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Summary

Background: Spitzoid proliferations range from Spitz nevi to melanomas, and there are few
studies describing clinical features and outcomes in the pediatric population.

Objectives: Determine clinical features and outcomes of a large pediatric cohort with
histopathologically-confirmed Spitz tumors.

Methods: Retrospective cohort study of Boston Children’s Hospital patients younger than 20
years with a histopathologic diagnosis of spitzoid proliferation from 1/1/1994 — 10/23/2012.

Results: Five hundred ninety-five patients with 622 spitzoid proliferations were identified
[median age = 7.4 years, (25!, 75t quartiles = (4.6, 11.7) years]. Five hundred twelve (82.3%)
proliferations were typical, 107 (17.2.%) were atypical, and 3 (0.5%) were melanomas. Median
age at biopsy was 7.4, 7.2, and 17.2 years, respectively, and there was a significant difference in
age at biopsy for patients with typical or atypical proliferations versus melanoma (p<0.01).
Among samples with positive margins (n = 153), 55.1% (54/98) of typical proliferations, 77.4%
(41/53) of atypical proliferations, and 100.0% (2/2) of melanomas were re-excised. Six patients
had sentinel lymph node biopsy performed, with 3 patients demonstrating nodes positive for
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melanocytic cells. With median follow-up of 4.1 years for the full cohort, there were no related
deaths.

Conclusion: Spitz tumors have strikingly benign outcomes in the pediatric population, though
this study is limited by low number of melanomas and restriction to a single pediatric institution.
Aggressive management recommendations should be reconsidered for children and adolescents
with banal-appearing Spitz nevi, based upon the clinically indolent behavior in this cohort.

Introduction:

Spitzoid proliferations are spindle and epithelioid cell melanocytic proliferations that
pathologist Sophie Spitz first described as “juvenile melanomas” in 1948.(1) Spitzoid
proliferations are thought to occur on a biological spectrum, from Spitz nevi to atypical
Spitz tumors (AST) and Spitz melanomas (Figure 1), with sequential accumulation of
genetic aberrations.(2) Spitz nevi are distinct from other types of nevi and present as flat- or
dome-shaped papules and nodules that may be non-pigmented, appearing pink or red, or
deeply pigmented, appearing very dark brown. These proliferations can undergo periods of
rapid growth before stabilizing and some ultimately involute. ASTs are benign lesions with
atypical features on histopathology (Figure 1) that are challenging to diagnose, and Spitz
melanomas are malignant lesions. A recent distinction has been made between “Spitz
melanoma” and “spitzoid melanoma;” whereas both tumors demonstrate clinical and
histologic features reminiscent of Spitz nevi, spitzoid melanomas possess typical melanoma
driver mutations, in contrast to the kinase fusions that typify Spitz melanoma and other Spitz
tumors.(3) While genetic workup was not utilized for tumor diagnosis in this study and
histopathology reports were rendered prior to this classification, we have adopted the WHO
terminology for this report.

Sentinel lymph node biopsies were historically utilized to distinguish benign from malignant
spitzoid proliferations, but this practice has fallen out of favor as studies show that sentinel
lymph node biopsies and completion dissections have limited therapeutic potential,
uncertain utility in prognostication, and high associated morbidity.(4-8) FISH, CGH, and
next-generation sequencing may offer hope for improved understanding and classification of
Spitz tumors, but at present, data is preliminary and sometimes conflicting in the pediatric
patient population.(8-20)

The literature provides conflicting guidance on caring for pediatric patients who develop
these lesions(21) and there is need for improved understanding and education. Whereas
many pediatric dermatologists report comfort with monitoring banal-appearing Spitz nevi,
(22) plastic surgeons commonly excise these proliferations,(21) and expert dermoscopists
have recommended excision of banal-appearing Spitz nevi in children over age 12 and
nodular spitzoid proliferations in children of any age.(23, 24) Excision recommendations are
supported by the well-replicated finding that dermoscopy does not reliably distinguish
between Spitz nevi, ASTs, and Spitz melanomas,(24—-29) and data suggesting that clinically
banal-appearing spitzoid proliferations can follow an aggressive disease course.(24, 30)
However, these data are derived from predominantly adult cohorts and our experience leads
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us to question the applicability of these results in regards to the management of pediatric
patients.

Spitz nevi and indolence are far more common in the pediatric population than Spitz
melanoma or fatal outcome, and aggressive management may result in overtreatment of
benign lesions.(30-34) Though histopathology remains the gold standard for diagnosis of
spitzoid proliferations, overlapping features are frequent with this modality and distinction is
a well-recognized dermatopathologic challenge.(25-29) Downsides of widespread or low-
threshold for excision in the pediatric population include undue patient morbidity, high
health care costs resulting from procedures, diagnostic testing, and additional
dermatopathology consultation, and parental and patient anxiety.

This study aims to characterize clinical features and outcomes of pediatric patients with
Spitz tumors, provide improved understanding regarding these proliferations, and address
current controversies in care. We evaluate a large pediatric cohort from our institution in this
study, and with more than eighteen years of data, it represents the largest
histopathologically-confirmed pediatric Spitz tumor cohort to date.

Materials and methods:

We conducted chart review to perform this retrospective cohort study. The study population
includes Boston Children’s Hospital patients who were less than 20 years old at time of
biopsy and received a histopathologic diagnosis of spitzoid proliferation, (typical Spitz
nevus or related proliferation, nevus with spitzoid features, Spitz nevus with atypical
features, AST, Spitz melanoma, or related proliferation), and whose pathology accession
occurred between 1/1/1994 — 10/23/2012. Six hundred twenty-five proliferations meeting
inclusion criteria were identified through database query; three had the unrelated
histopathologic diagnosis “plexiform spindle cell nevus” and were excluded from further
analysis. Thus, in this cohort, six hundred twenty-two proliferations from 595 unique
patients were analyzed. Summary statistics for follow-up times are provided for both the full
cohort and patients with clinical follow-up greater than 2 months after diagnosis (n = 398).
Follow-up time refers to the interval between the date of diagnosis provided by the
Department of Pathology and the date of the most recent clinical contact at our institution,
independent of contact type.

In addition to descriptive statistics of the data and non-parametric statistical comparisons
between sub-cohorts using the Wilcoxon rank-sum test, multivariate logistic regression
models were developed to assess correlations between proliferation type (typical, atypical,
and malignant: groups described in Table 2) and various clinical parameters of interest.
When multiple categorical variables were examined, appropriate matrices were constructed
with one category being treated as the reference. For example, white was used as the
reference race and contrast matrices were developed for the remaining racial categories.
Gender was modeled as a binary variable (male = 0, female = 1). Separate analyses were
performed for detailed and grouped categorizations of lesions’ anatomic locations (groups
included extremities, sun-protected, and head/neck), as well as for detailed and grouped
categorizations of proliferation type (groups included typical, atypical, and malignant). A
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statistical significance level of 0.05 was assumed in all analyses. The software Matlab
(Mathworks, Inc) was used to analyze the data.

Clinical features:

Six hundred twenty-two proliferations occurred in a cohort of 595 patients; twenty-four
patients had two spitzoid proliferations in the pathology database that was queried and two
patients had three such tumors. Proliferations in this cohort were diagnosed between age 3
months to 19.7 years, with median age of 7.4 years, [(25™, 75!) quartiles = (4.6, 11.7)
years]. These occurred in 298 males (50.1%) and 297 females (49.9%), and 351 patients
(59.0%) self-identified as white (Table 1).

Five hundred twelve (82.3%) proliferations were classified as typical, 107 (17.2%) as
atypical, and 3 (0.5%) as Spitz melanomas (Table 2). Less than 1% of typical proliferations
and 1.9% of atypical proliferations occurred in patients with substantial medical
comorbidities; in contrast, clinically significant medical disease was noted among two of the
three patients who were diagnosed with melanomas (Table 2).

The median age at biopsy was 7.4 years for typical proliferations, 7.2 years for atypical
proliferations, and 17.2 years for Spitz melanomas. When proliferation diagnoses were
grouped as typical, atypical, or melanoma, there was a significant difference in age at biopsy
for patients with typical proliferations versus melanoma (p<0.01), and a significant
difference in age at biopsy for patients with atypical proliferations versus melanoma
(p<0.01), based on the Wilcoxon rank-sum test. Age at biopsy was statistically
indistinguishable for patients with typical versus atypical proliferations (p = 0.88). Based on
statistical models that included race and patient gender, there were no significant differences
between the race or gender of patients presenting with typical, atypical, and melanoma
proliferation types (p=0.7 in all comparisons).

The most common anatomic location for spitzoid proliferations (Table 1) was the face
(24.1%), but when proliferation sites were grouped, most occurred on the extremities
(44.9%), followed by head/neck (36.2%), and sun-protected regions (18.3%). There were
significant differences between the proportion of males and females presenting with
proliferations on different anatomic locations: the proportion of males/females with
extremity proliferations (41.9% male) was significantly different from the proportion of
males/females presenting with head/neck (54.7% male, p = 0.05) and sun-protected region
proliferations (61.4% male, p = 0.01).

The three melanoma patients presented distinctly (Table 3), with no death or recurrences at
the time of this manuscript.

Treatment characteristics:

Excision was the most common initial biopsy type [380 proliferations (61.1%)], followed by
shave [51 (8.2%)] and punch [46 (7.4%)]. For the remaining 145 proliferations (23.3%),
specimen collection details were not available. Margins were negative in 427 (68.7%) and
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positive in 153 (24.6%) of specimens, with no report on margin status for 42 (6.8%) of
cases. Among samples with positive margins, 98 (64.1%) were typical, 53 (34.6%) were
atypical and 2 (1.3%) were melanomas. Of these, a total of 97 (63.4%) proliferations were
re-excised, including 54/98 (55.1%) typical spitzoid proliferations, 41/53 (77.4%) atypical
spitzoid proliferations, and 2/2 (100.0%) Spitz melanomas.

Sentinel lymph node biopsy was performed on six patients, including patients with 4/107 of
the atypical spitzoid proliferations and 2/3 of the Spitz melanomas. Sentinel node was
positive for melanocytic cells in 3/4 atypical spitzoid proliferation and 0/2 Spitz melanoma
patients. Among the three patients that demonstrated positive sentinel lymph nodes, two
continued to receive care at our institution, and both underwent completion
lymphadenectomies that demonstrated all nodes negative. None of the 5 patients with
sentinel lymph node biopsy, for whom we had follow-up time greater than 2 months (5/6),
experienced disease recurrence or fatality with median follow-up time of 5.8 years [(25™,
75t quartiles = (3.7, 7.4) years). Results of genetic tests were occasionally available from
outside consultant work-up, but these studies were not ordered by our institution’s
pathologists and were not utilized in management decisions.

At this referral center, 52 patients (8.7%) had consultation and diagnosis alone, 145 patients
(24.4%) had follow-up less than 2 months after diagnosis without subsequent care at our
institution, and 398 patients (66.9%) had clinical follow-up in our system for more than 2
months after diagnosis. Median follow-up time for the full patient cohort was 4.1 years
[(25t, 75t quartiles) = (0.04, 8.2) years]. For the 398 patients with follow-up greater than 2
months, it was 6.8 years [(25™, 75! quartiles) = (4.1, 10.7) years]. There were no significant
differences in follow-up time between patients with different proliferation types (p = 0.1
detailed, p = 0.24 grouped).

Among the full cohort, 5 proliferations recurred (5/622, 0.8%). With initial histopathology
records accessible for 4 of these 5 samples, positive margins were found in 50% (2 of 4
tumors). Whereas initial biopsy reports did not indicate atypia in any of the initial samples,
histopathologic atypia was noted in 3 of 5 recurrent lesion samples. Tumors with atypical
features upon recurrence were classified as atypical proliferations in this study. All patients
with recurrence were alive without further disease spread or complication, after median
follow-up of 12.6 years, (25™, 751 quartiles) = (6.6, 13.4) years. One patient in the cohort
succumbed to unrelated malignancy (1/595, 0.2%).

Conclusions:

Our study demonstrates benign outcomes among a large cohort of pediatric patients with
histopathologically-proven Spitz tumors, confirming previous findings that pediatric patients
have favorable prognoses(8, 22) distinct from adults.(24, 30) Spitz melanoma is rare among
pediatric patients and fatality from Spitz melanoma is even rarer in this population. A
retrospective literature review of metastatic Spitz melanoma in patients 17 years of age or
younger, between 1949 and 2006, identified 25 fatal cases.(35) Three additional cases of
fatal pediatric Spitz melanoma were reported after 2006.(22, 33) Even though death is an
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uncommon outcome in pediatric patients, prior clinical experiences and fear may influence
providers’ tendencies to biopsy or completely excise pigmented lesions. Out of 142 pediatric
dermatologists surveyed, two providers reported witnessing fatal outcome from a clinically
presumed Spitz nevus/AST.(22)

We put forward for consideration that excision of clinically stable, typical-appearing,
dermoscopically banal Spitz tumors -- in the absence of concerning features such as
bleeding, evolution, or friability -- may not be required for children and adolescents.
Widespread removal may be unnecessary given the overwhelmingly indolent nature of
proliferations observed in this cohort, though our retrospective study design cannot rule out
the possibility that excision prevented certain patients from experiencing poor outcomes.

While sampling will provide diagnostic certainty, one must balance the pre-test likelihood of
a dangerous skin lesion with the down-sides of biopsy including risk of over-diagnosis as
melanoma and subsequent over-treatment, trauma from procedure, permanent scar, family
and child worry of malignancy, potential need for and risks associated with anesthesia to
perform procedures in young children,(36, 37) in addition to procedural and diagnostic
costs. We recommend that providers who are not expert in the clinical diagnosis of these
proliferations refer patients to a pediatric dermatologist or dermatologist for evaluation, in
lieu of sampling or directly referring the patient for excision. Despite this recommendation,
we acknowledge that biopsy or excision may be pursued for other important reasons,
including cosmesis and other individual patient concerns. Special consideration should be
taken for older adolescents and patients with other risk factors.

A reasonable approach may be to monitor closely for interval changes, as aggressive and
atypical lesions tend to change over a short time course. Previously, experts have
recommended two to three years of dermoscopic follow-up occurring every six months for
children under 12 years, followed by annual surveillance; they have also recommended
yearly evaluation for children over 12 years old with benign-appearing Spitz nevi.(38) Other
investigators question whether flat pigmented Spitz and Reed nevi in children need to be
monitored clinically.(39) The general practice at our institution is to monitor lesions until
they have achieved stability; prospective studies are required to fully understand the natural
history of Spitz tumors in the pediatric population and to determine appropriate monitoring
parameters.

In addition to demonstrating the benign natural history of pediatric Spitz tumors, this study
offers interesting data about providers” management strategies following initial biopsy.
Research has shown that physicians are mixed in their practice of re-excising histologically
proven Spitz nevi that have positive margins,(40) and in our cohort, almost half of patients
with residual Spitz nevi did not undergo re-excision. Foregoing re-excision of typical
proliferations may be preferable for patients with lesions that are very large or located in
cosmetically sensitive areas. However, proliferations that are not re-excised have the
potential to recur with mixed histopathologic findings and this practice may result in
overtreatment at a later time. Our data highlight both the limitations of histopathology
evaluation of margins (given that proliferations recurred in two patients whose initial
histopathology report described clear margins) and the potential for atypia to be identified in
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lesions recurring within a scar. We recommend ample patient and parent education if a
conservative approach is pursued, so that any future atypical pigment, nodularity, or
unexpected symptoms at the site is evaluated promptly.

Physicians at our institution rarely performed sentinel lymph node biopsies for ASTSs, in
keeping with the pediatric literature. Many benign tumors, including acquired and congenital
nevi, have been associated with benign lymph node deposits of associated cells, and thus the
finding of spitzoid cells in patients” lymph nodes does not necessarily represent conventional
metastasis.(41) Large-scale outcomes data and prospective studies on this topic have not yet
been performed, and we acknowledge that some may disagree with the interpretation of
indolence that we have assigned for patients in this cohort who had favorable outcome
despite positive lymph node findings. To mitigate potential risk for all patients given a
diagnosis of atypical Spitz tumor, we recommend expert dermatopathology consultation for
tumor evaluation and monitoring of patients over time, with clinical examination of regional
lymph node basins.(42)

Furthermore, physicians at our institution did not utilize genetic testing despite growing
availability. Among available genetic markers, deletion of chromosome 9p21 (expression
can also be assessed by immunohistochemical staining for p16) appears to be most
consistently associated with distant disease spread;(14, 43, 44) however, recent analyses
suggest that ASTs with 9p21 homozygous deletion are associated with a less aggressive
clinical behavior than melanomas,(45) and we suggest caution in performing these tests
without established interpretation specific to the pediatric population.

In conclusion, we hope that results from this study encourage clinicians to recognize the
frequent benign outcomes of Spitz tumors in pediatric patients, and to consider this when
deciding whether to perform a skin biopsy in a child or adolescent whose lesion does not
exhibit concerning features. Limitations of this study include that the general practice at our
institution is to recommend clinical monitoring of typical-appearing Spitz nevi in pediatric
patients, thus the study excludes patients who did not undergo biopsy; however, this results
in an under-estimation of the number of Spitz nevi and frequency of benign outcomes in our
patient population. Findings are further limited by low number of Spitz melanomas,
exclusion of dermoscopic data (not available for a majority of patients), restriction to a
single pediatric institution (with limited patients in the 18-20 year old range), and the
diagnosis of the vast majority of cohort proliferations made by two dermatopathologists.
Nevertheless, we hope that results from this study encourage clinicians to recognize the
possibility that Spitz tumors in pediatric patients are largely benign, and to consider this
when deciding whether to perform a skin biopsy in a child or adolescent whose lesion does
not exhibit concerning features.
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Bulleted statements:

What’s already known about this topic? Spitz nevi, atypical Spitz tumors,
and Spitz melanoma are pigmented lesions that are challenging to diagnose in
the pediatric population. Both dermoscopy and genetic tests fail to definitively
diagnose these proliferations and histopathology remains the gold standard.
Whereas similar lesions in adults may have aggressive outcomes, pediatric-
specific data is limited.

What does this study add? This study adds pediatric-specific data from a
large cohort, and current management practices are reviewed. With over two
decades of data demonstrating benign clinical outcomes in children with
biopsy-proven lesions, clinical monitoring may be considered for banal-
appearing spitzoid proliferations in pediatric patients.
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Spitz nevi Atypical Spitz tumors ] Spitz melanomas
Clinical ) . . ) . i )
Pigmented or amelanotic Variable pigment, asymmetric pattern, +/- discomfort, evolution
Dermoscopy®
1. Starburst pattern
2:Globular p.attern Wl.th reticuldr A majority exhibit an atypical or Typically with an atypical or
depigmentation . . E
X multicomponent pattern, but ~20% multicomponent pattern, with presence of
3. Macule with dotted vessels and e
) have dotted/glomerular vessels and melanoma-specific criteria; on rare
Inverse networic white inverse network occasions, can mimic spitz nevus
4. Nodule with globular/coiled vessels : P
with inverse network
Pathology38
G Orderly, nondisruptive, symmetrical, Haphazard, infiltrative, asymmetric, poorly circumscribed
ross well-demarcated p ! A% 1POOTLY
Special Inta(;t epldermls, aggregates of K."“?‘“m Ulcerated epidermis, absent/few Kamino bodies, lack of junctional clefting, dense
bodies, junctional clefting, and limited cellularity
features Pagetoid spread
Nest: Nests become smaller with increased Persistent and expansile deep nests, and prominent single-cell spread, beyond
L depth epidermal nests; higher proliferation
Cytology with spindled or epithelioid
Cytol cell type, ground glass or opaque Cytology with more heterogeneous cell types, granular or dusty cytoplasm, high
Jyeology cytoplasm, low nuclear:cytoplasmic nuclear:cytoplasmic ratio, hyperchromatism and large, eosinophilic nuclei
ratio, and uniform nucleoli
ics23
Genomics Kinase fusions in 55% Kinase fusions in 56% Kinase fusions in 39%
Examples
Figure 1.

Clinical, dermosocopic, pathologic, and genomic features of Spitzoid proliferations.
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Table 1

Patient demographics (/7= 595)

Demographics Number (%0)
Sex
Male 298 (50.1)
Female 297 (49.9)
Race
White 351 (59.0)
Black 4(0.7)
Hispanic 4(0.7)
Asian 8 (1.3)
American Indian | 2(0.3)
Other 16 (2.7)
Not available 210 (35.3)
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Tumour characteristics (17 = 622)

Table 2

Tumour characteristics

n (%) of proliferations

Typical (n=512, 82.3%)

Spitz naevus, PSCN, sclerosing or desmoplastic Spitz | 382 (61.4)
Pigmented lesion ‘with features of Spitz’ or PSCN 105 (16.9)
Spitzoid tumour with halo effect 16 (2.6)
Multiple diagnosesa 9(14)
Atypical (n=107, 17.2%)
Spitz with atypia; PSCN with atypia 99 (15.9)
Multiple diagnosesb 8(13)
Melanoma (7= 3, 0.5%)
Spitz melanoma 3(0.5)
Acral (n= 279, 44.9%)
Leg 113 (18.2)
Arm/shoulder 107 (17.2)
Foot/ankle 31 (5.0)
Hand 28 (4.5)
Sun protected (7= 114, 18.3%)
Back 66 (10.6)
Chest 14 (2.3)
Abdomen 13(2.1)
Buttocks 11(1.8)
Genital area 10 (1.6)
Head and neck (n= 225, 36.2%)
Face 150 (24.1)
Ears 44 (7.1)
Scalp 15 (2.4)
Neck 16 (2.6)
Not available 4 (0.6)

PSCN, pigmented spindle cell naevus.

Page 14

a. .. . . Lo _— . . e
Multiple diagnoses for benign lesions included combinations such as ‘compound naevus with some features of spindle and epithelioid cell naevus

(Spitz) and halo effect’, ‘lentiginous compound naevus with some features of Spitz naevus and PSCN’ and ‘combined PSCN/spindle and

epithelioid cell naevus’.

Multiple diagnoses for atypical lesions included combinations such as “atypical, mostly dermal, melanocytic proliferation with spitzoid features,
consistent with sclerosing Spitz naevus with some atypical features’, ‘lentiginous compound naevus with some features of pigmented spindle cell
naevus and mild atypia of the intraepidermal component” and ‘lesion with features of Spitz, PSCN, atypical spitzoid and PSCN with disorder/

atypia’.
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Table 3

Details of the three patients with Spitz melanoma
Characteristics Patient A Patient B Patient C
Age at biopsy 17.6 years 17.2 years 14.7 years
Sex Female Male Male
Race White White White
Fitzpatrick skin type Not recorded 1 1
Associated medical conditions Metastatic Ewing sarcoma | Suprasellar pilocytic astrocytoma | None

Tumour site Right buttock Dorsum of left arm Right perianal region
Submitting physician Dermatologist Dermatologist Surgeon

Initial biopsy type Excision Excision Excision

Depth 0.7 mm 0.7 mm 14 mm

Anatomical level \Y, /v \

Ulceration Absent Absent Present

Regression Not identified Present Present

Mitotic rate 0 mm2 0mm—2 2-3mm2
Tumour-infiltrating lymphocytes | Focal, brisk Present, brisk Present, not brisk

Microscopic satellites Not identified Absent Not recorded
Cell type Epithelioid Spindle and epithelioid Epithelioid
Lymphatic vascular invasion Not recorded Absent Not recorded
Perineural invasion Not recorded Absent Suspicious for
Margins positive No Yes Yes
Subsequent excision Yes Yes Yes

SLNB No Yes Yes

Adjuvant therapy No No 8 months of interferon therapy
Recurrence No No No

Death No No No

Follow-up 17.8 years 7.6 years 4.7 years

SLNB, sentinel lymph node biopsy.
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