
© 2015 Sreeraman Kumar et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution – Non Commercial 
(unported, v3.0) License. The full terms of the License are available at http://creativecommons.org/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted 

without any further permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press 
Limited. Information on how to request permission may be found at: http://www.dovepress.com/permissions.php

Clinical Oncology in Adolescents and Young Adults 2015:5 75–86

Clinical Oncology in Adolescents and Young Adults Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
75

R e v i e w

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/COAYA.S90563

Treating melanoma in adolescents and young 
adults: challenges and solutions

Radhika Sreeraman Kumar1

Jane L Messina2,3

Vernon K Sondak3

Damon R Reed3–6

1Department of Radiation Oncology, 
Moffitt Cancer Center, 2Department 
of Pathology and Cell Biology, Morsani 
College of Medicine, University 
of South Florida, 3Department of 
Cutaneous Oncology, 4Adolescent 
and Young Adult Program, 5Sarcoma 
Department, 6Chemical Biology and 
Molecular Medicine Program, Moffitt 
Cancer Center, Tampa, FL, USA

Correspondence: Damon R Reed 
Chemical Biology and Molecular Medicine  
Program, Adolescent and Young Adult  
Oncology Program, Sarcoma Department,  
Department of Cutaneous Oncology,  
Moffitt Cancer Center, 12902 Magnolia  
Drive, Tampa, FL 33612, USA 
Tel +1 813 745 3242 
Fax +1 813 745 8337 
Email damon.reed@moffitt.org

Abstract: Systemic therapy of melanoma has made tremendous progress recently for advanced 

stage patients in terms of excellent, temporary responses through targeting underlying biology 

of BRAF V600E mutation and affected pathways. A significant subset of patients with advanced 

disease also has durable responses from immunomodulation through immune checkpoint 

blockade of CTLA-4 and the PDL-1/PD-1 axis. Clinical trials of these agents included patients 

as young as 18 years but generally excluded younger adolescents. Ongoing trials in 12–17 year 

olds have not been accruing as robustly, and as a result available options for these patients are 

often lagging years behind their adult counterparts. We herein summarize the epidemiology, 

diagnosis, and multidisciplinary management of adolescents and young adults with melanoma. 

We offer recommendations to improve the care for adolescent patients with melanoma age-

specific evaluations and by including them in up-front melanoma trials.
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Introduction
Adolescent and Young Adult (AYA) Oncology encompasses the care of 15- to 

39-year-old patients with cancer. These patients have unique needs including fertil-

ity preservation, and guidelines have been developed to ensure that a comprehensive 

approach to these patients can be optimized.1 This group has not benefited from clinical 

trials as much as their younger or older counterparts.2–4 Increasingly hospitals are 

developing programs to address AYA patients’ needs.5 While literature has supported 

care for some of these patients according to pediatric protocols, such as in the case of 

acute lymphoblastic leukemia6 and other cancers more commonly treated by pediatric 

oncologists,7 melanoma care for adolescents is likely optimized by these patients being 

managed in cooperation with comprehensive adult oncology programs experienced 

with the pathologic evaluation, surgical approaches, and cutting-edge medical therapies 

that have resulted in enormous gains for melanoma patients in recent years.

There is controversy on the upper and lower age ranges in AYA Oncology and 

in definition of adolescence in this context. While some argue for a definition of 

15–18 years as the lower cut-off point, others argue that after puberty, adolescents as 

young as 12 years with Tanner Stage 5 development may be sufficiently physiologically 

mature to enroll in clinical trials.8 While the International Conference on Harmonisation 

guidelines include age 12–16 or 18 years (with variation among geographic regions), 

the age range is extended from 12 to 21 years for medical devices.9 In fact, a recent 

study examining drug clearance data since the US Food and Drug Administration 

(FDA) Amendments Act of 2007 found that more than 94% of approved agents had 
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equivalent dosing in adolescents as in adults when defining 

adolescence as age 12 years or up.10

Melanoma constitutes 7.9% of all AYA malignancies, 

making it one of the most common malignancies in this 

population.11,12 Though the incidence of melanoma specific 

to the AYA population is not readily available, patients 

younger than 20 comprise 1% of all melanomas. Incidence 

steadily rises with age with 6.5% of all melanoma diagnoses 

occurring before age 34 years (Figure 1).13 The incidence of 

melanoma in the adolescent population has been increasing 

at a rate of 2% per year in the United States over the past 

3 decades14 with similar increases in European countries.15–17 
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Figure 1 Incidence and mortality of melanoma.
Notes: Adapted from: GLOBOCAN 2012: Estimated cancer incidence, mortality and prevalence worldwide in 2012. International Agency for Research on Cancer; World 
Health Organization. Available from: http://globocan.iarc.fr/Pages/age-specific_table_sel.aspx. Accessed August 21, 2015.108 (A) Incidence of melanoma by age in the United 
States and the World in 2012. Pediatric, adolescent, and young adult patients comprised 9%–11% of all new melanoma diagnoses in 2012 in the United States and in the 
World. (B) Mortality of melanoma by age in the United States and the World in 2012. Pediatric, adolescent, and young adult patients comprised 4% and 6% of all deaths from 
melanoma in 2012 both in the United States and in the World.
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While Caucasian patients account for the majority of new 

diagnoses, the incidence continues to rise in the Hispanic and 

Native American populations as well.18 Risk factors include 

ultraviolet radiation exposure, tanning bed use, fair skin, 

family history of melanoma, the presence of multiple atypical 

nevi, congenital melanocytic nevi, xeroderma pigmentosum, 

and germline mutations involving cell-cycle mediators.19–21

Diagnosis
Clinical presentation and initial biopsy
Young adults typically present with classic features of 

asymmetry, irregular borders, heterogeneous color, and 

increasing diameter. Their melanomas are more likely to 

arise from dysplastic nevi that have evolved rather than from 

congenital nevi. Compared with older adults, they are likely 

to have localized disease at the time of presentation, more 

likely to be Caucasian with fair skin, and more likely to have 

been exposed to tanning beds and UV exposure.

While many adolescents will share the clinical features 

of adult melanoma, some will have overlapping feature 

with pyogenic granuloma such as being amelanotic lesions, 

(pink/red/flesh-colored) with symmetric papular or nodular 

appearance. Others will be suspicious only because of 

changes over time, termed evolution.22 In fact, the most 

common prebiopsy diagnosis is pyogenic granuloma.22 

Due to the non-specific presentation and the relative rarity 

of AYA melanoma, the potential for delay in diagnosis is 

high. Adolescent patients are more likely than young adults 

to have a lesions arise from congenital nevi, be ethnically 

diverse, and to have germline mutations. Clinical evaluation 

should include history of a congenital melanocytic nevus 

or other precursor lesion in the area biopsied, patient’s age, 

extent of biopsy (complete excision, shave biopsy, partial 

excision/punch), patient’s demographics, color and size of 

the lesion, and a photograph of the lesion, as this can aid the 

dermatopathologist, further emphasizing the value of a close 

collaboration between clinician and pathologist in dealing 

with adolescent pigmented lesions.

Whenever possible, the biopsy specimen should include 

complete excision of the lesion with a narrow margin of 

normal skin, which facilitates a pathologic assessment of 

the lesion that incorporates its relationship to neighboring 

skin and subcutis.

Pathology
In young adults, the pathological diagnosis is often unam-

biguous, and diagnosis can be facilitated with S100, Ki-67, 

and HMB-45 immunostains. The most common subtypes 

are superficial spreading and nodular melanomas that arise 

from dysplastic nevi, and in comparison with older adults, 

desmoplastic melanoma and lentigo maligna are rare. They 

are more likely than pediatric melanoma patients to have 

mutations, such as BRAF, and less likely to have melanomas 

arising from congenital nevi.

In adolescent patients, there is a broader spectrum of 

melanocytic neoplasms, sometimes leading to diagnostic 

ambiguity. While these atypical melanocytic neoplasms 

occur more frequently in the prepubertal pediatric population, 

they can be a diagnostic conundrum. Numerous prospective 

and retrospective studies have sought to elucidate the 

natural history of these atypical neoplasms23–31 further 

complicated by diagnostic disagreement between even expert 

dermatopathologists in many cases.32

Fluorescent in-situ hybridization can assist the dermato-

pathologist in determining a diagnosis. In comparison with 

benign nevi, melanomas in this setting are more likely to have 

mutations in chromosomes 6p25 (the locus of gene RREB1), 

6q23 (MYB), Cep6 (the centromere of chromosome 6), 

11q13 (CCND1),33 6p25, 11q13, 9p21 (CDKN2A), and 8q24 

(cMYC).25 Melanomas are more likely to have chromosomal 

gains or losses, with 96% demonstrating abnormalities. These 

studies suggest a spectrum of melanocytic neoplasms in the 

adolescent and pediatric population, ranging from benign 

nevi to melanoma.

We have found that the lack of a standard nomenclature 

for classifying these atypical neoplasms leads to long and 

oftentimes confusing pathology reports, increasing stress 

among patients and families and potentially making treat-

ment planning more difficult. To improve communication 

between pathologist and clinician, we have developed a five-

point scale similar to the Breast Imaging Reporting and Data 

System classification used for mammography reporting and 

subsequently modified for describing atypical nevi.34 This 

system (Figure 2) categorizes lesions on a spectrum from 1 

(considered unequivocally benign, with no atypical features 

seen) to 5 (considered unequivocally malignant), based 

on histopathologic findings and any available molecular/

genetic data. A lesion the pathologist feels is consistent with 

a benign lesion but has some atypical features is classified as 

category 2 (atypical, favor benign), while a lesion felt most 

consistent with malignancy but lacking unequivocal diagnos-

tic features of melanoma is classified as category 4 (atypical, 

favor melanoma). Atypical lesions without sufficient features 

to weigh in favor of one or the other end of the spectrum are 

classified as category 3 (atypical). The specific criteria that 

make a lesion fall into each category may vary for the different 

histologic subtypes of atypical melanocytic lesions and even 

for different pathologists evaluating the same lesion, but the 
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numbering system allows the clinician to understand exactly 

how the pathologist classifies that lesion, and plans treatment 

accordingly. Further information regarding the diagnosis 

and management of atypical melanocytic neoplasms can be 

found in several sources.35–38 The remainder of the article will 

be dedicated to the management of AYA patients where an 

unequivocal diagnosis of melanoma has been made.

Staging
The American Joint Committee on Cancer staging of 

melanoma applies across all ages, and there are no specific 

guidelines for AYA. Due to low risk of distant disease in 

stage I and II patients without clinical signs or exam findings 

to suggest spread and due to the risks associated with ionizing 

radiation in adolescents,39,40 computer tomography (CT) or 

Positron emission tomography/CT scans in patients younger 

than 18 should be used preoperatively only for well-defined 

indications: patients with a preoperative diagnosis of stage III 

melanoma and those with signs or symptoms suspicious of 

metastatic disease.

Treatment
Surgery
Wide excision
Surgery is the primary treatment of all localized cutaneous 

melanoma. There is no optimum excision margin spe-

cific to adolescents and young adults with melanoma. 

Thus, we recommend using the standard adult guidelines 

with 1 cm margins for #1 mm lesions or where morbidity 

precludes wider margins in 1–2 mm depth lesions, and 2 cm 

margins for thicker lesions. Younger children may not require 

as wide a margin even for thicker melanomas.41 The primary 

goal of the excision is to achieve negative margins.

Management of regional lymph nodes
Younger patients are more likely to have a positive sentinel 

lymph node biopsy (SLNB), independent of thickness and 

mitotic activity when compared with older adults.42 Over 

20% of pediatric and adolescent patients with clinically 

negative nodes and a primary melanoma measuring $1 mm 

in thickness will have at least one positive sentinel lymph 

node. Moreover, SLNB is a prognostic tool for AYA 

melanoma. Recurrence and death are more likely to occur in 

sentinel node-positive cases, just as in older adults.43–46 The 

complications of removing a few lymph nodes from a basin 

are rare in both the AYA and older adult population.47 As 

such, we routinely advocate the use of SLNB in AYA patients 

with melanomas thicker than 0.75 mm, just as in adults.48

The management of the AYA melanoma patient with 

a positive sentinel lymph node is similar to that of older 

adults, but clearly there are some unique considerations to 

take into account. Limited data are available on the rates of 

non-sentinel node involvement in pediatric and adolescent 

melanoma.49,50 Although involved non-sentinel lymph 

nodes are only present in 15%–20% of adult patients,51–53 

completion lymphadenectomy is the current standard-of-

care recommendation for adult patients.54 Complications of 

a lymph node dissection in AYA patients can include chronic 

lymphedema and post-operative infections, as in older adults,55 

so nodal basin observation instead of lymphadenectomy is 

increasingly being considered. However, adolescents and 

young adults can face specific issues with compliance with the 

follow-up recommended for sentinel node-positive patients 

who do not undergo completion lymphadenectomy.

We advise completion lymphadenectomy or observation 

selectively based on the following factors: the number and 

site(s) of sentinel nodes involved with tumor, the extent of 

tumor involvement within positive nodes, the findings on 

the preoperative lymphoscintigraphy (which can potentially 

indicate the likelihood of non-sentinel node involvement),56 

and based on anticipated ability to be compliant with close 

follow-up. Patients in our practice with a positive SLNB who 

choose to be followed without completion lymphadenectomy 

are recommended to undergo ultrasound surveillance of the 

node-positive basin every 4–6 months for the first 2–3 years, 

and then every 6–12 months thereafter for a minimum of 

5 years or until development of nodal or distant recurrence.

No chromosomal
abnormalities  

Normal karyotype 

HRAS mutations
(isolated 11p loss)   

Biallelic p16 loss 

Multiple chromosomal
abnormalities  

Category 1: Benign

Category 3: Atypical melanocytic neoplasm

Category 4: Atypical melanocytic neoplasm, 
                    favor malignant

Category 5: Melanoma

Category 2: Atypical melanocytic neoplasm, 
                  favor benign

Figure 2 Classification system for pediatric melanocytic neoplasms, from benign 
to melanoma.
Notes: In addition to histopathologic features, comprehensive genomic 
hybridization and fluorescent in-situ hybridization can be used to assist in the 
diagnosis of melanocytic lesions. Benign lesions are less likely to have chromosomal 
abnormalities, with normal karyotype and those favoring benign more likely to have 
11p loss. The presence of multiple chromosomal abnormalities and biallelic p16 loss 
are more likely to be associated with increasing malignant potential and the diagnosis 
of unequivocal melanoma.
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All patients with clinically detectable lymph node 

involvement should undergo radical lymphadenectomy of 

the involved basin(s) (therapeutic lymph node dissection) 

unless there is evidence of distant metastatic disease. In the 

case of inguinal node-positive cases, the indications for pelvic 

(“deep”) node dissection are unclear in adolescents and young 

adults, as in older adults. Evidence of involvement of one or 

more iliac or obturator nodes is the sole absolute indication 

for deep node dissection. However, pelvic lymphadenectomy 

should be considered for multiple or large inguinal nodes 

even in the absence of abnormal pelvic nodes on preop-

erative scanning. Studies in adults have demonstrated that 

inclusion of the external iliac and obturator nodes with an 

inguinofemoral node dissection does not increase long-term 

morbidity,57,58 and our institutional experience in the AYA 

population is comparable.

Systemic treatment
Metastatic melanoma
Systemic treatment for unresectable metastatic melanoma 

for AYA patients is largely extrapolated from studies of 

older adults. Prior to 2010, no demonstrably effective 

therapy existed for metastatic or unresectable melanoma. 

Options for treating patients were limited to dacarbazine and 

high-dose interleukin-2,59,60 neither of which consistently 

produced improvements in survival. Over the past 5 years, 

the mutations associated with melanoma have been bet-

ter characterized, and our understanding of the antitumor 

immune response has dramatically increased, leading 

to the development of molecularly targeted therapy and 

immunotherapy, which have been effective in extending 

progression-free and overall survival in adults with unresect-

able metastatic melanoma.

The most important targetable mutation characterized 

in melanoma is in BRAF, with up to 60% of melanomas in 

young adults having point mutations leading to its constitutive 

activation.61 The mutations in adolescent cutaneous 

melanoma (and to an extent pediatric cases as well) are simi-

lar to those of adults.62 A mediator of the RAS/RAF/MEK/

ERK pathway, constitutively active BRAF leads to uncon-

trolled cell proliferation. Targeting BRAF V600 is effective 

in prolonging progression-free and overall survival.63–65 The 

two main agents are vemurafenib and dabrafenib,63,64,66 which 

have been approved by the FDA for unresectable metastatic 

BRAF-mutated melanoma (Table 1). However, these agents 

can activate BRAF and the RAS/RAF/MEK/ERK pathway 

in wild-type BRAF melanomas. As such these agents 

are reserved for BRAF-mutated melanomas. Resistance 

can develop with these patients within a median of 

6–7 months,63,64 and recent trials have attempted to combine 

agents inhibiting downstream kinases with BRAF inhibitors. 

Trials combining MEK inhibitors (cobimetinib, trametinib) 

and BRAF inhibitors (vemurafenib, dabrafenib) have shown 

promising results in terms of progression-free survival and 

overall survival67–69 (Table 1) and combination therapy is now 

considered standard-of-care for adult melanoma patients 

receiving BRAF-targeted therapy. Importantly, virtually all of 

these trials included only patients 18 years of age and older, 

excluding adolescent patients.

The other major therapeutic approach has been using 

immunotherapy.70 Immune checkpoint antibodies that 

reverse the immunosuppressive signals from cytotoxic 

T-cell antigen-4 (ipilimumab) and PD-1 (nivolumab and 

pembrolizumab) have been developed. The first of the three 

to reach clinic was ipilimumab, which has been shown to 

improve overall and progression-free survival in patients 

with metastatic melanoma in comparison with a vaccine 

or dacarbazine.71,72 When the results of Phases II and III 

trials of ipilimumab were pooled and analyzed, there was 

median overall survival of 11.4 months, and at 3 years, 

22% of all metastatic melanoma patients were still alive.73,74 

Nivolumab and pembrolizumab are antibodies targeting 

PD-1 on cytotoxic T-lymphocytes. Nivolumab has been 

shown to improve progression-free survival both as a single 

agent in comparison with dacarbazine and combined with 

ipilimumab compared with ipilimumab alone in patients 

with unresectable metastatic melanoma.75–77 Similarly, 

pembrolizumab demonstrated a significant improvement 

in progression-free and overall survival in comparison with 

ipilimumab (Table 1).78

These agents are being investigated in the pediatric 

population as well, but typically after adult studies have 

been completed. Ipilumimab results in adults were first 

reported in Phase I studies in 2005, and the pivotal Phase III 

study accrued 676 patients over a 4-year period, a rate of 

more than 14 patients per month.71 The pediatric Phase I 

ipilimumab study only began accrual in September of 2011 

and accrued just 29 patients through completion in December 

2014 (NCT01445379). Thus, there has been a 7- to 10-year 

gap between adult and adolescent exposure to ipilimumab 

for melanoma with a continuing gap in ongoing combina-

tion studies, which do not include adolescent patients. As 

outcomes and toxicities are not reported by age, results and 

toxicities specific to AYA patients such as fertility and qual-

ity of life are undefined. Furthermore subgroup analyses, 

even post hoc, for the recently completed trials would be 
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worthwhile to see whether age independently affects toxic-

ity (traditionally reported, but also fertility) or outcome of 

checkpoint inhibitors.

Adjuvant therapy
Systemic adjuvant therapy has been used in the older adult 

melanoma population for stage III and selected high-risk 

stage II patients. In adults, targeted agents are now being 

explored in the adjuvant setting. Ipilimumab has been studied 

as adjuvant systemic treatment. EORTC 18071, a Phase III 

trial, investigated adjuvant ipilimumab for 3 years versus pla-

cebo after complete resection and lymphadenectomy of high-

risk stage III cutaneous melanoma in adults. The trial included 

patients over the age of 18 years. Patients receiving ipilimumab 

had a significantly improved median recurrence-free survival 

of 26.1 months in comparison with 17.1 months for those 

receiving placebo. When stratified by tumor characteristics, 

patients with microscopic lymph node involvement and 

ulcerated primaries appeared to have more benefit. However, 

substantial increased adverse events were reported in the 

ipilimumab arm, with more than 50% of patients developing 

grade 3 or grade 4 toxicities. Gastrointestinal, hepatic, and 

endocrine toxicities resulted in discontinuation of treatment in 

over 50% of the patients in the ipilimumab arm, mostly within 

the first 3 months. Five deaths in the ipilimumab arm were 

related to adverse drug events: three were from colitis, one 

from myocarditis, and one from multi-organ failure associated  

with Guillain–Barre Syndrome.79 However, the age of these 

patients was not reported.

Like treatment for metastatic disease, adjuvant trials 

for adolescents have often lagged behind adult trials. While 

recent cooperative group Phase III studies (SWOG trial 

S0008 [NCT00006237], ECOG E1697 [NCT00003641], and 

E1609 [NCT012734338]) investigating the role of adjuvant 

interferon in patients with node positive melanoma have 

included children under 18 years of age, no results specific for 

adolescent patients have been published. The same coopera-

tive groups should be applauded for ECOG 1609, an ongoing 

adjuvant trial for high-risk stage III/IV melanoma random-

izing patients to high-dose interferon versus ipilimumab at 

10 mg/kg or 3 mg/kg, which is enrolling adolescents from age 

15 years (NCT01274338). The most studied agent in the AYA 

population is high-dose interferon α-2b, but data specific to 

the AYA population are lacking. Pediatric reports are small 

and suggest better tolerance of this agent in younger popula-

tions.80–82 Adult studies have been reported but conclusions 

regarding the AYA melanoma population cannot be drawn as 

age-specific outcomes or toxicities are not reported.83

Radiation therapy
Metastatic melanoma
For metastatic melanoma in adults, radiation has a particular 

value in local control and in oligometastatic disease either 

alone or with systemic treatment. Stereotactic radiosurgery 

has been noted in multiple prospective and retrospective 

studies to have local control rates up to 90% at the treatment 

sites with a favorable safety profile, particularly in brain,84 

spine,85 and lung. Moreover, both clinically and in animal stud-

ies, radiation delivered with a high dose per fraction appears 

to have an abscopal effect, with radiation inducing an immune 

response.86–88 The mechanism has not yet been completely 

understood.89 Studies have explored and are ongoing to eluci-

date a possible synergistic effect between stereotactic radiation 

and new immunotherapeutic agents both preclinical90 and 

clinical (NCT01449279, NCT01689974, NCT01557114, 

NCT01565837, and NCT01497808). Similarly, the potential 

toxicities of the interaction between immunotherapy and 

stereotactic radiation are yet to be determined when the two 

modalities are used concurrently.

Adjuvant radiation
The role of adjuvant radiation therapy in adult melanoma 

is controversial. Retrospective as well as prospective trials 

have demonstrated regional control rates greater than 80% 

at 5 years.91–95 There has been one single randomized control 

trial comparing adjuvant radiation versus observation after 

completion lymphadenectomy in patients with high-risk 

node positive disease.96 Despite significant improvement in 

local control and reduction in recurrence by more than 50%, 

there was no benefit in overall survival with radiation, as the 

majority of recurrences were distant or out of the treatment 

field. When axillary recurrences were analyzed, patients 

receiving radiation were more likely to have adjacent field 

recurrence while those who were observed were more likely 

to have an infield recurrence.97

As with other therapies, there is little information 

available specifically in the AYA population. In the patients 

younger than 18, in the absence of an overall survival benefit, 

radiation therapy is often deferred until recurrence or in the 

case of metastasis.

Advances in radiation techniques such as image guidance, 

stereotactic radiation therapy, intensity modulated radiation, 

and proton beam radiation have allowed for more targeted, 

conformal treatment. The sparing of normal tissue can have 

a particular benefit in younger patients. Retrospective studies 

suggest equivalence of hypofractionated and conventional 

treatment fractionation.95,98 However, side effects of adjuvant 
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radiation therapy can include the risk of lymphedema, 

particularly with axillary and inguinal radiation where up to 

50% of patients can experience lymphedema. In a recent study 

of 20 patients receiving adjuvant radiation to the axilla and 

inguinal regions, 15 of whom received intensity modulated 

radiation therapy, the rate of Grade 1–2 lymphedema was 

45% with one incident of Grade 3 lymphedema. Of the 65% 

of patients treated who had a recurrence, the majority were 

distant metastases.99 Thus, adjuvant radiation in adults is 

reserved for high-risk patients: multiple nodes (greater than 

3 for the axilla and greater than 4 for the inguinal region), 

extracapsular extension, lesions where resection to negative 

margins would result in unacceptable morbidity and recurrent 

disease. In patients younger than 18 years of age, the 

threshold for adjuvant radiation is even higher, with residual 

disease or unresectable disease being the main indication in 

non-metastatic patients.

AYA-specific management
Fertility preservation
Additional consideration in treatment in the AYA setting 

involves the discussion of fertility preservation. Chemotherapy 

and radiation to the pelvis without shielding can affect fertility. 

The effects of immunotherapy or targeted therapies on fertil-

ity have not been well characterized. Dabrafenib, imatinib, 

and ipilimumab are thought to affect pregnancy by crossing 

the placental membrane like maternal antibodies, while the 

effects of vemurafenib on fertility are yet to be determined.100 

Often these patients do not know that their fertility may be 

at risk, did not have access to information regarding possible 

options, did not have adequate financial resources, or did 

not have adequate time to undergo treatment.101 For female 

AYA patients, embryo preservation and cryopreservation of 

oocytes or ovarian tissue can be considered prior to systemic 

treatment and ovarian transposition and gonadal shielding 

can be considered prior to pelvic radiation. For male AYA 

patients, sperm banking and gonadal shielding during pel-

vic radiation can be considered. While successful treatment 

should be the primary focus, fertility should be discussed 

prior to the initiation of treatment.

Survivorship
There are no specific guidelines for follow-up in AYA melanoma, 

and the guidelines set by the National Comprehensive Cancer 

Network for melanoma are used.1,102 The possibility of 

recurrence more than 5 years after diagnosis reflecting the 

long natural history of melanoma in adolescents points to 

the need for long-term follow-up, which can be particularly 

challenging in the AYA population.36 Patients with early-

stage localized disease have an excellent prognosis with more 

than 90% overall survival in stage I disease and 79%–100% 

for stage II disease.21,46,103 These patients should undergo an 

annual skin examination with a dermatologist, in most cases 

as well as follow-up every 3–12 months for a minimum of 

5 years and annual follow-up thereafter, given the potential 

for late recurrence. In adolescents as in older adults, routine 

imaging is not required. For patients with regional metastatic 

disease (stage III), overall survival at 10 years is 70%–77%.46 

Closer follow-up is recommended with history and physical 

to be performed every 3–6 months for the first 2 years, every 

3–12 months until 5 years and annually thereafter. Imaging can 

be considered in these patients. Stage IV disease portends a 

dismal overall survival. In the rare metastatic patients resected 

to a disease-free state, follow-up similar to that described for 

stage III patients is warranted.

Socio-economic challenges
AYA patients also face economic and social barriers. While 

adolescents are often insured through their parents, young 

adults are historically more likely to be underinsured or 

uninsured despite the recent Affordable Care Act.2 When 

adjusted for age, sex, zip code, level of education, race and 

facility type, young adult Medicaid patients with skin cancers 

are six times more likely to present with distant disease, 

and uninsured patients are 3.5 times more likely to present 

with distant metastases as compared to patients with private 

insurance.11 In general, AYA patients are less likely to be 

treated at a National Cancer Institute designated cancer center 

and more likely to experience gaps in access to care within 

the first 3 years of diagnosis. Risk factors for gaps in coverage 

include lower educational level, currently receiving definitive 

treatment and poor health prior to diagnosis. Even 20% of 

those with insurance report that they have had to forgo some 

physician recommended treatments due to undercoverage or 

lack of financial resources.104 Importantly, these patients are 

also less likely to enroll in clinical studies,105 one of the key 

reasons thought to contribute to the lack of improvements in 

survival in this population.

While adolescents are frequently excluded from clinical 

trials due to age, young adults have to contend with multiple 

competing obligations such as supporting a family, education, 

and holding stable employment.106 A survey of AYA patients 

and their family members revealed that increased treatment 

time, number of procedures, and amount of information 

given were potential barriers to enrollment. The stress of 

diagnosis also led adolescents and young adult to defer to 
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their parents and family members with regard to clinical 

decision making.107 A conscious effort with both the patients 

and their families must be made to promote clinical trial 

enrollment by AYA melanoma patients.

Future directions
Treatment of AYA melanoma will likely continue to be 

based on extrapolation from data in trials heavily dependent 

on the enrollment of older adults. Based on the physiology 

of AYA patients and our current understanding of the biol-

ogy of melanoma in the populations, we would expect the 

adolescent population to achieve similar benefits from the  

newer therapies as those published in Table 1. Trials lagging 

nearly 1 decade behind adult studies have not allowed ado-

lescents to experience the most current potential benefits, 

specifically the current generation of combination clinical 

trials in this quickly adapting field with a recent remarkable 

track record of successes. Furthermore, if standards of care 

continue to change at the current rate and adult trials continue 

to accrues patients at orders of magnitude faster than pediatric 

and adolescent trials, then single agent studies at pediatric 

centers may not be feasible at their onset, as physicians and 

families may select off-label use of newer combinations over 

pediatric clinical trials based on published data. In addition 

to excluding adolescent patients from cutting edge trials, 

few outcomes such as fertility and drug toxicities or quality 

of life changes specific to the AYA population have thus far 

been reported.100

Thus the solutions that we propose for AYA patients, 

especially adolescents include increasing access to future 

clinical trials by reducing the lower age limits for inclusion. 

This would eliminate the need to repeat the same trials later 

at pediatric centers while concurrent adult trials innovate by 

combining therapies with potentially greater survival benefit. 

Second, including age-specific analyses regarding fertility 

effects and quality of life measures would be beneficial for 

this subset of patients. Third, we would also recommend post 

hoc analyses of the plethora of completed recent trials by age 

in order to evaluate disease outcome, side effect profile, and 

adherence by age. Fourth, we strongly advocate for greater 

enrollment of young adults on the current unresectable and 

adjuvant melanoma trials through patient and physician 

education on this unique patient population. The AYA patient 

population has historically not participated in clinical trials 

as much as older adults. In the recent history of melanoma 

therapy this means that significant opportunities for durable 

remission may have been missed. The best way to improve 

adolescent melanoma care may well be to improve their 

access to the latest clinical trials and thus be able to provide 

access to these agents when FDA approved.
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