melanoma have been diagnosed with multifo-
cal disease [19]. In addition, a considerable
number of patients have been diagnosed with
advanced mucosal melanoma [12, 20]. Thus,
regional lymph node involvement, multifocal
disease, failure of early diagnosis, and other
unknown factors have been associated with
poor survival in patients with mucosal me-
lanoma.

Surgical therapy is widely recognized as the
mainstream treatment for mucosal melanoma,
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apart from radiotherapy of oral melanomas.
Numerous therapies that have been proven
effective for achieving higher survival rates
have emerged. In a clinical trial, patients with
stage lll melanoma who received PD-1 inhibitor
pembrolizumab achieved a 12-month recur-
rence-free survival rate of 75.4%, whereas the
placebo group achieved 61% [21]. BRAF-tar-
geted strategies and PD-1-blocking immuno-
therapy have also been more effective than
currently approved options for patients with
high-risk resectable melanoma [22]. In addi-
tion, Postow MA et al. found that radiotherapy
may reduce the rate of local recurrence of
mucosal melanoma, and novel immunothera-
peutic agents like agents targeted to the onco-
genic pathways of KIT and BRAF exhibited sig-

Am J Cancer Res 2019;9(7):1396-1414
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Figure 6. Trends in Kaplan-Meier survival analysis for patients with two types melanoma at eighteen SEER sites in
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nificant advances in the treatment of metastat-
ic disease of mucosal melanoma [20, 23].

Thus, analysis of the incidence and survival of
melanoma, including mucosal melanoma, in
the past four decades indicates changes in the
clinical outcomes of melanoma; the need to
increase the survival rate of patients with mu-
cosal melanoma is emphasized as well. This
study may provide more information on the lat-
est incidence and survival rates related to mel-
anoma, as well as guide the formulation of
healthcare acts and clinical management pro-
grams to reconcile survival disparities between
age groups, sexes, SES groups, and races,
thereby improving the clinical management of
melanoma. In short, analyzing the incidence
and survival of melanoma including mucosal
melanoma in the past four decades illustrated
us that the changes of clinical outcomes of
melanoma, and more importantly highlighted
the urgency of improving the survival rate of
patients with mucosal melanoma. Furthermore,
the study may help us get more acquainted
with the latest incidence and survival of mela-
noma, help make better healthcare acts and
clinical management programs to balance the
survival disparities between ages, sexes, SES
groups, and races demonstrated in this study,
and thereupon ameliorate the clinical manage-
ment of melanoma.
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Figure S1. 12, 60 and 120-month relative survival rates of cutaneous melanoma from 1974 to 2013 at eighteen
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Table S1. 12-month, 60-month and 12-month relative survival rates of melanoma patients according
to race, age group, and calendar period from 1974 to 2013 at eighteen SEER sites. Data are means +
standard error of the mean, with number of patients in parentheses

Decade Age Group

Race

White

Black

Other

74-83 12-Mo RS
All
0-39
40-54
55-69
70-84
85+

60-Mo RS

All
0-39
40-54
55-69
70-84
85+

120-Mo RS

All
0-39
40-54
55-69
70-84
85+
84-93 12-Mo RS
All
0-39
40-54
55-69
70-84
85+
60-Mo RS
All
0-39
40-54
55-69
70-84
85+

120-Mo RS

All
0-39
40-54
55-69
70-84
85+
94-03 12-Mo RS

All

0-39

94.50+0.20 (15994)
96.70+0.30 (4698)
95.70+0.30 (4421)
93.50+0.40 (4338)
90.3+0.8 (2122)
88.40+2.50 (415)

81.7+0.40 (15994)
86.60+0.50 (4698)
83.80+0.60 (4421)
80.2+0.7 (4338)
71.40+1.50 (2122)
61.90+5.30 (415)

76.9+0.50 (15994)
82.40+0.60 (4698)
79.2+0.7 (4421)
74.70+0.90 (4338)
65.1+2.0 (2122)
53.5+9.4 (415)

96.40+0.10 (27344)
97.80+0.20 (7064)
97.00+0.20 (7373)
95.80+0.80 (7458)
94.90+0.50 (4601)
89.70+1.70 (848)

87.60+0.30 (27344)
91.10+0.40 (7064)
88.80+0.40 (7373)
86.80+0.50 (7458)
83.30+1.00 (4601)
71.1+3.4 (848)

84.70+0.30 (27344)

88.20+0.40 (7064)

85.00+0.50 (7373)
85.0+0.6 (7458)
79.841.4 (4601)
67.0£8.1 (848)

96.90+0.10 (71630)
98.40+0.10 (13115)

79.5+3.9 (124)***
100+0.0 (15)
79.417.2 (33)%**
77.606.9 (41)***
61.9+10.7 (24)***
93.0+£13.20 (11)

58.315.3 (124)***
87.618.9 (15)
61.1+9.1 (33)**
49.5+8.7 (41)***
46.2+13.3 (24)
50.0424.6 (11)

47.146.0 (124)% **
75.1+11.7 (15)
51.2410.0 (33)***
36.0+9.3 (41)**
37.3+17.0 (24)
0.00+0.00 (11)

86.60+3.10 (153)***
89.116.1 (27)**
84.80+7.40 (25)***
88.8+5.2 (46)
81.416.5 (45)**
84.8+13.4 (10)

66.50+4.90 (153)
78.30+8.0 (27)
62.3+10.2 (25)

73.61£8.1 (46)
46.519.8 (45)
72.4+£18.7 (10)

62.0£5.2 (153)***
78.3+£8.0 (27)
62.3£10.2 (25)**
65.6+10.0 (46)*
35.6+9.9 (45)**
42.5+40.3 (10)

87.30+1.70 (452)%* **
91.20+3.0 (89)***

88.0+3.1 (122)
94.3+4.0 (35)
91.8+5.7 (24)

89.90+5.0 (38)
75.5+9.9 (22)
37.2430.4 (3)

63.414.7 (122)
85.5+6.2 (35)
67.4+9.7 (24)
58.3%8.5 (38)

38.5+12.0 (22)
0.00£0.00 (3)

55.945.1 (122)
82.846.7 (35)
65.1+10.3 (24)
41.5+8.8 (38)
25.9+11.7 (22)
0.00£0.00 (3)

89.7042.20 (231)
92.943.4 (57)
96.5042.60 (54)
92.6%3.5 (61)
79.90+6.40 (47)
65.2+15.9 (12)

69.5+3.4 (231)
86.0+4.7 (57)
84.0+5.20 (57)
75.216.0 (61)
37.5+8.7 (47)
0.00+0.00 (12)

65.2+3.7 (231)
82.745.2 (57)
75.76.2 (57)
71.3+6.7 (61)
31.3+8.8 (47)
0.00+0.00 (12)

92.10+£1.10 (750)*
97.00+1.40 (163)*
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40-54
55-69
70-84
85+
60-Mo RS
All
0-39
40-54
55-69
70-84
85+
120-Mo RS
All
0-39
40-54
55-69
70-84
85+
04-13 12-Mo RS
All
0-39
40-54
55-69
70-84
85+
60-Mo RS
All
0-39
40-54
55-69
70-84
85+
120-Mo RS
All
0-39
40-54
55-69
70-84
85+

97.50+0.10 (21675)
96.70+0.20 (19379)
95.60+0.20 (14712)
93.40+0.90 (2749)

90.00+0.20 (71630)
94.10+0.20 (13115)
91.20+0.20 (21675)
90.00+0.30 (19379)
86.50+0.50 (14712)
75.60+£2.20 (2749)

87.80+0.20 (71630)
92.00+0.30 (13115)
88.60+0.30 (21675)
88.020.4 (19379)
84.3+0.8 (14712)
69.80+4.60 (2749)

97.00+0.10 (129972)
98.50+0.10 (17395)
97.50+0.10 (34409)
96.80+0.10 (43089)
96.40+0.20 (28375)
93.60+0.60 (6704)

90.90+0.10 (129972)
94.90+0.20 (17395)
96.20+0.20 (34409)
90.70+0.20 (43089)
87.90+0.40 (28375)
80.10+1.80 (6704)

87.60+0.24 (129972)
93.20+0.35 (17395)
89.15+0.34 (34409)
88.40+0.46 (43089)
85.70+1.00 (28375)
69.80+7.30 (6704)

88.70+3.40 (93)***
88.00£3.10 (131)***
86.9+3.7 (107)***
64.50+10.10 (32)***

70.00£2.60 (452)***
77.0+4.5 (89)***
73.7£5.0 (93)***
70.14+4.7 (131)***

67.10+£6.60 (107)***
36.40+13.20 (32)

65.8+0.3 (452)* **
73.414.9 (89)* **
67.3+5.5 (93)***
67.625.2 (131)***
57.6+8.3 (107)**
33.50+18.30 (32)

87.90+1.4 (734)%**
96.9+1.8 (100)
89.20+2.50 (166)* **
89.80+2.20 (234)* **
83.60+3.20 (187)***

70.1048.60 (47)**

64.1+2.3 (734)***
84.7+4.1 (100)***
64.9+4.3 (166)* ***
59.60+4.10 (234)***
56.20+5.60 (187)***
48.249.9 (47)

53.00+3.80 (734)***
74.00+7.10 (100)***
57.00+6.00 (166)***
49.80+6.80 (234)***
47.20+£12.10 (187)**
0.00+0.00 (47)

93.8+1.7 (207)
91.10+2.20 (188)
86.20+3.10 (154)
90.05+7.00 (38)*

75.90+1.80 (750)
89.0+2.5 (163)***
82.40+2.80 (207)
68.0+3.7 (188)
63.2+4.7 (154)
62.40+13.30 (38)

67.70+2.10 (750)
88.00+2.70 (163)**
76.7+3.2 (207)
56.6+4.1 (188)
49.5+5.8 (154)
15.00+£14.00 (38)

90.00+0.90 (1259)
94.10+1.60 (230)
93.80+1.40 (339)
89.20+1.80 (361)
86.20+2.40 (284)

74.30+6.50 (65)

71.00+1.70 (1259)*
82.6+6.9 (230)
79.91£2.6 (339)**
66.3+3.1 (361)
59.00+4.50 (284)
49.7+11.3 (65)

61.00+£2.65 (1259)
79.80+3.45 (230)
71.001£4.25 (339)
57.00+4.50 (361)
46.30+7.50 (284)

38.00+6.50 (65)* **

Abbreviations: Mo, month; RS, relative survival; SEM, standard error of the mean. *P < 0.01, **P < 0.001, and ***P < 0.0001

for comparisons with the White group.
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Table S2. 12-month, 60-month and 120-month relative survival rates of melanoma patients ac-
cording to SES, age group, and calendar period from 1974 to 2013 at eighteen SEER sites. Data are

means + standard error of the mean, with number of patients in parenthesis

Decade Age Group

SES

Low Poverty

Medium Poverty

High Poverty

74-83 12-Mo RS
All
0-39
40-54
55-69
70-84
85+

60-Mo RS
All
0-39
40-54
55-69
70-84
85+

120-Mo RS
All
0-39
40-54
55-69
70-84
85+

84-93 12-Mo RS
All
0-39
40-54
55-69
70-84
85+

60-Mo RS
All
0-39
40-54
55-69
70-84
85+

120-Mo RS
All
0-39
40-54
55-69
70-84
85+

94-03 12-Mo RS
All
0-39

94.80+0.30 (9899)
97.20+0.20 (2829)
95.90+0.40 (2857)
93.50+0.50 (2711)
90.40+1.00 (1263)
88.10+3.30 (239)

82.40+0.50 (9899)
87.50+0.60 (2829)
84.60+0.70 (2857)
80.10+0.90 (2711)
73.00+1.90 (1263)
60.60+6.50 (239)

77.40+0.60 (9899)
82.80+0.70 (2829)
79.6+0.90 (2857)
75.1+1.20 (2711)
65.8+2.60 (1263)
52.1+12.4 (239)

96.60+0.20 (16611)
97.90+0.20 (4277)
97.10+0.30 (4616)
96.40+0.30 (4520)
95.10+0.60 (2703)
92.30+2.20 (495)

88.30+0.30 (16611)
91.4+0.4 (4277)
89.60+0.50 (4616)
88.00+0.60 (4520)
82.80+1.30 (2703)
76.50+4.60 (495)

85.60v0.40 (16611)
88.80+0.50 (4277)
86.00+0.60 (4616)
86.30+0.8
79.0+£1.7
72.20+11.30

97.50+0.10 (33990)
98.60+0.20 (6445)

94.00+0.30 (6248)
96.30+0.40 (1961)*
95.00+0.60 (1589)
93.30+0.70 (1649)
89.50+1.30 (869)
88.8+3.80 (180)

80.8+0.6 (6248)*

96.40+0.80 (1961 )***

82.70+1.00 (1589)
79.80+1.20 (1649)
68.4+2.3 (869)
56.60+7.80 (180)

76.4+0.7
82.90+0.90
78.7+1.2
73.7£1.5
63.6+2.9
46.1+13.9

96.00+0.20 (11281)
97.70+0.30 (3032)
97.00+0.30 (2928)
95.20+0.40 (3036
94.30+0.70 (1925

87.20+£2.70 (360)

)
)

87.00+0.40 (11281)

91.3040.50 (3032)

88.10+0.70 (2928)
86.0+0.8 (3036)
82.90+1.5 (1925)
65.40+5.0 (360)

84.4+0.5
87.90+0.60
84.4+0.8
84.5+1.0
79.842.2
60.6+11.6

96.50+0.10 (37949)
98.40+0.20 (7097)

90.50+1.90 (291)*
91.3+£3.4 (69)*
93.6+2.8 (78)
92.1+3.1 (87)
81.8046.70 (44)
80.90+14.90 (13)

71.6+3.1 (291)**
75.41£5.3 (69)***
76.815.0 (78)
72.0+£5.6 (87)
46.9+9.8 (44)*
74.0+£22.2 (13)

65.2+3.6%**
74.1+5.4
70.915.6
62.4+6.6
37.4+12.0*
44.2+28.7

92.50+1.40 (460)
98.2+1.3 (108)
94.6+2.3 (105)
90.4%2.9 (120)

90.4023.60 (106)

71.30+12.20 (21)

79.6+2.4 (460)
89.443.0 (108)
85.5+3.7 (105)
68.8+4.8 (120)
79.245.6 (106)
49.7+17.2 (21)
73.0£2.9
89.4+3.0
75.7+4.7
62.315.7
63.0£9.1
38.8+20.8

95.50+0.40 (3369)
97.30+0.70 (546)
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40-54
55-69
70-84
85+
60-Mo RS

All
0-39
40-54
55-69
70-84
85+

120-Mo RS

All
0-39
40-54
55-69
70-84
85+

04-13 12-Mo RS
All
0-39
40-54
55-69
70-84
85+

60-Mo RS

All
0-39
40-54
55-69
70-84
85+

120-Mo RS

All
0-39
40-54
55-69
70-84
85+

98.00+0.10 (10531)
97.40+0.20 (9152)
96.60+0.30 (6632)
92.20+1.40 (1230)

91.70+0.20 (33990)
94.90+0.30 (6445)
92.70+0.30 (10531)
92.00+0.40 (9152)
88.5+0.7 (6632)
77.90+£2.8 (1230)

90.2+0.3
93.00+0.40
90.60+0.40

90.6+0.5

87.2x1.1
74.70+£7.40

97.70+£0.10 (60030)
98.90+0.10 (8208)
98.10+0.10 (16522)
97.60+0.10 (19687)
97.30+0.20 (12672)
94.90+0.90 (2941)

93.20+0.20 (60030)
95.90+0.30 (8208)
94.40+0.20 (16522)
93.30+0.30 (19687)
91.30+0.60 (12672)
83.0+2.6 (2941)

92.0+0.35
94.60+0.5
93.0+£0.45
92.6+0.45
90.00+1.2
72.5015.3

97.10+£0.2 (11382)
96.20+0.20 (10084)
94.90+0.40 (7872)

94.30+1.20 (1514)

89.20+0.20 (37949)
93.90+0.30 (7097)
90.40+0.30 (11382)
88.60+0.40 (10084)
85.50+0.70 (7872)
74.10+2.90 (1514)

86.70+0.30
92.00+0.40
87.80+0.40
86.50+0.50
82.40+1.10
64.4+5.4

96.70+0.10 (70552)
98.40+0.10 (9617)
97.30+0.10 (18470)
96.50+0.10 (23364)
96.10+0.20 (15358)
92.40+0.80 (3743)

90.00+0.20 (70552)
94.6+0.3 (9617)
91.80+0.30 (18470)
89.80+0.30 (23364)
86.50+0.60 (15358)
80.90+2.40 (3743)

87.50+0.35
82.80+0.46
89.6+0.45
87.00+0.58
83.60+1.5
65.816.9

97.30+0.60 (946)

95.70+0.70 (958)

93.20+1.20 (764)
87.5+4.0 (155)

84.20+0.80 (3369)
90.40+1.30 (546)
87.6+1.2 (946)
85.30+1.40 (958)
76.10+2.40 (764)
63.4+7.8 (155)

79.00£1.00
87.0+1.5
83.7x1.4
78.911.8
69.60+3.40
27.4+10.9

95.00+0.30 (8396)
97.10+0.50 (1068)
95.90+0.50 (2063)
95.10+0.50 (2857)
93.00+0.80 (1987)
94.20+2.30 (421)

84.10+0.60 (8396)
90.6+1.1 (1068)
87.60+0.90 (2063)
83.40+1.00 (2857)
79.7+1.7 (1987)
63.10+6.90 (421)

79.60+£0.96
88.80+1.35
84.8+1.40
78.00+1.45
71.60+2.90
56.80+13.20

Abbreviations: Mo, month; RS, relative survival; SEM, standard error of the mean. *P < 0.01, **P < 0.001, and ***P < 0.0001

for comparisons with the Low Poverty group.
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Figure S2. Changes of the distribution of SES in different races across four decades (A); and the numbers of patients
with cutaneous melanoma of SES in different races across four decades (B).
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Table S3. Summary data for race distribution by SES and calendar period in patients with melanoma
from 1974 to 2013 at eighteen SEER sites

Decades SES Number White Black Other
1974-2013
Total 133996 100% 100% 100%
Low Poverty 85275 64.1% 35.5% 44.6%
Medium Poverty 46360 34.3% 64.2% 50.9%
High Poverty 2177 1.6% 0.3% 4.5%
1974-1983
Total 16032 100% 100% 100%
Low Poverty 9662 61.0% 24.3% 14.5%
Medium Poverty 6044 37.2% 75.7% 78.6%
High Poverty 292 1.8% 0 6.9%
1984-1993
Total 26441 100% 100% 100%
Low Poverty 16216 61.9% 47.8% 26.3%
Medium Poverty 9702 36.4% 52.2% 68%
High Poverty 458 1.7% 0 5.7%
1994-2003
Total 38772 100% 100% 100%
Low Poverty 24751 64.3% 34.8% 43.6%
Medium Poverty 13305 34.0% 64.2% 52.4%
High Poverty 671 1.7% 1.0% 4.0%
2004-2013
Total 52751 100% 100% 100%
Low Poverty 36646 66.0% 37.8% 58.0%
Medium Poverty 17309 32.6% 63.2% 38.0%
High Poverty 756 1.4% 0 4.0%
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Table S4. Relative survival rates of cutaneous melanoma patients during the periods of 1974-2013 at
eighteen SEER sites. Data are mean * standard error of the mean, with number of patients in paren-

theses
Decade
Age Group
1974-1983 1984-1993 1994-2003 2004-2013
12-Mo RS
All 94.70+0.20 (15793) 96.50+0.10 (28102)***  97.10+0.10 (74669)***  97.20+0.1 (138153)
0-39 96.80+0.30 (4673) 97.80+£0.20 (7396)**  98.50+0.10 (14047)*** 98.60+0.10 (18850)
40-54 95.704£0.30 (4393)  97.00+0.20 (7622)*** 97.60+0.10 (22740)**  97.70+0.10 (36936)
55-69 93.704£0.40 (4389) 96.10+0.30 (7609)***  96.90+0.10 (20007)**  97.00+0.10 (45652)
70-84 90.70+0.80 (2100) 95.10+0.50 (4635)*** 95.90+0.20 (15048)  96.70+0.20 (29722)*
85+ 89.10+2.50 (416) 90.40+1.70 (840) 93.70+0.90 (2827) 94.20+0.60 (6993)
60-Mo RS
All 82.10+0.40 88.20+0.30*** 90.50+0.20*** 91.5040.1%**
0-39 86.90+0.50 91.40+£0.30%** 94.30+0.20*** 95.10+0.20
40-54 74.10+0.60 89.20+0.40*** 91.60+0.20%*** 93.00+0.20***
55-69 80.6+0.7 87.50+0.50*** 90.504£0.30*** 91.30+0.20*
70-84 72.10+1.50 84.20+1.00%** 87.10+0.50** 88.80+0.50*
85+ 61.60+5.30 73.0+3.4 76.80+2.20 81.90+1.70
120-Mo RS
All 77.30+0.40 85.50+0.30*** 88.40+0.20*** 86.6+0.35***
0-39 82.80+0.60 88.60+0.40*** 92.30+0.20*** 93.6+0.30***
40-54 79.40+0.7 85.60+0.50*** 89.20+0.30*** 91.10+0.30***
55-69 75.00+0.90 85.8+0.6%** 88.6+0.4*** 89.20+0.35
70-84 66.2+2.0 80.9+1.3*** 85.10+£0.8** 86.40+0.80
85+ 51.949.2 68.6+8.2 70.7+4.5 72.0+6.9

Abbreviations: Mo, month; RS, relative survival, SEM, standard error of the mean. *P < 0.01, **P < 0.001, and

***P < 0.0001 for comparisons with the preceding decade.
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Table S5. 12-month relative survival rates of mucosal melanoma patients during the periods of 1974-
2013 at eighteen SEER sites. Data are mean + standard error of the mean, with number of patients

in parentheses

Decade
Age Group
1974-1983 1984-1993 1994-2003 2004-2013
12-Mo RS
All 75.60+3.10 (221) 80.60+2.50 (308) 77.30+1.70 (684) 74.80+1.40 (1107)
0-39 89.4045.80 (28) 97.3+2.7 (37) 79.50+5.80 (49)* 91.0+3.3 (82)
40-54 81.60+6.90 (32) 92.9+4.1 (41) 86.30+3.00 (136) 83.90+2.80 (192)
55-69 75.00+5.50 (65) 74.20+5.00 (82) 79.60+3.00 (193) 76.40£2.40 (350)
70-84 70.6015.50 (80) 76.60+4.50 (108) 72.60+3.20 (230) 69.80+2.70 (358)
85+ 64.3+14.2 (16) 75.9048.80 (40) 66.6+6.5 (76) 59.50+5.30 (125)
60-Mo RS
All 44.10+£3.80 39.80+3.20 41.70+2.10 36.50+£2.00
0-39 78.7+7.8 78.716.8 63.0+£7.0 70.3+5.7
40-54 44.749.0 44.7+7.9 49.1+4.4 43.1+4.5
55-69 36.416.3 38.01£5.7 39.40+£3.70 36.2+3.3
70-84 37.40+6.60 26.50+5.00 37.5+3.9 30.40£3.30
85+ 32.7+17.0 31.3+10.8 27.317.6 16.2+6.3
120-Mo RS
All 36.9+4.1 34.4+3.4 33.50+2.30 23.0£2.90*
0-39 75.318.2 73.517.4 63.0+£7.0 65.2+6.5
40-54 42.849.2 32.817.5 39.40+4.40 28.1+5.2
55-69 27.51+6.2 35.51£6.00 33.0£3.7 17.3+5.7
70-84 23.316.9 19.4+5.4 25.7£4.0 19.9+4.5
85+ 28.6+27.7 20.1+19.0 0+0 0+0

Abbreviations: Mo, month; RS, relative survival; SEM, standard error of the mean. *P < 0.01 for comparisons with the preced-

ing decade.
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Figure S3. Trends in Kaplan-Meier survival analysis for patients with two types melanoma at eighteen SEER sites in
SES across four decades. (A for mucosal melanoma, while B for cutaneous melanoma).
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