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Background: Pediatric and young adult nonmelanoma skin cancer (NMSC) is rare and traditionally
associated with predisposing heritable or congenital conditions. Clinical characteristics, outcomes, and
iatrogenic risk factors have not been well described.
Objectives: We sought to characterize clinical features, potential risk factors, and gaps in care associated
with NMSC in children and young adults.
Methods: This was a retrospective chart review of children and young adults with squamous and basal
cell carcinoma.
Results: We identified 28 patients with a total of 182 NMSC tumors. Of patients, 50% had predisposing
conditions, and 46% had exposure to iatrogenic risk factors of prolonged immunosuppression, radiation
therapy, chemotherapy, voriconazole use, or a combination of these. Of patients with iatrogenic risk
factors, 62% developed subsequent cancerous or precancerous skin lesions. No patient was found to have
chemotherapy or voriconazole exposure as a sole risk factor. Mean time to diagnosis of NMSC was 948 days
with initial misdiagnosis in 36% of patients. The majority of patients underwent surgical excision.
Limitations: This was a retrospective single institution study with a small number of cases.
Conclusions: Physicians should be aware of risk factors associated with NMSC in children and young
adults to provide appropriate counseling and early diagnosis and treatment. ( J Am Acad Dermatol
2015;73:785-90.)
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N

onmelanoma skin cancer (NMSC) is rare in
children and young adults. In contrast to
adults, where chronic sun exposure is a
primary risk factor, NMSC is more often reported
in children and young adults with predisposing
conditions, including tumor syndromes and photosensitivity disorders.1 Prolonged immunosuppression, radiation therapy, and voriconazole therapy
are established in the adult literature as iatrogenic
risk factors for NMSC but have only been reported
anecdotally in children.2-4 Given the increasing number of long-term survivors from childhood cancer
and other chronic medical conditions, pediatric

cases of NMSC caused by iatrogenic risk factors
may be more common than previously reported.
We sought to explore the characteristics of and
potential risk factors for NMSC in children and young
adults.
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diagnosis of SCC, 19 of BCC, and 2 of both BCC
and SCC. Of 182 NMSC occurrences, 12 were
Study design
invasive SCC, 25 SCC in situ, and 145 BCC.
This retrospective chart review was approved by
the institutional review board at Boston Children’s
Demographics
Hospital (P00012932). All patients with a histopathoDemographic features are described in Table I. Of
logic diagnosis of squamous cell carcinoma (SCC) and
patients with BCC, 43% (9 of 21) were younger than
basal cell carcinoma (BCC) between 1993 and 2014
10 years of age. In contrast,
were included. Exclusion
only 1 patient with SCC was
criteria included age older
CAPSULE SUMMARY
younger than 10 years of age.
than 22 years and patients
Of those with data available,
with insufficient chart docuRisk factors for nonmelanoma skin
83% (19 of 23) were white,
mentation. Medical records
cancer in children and young adults are
and 84% (16 of 19) had
were reviewed and demonot well described.
Fitzpatrick skin phototype I
graphic data were obtained
In this study, 46% of children and
or II. There were no signifiincluding age at diagnosis,
young adults with nonmelanoma skin
cant differences in race or
gender, race, and Fitzpatrick
cancer had a history of prolonged
Fitzpatrick type between paskin phototype. Additional
immunosuppression, radiation therapy,
tients with SCC and BCC
data obtained from medical
chemotherapy, voriconazole use, or a
(P = 1.0).
records included medical hiscombination of these.
tory (eg, malignancy, stemcell or organ transplantation,
Risk factors
Children and young adults with these
Of patients with NMSC,
genetic syndrome, or other
exposures require monitoring for
50%
(14 of 28) had predischronic medical condition),
nonmelanoma skin cancer.
posing conditions, whereas
medication history (focusing
46% (13 of 28) had 1 or
on chemotherapeutic and
more iatrogenic risk factors (Table II).
immunosuppressive agents, and voriconazole), radiAmong patients with BCC, risk factors included
ation exposure (total body irradiation [TBI] and
localized radiation therapy in cGy), and histopatholnevus sebaceus (6); Gorlin syndrome (6), 3 of whom
ogy records.
had received radiation therapy and chemotherapy;
history of radiation therapy (1); radiation therapy
Study definitions
and chemotherapy (1); TBI, chemotherapy, and
Actinic keratosis was defined as basal layer atypia
hematopoietic stem-cell transplantation (HSCT) (1);
of keratinocytes with maturation, in situ SCC as fulland prolonged immunosuppression with 6thickness atypia of keratinocytes with lack of matumercaptopurine for Crohn’s disease (1). There
ration, and invasive SCC as full-thickness atypia of
were 3 patients with no identifiable risk factors.
keratinocytes with extension into the dermis. BCC
Risk factors in patients with only SCC included
was defined as basaloid proliferations including
prolonged immunosuppression in the setting of
superficial, nodular, cystic, pigmented, and infiltraHSCT complicated by chronic graft-versus-host distive subtypes.
ease (3), prolonged immunosuppression after kidChemotherapy was defined as a medication
ney transplantation (2), and incontinentia pigmenti
used for treatment of cancer and excluded agents
(1). In the 3 patients with HSCT who received
that were used as part of a transplantation conditionprolonged immunosuppression, there was an addiing regimen. Prolonged immunosuppression was
tional history of prolonged voriconazole use (3),
defined as immunosuppressive therapy for longer
liver transplantation (1), lung transplantation (1), TBI
than 6 months.
(2), and chemotherapy (1). One patient had no
identifiable risk factors.
Statistical analysis
Of the 2 patients with both BCC and SCC, 1 had
Descriptive analysis was performed for each
xeroderma
pigmentosum (XP), and the other had
variable. Fisher exact test was used for statistical
prolonged
immunosuppression
in the setting of
comparisons of categorical variables, and unpaired t
HSCT
complicated
by
chronic
graft-versus-host
distest was used for continuous variables. P value less
ease
and
double
lung
transplantation.
The
latter
than .05 was considered statistically significant.
patient also had a history of prolonged voriconazole
use.
RESULTS
Of the 9 patients with NMSC given a diagnosis at
In all, 28 patients and 182 occurrences of NMSC
less than 10 years of age, 7 had predisposing
were identified. Of the 28 patients, 7 were given a
d

d
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Table I. Demographic features of patients with
nonmelanoma skin cancer
Characteristic

Sex
Male
Female
Age at diagnosis, y
Mean (6SD)
Median (range)
Age group, y
0-5
6-10
11-17
$18
Fitzpatrick skin type
I
II
III
IV
V
VI
Not charted
Race
White
Black or African
American
Hispanic/Latino
Asian
Middle-Eastern
Not available/
declined

SCC = 7

BCC = 19

Both = 2

4 (57.1)
3 (42.9)

11 (57.9)
8 (42.1)

2 (100)

16 (63)
15 (11-20)

12 (66)
12 (3-22)

8
8 (2-14)

4 (57.1)
3 (42.9)

3
5
6
5

2 (28.6)
4 (57.1)

4 (21.1)
5 (26.3)

1 (50)

1 (5.3)

1 (50)

1 (14.3)
6 (85.7)

(15.8)
(26.3)
(31.6)
(26.3)

1 (50)
1 (50)

1 (5.3)
8 (42.1)
12 (63.2)
1 (5.3)

1 (50)

1 (5.3)
1 (50)
1 (14.3)

1 (5.3)
4 (21.1)

Values are listed as n (%) unless otherwise noted.
BCC, Basal cell carcinoma; SCC, squamous cell carcinoma.

conditions (5 Gorlin syndrome, 1 nevus sebaceus, 1
XP) and 2 had no risk factors. All patients of nonCaucasian descent or Fitzpatrick skin type III or
greater had BCCs associated with predisposing
conditions (2 Gorlin syndrome, 1 nevus sebaceus,
1 XP).
Iatrogenic risk factors
In patients with iatrogenic risk factors, 69% (9 of
13) had 2 or more risk factors. Of those with a single
risk factor, 3 received prolonged immunosuppression (2 SCC, 1 BCC), and 1 received localized
radiation therapy (1 BCC). There were no patients
with chemotherapy or prolonged voriconazole
exposure as sole risk factors; all had concomitant
prolonged immunosuppression or radiation therapy.
Significantly more patients with SCC than BCC
had a history of prolonged immunosuppression (5 of
5 vs 1 of 7, P = .015). Similarly, there were
significantly more patients with SCC alone than
BCC alone who had a history of voriconazole use
(3 of 5 vs 0 of 7, P = .046).

Of patients who received prolonged immunosuppressive therapy, mean duration of immunosuppression was 3793 days (range 1504-5885).
Immunosuppressive agents included systemic
corticosteroids (5), cyclosporine (4), tacrolimus
(5), sirolimus (1), mycophenolate mofetil (4),
intravenous immunoglobulin (2), rituximab (2),
6-mercaptopurine (1), infliximab (1), and azathioprine (1). Of patients who received radiation
therapy, 4 received TBI and 4 received localized
radiation therapy, with a mean total cumulative
dose of 4051 cGy (n = 7, range 1400-13,375). Of
patients who received chemotherapy, chemotherapeutic agents included vincristine (4), cisplatin
(3), doxorubicin (3), cyclophosphamide (2), cytarabine (2), etoposide (2), 6-mercaptopurine (1),
13-cis-retinoic acid (1), carboplatin (1), ifosfamide
(1), lomustine (1), melphalan (1), methotrexate
(1), and mitoxantrone (1).
Among patients with iatrogenic risk factors, 84.6%
(11 of 13) were white, and all had Fitzpatrick skin
phototype I or II (if documented). Of the remaining 2
patients, 1 had no available data on race or skin type,
and the other was Hispanic/Latino and had Gorlin
syndrome.
Risk for subsequent NMSC
Of all patients with SCC, 78% (7 of 9) had
additional diagnoses of keratoacanthoma or actinic
keratosis, and 67% (6 of 9) had both subsequent SCC
and keratoacanthoma or actinic keratosis. Of those
with more than 1 SCC, the mean number of subsequent SCCs was 4.7 (range 1-15). Of all 7 patients
with subsequent SCC, keratoacanthoma, actinic
keratosis, or a combination of these, 5 had prolonged
immunosuppression in the setting of HSCT, liver,
lung, and/or kidney transplantation; 1 had XP; and 1
had incontinentia pigmenti.
Of patients with BCC, 38% (8 of 21) developed
additional BCCs. Of those with more than 1 BCC, the
median number of subsequent BCCs was 2 (range 197). Of these 8 patients, risk factors included Gorlin
syndrome (4), underlying nevus sebaceus (1), XP
(1), localized radiation therapy (1), and chemotherapy/TBI/HSCT (1).
Of patients with iatrogenic risk factors, 62% (8 of
13), including all 4 patients with prolonged exposure to voriconazole, had subsequent cancerous or
precancerous skin lesions. None of the 4 patients
without identifiable risk factors developed subsequent cancerous or precancerous skin lesions.
Diagnosis and management
The mean number of days from time of lesion
onset to diagnosis was 667 for SCC and 1176 for BCC.
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Table II. Clinical features of patients with nonmelanoma skin cancer
Characteristic

SCC = 7

Cancerous and precancerous skin lesions
Mean total no. of NMSC (range)
1
2-3
[3
Patients with actinic keratosis
Patients with keratoacanthoma
Clinical history
Predisposing genetic disorder
Underlying nevus sebaceus
Prolonged immunosuppressive therapy
Radiation therapy
Localized
Total body irradiation
Chemotherapy
Voriconazole use
Phototherapy
Internal malignancy
Organ or stem-cell transplantation
Kidney
Liver
Lung
Hematopoietic stem cell
cGvHD
Melanoma
Atypical nevi
No risk factors

2.57
3
2
2
5
2

BCC = 19

(1-6)
(42.9)
(28.6)
(28.6)
(71.4)
(28.6)

2.58
12
3
4

1 (14.3)
0
5 (71.4)
2 (28.6)
0
2
1 (14.3)
3 (42.9)
0
3 (42.9)
5 (71.4)
2
1
1
3
3 (42.9)
0
0
1 (14.3)

6
6
1
6

(1-18)
(63.2)
(15.8)
(21.1)
0
0

(31.6)
(31.6)
(5.3)
(31.6)
4
2
5 (26.3)
0
0
6 (31.6)
1 (5.3)
0
0
0
1
0
0
0
3 (15.8)

Both = 2

57.5 (17-98)
0
0
2 (100)
2 (100)
1 (50)
1 (50)
0
1 (50)
0

1 (50)
1 (50)
0
0
1 (50)
0
0
1
1
1 (50)
0
1 (50)
0

Values are listed as n (%) unless otherwise noted.
BCC, Basal cell carcinoma; cGvHD, chronic graft-versus-host disease; NMSC, nonmelanoma skin cancer; SCC, squamous cell carcinoma.

Table III. Treatment of nonmelanoma skin cancer
Treatment modality

Surgical excision
Mohs micrographic
surgery
Topical chemotherapy
Electrodessication/
curettage
Cryotherapy
Not treated
Unknown

SCC
SCC
invasive = 12 in situ = 25

5 (41.7)
4 (33.3)

BCC = 145

14 (56)
4 (16)

133 (91.7)
1 (0.7)

5 (20)

2 (1.4)
1 (0.7)
1 (0.7)

2 (16.7)
1 (8.3)

2 (8)
7 (4.7)

Values are listed as n (%).
BCC, Basal cell carcinoma; SCC, squamous cell carcinoma.

Of patients, 36% (10 of 28) were given a misdiagnosis
initially. Initial diagnoses included viral wart and
graft-versus-host disease for SCC, and psoriasis,
acrochordon, wart, nevus, and atypical nevus for
BCC. The majority (96%, 25 of 26) of patients were
ultimately evaluated and given a diagnosis by a
pediatric dermatologist; 2 patients had insufficient
documentation of follow-up.

Treatment for NMSC largely involved surgical
removal, with the majority undergoing surgical
excision (Table III). In all, 21.6% (8 of 37) of patients
with SCC and 0.7% (1 of 148) with BCC underwent
Mohs micrographic surgery. One patient with Gorlin
syndrome received vismodegib for treatment of
remaining BCCs.
One patient with XP developed recurrent BCCs
on the face after surgical excision. There were no
other reported NMSC recurrences after surgery. No
patient developed metastatic NMSC. At the time of
publication, 2 patients had died of complications
from treatment of noncutaneous, solid tumors; there
were no NMSC-associated deaths.

DISCUSSION
We identified 28 patients with a total of 182 cases
of NMSC over a 21-year period, suggesting that
NMSC is a rare yet recurrent problem in affected
children and young adults. Of patients with SCC,
78% developed additional SCC, keratoacanthoma,
actinic keratosis, or a combination of these. Of
patients with BCC, 43% had additional BCC.
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In our cohort, 46% of children and young adults
with NMSC had iatrogenic risk factors, including
prolonged immunosuppression, chemotherapy, radiation exposure, or a combination of these. Of these
patients, 62% had subsequent cancerous or precancerous skin lesions. Prior studies have established an
increased risk of NMSC in adult patients after HSCT,
organ transplantation, prolonged immunosuppression, chemotherapy, and radiation therapy.5-7 Our
findings suggest that children and young adults with
these exposures, including HSCT, liver, lung, or
kidney transplantation, are also at increased risk for
NMSC.
Our results confirmed previously reported associations of NMSC with predisposing conditions such
as nevus sebaceus, Gorlin syndrome, and XP.1,8-10
We had 1 case of SCC arising in a patient with
incontinentia pigmenti. In a previous report of this
association, the authors postulated that SCC may
arise as a result of disruption in the nuclear factor
kappa light chain enhancer of activated B cells by
mutations in the inhibitor of nuclear factor kappa-B
kinase subunit gamma gene, a mechanism that has
caused SCC in mouse skin.11 We identified an 11year-old child with SCC, and 3 patients aged 9 to
19 years with BCC, who had no identifiable risk
factors for NMSC. There have been rare prior reports
of pediatric BCC without known risk factors.12-14
None of these patients had subsequent cancerous or
precancerous skin lesions.
Several trends were noted in the subset of our
cohort with iatrogenic risk factors. Patients with SCC
were significantly more likely than those with BCC to
have a history of prolonged immunosuppression, an
association previously observed in adults after solidorgan and stem-cell transplantation.6,7 Radiation
therapy is established as a risk factor for BCC, with
exposure in childhood exponentially increasing BCC
risk.5,15 Although we found no significant difference
in radiation exposure between those with SCC and
BCC, this result was likely because of small study size
and overlap of risk factors.
The majority of patients had 2 or more iatrogenic
risk factors. The absence of NMSC with chemotherapy or voriconazole exposure as sole risk factors
suggests that these exposures alone may not be
sufficient for the development of NMSC in children
and young adults. This finding may be confounded
by the common use of these medications in combination with other treatments, as in patients with
leukemia who ultimately proceed to HSCT. In
contrast to adults, most children have not had sufficient sun exposure to result in NMSC. Thus, the
development of NMSC in children and young adults
may require multiple factors that contribute to
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oncogenesis in the skin. Just as chronic ultraviolet
exposure has been shown to inactivate tumor suppressor genes, such as protein patched homolog
and p53, via a double-hit phenomenon or loss of
heterozygosity, similar mutations could be found in
patients with exposure to radiation therapy, chemotherapy, and voriconazole.16,17 Prolonged immunosuppression is shown to impair immune surveillance
of dysplastic cells.18 There is evidence that specific
immunosuppressive agents, such as systemic calcineurin inhibitors, may heighten NMSC risk.19,20
These cumulative effects could result in development and uncontrolled growth of NMSC in children
and young adults.
Inherent vulnerability to sunburn could also play
a role in development of NMSC in this population, as
most of our patients with iatrogenic risk factors were
white and classified as either Fitzpatrick skin phototype I or II (if documented).
We identified gaps in care for children and young
adults with NMSC. There was a significant delay in
initial diagnosis in both patients with SCC and BCC,
with an overall mean of 948 days from time of lesion
onset to time of diagnosis. These data correspond to
prior studies from the 1960 to 1970s that showed a
delay in diagnosis of 3 months to 6.1 years in children
with BCC.21,22 Initial misdiagnosis in 36% of patients
suggests that education regarding risk factors and
monitoring of NMSC is needed for patients and
medical providers.
Although most of our patients developed subsequent NMSC after their initial diagnosis, the majority
of cases were treated successfully with surgical
excision, without recurrence or spread of disease.
This suggests that interventions in children and
young adults that involve prevention of subsequent
disease may be most impactful.
Limitations to our study included the small number
of cases despite a 21-year time span. Retrospective
design limited our study to what was available in the
medical records. Given the rarity of NMSC in children
and young adults, a multi-institutional study is needed
to confirm and expand on our findings. Overlap of
predisposing conditions and iatrogenic risk factors
may have confounded our data. Lastly, although our
data suggested associations between SCC and prolonged immunosuppression, and BCC with radiation
therapy, the exact pathogenesis of these processes
could not be determined. Future tissue analysis of
tumor suppressor and oncogene expression may help
refine our understanding of NMSC.
Physicians should be aware of risk factors that
predispose a child or young adult to skin cancer so
that appropriate counseling and monitoring along
with early recognition and treatment can be provided.
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