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The “Veneto Cancer Registry” records melanoma as the most common cancer diagnosed
in males and the third common cancer in females under 50 years of age in the Veneto
Region (Italy). While melanoma is rare in children, it has greater incidence in adolescents
and young adults (AYA), but literature offers only few studies specifically focused on AYA
melanoma. The aim of this study was to describe the characteristics, surgical treatment,
and prognosis of a cohort of AYA melanoma in order to contribute to the investigation of
this malignancy and provide better patient care. This retrospective cohort study included
2,752 Caucasian patients (702 AYA and 2,050 non-AYA patients) from the Veneto Region
who were over 15 years of age at diagnosis, and who received diagnosis and/or treatment
from our institutions between 1998 and 2014. Patients were divided in adolescents and
youth (15-25 years), young adults (26-39 years) and adults (more than 39 years) for the
analysis. We found statistically significant differences in gender, primary site, Breslow
thickness, ulceration, pathologic TNM classification (pTNM) stage and tumor subtype
among the age groups. Disease-specific survival and disease-free survival were also
different among the age groups. Our findings suggest that the biological behavior of
melanoma in young people is different to that in adults, but not such as to represent a
distinct pathological entity. Additional and larger prospective studies should be performed
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to better evaluate potential biological and cancer-specific differences between AYAs and
the adult melanoma population.
Keywords: melanoma, skin cancer, AYA, adolescent and young adult oncology, adolescent and young adult
melanoma, survival, incidence, melanoma surgical treatment
1 INTRODUCTION

The incidence of melanoma is continuously increasing in both
adult and pediatric population around the world (1, 2). Although
melanoma is rare in pediatric patients, the risk of developing
melanoma grows significantly in adolescents and young adults,
and represents the second most common type of cancer in this
age group (3–5). The literature on melanoma offers very few
studies specifically addressing adolescents and young adults
(AYA). Of note, previous studies presented clinical and
prognostic differences between melanoma diagnosed in
adolescents, young adults and adults (6, 7). Specific clinical
practice guidelines for the treatment of melanoma in AYA do
not exist, and current management is similar to melanoma
in adults.

This study compared characteristics, surgical treatment, and
prognosis in a cohort of melanoma patients according to the age
at diagnosis, with the purpose of underling potential differences
in terms of tumor characteristics and prognosis between
melanoma in AYA and melanoma in adults (non-AYA).
2 MATERIALS AND METHODS

2.1 Study Design
This is a retrospective cohort study of patients who were
diagnosed and/or treated for Melanoma of the skin between
1998-2014 at the Veneto Institute of Oncology (IOV) and at the
University Hospital of Padua (UHP).
2.2 Material
The study included all 2,752 patients aged ≥15 years and living in
the Veneto Region, who were diagnosed and/or treated for
Primary Melanoma of the skin between 1998-2014 at the
Veneto Institute of Oncology (IOV) and at the University
Hospital of Padua (UHP). IOV and UHP are level III referral
centers which are located in Northeastern Italy. Most patients are
referred for diagnosis and/or first-line treatment, while some
patients are referred for disease progression after being treated at
local level II centers.
2.3 Diagnosis and Treatment
Melanoma was diagnosed according to the histopathology and
immunohistochemistry of the lesion biopsy. Tumor stage was
defined according to the eighth version of the American Joint
Committee on Cancer (AJCC) staging system (8), effective from
January 2018. All diagnoses before January 2018 were re-staged
according to the last version of the staging system.
2

The surgical treatment included wide excision (WE) of the
primary lesion, sentinel lymph node biopsy (SNB) and/or
regional lymph node dissection. Patients with locoregional
primary melanoma underwent WE, followed by complete
lymph node dissection (LND) in clinical node-positive
patients. Sentinel node biopsy was performed concurrently
with WE in patients with primary lesions.

Follow-up visits were performed every three to four months
for the first three years, every six months for up to five years, and
every year thereafter.

Disease progression included regional recurrences, in-transit
metastases, lymph node metastases, and distant metastases.

2.4 Data Collection
All data were extracted from a local database. Demographics
included age at diagnosis, sex and family history, while tumor
information included subtype of melanoma (such as acral
lentiginous melanoma, lentigo maligna melanoma, nodular
melanoma, superficial spreading melanoma, spitzoid melanoma,
nevoid melanoma, pagetoid melanoma, polypoid melanoma,
desmoplastic melanoma, minimal deviation melanoma and
neurotropic melanoma) primary site, Breslow thickness,
ulceration, mitotic rate, and pTNM stage.

Follow-up information was extracted from scheduled visits.
Follow‐up was calculated from the date of diagnosis to December
31, 2019. Disease-specific survival was calculated from date of
diagnosis to date of disease-related death, or date of last visit/
disease-unrelated death. Disease-free survival was calculated in
patients with primary melanoma from date of diagnosis to date
of recurrence, or date of last visit/death. Recurrence was defined
as regional recurrences, in-transit metastases, lymph node
metastases or distant metastases.

2.5 Statistical Analysis
Continuousdatawere summarizedasmedianand interquartile range
(IQR). The patient cohort was divided into three age groups:
adolescents and youth (15-25 years), young adults (26-39 years)
and adults (more than 39 years). Categorical data were compared
between age groups using the Fisher’s exact test, while the Kruskal-
Wallis test was used for continuous data. Survival estimates were
calculatedusing theKaplan-Meiermethodandcomparedamongage
groups using log-rank test (unadjusted analysis) and Cox regression
models with pTNM stage as additional independent variable
(adjusted analysis). Effect sizes were reported as hazard ratio (HR)
with 95% confidence interval (CI). The limited sample size and
availability of immunohistochemistry data did not allow any
meaningful multivariable analyses. All tests were two-sided and
a p-value of less than 0.05 was considered statistically significant.
Statistical analyses were performed using R software version 4.1
(R Foundation for Statistical Computing, Vienna, Austria) (9).
September 2021 | Volume 11 | Article 725523

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Del Fiore et al. Melanoma in Adolescents and Young Adults
2.6 Ethics Considerations
The study was approved by the local Ethics Committee (number
2/2020). The study was conducted according to Helsinki
Declaration principles, and all patients gave their consent to
have their anonymized data used for scientific purpose.
3 RESULTS

3.1 Patients
This analysis included 2,752 Caucasian patients aged ≥15 years,
involving 76 (2.8%) adolescents and youth (median 22 years,
IQR 20-24), 626 (22.7%) young adults (median 34 years, IQR 31-
37) and 2,050 (74.5%) adults (median 54 years, IQR 48-68).
Patient characteristics according to age classes are outlined in
Frontiers in Oncology | www.frontiersin.org 3
Table 1. Sex, primary tumor site, Breslow thickness, ulceration,
number of mitoses, tumor stage and sub-type differed among the
age classes.

3.2 Treatment of Primary Melanoma
All patients underwent WE, while SNB was performed in 1,412
patients and LND in 394. Treatment according to age classes is
shown in Table 2. The number of excised sentinel lymph nodes
(SLNs) differed among age classes, while the number of positive
sentinel lymph nodes and the number of positive dissected
lymph nodes were the same.

3.2.1 Disease-Specific Survival
Median follow-up was 96 months (IQR 60-132). Overall, 312
patients died from the disease, and 211 patients died due to other
causes (18 patients were lost to follow-up). 5-year disease-
TABLE 1 | Patient and tumor characteristics in 2,752 patients aged ≥15 years and living in the Veneto Region who were diagnosed and/or treated for Melanoma of the
skin between 1998-2014 at the Veneto Institute of Oncology and at the University Hospital of Padua (Italy): comparison between age classes (15-25 years, 26-39 years,
40 years or older).

Adolescents and youth
(15-25 years)

Young adults
(26-39 years)

Adults (40
years or older)

p-value

N 76 626 2050 –

Sex: <0.0001
Female 43 (56.6) 389 (62.1) 1010 (49.3)
Male 33 (43.4) 237 (37.9) 1040 (50.7)

Primary site: 0.0003
Acral 2 (2.6) 16 (2.6) 137 (6.7)
Head/neck 2 (2.6) 32 (5.1) 150 (7.3)
Upper limb 7 (9.2) 89 (14.2) 295 (14.4)
Trunk 47 (61.8) 318 (50.8) 947 (46.2)
Lower limb 18 (23.6) 171 (27.3) 521 (25.4)
Breslow ab 0.63 (0.39-1.20) 0.57 (0.35-1.09) 0.75 (0.39-1.90) <0.0001

Ulceration: 0.04
Absent 56 (73.7) 508 (81.1) 1561 (76.1)
Present 16 (21.0) 100 (16.0) 435 (21.2)
Unknown 4 (5.3) 18 (2.9) 54 (2.6)
Mitotic rate(per mm2) ac 1 (0-2) 1 (0-2) 2 (0-4) 0.02

pTNM stage: 0.0005
I 55 (72.4) 470 (75.1) 1387 (67.7)
II 10 (13.1) 64 (10.2) 337 (16.4)
III 11 (14.5) 90 (14.4) 326 (15.9)
IV 0 (0.0) 2 (0.3) 0 (0.0)

pT: <0.0001
1a-b, 2a-b 64 (84.2) 534 (85.3) 1562 (76.2)
3a-b, 4a-b 12 (15.8) 92 (14.7) 488 (23.8)

pN: 0.63
0 65 (85.5) 536 (85.6) 1724 (84.1)
1-3 11 (14.5) 90 (14.4) 326 (15.9)

pM: 624 (99.7) 0.11
0 76 (100.0) 2 (0.3) 2050 (100.0)
1a-d 0 (0.0) 0 (0.0)

Subtype: d <0.0001
ALM* 1 (1.5) 7 (.2) 72 (3.5)
LMM* 0 (0.0) 2 (0.3) 37 (1.8)
NM* 9 (12.7) 74 (12.9) 335 (16.3)
SSM* 53 (74.6) 469 (81.6) 1541 (75.2)
Other** 8 (11.2) 23 (4.0) 65 (3.2)
Sep
tember 2021 | Volume 11 | Article
Data expressed as n (%) or a median (IQR). Data not available in b70, c15, d56 patients. *ALM, Acral lentiginous melanoma; LMM, lentigo maligna melanoma; NM, nodular melanoma; SSM,
superficial spreading melanoma. **Spitzoid Melanoma, Nevoid melanoma, pagetoid melanoma, polypoid melanoma, desmoplastic melanoma, minimal deviation melanoma and
neurotropic melanoma.
The bold values are statistically significant.
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specific survival was 95% in patients aged 15-25 years, 95% in
patients aged 26-39 years, and 90% in patients over 39 years
(p<0.0001) (Figure 1). Adjusting for pTNM stage, patients aged
26-39 years had better disease-specific survival compared to
patients over 39 years (HR 0.52, 95% CI 0.37 to 0.70;
p<0.0001), while the difference between patients aged 15-25
years and patients over 39 years was not statistically significant
(HR 0.46, 95% CI 0.19 to 1.12; p=0.09).

3.2.2 Disease-Free Survival
393 patients experienced a clinical event during follow-up: local
recurrence in 56 patients, regional lymph node metastasis in 128,
regional skin/in-transit in 130, and distant metastasis in 167.

5-year disease-free survival (i.e. survival until the occurrence of a
clinical event or death/last visit) was 95% in patients aged 15-25
Frontiers in Oncology | www.frontiersin.org 4
years, 91% in patients aged 26-39 years, and 87% in patients over 39
years (p=0.003) (Figure 2). Adjusting for pTNM stage, disease-free
survival was better in patients aged 15-25 years (HR 0.42, 95% CI
0.19 to 0.95; p=0.04) andpatients aged26-39years (HR0.74, 95%CI
0.57 to 0.95; p=0.02) compared to patients over 39 years.

“Local recurrence”-free survival did not differ among age
classes (p=0.20)

“Regional lymph node metastasis”- free survival differed
among age classes (5-year survival: 98% in patients aged 15-25
years, 97% in patients aged 26-39 years, and 95% in patients aged
over 39 years; p=0.02). Adjusting for pTNM stage, patients aged
26-39 years had better “regional lymph node metastasis”- free
survival compared to patients over 39 years (HR 0.58, 95% CI
0.36 to 0.95; p=0.03), while the difference between patients aged
15-25 years and patients over 39 years was not statistically
TABLE 2 | Treatment of primary Melanoma of the skin in 2,752 patients aged ≥15 years and living in the Veneto Region who were diagnosed and/or treated for
Melanoma between 1998-2014 at the Veneto Institute of Oncology and at the University Hospital of Padua (Italy): comparison between age classes (15-25 years, 26-39
years, 40 years or older).

Adolescents and youth (15-25 years) Young adults (26-39 years) Adults (40 years or older) p-value

N 76 626 2050 –

Patients who underwent WE 76 (100.0) 626 (100.0) 2050 (100.0) -
Patient with positive SNB or clinical detection 10/75 (13.3) 83/612 (13.6) 272/2050 (13.3) 0.98
Excised sentinel nodes a 2 (2-4) 2 (1-3) 2 (1-3) 0.002
Positive sentinel nodes a 0 (0-0) 0 (0-0) 0 (0-0) 0.33
Positive dissected lymph node a 0 (0-6) 0 (0-1) 0 (1-3) 0.22
Septem
ber 2021 | Volume 11 | Article
Data expressed as n (%) or a median (IQR). WE, Wide excision; SNB, sentinel lymph node biopsy. SNB was conducted in 41/76 adolescents, 324/626 young adults and 1047/2050 adults.
Clinical detection: 0 adolescents, 9 young adults and 43 adults. Positive SNB: 10 adolescents, 74 young adults and 229 adults. Total lymphadenectomy: 10 adolescents, 83 young adults,
272 adults.
The bold values are statistically significant.
FIGURE 1 | Disease-specific survival in 2,734 patients (18 patients were lost
to follow-up) aged ≥15 years and living in the Veneto Region who were
diagnosed and/or treated for Melanoma between 1998-2014 at the Veneto
Institute of Oncology and at the University Hospital of Padua (Italy): comparison
between age classes (15-25 years, 26-39 years, 40 years or older).
FIGURE 2 | Disease-free survival in 2,734 patients (18 patients were lost to
follow-up) aged ≥15 years and living in the Veneto Region who were
diagnosed and/or treated for Melanoma between 1998-2014 at the Veneto
Institute of Oncology and at the University Hospital of Padua (Italy): comparison
between age classes (15-25 years, 26-39 years, 40 years or older).
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significant (HR 0.46, 95% CI 0.11 to 1.85; p=0.27).”Regional
skin/in-transit” - free survival differed among age classes (5-year
survival: 98% in patients aged 15-25 years, 98% in patients aged
26-39 years, 95% in patients aged over 39 years; p=0.003).
Adjusting for pTNM stage, patients aged 26-39 years had
better “regional skin/in-transit”- free survival compared to
patients over 39 years (HR 0.44, 95% CI 0.26 to 0.75; p=0.002),
while the difference between patients aged 15-25 years and
patients over 39 years was not statistically significant (HR 0.42,
95% CI 0.10 to 1.72; p=0.23). “Distant metastasis” - free survival
did not differ among age classes (p=0.06).
4 DISCUSSION

There is currently a lack of data with regard to melanoma features
and outcomes inAYA. A distinction should bemade betweenAYA
and older adult cancer in disease biology, treatment efficacy, and
psychosocial barriers to care for patients. Moreover, patients aged
15-25 are a sub-category of AYAwhich is trapped in amedical gray
area and may receive cancer treatment from pediatric or adult
oncologists. Although this may not be perceived as an important
aspect, treatment regimens forpediatric andadult cancer can lead to
significant survival differences (10).

Overall, we found some differences in epidemiological,
clinical, histopathological and prognostic features between
AYA and non-AYA melanoma patients. Furthermore, some
differences between adolescents and young adults also emerged.

We found more female patients in the AYA group than in the
non-AYA. Females represented 56.6% of adolescents and youth
(15-25 years old) and 62.1% of young adults (26-39 years old),
while the proportion of males and females was similar among
older adults. This finding is consistent with available literature
(3), and could be explained by both biological and behavioral
gender differences between young male and female patients (11).
A strong endogenous estrogen exposure, due to early menarche
associated with UV exposure during childhood, seems to play a
crucial role in cutaneous melanoma development, and may
explain the higher occurrence of melanoma in young females
than in males (11).

AYA melanoma presented higher involvement of the trunk,
while non-AYA melanoma were more common in the acral
region, head/neck and upper limbs. On the other hand, the
occurrence in lower limbs was similar among the age groups.
Adolescent subjects, compared to young adults, had less
involvement of the head/neck and upper limbs, while the trunk
was the main affected site. These data mirror what is already
known in the literature, namely, that the most affected sites are
the trunk and lower limbs in young people and the head/neck
and upper limbs increases among adults (3). However, the
involvement of the trunk, upper limbs and head/neck in young
adults was more similar to older adults than adolescents.

We found a different distribution of histological subtypes of
melanoma between AYAs and older adults. Superficial spreading
melanoma (SSM) was more common in young adults than in
adults, but less common in adolescents than in adults. Nodular
Frontiers in Oncology | www.frontiersin.org 5
melanoma (NM), lentigo maligna melanoma (LMM) and acral
lentiginous melanoma (ALM) were more common in adults.
There was a considerable fraction of rare melanomas in
adolescents these findings largely reflect what is known in the
literature, namely, the greater presence of NM in older age, the
presence of ALM almost exclusively in the elderly and rare
melanomas in adolescent and young patients (12).

Moreover, we found that older adults were the subgroup with
the worst pathological characteristics at the time of diagnosis.
21.2% of older adults presented ulceration, 32.3% had pTNM
stage above the first, and the median Breslow thickness was
0.75 mm. At the time of diagnosis, melanoma in our cohort of
patients was generally less advanced in AYAs than in adults.
However, we found important differences between adolescents
and young adults. Median Breslow thickness was 0.63 mm in
adolescents and 0.57 mm in young adults; ulceration was found
21% in adolescents and 16% in young adults; a pTNM stage
above the first was described in 27.6% of adolescents and in
24.9% of young adults. AYAs had lower Breslow thickness and
lower pTNM stage at the time of diagnosis compared to adults,
while there was no difference in regional lymph node
involvement among age groups. Of note, adolescents had
slightly worse stage characteristics than young adults.

It is important to emphasize that regional lymph node
invasion (detected through positivity of the SNB or clinical
positivity) was almost the same in the three age groups. Most
pediatric melanoma studies suggested that the clinical history of
melanoma in children and adolescents resembled that of adult
disease (3, 4, 6, 7). As in adults, features such as ulceration, tumor
thickness, and node involvement seemed to affect prognosis.
Hence, in the absence of specific treatment guidelines, AYA
melanoma is currently managed in the same way as non-AYA
melanoma, though it is unclear whether it actually may have the
same biological features as adult melanoma.

Data concerning the aggressiveness and prognosis of
melanoma in AYAs are discordant in literature. Some studies
reported that melanomas diagnosed in children and adolescents
had higher Breslow thickness, greater tendency to regional
lymph node invasion and, generally, a more advanced stage at
the time of diagnosis compared to adults (13–17). On the other
hand, it was also reported that young patients tended to have a
better overall disease-specific survival than older adults (4,
15, 18).

In our study, disease-specific survival and disease-free
survival were worse in older adults than in AYAs. Of note,
most survival differences between younger and older age classes
persisted after adjusting for tumor stage. This can be attributed
to a diminished immune response with increased age, changes in
host immune biology, and undertreatment due to medical
comorbidities that may limit therapy with antineoplastic and
biologic agents. The immune surveillance mechanism is one of
the main factors which are hypothesized to account for better
melanoma survival in the adolescents (19). Nonetheless,
promoting skin cancer screening and public education (such as
skin protection and self-examination awareness) is of utmost
importance in patients of any age.
September 2021 | Volume 11 | Article 725523

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Del Fiore et al. Melanoma in Adolescents and Young Adults
Regional lymph node metastasis-free survival and regional
skin/in transit-free survival were different among age classes,
with improved survival in young adults over adults, while the
difference between adolescents and adults did not achieved
statistical significance (likely due to the small number of
adolescents in the study). Regional lymph node metastasis-free
survival and regional skin/in transit-free survival have a
substantial difference in survival regardless of patient’s age and
involve a different therapeutic strategy.

The findings of this study should be interpreted considering
his strengths and limitations. The strengths involve the
completeness of information regarding epidemiological,
clinical, histopathological and prognostic features, and the
follow-up duration (at least 5 years for all patients). The
limitations include the retrospective nature of the study and
the absence of data regarding the analysis of mutational profiles
and medical treatments for advanced melanoma. Furthermore,
the small number of adolescents (which reflects melanoma
epidemiology) may limit the generalizability of the findings for
this subgroup.

Nonetheless, our study highlighted a sub-category of AYA
aged 15-25 which may receive cancer treatment from pediatric or
adult oncologists, with potential difference in survival outcome
(10). The proportion of stage II-III melanoma among such
patients suggest the need for adequate communication about
prevention and awareness. Future research may confirm our
results and explore the most appropriate and effective ways of
implementing educational interventions among AYA aged
15-25.
5 CONCLUSION

Our findings show that AYA melanoma does not represent a
distinct pathological entity and however there are differences
they do not require a different therapeutic strategy because AYA
melanoma has a clinical outcome comparable or better than
melanoma in adults.
Frontiers in Oncology | www.frontiersin.org 6
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