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Childhood and Adolescent Melanoma—Where Do We Stand Today?
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Abstract

The purpose of this review is to update physicians
on recent advances in the prevention, diagnosis, and
treatment of pediatric melanoma. The incidence of
melanoma is rapidly increasing, creating a serious public
health concern. Recent advances in understanding the

mutational landscape of pediatric melanoma has
demonstrated that the majority of conventional melanoma
seen in adolescents is caused by Ultraviolet (UV)-induced
DNA damage. Fostering effective strategies among
individuals, physicians, communities, schools, and policy
makers to reduce UV exposure in children is pivotal to
reducing their future risk of melanoma. Furthermore, a
national multidisciplinary collaborative effort is needed to
collect data, promote biological studies, and develop
diagnostic and therapeutic recommendations for this rare

disease.
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Section 1 “Epidemiology”

Melanoma is the most deadly form of
skin cancer and represents a serious public
health threat. In 2013, 71,943 people were
diagnosed with melanoma and over 9,000
people died from melanoma. The incidence of
melanoma in adults doubled from 1982 to
2011 and is projected to continue to increase
(Guy et al, 2015). While melanoma in
children and adolescents represents less than
1% of all melanoma cases, it is the second
leading cause of cancer in adolescents and
young adults ages 15-29 years old (Bleyer,
O’Leary, Barr, & Ries, 2006). The incidence
sharply increases with age from 1.1 per
million in 1-4 year olds to 10.4 per million in
15-19 year olds
Statistics: 2009-2013 Incidence and Mortality
Web-based Report,” 2016).

(“United States Cancer

Adolescents
represent 73% of pediatric melanoma cases
followed by 10 to 14 year olds (17%), 5 to 9
year olds (6%), and 1 to 4 year olds (4%)
(Lange, Palis, Chang, Soong, & Balch, 2007).

Similar to adults, the incidence of
pediatric melanoma increased an average
annual percent change (APC) of 2-2.9% from
1973-2009 (Austin, Hayes-Jordan,
Lally, & Cormier, 2013; Lange et al., 2007;
Strouse, Fears, Tucker, & Wayne, 2005;

Xing,
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Wong, Harris, Rodriguez-Galindo, &
Johnson, 2013). However, more recent studies
suggest that melanoma incidence among
children and adolescents has significantly
decreased over the past decade (Barr et al.,
2016; Campbell et al., 2015; Siegel et al.,
2014). A study by Campbell et al. (2015)
using the Surveillance, Epidemiology, and
End Results cancer registry found that the
children

incidence  among

decreased 11.58% per year from 2004-20010,

<20 years

most notably among adolescents ages 15-19
years old (-11.08% per year from 2003-2010)
and among female adolescents (-10.9.% per
year from 2003-2010). Similarly, a study
using 2001-2009 National Program of Cancer
Registries  (NPCR) SEER

demonstrated an APC of -5.1 %

and data
among
adolescents with melanoma while another
SEER study from 2000-2011 demonstrated an
APC of -1.2% among adolescents and young
adults ages 15-39 years old (Barr et al., 2016;

Siegel et al., 2014).
Section 2 “Diagnosis/Detection”

The rarity of the disease contributes to
decreased perception of risk among parents
and physicians. Delays in diagnosis or
misdiagnosis have been reported to occur in

50-60% of patients and contribute to a thicker
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tumor, advanced disease at presentation, and
increased mortality risk (Cordoro, Gupta,
Frieden, McCalmont, & Kashani-Sabet, 2013;
Ferrari et al., 2005; Rajput et al., 2014; Saenz

et al., 1999). Pediatric melanoma often does

not follow the traditional ABCDE
(Asymmetry, Border irregularity, Color
variegation, Diameter >6mm, Evolution)

criteria used among adults with melanotic
lesions. Melanomas in children, especially

pre-pubertal, are more often nodular
amelanotic lesions that are red or pink and
can resemble benign lesions such as pyogenic
granulomas and warts (Cordoro et al., 2013;
Ferrari et al., 2005). In a study by Cordoro et
al. (2013), 60% of children <10 years old and
40% of patients ages 11-19 presented with
lesions that were lacking conventional
ABCDE criteria. Cordoro therefore proposed
new ABCD criteria: amelanotic; bleeding,
bump; color uniformity; de novo, any
diameter (Cordoro et al., 2013). A heightened
awareness is needed when examining skin
lesions in children and applying both sets of
criteria may improve detection of melanoma

(Cordoro et al., 2013).
Section 3 “Management”

When a suspicious lesion is identified,
is in important to obtain a full thickness

biopsy. Shave biopsies and small punch

3

biopsies provide inadequate assessment of the
depth of the primary lesion. Excisional
biopsies with 1-3mm are the preferred method
of biopsy, although a full-thickness incisional
or punch biopsy is acceptable for very large
lesions or in certain anatomic areas such as
the palm/sole, finger, face, or ear (NCCN
Guidelines Version 3.2016 Panel Members
Melanoma, 2016). A dermatopathologist with

experience in diagnosing pediatric melanoma

should review the biopsy results.

When melanoma is identified in a
pediatric patient, it is important to refer the
patient to a center with expertise in melanoma
management. Melanocytic lesions in
pediatric patients can be divided into three
major categories: Spitz tumors including Spitz
nevi and Spitz tumors with atypical features,
conventional melanomas, and melanoma
arising in congenital nevi (Pappo, 2014).
Each has their own unique clinical behavior,
pathological characteristics, and molecular
profiles which may influence the surgical
management and choice of therapies (Lu et
al.,, 2015). Because the rarity of the disease

has made it impossible to conduct prospective

clinical trials, pediatric patients with
melanoma are managed using adult
guidelines. However, the controversy

surrounding atypical melanocytic lesions and

Copyright 2016 Internal Medicine Review. All Rights Reserved



Internal Medicine Review CHILDHOOD AND ADOLESCENT MELANOMA September 2016

the diagnosis and prognosis of pediatric

melanoma has led to almost uniform
exclusion of these patients from clinical trials
for adults with melanoma offering novel
immune and targeted therapies (Ascierto et
al., 2012; Lu et al, 2015; Page, Postow,
Callahan, & Wolchok, 2013; Pappo, 2014).
Recent advances in genomic sequencing of
pediatric melanoma has demonstrated that
pediatric conventional melanoma and adult
melanoma are essentially the same disease.
These findings support the inclusion of these

patients in clinical trials that offer novel

immunotherapy,  targeted  therapy, or
combination therapies for treatment of
advanced melanoma in adults. Furthermore,

pediatric melanoma arising in congenital nevi
and spitzoid melanoma have distinctive
molecular profiles that may be suitable for
novel molecular treatments that target specific
tumor-related  genes Lin, &
Kirkwood, 2015; Lu et al.,, 2015; Pappo,

2014).

(Davar,

Section 4 “Prevention Strategies”

While a number of genetic and
environmental risk factors are associated with
the development of pediatric melanoma, the
majority of pediatric melanoma cases are
sporadic and attributed to UV radiation

(Cordoro et al., 2013; Lu et al., 2015; Pappo,

4

2003, 2014). A review of over 8 single
institutional studies comprising 322 children
and adolescents with melanoma found only
22% of patients had predisposing conditions
such as dysplastic or numerous melanocytic
nevi, large/giant congenital melanocytic
naevi, family history of melanoma, xeroderma
inherited

pigmentosum, immunodeficiency

disorder, prior malignancy, or history of

irradiation  (Pappo, 2003). Growing
molecular evidence supports that pediatric
melanoma is the result of sequential

acquisitions of multiple mutations from UV
exposure (Lu et al, 2015; Pappo, 2014).
Genomic analysis of pediatric melanoma
showed that that pediatric conventional
melanoma had the highest somatic mutation
rate of any sequenced pediatric cancer, most
of which are single nucleotide mutations
reflective of UV-induced DNA damage (Lu et
al., 2015). Fostering effective strategies to
reduce UV exposure in children is pivotal to

reducing their future risk of melanoma.

Over 55% of high school students
grades 9-12 reported having a sunburn in the
past year (Centers for Disease Control and
Prevention, 2015). The highest prevalence of
sunburns was among white female students
(77.7%) that

indicating many are not

following primary preventative strategies that
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can protect their skin from UV exposure. In
2014, the US Surgeon General released The
Surgeon General’s Call to Action to Prevent
Skin ~ Cancer (Watson, Garnett, Guy, &
Holman, 2015). Five goals were outlined as
effective prevention strategies and called on
government, healthcare, education, business,

and community partners

1. Increase opportunities for sun protection in

the outdoor settings

2. Provide individuals with the information
they need to make informed, healthy choices

about UV exposure

3. Promote policies that advance the

national goal of preventing skin cancer
4. Reduce harms from indoor tanning

6. Strengthen research, surveillance,
monitoring, and evaluation related to

skin cancer prevention (Watson et al.,
2015)

UV radiation from indoor tanning is a
completely avoidable carcinogen. More than
450,000 non-melanoma skin cancers and over
10,000 melanoma cases are attributed to
indoor tanning each year in the US, Europe,
and Australia (Wehner et al., 2014). Indoor
tanning confers a 6-fold increased risk of

developing melanoma among women younger

5

than 30, and first exposure typically starts in
adolescents (Cust et al., 2011; G. P. Guy et
al., 2014; Lazovich et al., 2016). Public health
efforts have significantly impacted the use of
indoor tanning among adolescents. In 2014,
the FDA issued a black-box warning label for
indoor tanning devices stating “This sunlamp
product should not be used on persons under
the age of 18 years’” (Department of Health
and Human Services Food and Drug
Administration., 2014). At the same time,
multiple states passed legislation banning
tanning among all minors less than 18 years.
As of August 2015, thirteen states and the
District of Columbia have passed similar laws
banning indoor tanning among anyone under
the age of 18 (Hanson, 2016). A significant
linear decrease occurred overall in the
prevalence of indoor tanning use among high
school students from 15.6% in 2009 to 7.3%
in 2015 which may be due in part to the
passing of these regulations (Centers for
Disease Control and Prevention, 2015). The
greatest decrease was among 12" grade

females from 34% to 16% (Centers for

Disease Control and Prevention, 2015).

Increasing sun protective behaviors

(using sunscreen, staying in the shade,

wearing wide brim hats, and wearing

protective clothing) and decreasing the
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prevalence of sunburns are key components to
preventing future cases of melanoma. Only
10% of high school students wear sunscreen
always or most of the time when outdoors for
more than 1 hour (Guy et al, 2014).
Furthermore, only 4.7% of blacks and 7.9%
of Hispanics high school students routinely
wear sunscreen (Guy et al., 2014). Individuals
with darker skin may not perceive themselves
at risk and are less likely to follow primary
prevention strategies (Andreeva et al., 2009;
Harvey, Patel, & Sandhu, 2014; Pipitone,
Robinson, Camara, Chittineni, & Fisher,
2002). These groups tend to be diagnosed
with melanoma at later stages and have worse
overall outcomes in part due to this perception
of low risk and lack of awareness (Cormier et
al., 2006; Friedman et al., 1994; Hu, Soza-
Vento, Parker, & Kirsner, 2006; Pipitone et
al., 2002; Pollitt et al., 2011). These findings
highlight the need for improved education

among individuals of all skin types about sun

protective behavior.

While the US Preventive Services
Task Force recommends clinicians to counsel
fair skinned patients ages 10-24 years on sun
protective behaviors, previous studies have
demonstrated that physician counseling of
children and their parents is not associated

with the use of sun protection (Cohen, Brown,
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Haukness, Walsh, & Robinson, 2013; Wu et

al., 2016). However, studies using
multicomponent interventions incorporating
printed materials, interactive multimedia, and
distribution of

sun protective products

demonstrated significant improvements in
reported sun protective behaviors (Crane et

al., 2012; Gritz et al., 2013; Ho et al., 2016).

Community-based and school-based
interventions have also been implemented
throughout the US. Practice Safe Skin is a
program launched by The Melanoma
Foundation of New England that provides
free sunscreen dispensers throughout the
Boston area in public parks and recreational
areas (Melanoma Foundation of New
England, 2016). School based programs can
foster and establish a lifetime of sun safe
behaviors starting at early age. The SunWise
Program was developed by the Environmental
Protection Agency to educate K-8" grade
students and their parents about the health
risks of UV radiation and to promote sun safe
behaviors. As of 2015, the program was
offered in over 34,000 and is estimated to
have potentially prevented more than 11,000
cases of skin cancer and 50 premature deaths
(Kyle et al, 2008; “The History of the

SunWise Program at EPA,” 2016).

Section 5 “Future Work”
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The recent decline in incidence of
melanoma among adolescents and young
adults may be because of public campaigns
initiated in the 1990s to reduce UV exposure.
Comprehensive  skin

cancer prevention

programs are projected to prevent over
230,000 melanoma cases among adults from
2020 to 2030 (Guy et al., 2015). However, in
the absence of new interventions, the burden
of melanoma is expected to more than double
and the annual cost of treating melanoma is
expected to increase from $457 million to
$1.6 billion over the next 15 years (Guy et al.,
2015). The Surgeon General’s Call to Action
to Prevent Skin Cancer outlines a clear
strategy for individuals, parents, communities,
health care professionals, and policy makers

to reverse the increasing burden of melanoma.

While many schools include education
about sun safety and skin cancer prevention,
the majority of schools do not have policies
that promote sun safety practices and some
have policies that pose a barrier to sun
protection. Less than half of schools (47.6%)
allow students time to put on sunscreen, 13%
provide sunscreen for students to use, 28% of
teachers remind students to apply sunscreen
before going outside, 15% avoid outdoor
activities during peak UV intensity, and 7.5%

prevent students from wearing hats when in
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the sun (Skin Cancer Prevention: Progress

Report of 2016, 2016). Promoting and

improving sun protective policies among

schools are important for establishing

effective and sustainable sun-safe habits

among children.

Comprehensive ~ community  and
school wide programs started in the 1980s in
Australia have been effective in raising
awareness, changing attitudes about tanning,
and promoting behaviors

(Dobbinson, Volkov, & Wakefield, 2015;

sun-protective

Jones, Beckmann, & Rayner, 2008; Reeder,
Mcnoe, & Iosua, 2016). Moreover, there have
been declines in the incidence in invasive
melanoma among children, adolescents, and
young adults in Australia attributed in part to
these sun awareness campaigns (Baade et al.,
2010; Iannacone, Youlden, Baade, Aitken, &
Green, 2015). Future studies are needed to
determine the most effective interventions and
policies that can change social norms
regarding tanned skin and promote lifelong
sun protective behaviors starting in early

childhood.

Although preventative strategies to
reduce UV exposure remain the mainstay of
decreasing melanoma incidence,
understanding the molecular pathogenesis of

the distinct variants of pediatric melanoma is
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crucial for improving the diagnosis,
prognosis, and treatment of this rare entity. A
national registry and committee of pediatric
oncologist, surgeons, pathologists, and other
experts is needed to collect data, promote
biological  studies,

develop  diagnostic

recommendations, ~ promote  prospective
studies, and initiate clinical trials with novel
therapies targeted for the three categories of

pediatric melanoma. A better understanding

8

of the clinical behavior and molecular profiles

of pediatric melanoma may lead to
development of improved diagnostic and

therapeutic guidelines.
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