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A B S T R A C T

Purpose
This study examines the demographics, presentation, and outcomes of children and teenagers

with melanoma using a US hospital-based oncology database.

Patients and Methods
Data from the National Cancer Data Base from 1985 through 2003 were examined for demo-

graphics, presentation, and survival of patients aged 1 to 19 years, as well as a comparison group
of patients aged 20 to 24 years. Two-sided linear and Pearson x* tests were calculated to examine
associations. Proportions were compared using two-sided z tests. Five-year overall observed
survival was evaluated using the Kaplan-Meier method and the log-rank test. Cox proportional
hazards regression was used to estimate risk of mortality.

Results
Of 3,158 patients aged 1 to 19 years, 96.3% had cutaneous melanoma, 3.0% had ocular

melanoma, and 0.7 % had an unknown primary tumor. Cutaneous melanoma in patients aged 1 to
19 years was more common in girls (55.5%) and patients older than 10 years (90.5%). The
demographics and presentation of cutaneous melanoma were age related; younger children were
significantly more likely to be nonwhite and male and more likely to present with a head and neck
primary tumors and with regional or distant metastases (linear ¥°, P < .001 for sex, race, and
extent of disease). Poorer survival was associated with higher stage and younger age. In contrast
to patients aged 20 to 24 years, survival was not related to thickness in patients aged 1 to 19 years
with localized invasive melanoma.

Conclusion

Melanoma in children and teenagers differs from melanoma in young adults in demographics,
presentation, and survival. Further investigation is warranted to elucidate possible biologic
correlates of the unique aspects of melanoma in children and teenagers.

J Clin Oncol 25:1363-1368. © 2007 by American Society of Clinical Oncology

dence of melanoma in children of approximately
2.9% per year from 1973 to 2001.°

Melanoma is a significant public health problem in In adults, the demographics and presentation

the United States, with an estimated 62,190 new
cases of invasive melanoma and 7,910 deaths at-
tributable to melanoma in 2006." Melanoma is
uncommon in teenagers and rare in younger chil-
dren. The Centers for Disease Control and Pre-
vention estimated 475 new cases of melanoma in
the United States in 2002 for persons = 19 years of
age and only 47 new cases in children less than 10
years old.” The incidence of melanoma grew rap-
idly in adults over the past several decades.” The
incidence of melanoma in adolescents has also
been reported to be increasing in both the United
States and Sweden.*> A recent report from the
Surveillance, Epidemiology, and End Results
(SEER) database confirms an increase in the inci-

of melanoma are known to be age related; older
melanoma patients are more likely to be male, have
head and neck primary tumors, and lentigo maligna
histology.>”~ It is not well understood whether chil-
dren with melanoma differ from adults in presenta-
tion or outcomes, and it is unclear whether older
children differ substantially from younger children.
Melanoma in children may differ from melanoma
in adults in etiology, natural history, and prognosis.
The National Cancer Data Base (NCDB), a large
hospital-based cancer database maintained by the
American College of Surgeons in collaboration with
the American Cancer Society, collects data on inci-
dent cancer patients from tumor registries of hospi-
tals approved by the American College of Surgeons
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Commission on Cancer. The primary goal of this study is to describe
the demographics and clinical presentation of children with mela-
noma; treatment and outcomes are described as well.

The NCDB serves as a comprehensive clinical surveillance resource for cancer
care in the United States. Data are submitted annually from the cancer regis-
tries of hospitals with cancer programs approved by the American College of
Surgeons Commission on Cancer. The NCDB currently contains information
on approximately 75% of newly diagnosed cancer patients in the United States
from approximately 1,430 hospitals in 49 states. Of all patients with melanoma
reported to the NCDB from 1985 through 2003, 0.7% were aged 1 to 19 years.

The NCDB was queried for analytic melanoma cases reported in persons
1 to 24 years old diagnosed between the years 1985 and 2003, and information
on race/ethnicity, sex, type of melanoma, and anatomic site of cutaneous
melanoma was obtained. The diagnosis was designated by the pathologist at
the treating facility; there was no central pathology review. Data were ab-
stracted according to histology using standard International Classification of
Diseases—(02/3 melanoma codes (M8720-8790).

Pediatric patients were identified as being aged 1 to 19 years, and a
comparison group of young adults was aged 20 to 24 years. Neonatal patients
were excluded by omitting patients designated as age 0. For analysis of age-
related parameters, the Centers for Disease Control and Prevention—defined
age groups (1 to 4,510 9, 10 to 14, 15 to 19, and 20 to 24 years) were used; for
some analyses, ages 1 to 9 or 1 to 19 years were combined because of small
numbers. Racial designations were reported as non-Hispanic white or non-
white, which encompasses all other specific designations, including African
American, Asian/Pacific Islander, and Native American. The American Joint
Committee on Cancer staging system is not formally observed for children
= 15 years old, and therefore, a SEER general summary stage was used to
classify cancer as in situ, localized invasive, regional, or distant disease. Treat-
ment and outcomes were also examined. Sentinel node biopsy was reported
beginning in 1998. Use of biologic therapies is reported, although the database
does not specify type of biologic therapy such as interferon, vaccine therapy, or
other biologic response modifier. Localized invasive melanomas were ana-
lyzed from patients diagnosed from 1985 through 2002 for uniformity of
T-stage grouping. Primary tumors were grouped as = 1.5 mm or more than
1.5 mm for one survival analysis.

Two-sided linear and Pearson y” tests were calculated to examine signif-
icance of age, sex, race, site, T stage, and extent of disease associations. Propor-
tions were compared using two-sided z tests. Outcomes were reported as
observed overall survival rather than disease-specific survival because of the
expectation of excellent overall survival in the absence of disease. Five-year
overall observed survival was evaluated using the Kaplan-Meier method and
log-rank test. Cox proportional hazards regression was used to estimate risk of
mortality for patients with localized invasive melanoma aged 1 to 19 years and
for those aged 20 to 24 years. Models included thickness, sex, and primary site.
All calculations were performed using SPSS 14.0 (SPSS Inc, Chicago, IL).

Distribution of Melanoma Type and Sex

Of the 3,158 patients aged 1 to 19 years, 96.3% had cutaneous
melanoma, with only a small minority of patients designated as having
ocular melanoma (3.0%) or an unknown primary site (0.7%). Only
one patient with mucosal melanoma was reported (Table 1). Overall,
melanoma was more common in girls (55%) than in boys.

Demographics of Cutaneous Melanoma Patients

Among the children with melanoma aged 1 to 19 years, 3.8%
were 1 to 4 years old, 5.7% were 5 to 9 years old, 17.3% were 10 to 14
years old, and 73.2% were 15 to 19 years old. Younger patients were
more likely to be male. The percentage of girls increased with each age
group, from 39.3% of patients aged 1 to 4 years to 56.8% of patients
aged 15 to 19 years and 65.6% of young adults aged 20 to 24 years
(linear ¥, P < .001; Fig 1A; Table 2). Of patients with reported race,
the percentage designated as nonwhite decreased with increasing
age, from 17.7% of patients aged 1 to 4 years to 4.9% of patients aged
15 to 19 years and 4.2% of patients aged 20 to 24 years (linear x?,
P <.001; Table 2).

Site of Cutaneous Melanoma

The anatomic distribution of primary cutaneous melanoma was
associated with age and sex. Children aged 1 to 4 years had a higher
percentage of head and neck primary tumors (38.5%) and a lower
percentage of truncal primary tumors (18.8%); with increasing age
into young adulthood, the percentage of head and neck primary tu-
mors decreased to 12.4%, and the percentage of truncal primary
tumors increased to 41.6% (linear x*, P < .001; Table 2; Fig 1B).
Females at all ages except ages 1 to 4 years were significantly more likely
to have lower extremity primary tumors than males (P < .05; Fig 1B).
Females 10 years and older were significantly less likely to have head
and neck primary tumors (P < .001; Fig 1B). The percentage of
truncal primary tumors increased with age in both sexes to the same
extent (Fig 1B).

Cutaneous Melanoma: Extent of Disease

Using reported TNM stage when available and reported gen-
eral summary stage when TNM stage was not reported, 91.5% of
patients had designated stage. Three fourths of children aged 1 to
19 years presented with localized disease, either in situ melanoma
(13.4%) or localized invasive melanoma (62.3%). With increasing
age, the percentage of patients with localized invasive melanoma
increased from 48.0% in patients aged 1 to 4 years to 75.3% in
patients aged 20 to 24 years, whereas the percentage of patients

Table 1. Type of Melanoma in Pediatric Patients Aged 1 to 19 Years
1-4 Years 5-9 Years 10-14 Years 15-19 Years Total
Type of No. of No. of No. of No. of No. of

Melanoma Patients % Patients % Patients % Patients % Patients %
Cutaneous 117 95.9 172 95.6 527 95.8 2,226 96.5 3,042 96.3
Ocular 1 0.8 7 3.9 19 3.5 68 2.9 95 3.0
Mucosal 0 0 0 0 0 0 1 0.1 1 < 0.1
Unknown primary 4 3.3 1 0.6 4 0.7 11 0.5 20 0.7
Total 122 100 180 100 550 100 2,306 100 3,158 100
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Fig 1. (A) Distribution of cutaneous melanoma patients by age and sex. (B)
Distribution of cutaneous melanoma patients by age, sex, and primary site. Lower
extremity (LE) sex comparison: two-sided z test, P < .05 for age groups 5t0 9, 10
to 14, 15t0 19, and 20 to 24 years. Head and neck (H/N) sex comparison: two-sided
ztest, P < .001 for age groups 10 to 14, 15 to 19, and 20 to 24 years.

with regional disease decreased from 25.5% in patients aged 1 to 4
years to 9.1% of patients aged 20 to 24 years. The percentage of
patients presenting with distant disease decreased with age from
14.3% in patients aged 1 to 4 years to 3.0% in patients aged 20 to 24
years (Linear x>, P <.001; Table 2). Sex differences were also noted.
Boys aged 10 years and older were significantly less likely to present
with localized invasive disease and significantly more likely to present
with regional disease (both P < .01, data not shown). Both sexes at
ages 1 to 19 years were equally likely to present with distant disease, but
young men aged 20 to 24 years were more likely to present with distant
disease than were young women (P < .001, data not shown).

Localized Cutaneous Melanoma:
Thickness Distribution

Of children aged 1 to 19 years with localized invasive melanoma,
71.7% had known T stage. For children with known T stage, most
melanomas were = 1.5 mm. Young adults and older teenagers were
more likely to have thinner lesions than were children aged 1 to 14
years; localized invasive melanoma was = 1.5 mm in 58.9% of patients
aged 1 to 14 years, 69.5% of patients aged 15 to 19 years, and 74.0% of
patients aged 20 to 24 years (Pearson )%, P < .001; Table 3).

Treatment

Surgery was part of the initial treatment for most patients with
localized invasive melanoma (at least 87%) or regionally metastatic
melanoma (at least 84%), and for most patients, surgery was the only
treatment reported. From 1998 to 2003, in surgically treated patients

WWW.jco.org

with localized invasive melanoma, sentinel node biopsy was per-
formed in 34.0% of patients aged 1 to 9 years, 43.2% of patients aged
10 to 19 years, and 36.2% of patients aged 20 to 24 years. Of children
with regional metastases, at least 47.1% of patients younger than 10
years and 37.1% of patients aged 10 to 19 years received some form of
biologic therapy. Few patients with localized invasive or regionally
metastatic melanoma received radiation therapy or chemotherapy.

Outcomes

Median follow-up time was 59 months for patients aged 1 to 19
years with cutaneous melanoma. Overall 5-year observed survival was
strongly associated with initial summary stage (98.7% * 0.9% for in
situ disease, 93.6% * 0.9% for localized invasive disease, 68.0% *
4.2% for regionally metastatic disease, and 11.8% = 6.4% for distant
disease; P < .05 for all comparisons; Fig 2) Survival analysis for all
patients with cutaneous melanoma (excluding in situ) demonstrated
that age groups of 10 to 14, 15 to 19, and 20 to 24 years had similar
5-year overall observed survival rates (88.0% = 2.5%, 87.5% = 1.3%,
and 87.7% = 0.8%, respectively). However, children aged 1 to 9 years
had significantly poorer 5-year overall observed survival (77.0% =+
4.5%) compared with other age groups (P < .05, data not shown).

Females had significantly better overall survival than males, ex-
cept in patients aged 1 to 9 years (Fig 3A). For patients with localized
invasive cutaneous melanoma, a sex difference in observed survival
was seen only in the comparison group of young adults aged 20 to 24
years (females had better survival than males) and not in any age group
younger than 20 years (data not shown). For patients with regionally
metastatic melanoma, patients aged 1 to 19 years had similar overall
5-year observed survival compared with patients aged 20 to 24 years;
females had better survival than males in the group aged 20 to 24 years
but not in the group aged 1 to 19 years (data not shown).

Observed overall 5-year survival for patients with localized inva-
sive cutaneous melanoma was analyzed after grouping by ages 1 to 19
and 20 to 24 years and dichotomizing thickness as = 1.5 mm or more
than 1.5 mm. Pairwise comparison showed that patients aged 20 to 24
years with thinner melanoma had significantly better survival
(96.8% = 0.6%) than patients with thicker lesions (82.4% = 2.0%).
However in the group aged 1 to 19 years, observed survival was not
significantly different between the thinner (94.3% = 1.2%) and
thicker (92.1% = 2.0%) lesions. Also, for patients with thicker lesions,
patients aged 1 to 19 years had a significantly better overall survival
than patients aged 20 to 24 years, whereas for patients with thinner
lesions, patients aged 1 to 19 years had significantly worse survival (Fig
3B). Multivariate Cox regression analysis for patients with localized
invasive melanoma aged 1 to 19 years and aged 20 to 24 years factored
by thickness, sex, and primary site demonstrated that the only signif-
icant factor was thickness in the patients aged 20 to 24 years (= 1.5
mm; hazard ratio = 0.171; 95% CI, 0.111 to 0.264).

As in adults, most reported cases of melanoma in children are cutane-
ous, with far fewer noncutaneous cases reported. Melanoma occurs
far more frequently in older versus younger children.*'° The demo-
graphics, site distribution, stage, and outcomes of children and teen-
agers with melanoma differ from those of young adults, and younger
children differ from older children as well. Our data are consistent
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Table 2. Characteristics of Cutaneous Melanoma Patients Aged 1 to 24 Years
1-4 Years 5-9 Years 10-14 Years 15-19 Years 20-24 Years
No. of No. of No. of No. of No. of
Characteristic Patients % Patients % Patients % Patients % Patients %
Sex*
Male 71 60.7 93 54.1 228 43.3 959 431 2,110 34.4
Female 46 39.3 79 45.9 299 56.7 1,265 56.9 4,031 65.6
Racet
Non-Hispanic white 79 82.3 132 88.6 441 93.8 1,814 95.1 4,944 95.8
Nonwhite 17 17.7 17 1.4 29 6.2 94 4.9 219 4.2
Unknown 21 — 23 — 57 — 318 — 980 —
Primary tumor sitet
Trunk 22 18.8 37 21.5 176 33.4 845 38.0 2,654 41.6
UE 15 12.8 32 18.6 96 18.2 412 18.5 1,113 18.1
LE 25 21.4 47 27.3 109 20.7 467 21.0 1,498 24.4
H/N 45 38.5 49 28.5 128 24.3 438 19.7 762 12.4
Other/NOS 10 8.5 7 4.1 18 3.4 64 2.8 216 35
Extent of disease8
In situ 12 12.2 18 121 70 15.3 307 14.8 715 12.5
Localized 47 48.0 77 51.7 307 67.0 1,463 70.3 4,305 75.3
Regional 25 25.5 45 30.2 74 16.2 257 124 522 9.1
Distant 14 14.3 9 6.0 7 1.5 53 25 173 3.0
Unknown 19 — 23 — 69 — 146 — 428 —
Total 117 100 172 100 527 100 2,226 100 6,143 100
Abbreviations: UE, upper extremity; LE, lower extremity; H/N, head and neck; NOS, not otherwise specified.
“Four patients with unknown sex were excluded. Linear x?, P < .001.
tRace was unknown for 13.8% of patients; they were excluded from the analysis. Linear x?, P < .001.
tlLinear x?, P < .001 for trunk and H/N.
§Linear %, P < .001.

with previous reports showing that the overall pediatric melanoma
population is predominantly female.*'"'> However, our study shows
that, in patients aged 1 to 9 years, there is a male predominance that is
striking and most prominent in the youngest patients. The higher
percentage of nonwhite patients in the younger children compared
with older children and young adults has been described in SEER data
and is seen in the current data set as well.*®

In adults, the presentation of cutaneous melanoma is known to
be associated with both age and sex.>”">'*> The current study shows
that children present with a different primary site distribution than
young adults and that younger children are more likely to present with
higher stage disease, similar to the SEER data.® In our data set, children
less than 15 years old with localized invasive melanoma had thicker
primary tumors compared with older teenagers and young adults.

Girls older than age 4 had a higher percentage of lower extremity
melanoma, and boys = 10 years old had a higher percentage of head
and neck melanomas. The percentage of boys and girls younger than
10 years old with regional metastases at presentation is similar, but
with increasing age, this percentage decreases sooner and to a greater
extent in girls than in boys and remains lower in females into young
adulthood. The demographics, site distribution, and stage distribu-
tion of cutaneous melanoma in children changes with increasing age.

The mainstay of management of stage 0 through III cutaneous
melanoma is surgery, which is reflected in the current data. Sentinel
node biopsy has been integrated into surgical management of primary
melanoma in children, as it has been in adults. In the literature,
sentinel node biopsy in children seems to be associated with a 25% to
40% rate of node positivity, consistent with the observation in adults

Table 3. Breslow Thickness by Age in Patients With Localized Cutaneous Melanoma for Diagnosis Years 1985 to 2002

Breslow Thickness

= 0.75 mm 0.76-1.5 mm 1.6-4 mm >4 mm
Unknown
No. of No. of No. of No. of (No. of All Patients
Age (years) Patients % Patients % Patients % Patients % patients)t (No.)
1-9 28 45.9 8 13.1 31.1 6 9.8 41 102
10-14 62 36.5 38 22.4 32.9 14 8.2 76 246
15-19 310 38.1 255 314 26.7 31 3.8 296 1,109
20-24 1,134 44.0 773 30.0 23.2 73 2.8 864 3,442

*Overall Pearson x?, P < .001.

tPatients with unknown thickness were removed from the row percent calculations.
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Fig 2. Observed survival curves of cutaneous melanoma by stage for patients
aged 1 to 19 years.

that younger adults have a higher chance of being node positive com-
pared with older adults."*"'” The use of high-dose interferon alfa-2b
has been described in children with resected, high-risk melanoma and
seems to be tolerated well.'"®'* The current study documents frequent
use of biologic response modifiers in children and teenagers with
regionally metastatic melanoma, although the use of these therapies
remains controversial.

Survival of children with melanoma is clearly related to extent of
disease. Observed overall survival of all stages together (excluding in
situ disease) is significantly worse for children aged 1 to 9 years than for
persons aged 10 to 24 years. In children less than 10 years old, overall
observed survival is similar in males and in females, whereas males
aged 10 to 24 years have worse outcomes than females, consistent with
the findings in adults. This contrasts to the reported SEER data, where
all children = 19 years old are reported as a single group and show
poorer survival for males.® Among the patients with localized invasive
melanoma, it is notable that, in the group aged 1 to 19 years, survival
was not associated with primary tumor thickness, and it was also
notable that patients aged 1 to 19 years with thicker melanomas had far
better survival compared with the young adults with thicker mela-
noma. This may suggest an inherently different biology and natural
history in children with melanoma because tumor thickness is the
single most important prognostic factor in all other age groups but
does not seem to be a prognostic factor in children.

Among patients with invasive melanoma aged 1 to 9 years, there
was a striking trend towards a higher percentage of patients with
regional or distant disease at initial presentation, and younger patients
diagnosed with localized invasive cutaneous melanoma are more
likely to present with thicker tumors. Possible reasons include delayed
diagnosis or age-related differences in biologic behavior that are not
yet understood. The clinical and pathologic characteristics of mela-
noma in children can make diagnosis difficult.?>** Although the most
common presentation of melanoma in children is a change in a mole,
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Fig 3. (A) Observed 5-year survival of patients with all stages (excluding in situ)
of cutaneous melanoma by age and sex. Age comparison: P < .05 for ages 1 to
9 and 10 to 19 years and for ages 1 to 9 and 20 to 24 years. Sex comparison:
P < .001 for ages 10 to 19 and 20 to 24 years. All other comparisons were not
significant. (B) Observed 5-year survival of patients with localized cutaneous
melanoma by thickness and age. Age comparison: P < .05 for thickness < 1.5
mm, and P < .01 for thickness more than 1.5 mm. Thickness comparison:
P = .413 for ages 1 to 19 years, and P < .001 for ages 20 to 24 years.

some melanocytic lesions in children have atypical appearance.®***

Because they may not clinically look like adult melanoma and because
this rare diagnosis is sometimes not considered in young children, the
diagnosis can be missed or delayed.***® Some melanocytic lesions in
childhood and adolescence are hard to classify pathologically as be-
nign or malignant; it is possible that some malignant lesions are mis-
classified as benign and only recognized as malignant when they recur,
and it is possible that some benign lesions are misclassified as malig-
nant when they, in fact, have no malignant potential.

Registry data do not include whether individual patients may
have had a delayed diagnosis or a false-positive diagnosis. The data
presented here are hospital based and include only patients who have
been given a diagnosis of melanoma; it is possible that this database
over-represents patients with higher severity of disease. Cancer regis-
try data have no information on whether any of the patients were
originally diagnosed with an atypical lesion and subsequently diag-
nosed with metastases; in cancer registry data, such individuals would
appear to be diagnosed with metastatic disease at initial presentation.
This database also has no information on comorbidities, second
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neoplasms, family history, or many predisposing factors. However, we
believe this to be by far the largest reported series on pediatric mela-
noma. It has sufficient detail on demographics, presentation, and
outcomes to convincingly describe some of the unique features of
melanoma in this population.

It is not well understood why the incidence of melanoma seems
to be increasing in teenagers; given the consistency of the increase over
many years and in reports from more than one country, it is probably
not an artifact of more complete reporting to tumor registries. In
adults, the risk of melanoma is epidemiologically strongly related to
UV exposure, and there may be plausible mechanisms to account for
UV as an etiologic agent.””*® The SEER data report that melanoma
incidence in teenagers is higher in areas of the United States with
greater sun exposure.® The use of artificial tanning facilities has been
reported to be high in American teenagers, with as much as 47% of
girls aged 17 to 18 years using tanning facilities at least three times.**>°
UV exposure as an etiologic agent in young children seems less likely
because most childhood exposure occurs in the teen years, and the
youngest patients simply have not been alive long enough to have a
plausible interval from exposure to diagnosis.

These data raise the possibility that melanoma, or at least some
melanomas, may be biologically different in children compared with
adults. In addition to the differences in demographics and presenta-
tion, perhaps more compelling is the apparent lack of prognostic value
of tumor thickness in children with localized invasive melanoma.
Melanoma in children and teenagers may have unique biologic fea-

tures and a different natural history than melanoma in adults. Com-
parative genomic hybridization has shown that adult melanoma
differs from benign nevi in the presence of frequent chromosomal
aberrations; more research in the molecular genetics of pediatric mel-
anoma is needed. A better understanding of the molecular and genetic
aspects of this disease may help resolve the diagnostic dilemmas posed
by cases that are pathologically ambiguous and may lead to targeted
therapies for children with melanoma.
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