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Abstract:

The histopathologic differentiation between Spitz nevus and melanoma is of
particular interest in routine diagnostic procedures of melanocytic tumors. Atypical
Spitz nevi are sometimes difficult to distinguish from melanoma. There is still no
single criterion that ensures a distinction of melanoma and atypical Spitz nevus.

The aim of this study was to reevaluate established and new criteria to differentiate
Spitz nevus from melanoma more reliably.

We analyzed 25 melanomas with a Breslow index =2 1 mm and 18 classical
compound Spitz nevi concerning their histopathologic, immunohistochemical and
molecular genetic characteristics. Moreover, clinical follow-up data for five years were
collected.

We found statistically significant differences between Spitz nevus and melanoma for
the following features: pagetoid spread, atypia, maturation, elastosis, Kamino bodies,
p16 expression and the staining pattern of HMIB45. BRAF was positive in 7/21
melanomas and in 1/14 Spitz nevi. Fluorescence in situ hybridization confirmed the
histopathologic diagnosis in 36/37 cases.

The established clinical, histopathologic and immunohistochemical criteria to
differentiate Spitz nevus and melanoma could be reproduced in our collective.
Especially the expression of p16, BRAF analysis and fluorescence in situ
hybridization proved to be helpful tools to improve the differentiation of Spitz nevus
and melanoma in our study. Nevertheless, there is- until now- no reliable
histopathologic and immunohistochemical parameter which can discriminate Spitz

nevus and melanoma with absolute certainty.



1 Introduction

Histopathologic evaluation of melanocytic neoplasms often allows a certain
distinction between benign and malignant tumors. Within the large group of
melanocytic tumors, there are spitzoid melanocytic neoplasms composed of large
epitheloid and/or spindle-shaped melanocytes whose analysis sometimes becomes
very challenging for dermatopathologists due to conflicting morphological

features [73]. The spectrum of spitzoid melanocytic neoplasms encompasses benign
Spitz nevi, spitzoid melanomas and atypical Spitz tumors (ASTs) [26,44,72]. The
latter show features of benign Spitz nevus and spitzoid melanoma simultaneously
and their clinical behavior is not always reliably predictable, which leaves

uncertainties for clinicians and patients [26,44,72,73].

The aim of many studies was to find criteria that enable the assignment of spitzoid
lesions to the correct and distinct diagnosis and thus keep the uncertain group as
small as possible [1,4,11,19,21,28]. Evaluation of genetic aberrations has proven to
be valuable in the characterization of spitzoid melanocytic neoplasms [73]. In the last
few years striking papers on this topic have been published. In the focus were TERT
promotor mutations [34,73], BAP1 [52,73,76], NTRK1 [71,73], ROS1 [71,73],

ALK [71,73], BRAF [12,17,28,25,29,36,52,54,57,59,67,73-75] and RET [71,73]
mutations. Techniques such as fluorescence in situ hybridisation (FISH), comparative
genomic hybridization (CGH) and next generation sequencing were used [52,71,76].
However, due to the high costs and the low availability in daily routine, these complex
methods have been reserved for very challenging spitzoid lesions. Thus we focussed
in our study on clinical features, histomorphologic criteria, immunohistochemical

staining patterns and results of the multiprobe melanoma FISH assay, which is widely
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distributed for commercial purposes [18,22,45,58]. To reevaluate these diagnostic
criteria, tumors (18 Spitz nevi and 25 melanomas) with a clear diagnosis and long-

term follow-up were considered.

2 Patients / Material and Methods

2.1 Patients’ characteristics

We investigated 18 classical compound Spitz nevi (SN) and 25 melanomas (MM)
with a tumor thickness = 1 mm diagnosed in our hospital in 2004-2006. Only tumors
with enough residual tissue and SN with a distinct dermal component were
considered. Tumors with ulceration were excluded. The clinical data of the melanoma
patients were collected by a retrieval of the German registry for skin cancer. Missing
clinical information and particularly the clinical data of the SN patients were obtained
through retrospective note review and communication with clinicians and patients.
The data of the patients were stored in a database. We obtained a signed consensus
form of all melanoma patients and the approval of the ethics committee (Medical

University Hannover, Germany).

2.2 Tissue samples

All samples used in this study were formalin-fixed paraffin-embedded tissues
retrieved from the archives of the Dermatopathology section of the Department of

Dermatology, HELIOS-KIinikum Hildesheim.



2.3 Histopathologic features

The histopathologic features were evaluated by two independent investigators (A. R.
and C.M.). We focussed on tumor silhouette (asymmetry/symmetry), lack of sharp
circumscription (absent, present to one side, present to both sides), cytologic
features (atypia defined as pleomorphism, hyperchromasia and prominent nucleoli of
melanoma cells: absent/moderate/present; for Spitz nevi shape of the tumor cells:
epitheloid/spindle), maturation respectively nuclei of melanocytes become smaller
with progressive descent into the dermis (present/absent), pagetoid spread
(present/focal/absent), infiltration depth (mean in mm), pigmentation
(present/absent), Kamino bodies (present/absent) and solar elastosis
(present/absent). In addition, the presence of tumor-infiltrating lymphocytes (TIL) and
their distribution (focal, band-like, intratumoral lymphocytes) were evaluated (see

figure 1). The evaluation of all parameters occurred double-blinded.

2.4 Mitotic rate

The mitotic activity was counted in H&E stained slides under light microscope
(microscope: Leica DM 2000) according to the recommendation of the AJCC 2009
classification [3] and as described by Ottmann et al. [48]. We used the H&E slides
from routine diagnostic, no serial sections were performed. Additionally,
immunohistochemistry was performed using the Phospho-Histone H3 Antibody
(pHH3) and it was evaluated in the same way, also stated in number per mm2.
The Phospho-Histone H3 Antibody (pHH3) is described as a valuable diagnostic

adjunct in the evalution of melanocytic tumors [24].



Furthermore, we examined all tumors for the presence of deep mitoses (mitoses
located in the lower third of the tumor) and marginal mitoses (mitoses located close

to the lateral borders of the tumor) by using the the Phospho-Histone H3 Antibody.

2.5 Immunohistochemistry

Immunohistochemical stainings were performed on paraffin-embedded sections
using the commercially prepared antibodies listed in table 1. Preparation of the tissue
sections and staining was performed according to the manufacturers’ instructions
using a fully automated staining machine (BenchMark® GX, Ventana, Mannheim).
The chromogen used was Ultraview Universal Alkaline Phosphatase Red Detection
Kit (Ventana Medical Systems, Tucson, AZ, USA). For BRAF, the OptiView DAB IHC
Detection Kit (Ventana, Mannheim) was used.
After a training period, all slides were reviewed in a blind fashion by one person
(A.R.) twice.
For Melan A, HMB45 and p16 the following parameters were evaluated:
(i) Staining distribution pattern

- p16 and Melan A: diffuse, checkerboard or single cells (see figure 2)

- HMB45: diffuse versus loss of HMB45 staining intensity towards deeper

tumor parts (see figure 3)

(if) H-Score: analysis of immunohistochemical staining was performed using a semi-
quantitative method, which incorporates both the number of staining cells and the
intracellular staining intensity [40]. The intensity of staining was characterized as no

staining (0), weak but detectable (1), distinct (2) or very strong (3), see figure 4.
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The H-Score was calculated by H= Zi pi (/i +1), where “pi” is the percentage of
stained cells in each intensity category and “/i” the intensity score (0, 1, 2 or 3). The
analysis was performed two times at intervals of four weeks by one investigator
(A.R.). Both results were summed up and divided by two. If the H-Score of the first
and the second counting differed more than 10%, a second investigator (C. M.)
performed another counting and all results were averaged.

For BRAF-V600E, tumors were examined to either positive or negative staining.
Because only few cells have been stained positive in Spitz nevi and melanomas for
BCL-6, we abandoned the H-Score for evaluation of BCL-6. Instead, any nuclear

staining was regarded as positive.

2.6  Fluorescence in situ Hybridisation (FISH)

FISH analysis was performed in all cases using the Vysis Melanoma FISH Probe Kit
from Abbott Molecular Inc (Des Plaines, IL, USA), applied exactly according to the
manufacturers’ recommendations. Criteria for FISH positivity were those published

by Gaiser et al. [18].

2.7 Statistical analysis

Data were analyzed with the software package IBM SPSS Statistics, Version 21. For
continuous variables descriptive statistics like mean, standard deviation, median,
minimum and maximum were calculated. For this type of data nonparametric Mann-
Whitney Test and Kruskal-Wallis Test were applied for group comparisons. Analyses
of categorical variables were performed by means of cross tabulation and Pearson

Chi-Square Test or Fisher’'s Exact Test.



All tests were two-sided. In all cases a p-value less than 0.05 was considered as

statistically significant.



3 Results

3.1 Clinical features

We received clinical features and follow-up data of all patients.

The mean follow-up time for patients with melanoma was 71.44 months (range 60-
88, median 68), for patients with Spitz nevus 74.83 months (range 62-85, median
77).

In the Spitz nevus group 13 of 18 (72%) patients were female, in the melanoma
group 10/25 (40%). The mean age at the time of diagnosis for Spitz nevus was 31
years (range 11-66 years, median 31), for melanoma 67 years (range 30-83 years,
median 73).

The diameter of the lesion could be evaluated in 16 melanomas and 2 Spitz nevi.

14 melanomas (88%) showed a diameter of 10mm or larger, the other two
melanomas had, as well as both Spitz nevi, a diameter between 5 and 9mm.

In 4 patients (16%) with melanoma, metastases or local recurrence could be
detected. All 4 patients died because of their melanoma. Another patient died during
follow-up due to other reasons. In none of the Spitz nevus patients recurrence of the
disease was detected.

Table 2 shows the patients’ characteristics in detail.

3.2 Histopathologic features and mitoses

Of the 25 melanomas, 12 (48%) were classified as superficial spreading melanoma,
6 (24%) as nodular melanoma, 4 (16%) as secondary nodular superficial spreading
melanoma and 3 (12%) were not classified. The mean infiltration depth in the

melanoma group was higher (2.08 mm; SD 1.78, median 1.5 mm, range 1.0-



10.0 mm) than in the group of Spitz nevi (0.94 mm; SD 0.53, median 0.83 mm, range
0.4-2.5 mm). 50% (9/18) of the Spitz nevi showed predominating epitheloid-shaped
cells, in 11% (2/18) the cell morphology was spindle-shaped and in 39% (7/18) nearly
equal distribution of epitheloid and spindle-shaped cells was present.

One melanoma reached into the subcutaneous fat (Clark Level V), all other
melanomas and Spitz nevi showed Clark Level Ill or IV. Deep mitoses were present
in 3/18 Spitz nevi and 16/25 melanomas. Marginal mitoses were observed in 2/18
Spitz nevi and in 14/25 melanomas. All tumors presenting marginal mitoses showed
simultaneously deep mitoses.

The results of the evaluation of histopathologic features and the mitotic rates of both
groups are detailed in table 3. The histopathologic features with significant

differences between Spitz nevus and melanoma are presented in figure 5.
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3.3 Immunohistochemistry

3.3.1 pi16

(i) The H-Score for p16 was significantly (p=0.001) higher in Spitz nevi (mean = SD;
min-max: 258.21 + 63.09; 104.5-340), than in melanomas (mean + SD; min-max:
183.58 + 85.29; 100-372.5).

(i) We found no significant differences between the staining patterns as described in

section 2.5.

3.3.2 Melan A
(i) No statistically significant difference was found for the Melan A H-Score (p=0.848).

(i) All Spitz nevi and melanomas showed a diffuse staining pattern for Melan A.

3.3.3 HMB45

(i) The H-Score for HMB45 (mean + SD; min-max: 222.68 + 77.50; 102.5-360) was
significantly (p=0.028) higher in melanomas than in Spitz nevi (mean + SD; min-max:
172.34 £ 90.59; 100-347).

(i) For HMB45, we focussed on the stratified HMB45 staining pattern with fewer
positive cells or a negative reaction in the deeper portion. Spitz nevi showed more
often a stratified staining pattern (47.06%) than melanomas (4.17%), which is

statistically significant (p=0.001).
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3.3.4 BRAF
16 Spitz nevi and 21 melanomas were analyzed for BRAF-V600E mutation by
immunohistochemistry. Melanomas (7/21; 31%) were significantly (p=0.047) more

often positive than Spitz nevi (1/16; 6.25%).

3.3.5 BCL-6

1000 cells were enumerated in a representative area and within these 1000 cells, we
evaluated the positive stained cells. If fewer than 1000 cells were present, as many
cells as possible were evaluated. Only nuclear staining was regarded as positive.

In 50% of the melanomas (12/24), a very few cells showed positivity for BCL-6 (0.5%
at most). The other melanomas (12/24; 50%) were negative for BCL-6.

In Spitz nevi, 6/17 (35%) were negative for BCL-6, 11/17 (65%) showed at maximum
2% positive stained cells. Therefore no statistically significant difference between

Spitz nevi and melanomas could be found.

3.4 FISH Analysis

22 of 25 melanomas and 15 of 18 Spitz nevi could be analyzed. All melanomas
(22/22) revealed a FISH positive result whereas all Spitz nevi except one were FISH
negative. We received therefore a statistically significant difference (p<0.001). All
melanomas showed positivity in at least two criteria whereas the FISH positive Spitz
nevus was positive in only one criterion (MYB amplification = 2.5).

Table 4 gives an overview of the FISH results.
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The FISH-positive Spitz nevus in our study showed the following criteria: 11-year-old
female patient, localisation on the lower limbs, presence of Kamino bodies, good
maturation, asymmetry, focal pagetoid spread, no pigmentation, no solar elastosis,
epitheloid-shaped cells, intratumoral lymphocytes, no mitoses in HE and pHH3, a
strong and diffuse staining for p16, only few cells positive for HMB45 and a long-time

follow-up (76 months) without any sign of recurrence. BRAF was negative.
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4 Discussion

Despite many new developments, spitzoid tumors often remain a diagnostic
challenge for the (dermato-) pathologist. Although many spitzoid tumors can be
diagnosed by histology and immunohistochemistry, few problematic cases are left,
which need further, often complex and expensive diagnostics. It is of major interest to
identify tumors with increased risk of recurrence, risk for metastasis and risk for
death. Therefore, many criteria have been investigated in the past and research on
this topic is still ongoing.

Clinical data can partially provide helpful information, but there is no criterion that is
exclusively found in either Spitz nevus or melanoma.

Spitz nevi commonly arise in childhood [26], but few studies reported their
occurrence also in adults [9,55], which is also shown in our study with a
comparatively high mean age of 31 years. Melanomas in contrast are a rare event in
children [50], anyhow it is important to select these seldom cases. Regarding the risk
stratification, Spatz et al. [62], Barnhill et al. [5] and Paradela et al. [50] found a
higher risk for fatal outcome of a certain spitzoid tumor in patients older than 10
years. In our study, all of the Spitz nevi patients were older than 10 years, but in none
of the patients, recurrence of the disease could be detected.

Concerning the gender distribution, we found, like some other authors [6,9,10,15,20]
a clear tendency for Spitz nevi in female patients, whereas other studies showed an
almost equal distribution [19,55,68].

Spitz nevi are most often localized on the (lower) extremities [15,19,20,55,68], which

could also be found in our collective. Even if melanomas most often (in approximately
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35% of the cases) occur on the trunk [19,46,50], we found 28% melanomas localized
on the lower limbs, which is in agreement with Paradela et al.[50] and Nagore et al
[46]. Thus age, gender and localisation can give some hints, but are de facto no
reliable criteria in the differentiation of Spitz nevus and melanoma.

It is well known that Spitz nevi are mostly symmetric and well described tumors, show
maturation and present Kamino bodies. Pagetoid spread is quite unusual with the
exception of Spitz Nevi in childhood where pagetoid spread is occasionally

present [9]. Melanomas are more likely to be asymmetric and lack sharp lateral
margins, exhibit pagetoid spreading and atypical melanocytes (see table 6). All of
these criteria were reproduced in our study and they could significantly distinguish
between Spitz nevus and melanoma. Nevertheless, in some of our studied Spitz nevi,
atypical features like asymmetry, pagetoid spread, lack of maturation or atypia of
melanocytes could be found, but only to a minor degree and thus not sufficient
enough to classify them as “atypical Spitz nevi”. Except the presence of Kamino
bodies, there is no criterion that could be exclusively found in either Spitz nevus or
melanoma. Kamino bodies (coalescent eosinophilic globules composed of basement
membrane components) are often described as helpful tool to differentiate between
Spitz nevus and melanoma [31,35,51,69]. The authors in [6,55,68] found Kamino
bodies in Spitz nevi in 11-34%, we could even find them in 44%. In [31,35], the
authors mentioned that Kamino bodies were never or extremely rarely found in
melanomas.

Our results support the opinion that the presence of Kamino bodies is one of the
most reliable histopathologic criteria to classify a spitzoid lesion as Spitz nevus.
Another point of interest in our study was the evaluation of the mitotic activity and the

observation of deep and marginal mitoses in Spitz nevi and melanomas. Cerroni et
15



al. [8] analysed a large number of “melanocytic tumors of uncertain malignant
potential" (MELTUMP) and pointed out, that in the group of the MELTUMP with an
unfavorable clinical behavior mitoses and also deeply located mitoses were
statistically more often present than in the group of MELTUMP with a favorable
behavior. In our study, we observed a significantly higher mitotic rate in melanomas
than in Spitz nevi.

In addition, deep and marginal mitoses were significantly more often present in
melanomas than in Spitz nevi. Interestingly, with regard to the clinical behavior, within
the small group of the four metastasizing melanoma patients in our study, three of
them did not present deep or marginal mitoses. In contrast, in 14 melanomas and two
Spitz nevi with no evidence of metastases during follow-up time deep and marginal
mitoses were found.

Spatz et al.[62] developed a grading system for risk stratification in atypical spitzoid
tumors and found a higher risk for developing metastases in tumors with six or more
mitoses.

Contrary to this study, we did not find a significant difference between Spitz nevi and

melanomas when regarding a cutoff at six mitoses in HE staining. Interestingly, a
cutoff at one mitoses in contrast could significantly distinguish between Spitz nevi
and melanomas in our collective.

Immunohistochemical analysis of markers, such as HMB45 and p16 can be useful to
distinguish between benign and malignant melanocytic tumors [1,19,21,60].

Spitz nevi often, but not exclusively show maturation with loss of HMB45 staining at
the base of the lesion [26,39,53]. In contrast, melanomas usually retain HMB45
staining throughout the lesion [26,39,53]. In our study, we could reproduce these

patterns allowing a reliable distinction between Spitz nevi and melanomas in many
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cases. We additionally scored HMB45 with the H-Score and pointed out a significant
higher value for melanomas compared to Spitz nevi. Despite this, evaluating the H-
Score is time-consuming and thus no realistic option for daily routine.

Several studies have been focusing on p16, a cyclin-dependent kinase inhibitor, in
the distinction of Spitz nevus and melanoma [1,21,32]. The protein p16 is encoded by
the CDKN2A locus, which maps to chromosome 9p21 [7]. Mutations in the CDKN2A
locus can account for tumorigenesis and are often found in familiar melanoma [7].
Former studies found a loss of p16 immunostaining in 22-100% of their studied
melanomas [1,21,28,32,42,61] whereas Spitz nevi, as well as other benign nevi,
commonly retain expression of p16 [1,21,32]. In our melanoma group, only 1 of 25
melanomas showed a complete loss of p16 immunostaining, which was not found in
the Spitz nevi group. An obvious partial lost was observed in 22 melanomas,
whereas this was only seen in two of the 17 studied Spitz nevi. All other Spitz nevi
showed a diffuse and intense p16 staining, which is reflected in the high p16 H-
Score. Our results suggest p16 to be valuable in the evaluation of spitzoid
neoplasms.

However, in the literature, the usefulness of p16 in the evaluation of melanocytic
tumors is regarded as controversial [73]. Mason et al. [38] compared 18 Spitz nevi
and 19 spitzoid melanomas and found no significant difference in p16 staining.
Uguen et al.[66] proposed a valuable triple p16-HMB45-Ki67 scoring system,
because none of the single parameters was able to discriminate all of their studied
melanomas from all of the studied nevi. Other authors [1,21,32] in contrast could
identify obvious differences when comparing Spitz nevi and melanomas.

Regarding the risk for metastasis and death, the four melanoma patients in our

study, who died because of their metastasizing melanoma, showed a low to
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intermediate p16 H-Score, but there was no obvious difference in p16 staining
compared to the other melanoma patients, who did not develop metastases.

In addition, we evaluated the staining distribution pattern for p16 in Spitz nevi and
melanomas, but neither for Spitz nevus nor for melanoma we could identify a certain
staining pattern. In contrast, Al Dhaybi et al. [1] found a checkerboard pattern for p16
in 5 of 18 studied Spitz nevi whereas their studied melanomas were all negative for
p16. Therefore no staining distribution pattern could be identified.

Alonso et al. [2] revealed, that BCL-6 positivity is a prognostic indicator in
melanomas. Thus, we expected that BCL-6 expression would be a promising
criterion for differentiating Spitz nevi and melanomas. However, we found no
differences in nuclear expression of BCL-6 when comparing Spitz nevi and
melanomas. Yet it has to be taken into account that the number of the tumor samples
in our study was quite small compared to Alonso et al., who examined 165
melanomas and this is a major limitation of our study.

Fluorescence in situ hybridisation can be another helpful tool in equivocal
melanocytic tumors. Yet in spitzoid neoplasms, the usefulness of the standard
melanoma FISH test targeting RREB (6p25), MYB (6923), CCND1(11g13) and
centromere 6, is regarded as controversial due to low sensitivity and specifity [18,47]
and occurrence of false positive results due to tetraploidy in Spitz nevi [30].
Requena et al. investigated five Spitz nevi and eight spitzoid melanomas and did not
find any FISH positive Spitz nevus in their study [56]. Martin et al. [37] in contrast
identified in 19 of 51 (37%) Spitz nevi chromosomal changes leading to a “FISH-
positive” result. Recently, Ferrara and De Vanna [16] proposed to implement a new

FISH algorithm (standard 4-probe test followed by either C-MYC or
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CDKN2A/centromere 9) to improve the sensitivity and specificity in spitzoid
neoplasms.

In our study, we regarded tumors with a clear diagnosis (Spitz nevi versus
melanoma). For this purpose, the sensitivity for detecting melanomas in FISH was
convincing, all melanomas were FISH positive, as in the studies of

DeMarchis et al. [13] and Martin et al. [37]. All Spitz nevi, except of one, were
negative. This case showed several ,benign® criteria such as young age of the patient
at the time of diagnosis, presence of Kamino bodies, good maturation, a high p16 H-
Score and a long-time follow-up (76 months) without any sign of recurrence. This
latter shows, that any FISH positive result has to be placed in the proper
clinicopathological context.

Another point of interest was the evaluation of BRAF mutation. Mutational analyses in
melanoma have tremendously increased during the recent years. BRAF, a member
of the rat sarcoma (RAS) mitogen-activated protein kinase (MAPK) pathway,
regulates cell growth and proliferation. Mutations of BRAF have been reported in 29-
75% of melanomas [33,36,41,57,59,65,75] and also in more than 80% of benign
melanocytic nevi [17,54,57]. In contrast, BRAF mutation in Spitz nevi is a rare

event [14,17,23,29,43,49,52,64,75], see also table 7.

The BRAF-positive Spitz nevus in our study showed no melanoma typical features
except asymmetric architecture and missing Kamino bodies. FISH was negative and
p16 H-Score was high in this case. Although a few Spitz nevi harbour a BRAF
mutation, it is, in consideration of our study as well as other studies a useful

additional tool in the differentiation of Spitz nevi and melanomas.

19



In conclusion, until now, there are no reliable histopathologic and
immunohistochemical parameters for discriminating Spitz nevi and melanomas, and
when atypical Spitz tumors are considered, this becomes remarkably difficult without
the aide of clinical evolution of disease and application of molecular genetic
techniques in specialised laboratories.

We recommend a stepwise approach to examine spitzoid tumors. First, the tumors
should be checked for maturation, atypia and presence of Kamino bodies.

In benign lesions, a prominent pagetoid spread is quite unusual and the
circumscription is often sharp.

If further information is needed, immunohistochemical stainings should be added. A
high p16 level, negativity for BRAF and a low HMB45 expression argues for a Spitz
nevus. If the diagnosis is still unclear, a FISH-analysis should be performed. If
possible, a probe for either C-MYC or CDKN2A/centromere 9 should be included.
Nevertheless, in some cases the diagnosis cannot be made, even if all the mentioned
criteria are considered. In this situation, additional diagnostics such as comparative
genomic hybridisation or application of TERT-p mutational assays may represent
further helpful components. Anyhow, some spitzoid tumors may still remain

undiagnosable and their clinical behavior cannot be predicted with absolute certainty.

Funding sources: This article has no funding source.

Conflict of interest disclosure: The authors have no conflict of interest to declare.

20



References

1 Al Dhaybi R, Agoumi M, Gagne |, McCuaig C, Powell J, Kokta V (2011) p16
expression: a marker of differentiation between childhood malignant melanomas and
Spitz nevi. J Am Acad Dermatol 65(2):357-63

2 Alonso SR, Ortiz P, Pollan M, Perez-Gomez B, Sanchez L, Acuna MJ, Pajares R,
Martinez-Tello FJ, Hortelano CM, Piris MA, Rodriguez-Peralto JL (2004) Progression
in cutaneous malignant melanoma is associated with distinct expression profiles: a
tissue microarray-based study. Am J Pathol 164(1):193-203

3 Balch CM, Gershenwald JE, Soong SJ, Thompson JF, Atkins MB, Byrd DR, Buzaid
AC, Cochran AJ, Coit DG, Ding S, Eggermont AM, Flaherty KT, Gimotty PA,
Kirkwood JM, McMasters KM, Mihm MC,Jr, Morton DL, Ross MI, Sober AJ, Sondak
VK (2009) Final version of 2009 AJCC melanoma staging and classification. J Clin
Oncol 27(36):6199-206

4 Barnhill RL, Argenyi ZB, From L, Glass LF, Maize JC, Mihm MC,Jr, Rabkin MS,
Ronan SG, White WL, Piepkorn M (1999) Atypical Spitz nevi/tumors: lack of
consensus for diagnosis, discrimination from melanoma, and prediction of outcome.
Hum Pathol 30(5):513-20

5 Barnhill RL, Flotte TJ, Fleischli M, Perez-Atayde A (1995) Cutaneous melanoma
and atypical Spitz tumors in childhood. Cancer 76(10):1833-45

6 Berlingeri-Ramos AC, Morales-Burgos A, Sanchez JL, Nogales EM (2010) Spitz
nevus in a Hispanic population: a clinicopathological study of 130 cases. Am J
Dermatopathol 32(3):267-75

7 Blokx WA, van Dijk MC, Ruiter DJ (2010) Molecular cytogenetics of cutaneous
melanocytic lesions - diagnostic, prognostic and therapeutic aspects. Histopathology
56(1):121-32

8 Cerroni L, Barnhill R, Elder D, Gottlieb G, Heenan P, Kutzner H, LeBoit PE, Mihm
M Jr, Rosai J, Kerl H (2010) Melanocytic tumors of uncertain malignant potential:
Results of a tutorial held at the XXIX Symposium of the International Society of
Dermatopathology in Graz, October 2008. Am J Surg Pathol 34(3):314-26

9 Cesinaro AM, Foroni M, Sighinolfi P, Migaldi M, Trentini GP (2005) Spitz nevus is
relatively frequent in adults: a clinico-pathologic study of 247 cases related to
patient's age. Am J Dermatopathol 27(6):469-75

10 Crotty KA, McCarthy SW, Palmer AA, Ng AB, Thompson JF, Gianoutsos MP,

Shaw HM (1992) Malignant melanoma in childhood: a clinicopathologic study of 13
cases and comparison with Spitz nevi. World J Surg 16(2):179-85

21



11 Crotty KA, Scolyer RA, Li L, Palmer AA, Wang L, McCarthy SW (2002) Spitz
naevus versus Spitzoid melanoma: when and how can they be distinguished?
Pathology 34(1):6-12

12 Da Forno PD, Pringle JH, Fletcher A, Bamford M, Su L, Potter L, Saldanha G
(2009) BRAF, NRAS and HRAS mutations in spitzoid tumours and their possible
pathogenetic significance. Br J Dermatol 161(2):364-72

13 DeMarchis EH, Swetter SM, Jennings CD, Kim J (2014) Fluorescence in situ
hybridization analysis of atypical melanocytic proliferations and melanoma in young
patients. Pediatr Dermatol 31(5):561-9

14 Emley A, Yang S, Wajapeyee N, Green MR, Mahalingam M (2010) Oncogenic
BRAF and the tumor suppressor IGFBP7 in the genesis of atypical spitzoid
nevomelanocytic proliferations. J Cutan Pathol 37(3):344-9

15 Ferrara G, Argenziano G, Soyer HP, Chimenti S, Di Blasi A, Pellacani G, Peris K,
Piccolo D, Rubegni P, Seidenari S, Staibano S, Zalaudek |, De Rosa G (2005) The
spectrum of Spitz nevi: a clinicopathologic study of 83 cases. Arch Dermatol
141(11):1381-7

16 Ferrara G, De Vanna AC. Fluorescence In Situ Hybridization for Melanoma
Diagnosis: A Review and a Reappraisal (2016) Am J Dermatopathol 38(4):253-69

17 Fullen DR, Poynter JN, Lowe L, Su LD, Elder JT, Nair RP, Johnson TM, Gruber
SB (2006) BRAF and NRAS mutations in spitzoid melanocytic lesions. Mod Pathol
19(10):1324-32

18 Gaiser T, Kutzner H, Palmedo G, Siegelin MD, Wiesner T, Bruckner T, Hartschuh
W, Enk AH, Becker MR (2010) Classifying ambiguous melanocytic lesions with FISH
and correlation with clinical long-term follow up. Mod Pathol 23(3):413-9

19 Garrido-Ruiz MC, Requena L, Ortiz P, Perez-Gomez B, Alonso SR, Peralto JL
(2010) The immunohistochemical profile of Spitz nevi and conventional (non-
Spitzoid) melanomas: a baseline study. Mod Pathol 23(9):1215-24

20 Gartmann H, Ganser M (1985) The Spitz nevus. Spindle cell and/or epithelioid cell
nevus--a histological analysis of 652 tumors. Z Hautkr 60(1-2):29-30, 34-6, 39-42

21 George E, Polissar NL, Wick M (2010) Immunohistochemical evaluation of
p16INK4A, E-cadherin, and cyclin D1 expression in melanoma and Spitz tumors. Am
J Clin Pathol 133(3):370-9

22 Gerami P, Jewell SS, Morrison LE, Blondin B, Schulz J, Ruffalo T, Matushek
P.,4th, Legator M, Jacobson K, Dalton SR, Charzan S, Kolaitis NA, Guitart J,
Lertsbarapa T, Boone S, LeBoit PE, Bastian BC (2009) Fluorescence in situ
hybridization (FISH) as an ancillary diagnostic tool in the diagnosis of melanoma. Am
J Surg Pathol 33(8):1146-56

22



23 Gill M, Renwick N, Silvers DN, Celebi JT (2004) Lack of BRAF mutations in Spitz
nevi. J Invest Dermatol 122(5):1325-6

24 Glatz K, Hartmann C, Antic M, Kutzner H (2010) Frequent mitotic activity in banal
melanocytic nevi uncovered by immunohistochemical analysis. Am J Dermatopathol
32(7):643-9

25 Greaves WO, Verma S, Patel KP, Davies MA, Barkoh BA, Galbincea JM, Yao H,
Lazar AJ, Aldape KD, Medeiros LJ, Luthra R (2013) Frequency and spectrum of
BRAF mutations in a retrospective, single-institution study of 1112 cases of
melanoma. J Mol Diagn 15(2):220-6

26 Harms KL, Lowe L, Fullen DR, Harms PW (2015) Atypical Spitz Tumors: A
Diagnostic Challenge. Arch Pathol Lab Med 139(10):1263-70

27 Haupt HM, Stern JB (1995) Pagetoid melanocytosis. Histologic features in benign
and malignant lesions. Am J Surg Pathol 19(7):792-7

28 Hilliard NJ, Krahl D, Sellheyer K (2009) p16 expression differentiates between
desmoplastic Spitz nevus and desmoplastic melanoma. J Cutan Pathol 36(7):753-9

29 Indsto JO, Kumar S, Wang L, Crotty KA, Arbuckle SM, Mann GJ (2007) Low
prevalence of RAS-RAF-activating mutations in Spitz melanocytic nevi compared
with other melanocytic lesions. J Cutan Pathol 34(6):448-55

30 Isaac AK, Lertsburapa T, Pathria Mundi J, Martini M, Guitart J, Gerami P (2010)
Polyploidy in spitz nevi: A not uncommon karyotypic abnormality identifiable by
fluorescence in situ hybridization. Am J Dermatopathol 32(2):144-8

31 Kamino H, Misheloff E, Ackerman AB, Flotte TJ, Greco MA (1979) Eosinophilic
globules in Spitz's nevi: New findings and a diagnostic sign. Am J Dermatopathol
1(4):323-4

32 Keller-Melchior R, Schmidt R, Piepkorn M (1998) Expression of the tumor
suppressor gene product p16INK4 in benign and malignant melanocytic lesions. J
Invest Dermatol 110(6):932-8

33 Kumar R, Angelini S, Czene K, Sauroja |, Hahka-Kemppinen M, Pyrhonen S,
Hemminki K (2003) BRAF mutations in metastatic melanoma: a possible association
with clinical outcome. Clin Cancer Res 9(9):3362-8

34 Lee S, Barnhill RL, Dummer R, Dalton J, Wu J, Pappo A, Bahrami A (2015) TERT
Promoter Mutations Are Predictive of Aggressive Clinical Behavior in Patients with
Spitzoid Melanocytic Neoplasms. Sci Rep 5:11200

35 Luo S, Sepehr A, Tsao H (2011) Spitz nevi and other Spitzoid lesions part .
Background and diagnoses. J Am Acad Dermatol 65(6):1073-84

23



36 Maldonado JL, Fridlyand J, Patel H, Jain AN, Busam K, Kageshita T, Ono T,
Albertson DG, Pinkel D, Bastian BC (2003) Determinants of BRAF mutations in
primary melanomas. J Natl Cancer Inst 95(24):1878-90

37 Martin V, Banfi S, Bordoni A, Leoni-Parvex S, Mazzucchelli L (2012) Presence of
cytogenetic abnormalities in Spitz naevi: a diagnostic challenge for fluorescence in-
situ hybridization analysis. Histopathology 60(2):336-46

38 Mason A, Wititsuwannakul J, Klump VR, Lott J, Lazova R (2012) Expression of
p16 alone does not differentiate between spitz nevi and spitzoid melanoma. J Cutan
Pathol 39(12):1062-74

39 McCarthy SW, Scolyer RA (2004) Melanocytic lesions of the face: diagnostic
pitfalls. Ann Acad Med Singapore 33(4 Suppl):3-1

40 McCarty KS,Jr, Szabo E, Flowers JL, Cox EB, Leight GS, Miller L, Konrath J,
Soper JT, Budwit DA, Creasman WT (1986) Use of a monoclonal anti-estrogen

receptor antibody in the immunohistochemical evaluation of human tumors. Cancer
Res 46(8 Suppl):4244s-4248s

41 Meckbach D, Bauer J, Pflugfelder A, Meier F, Busch C, Eigentler TK, Capper D,
von Deimling A, Mittelbronn M, Perner S, Ikenberg K, Hantschke M, Buttner P, Garbe
C, Weide B (2014) Survival according to BRAF-V600 tumor mutations--an analysis of
437 patients with primary melanoma. PLoS One 9(1):e86194. doi:
10.1371/journal.pone.0086194

42 Mihic-Probst D, Mnich CD, Oberholzer PA, Seifert B, Sasse B, Moch H, Dummer
R (2006) P16 Expression in Primary Malignant Melanoma is Associated with
Prognosis and Lymph Node Status. Int J Cancer 118(9):2262-8

43 Mihic-Probst D, Perren A, Schmid S, Saremaslani P, Komminoth P, Heitz PU
(2004) Absence of BRAF gene mutations differentiates spitz nevi from malignant
melanoma. Anticancer Res 24(4):2415-8

44 Miteva M, Lazova R (2010) Spitz nevus and atypical spitzoid neoplasm. Semin
Cutan Med Surg 29(3):165-73

45 Morey AL, Murali R, McCarthy SW, Mann GJ, Scolyer RA (2009) Diagnosis of
cutaneous melanocytic tumours by four-colour fluorescence in situ hybridisation.
Pathology 41(4):383-7

46 Nagore E, Oliver V, Botella-Estrada R, Moreno-Picot S, Guillen C, Fortea JM
(2006) Clinicopathological analysis of 1571 cutaneous malignant melanomas in
Valencia, Spain: factors related to tumour thickness. Acta Derm Venereol 86(1):50-6

47 North JP, Garrido MC, Kolaitis NA, LeBoit PE, McCalmont TH, Bastian BC (2014)

Fluorescence in situ hybridization as an ancillary tool in the diagnosis of ambiguous
melanocytic neoplasms: A review of 804 cases. Am J Surg Pathol 38(6):824-31

24



48 Ottmann K, Tronnier M, Mitteldorf C (2015) Detection of mitotic figures in thin
melanomas--immunohistochemistry does not replace the careful search for mitotic
figures in hematoxylin-eosin stain. J Am Acad Dermatol 73(4):637-44

49 Palmedo G, Hantschke M, Ritten A, Mentzel T, Hugel H, Flaig MJ, Yazdi AS,
Sander CA, Kutzner H (2004) The T1796A mutation of the BRAF gene is absent in
Spitz nevi. J Cutan Pathol 31(3):266-70

50 Paradela S, Fonseca E, Pita S, Kantrow SM, Goncharuk VN, Diwan H, Prieto VG
(2009) Spitzoid melanoma in children: clinicopathological study and application of
immunohistochemistry as an adjunct diagnostic tool. J Cutan Pathol 36(7):740-52

51 Peters MS, Goellner JR (1986) Spitz naevi and malignant melanomas of
childhood and adolescence. Histopathology 10(12):1289-302

52 Piris A, Mihm MC,Jr, Hoang MP (2015) BAP1 and BRAFV600E expression in
benign and malignant melanocytic proliferations. Hum Pathol 46(2):239-45

53 Pluot M, Joundi A, Grosshans E (1990) Contribution of monoclonal antibody
HMBA45 in the histopathologic diagnosis of melanoma. Ann Dermatol Venereol
117(10):691-9

54 Pollock PM, Harper UL, Hansen KS, Yudt LM, Stark M, Robbins CM, Moses TY,
Hostetter G, Wagner U, Kakareka J, Salem G, Pohida T, Heenan P, Duray P,
Kallioniemi O, Hayward NK, Trent JM, Meltzer PS (2003) High frequency of BRAF
mutations in nevi. Nat Genet 33(1):19-20.

55 Requena C, Requena L, Kutzner H, Sanchez Yus E (2009) Spitz nevus: a
clinicopathological study of 349 cases. Am J Dermatopathol 31(2):107-16

56 Requena C, Rubio L, Traves V, Sanmartin O, Nagore E, Llombart B, Serra C,
Fernandez-Serra A, Botella R, Guillen C (2012) Fluorescence in situ hybridization for
the differential diagnosis between Spitz naevus and spitzoid melanoma.
Histopathology 61(5):899-909

57 Saldanha G, Purnell D, Fletcher A, Potter L, Gillies A, Pringle JH (2004) High
BRAF mutation frequency does not characterize all melanocytic tumor types. Int J
Cancer 111(5):705-10

58 Senetta R, Paglierani M, Massi D (2012) Fluorescence in-situ hybridization
analysis for melanoma diagnosis. Histopathology 60(5):706-14

59 Shinozaki M, Fujimoto A, Morton DL, Hoon DS (2004) Incidence of BRAF
oncogene mutation and clinical relevance for primary cutaneous melanomas. Clin
Cancer Res 10(5):1753-7

60 Skelton HG 3rd, Smith KJ, Barrett TL, Lupton GP, Graham JH (1991) HMB-45
staining in benign and malignant melanocytic lesions. A reflection of cellular
activation. Am J Dermatopathol 13(6):543-50

25



61 Sparrow LE, Eldon MJ, English DR, Heenan PJ (1998) p16 and p21WAF1 protein
expression in melanocytic tumors by immunohistochemistry. Am J Dermatopathol
20(3):255-61

62 Spatz A, Calonje E, Handfield-Jones S, Barnhill RL (1999) Spitz tumors in
children: A grading system for risk stratification. Arch Dermatol 135(3):282-5

63 Spatz A, Ruiter D, Hardmeier T, Renard N, Wechsler J, Bailly C, Avril MF, Kwee
H, Bastian BC, Hill C, De Potter C, Prade M (1996) Melanoma in childhood: an
EORTC-MCG multicenter study on the clinico-pathological aspects. Int J Cancer
68(3):317-24

64 Takata M, Lin J, Takayanagi S, Suzuki T, Ansai S, Kimura T, Cerroni L, Saida T
(2007) Genetic and epigenetic alterations in the differential diagnosis of malignant
melanoma and spitzoid lesion. Br J Dermatol 156(6):1287-94

65 Tronnier M, Mitteldorf C (2014) Treating advanced melanoma: current insights
and opportunities. Cancer Manag Res 6:349-56

66 Uguen A, Talagas M, Costa S, Duigou S, Bouvier S, De Braekeleer M,
Marcorelles P (2015) A p16-ki-67-HMB45 immunohistochemistry scoring system as
an ancillary diagnostic tool in the diagnosis of melanoma. Diagn Pathol 10:195

67 van Dijk MC, Bernsen MR, Ruiter DJ (2005) Analysis of mutations in B-RAF, N-
RAS, and H-RAS genes in the differential diagnosis of Spitz nevus and spitzoid
melanoma. Am J Surg Pathol 29(9):1145-51

68 Verardino GC, Rochael MC (2015) Spitz nevi in the classic histopathological
pattern--lamb in wolf's clothing. An Bras Dermatol 90(1):91-5

69 Walsh N, Crotty K, Palmer A, McCarthy S (1998) Spitz nevus versus spitzoid
malignant melanoma: an evaluation of the current distinguishing histopathologic
criteria. Hum Pathol 29(10):1105-12

70 Weedon D, Little JH (1977) Spindle and epithelioid cell nevi in children and adults.
A review of 211 cases of the Spitz nevus. Cancer 40(1):217-25

71 Wiesner T, He J, Yelensky R, Esteve-Puig R, Botton T, Yeh I, Lipson D, Otto G,
Brennan K, Murali R, Garrido M, Miller VA, Ross JS, Berger MF, Sparatta A,
Palmedo G, Cerroni L, Busam KJ, Kutzner H, Cronin MT, Stephens PJ, Bastian BC
(2014) Kinase fusions are frequent in Spitz tumours and spitzoid melanomas. Nat
Commun 5:3116

72 Wiesner T, Kutzner H (2015) Morphological and genetic aspects of Spitz tumors.
Pathologe 36(1):37-43, 45

73 Wiesner T, Kutzner H, Cerroni L, Mihm MC,Jr, Busam KJ, Murali R (2016)
Genomic aberrations in spitzoid melanocytic tumours and their implications for
diagnosis, prognosis and therapy. Pathology 48(2):113-31

26



74 Wiesner T, Murali R, Fried |, Cerroni L, Busam K, Kutzner H, Bastian BC (2012) A
distinct subset of atypical Spitz tumors is characterized by BRAF mutation and loss of
BAP1 expression. Am J Surg Pathol 36(6):818-30

75 Yazdi AS, Palmedo G, Flaig MJ, Puchta U, Reckwerth A, Rutten A, Mentzel T,
Hugel H, Hantschke M, Schmid-Wendtner MH, Kutzner H, Sander CA. Mutations of
the BRAF gene in benign and malignant melanocytic lesions (2003) J Invest
Dermatol 121(5):1160-2

76 Yeh I, Mully TW, Wiesner T, Vemula SS, Mirza SA, Sparatta AJ, McCalmont TH,
Bastian BC, LeBoit PE (2014) Ambiguous melanocytic tumors with loss of 3p21. Am
J Surg Pathol 38(8):1088-95

27



Tables

Table 1

Table 2

Table 3

Table 4

Table 5

Table 6

Table 7

Listing of utilized immunohistochemical markers in this study
Summary of demographics, clinical findings and outcome for Spitz
nevus and melanoma

Histopathologic, immunohistochemical and molecular features
assessed and scored (characteristics %)

Overview of the FISH results

Results for each sample categorized by the investigated criteria

Histopathologic features- our results in comparison to the literature

Incidence of BRAF mutation in our study in comparison to the literature

28



Figures

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Distribution of the tumor-infiltrating lymphocytes (TIL): (a) focal,
(b) intratumoral lymphocytes, (c) band-like
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reduction of staining in lower tumor parts

H-Score (different staining intensities): no staining (0), weak but
detectable (1), distinct (2), very strong (3)

Histopathologic features with significant differences between Spitz
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(b) maturation, (c) symmetry, (d) pagetoid spread, (e) solar elastosis

(arrow), (f) atypia of melanocytes
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Table 1

Protein Clone Company Dilution
HMB45 HMB45 DAKO, Germany 1:100
Melan A A103 DAKO, Germany 1:100
MTM Laboratories | Company-
P16 E6H4 AG, Germany prepared
Zytomed Systems, .
BCL-6 GI191E/A8 Germany 1:400
Zytomed .
PhosphoSer10 N/A Systems,Germany 1:400
DCS Innovative
BRAF V600E VE1 Diagnostik- 1:200
Systeme, Germany
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Table 2

SN (n=18) Melanoma (n=25) sisg;ra:;fiiscﬁa?\ac:e
Age (in years) at
diagnosis pAtiltl
Mean 31.05 67.28
Range 11-66 30-83
Sex p=0.255
Male 5/18 (28%) 15/25 (60%)
Female 13/18 (72%) 10/25 (40%)
Localisation p=0.283
Head/neck 0/18 (0%) 3/25 (12%)
Trunk 6/18 (33.33%) 9/25 (36%)
Upper extremities 3/18 (16.67%) 6/25 (24%)
Lower extremities 9/18 (50%) 7125 (28%)
Follow-up months p=0.146
Mean 74.83 71.44
Range 62-85 60-88
Follow up
NOD 18/18 (100%) 20/25 (80%) p=0.619
DOD 0/18 (0%) 4/25 (16%) p=0.099
SLNB
Performed 0/18 (0%) 20/25 (80%)

Not performed

18/18 (100%)

18: negative
2: Micrometastasis
5/25 (20%)

DOD, Dead of disease; NED, no evidence of disease; SLNB, sentinel lymph node

biopsy.
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Table 3

| SN (n=18) | MM (n=25) | Analysis (univariate)

Infiltration depth

Mean (in mm) | 0.94 | 2.03 | p<0.001
Pagetoid spread p<0.001

Absent 12/18 (67%) 1125 (4%)

Focal 5/18 (28%) 8/25 (32%)

Present 118 (5%) 16/25 (64%)
Atypia p<0.001

Absent 9/18 (50%) 0/25

Moderate 8/18 (44%) 0/25

Significant 1718  (6%) 25/25 (100%)
Cell morphology (only SN)

Epitheloid 9/18 (50%) -

Spindle 2/18 (11%) -

Both 8/18 (39%) -
Maturation

Present | 15/18 (83%) | 0/25 | p<0.001
Kamino Bodies

Present | 8/18 (44%) | 0/25 | p<0.001
Solar elastosis

Present | 0 | 10125 (40%) | p<0.001
Mitotic rate

Mean, range (HE) 0.33 (0-2) 2.54 (0-16) p<0.001

Mean, range (pHH3) 0.52 (0-7) 7.48 (0-55) p<0.001

>1 mitosis in HE 518 (27.8%) 21/25 (84%) p<0.001

>1 mitosis in pHH3 6/18 (33.3%) 21/25 (84%) p<0.001

>6 mitoses in HE 0/18 (0%) 2/25 (8%) p=0.219

>6 mitoses in pHH3 1/18 (6.3%) 9/25 (36%) p=0.020

Deep mitoses 3/18 (16.7%) 16/25 (64%) p=0.163

Marginal mitoses 2118 (11.1%) 14/25 (56%) p=0.021
Asymmetry

Present | 6/18 (33%) | 19/25 (76%) | p=0.005
Inflammatory infiltrate

Present | 14 (78%) | 25/25  (100%) | p=0.013
Localisation of the tumor-infiltrating lymphocytes (TIL) (multiple answers are permitted)

Focal 2/18 (14%) 12/25 (48%) p=0.011

Band-like 8/18 (57%) 8/25 (32%) p=0.405

Intratumoral lymphocytes 10/18 (71%) 14/25 (64%) p=0.977
Circumscription n=13 n=22 p=0.021

Absent 0/13 7/22 (32%)

Present to one side 4/13 (31%) 9/22 (41%)

Present to both sides 9/13 (69%) 6/22 (27%)
Pigmentation

Present 14/18 (78%) 23/25 (92%) | p=0.184
H-Score

p16 (mean) 258.21 183.58 p=0.001

HMB45 (mean) 172.34 222.68 p=0.028

Melan A (mean) 288.26 298.47 p=0.848
BRAF n=16 n=21

Positive staining | 1/16 (6.3%) | 7/21 (33%) | p=0.047
BCL-6 n=17 n=24

Positive staining | 1117 (64.7%) | 12/24  (50%) | p=0.350
FISH n=15 n=22

Positive | 115 (6.7%) | 22/22 (100%) | p<0.001
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Table 4

MM (n=22) SN (n=15)
FISH result positive 22 (100%) 1 (7%)
% loss of MYB 231 19 (86%) 0 (0%)
MYB 22.5 amplification (average) 6 (27%) 1 (7%)
RREB1 % nuclei with signal #2263% | 18 (81%) 0 (0%)
CCND1 22.5 amplification (average) 21 (95%) 0 (0%)

MYB (located at 6923), RREB1 (located at 6p25), CCND1 (located at 11g13)
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Table 5

Subjects (sorted by the number of positive criteria, SN 1-18 and MM 19-43)

Criteria 112(3|4|5(6|7(8|9(10(11|12|13 |14 (15|16 (17|18 (19|20 (21|22 (23|24 (25|26 (27|28 |29 |30 (31|32|33|34|35(36|37|38|39|40|41 42|43

FISH result X X X X X X

No maturation

Atypia

>1 mitosis in HE

>6 mitoses in HE

Marginal mitoses .I
BRAF positive X X X X X X X X X

Solar elastosis

Asymmetry

Pagetoid spread

No Kamino Bodies

Inflammatory infiltrate

criterion found
criterion not found
moderate atypia / focal pagetoid spread

criterion not evaluable
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Table 7

References

BRAF positive in SN

Our study

Saldanha et al. [57]
Mihic-Probst et al. [43]
Yazdi et al. [75]
Palmedo et al. [49]
Takata et al. [64]
Indsto et al. [29]

Piris et al. [52]

Emley et al. [14]
Fullen et al. [17]

6.3% (1/16
0% (0/26
0% (0/20
0% (0/69
0°
0
4,5% (1/22
6% (1/17

16.6% (1/6
21% (10/48

)
(0/26)
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Zusammenfassung

Einleitung

Seit der Erstbeschreibung des Spitz Navus als sogenanntes “juveniles malignes
Melanom” durch die amerikanische Pathologin Sophie Spitz im Jahr 1948 [46] haben
sich zahlreiche Studien mit der Evaluation diagnostischer Kriterien zur korrekten
Einordnung dieser Entitat befasst. Die in der Erstbeschreibung gewéhlte
Bezeichnung weist auf die histomorphologische Nahe des Spitz Navus zum
Melanom hin. Melanozytare Tumoren, die mikroskopisch Veranderungen gleich oder
ahnlich denen eines Spitz Navus zeigen (Spitz Navi oder Spitz Navus-ahnliche
Melanome), werden als spitzoide Tumoren zusammengefasst.

Dabei wurde eine Vielzahl an histologischen Kriterien, immunhistochemischen
Markern und molekularbiologischen Techniken beschrieben, die in zahlreichen Fallen
eine Diagnosestellung erméglichen, jedoch fehlen bis heute zuverlassige Kriterien,
die auch in schwierigen Fallen die Einordnung der Dignitat eines spitzoiden Tumors
ermdglichen.

Neben dem klassischen benignen Spitz Navus und dem malignen Melanom gibt es
eine Vielzahl an atypischen spitzoiden melanozytaren Tumoren (AST), welche
sowohl eine Reihe an Benignitatskriterien aufweisen, als auch Merkmale eines
malignen Tumors zeigen und somit den Dermatohistopathologen nicht selten vor
eine schwere Aufgabe stellen.

FOr den Patienten und dessen korrekter Behandlung ist es jedoch von groBer
Bedeutung, die Dignitat des spitzoiden melanozytaren Tumors korrekt einzuordnen.
Wir haben in unserer Studie 25 maligne Melanome mit einer Tumordicke nach

Breslow 2 1 mm und 18 klassische Compound Spitz Navi auf bereits etablierte und
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neuere histologische, immunhistochemische und molekulargenetische Kriterien
untersucht und deren Wertigkeit analysiert. Histologisch untersuchten wir die
Tumoren auf das Vorhandensein von Tumorzellausreifung (Maturation), Kamino
Bodies (eosinophile Globuli), Zellatypien, solarer Elastose, Pigmentierung und auf
eine pagetoide Ausbreitung von Tumorzellen in der Epidermis. Betrachtet wurde
zudem die Begrenzung des Tumors, die Gesamtarchitektur sowie die
Infiltrationstiefe. Uberdies analysierten wir die Mitoserate aller Tumoren, zum einen in
den bereits vorhandenen HE-gefarbten Praparaten, zum anderen mit dem
immunhistochemischen Mitosemarker pHH3.

Immunhistochemisch untersuchten wir die Tumoren auf die Expressionsintensitat
und das Expressionsmuster fur die Marker p16, HMB45, Melan A und BCL-6.

Da in den letzten Jahren die Durchflhrung von Mutationsanalysen in der
Melanomdiagnostik enorm an Bedeutung zugenommen hat, priften wir die Tumoren
zudem auf das Vorliegen einer BRAF-Mutation.

Erganzend hierzu wurden klinische Daten der 43 Patienten Uber einen Zeitraum von

mindestens flunf Jahren retrospektiv erhoben.
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Diskussion

Die Diagnostik von spitzoiden melanozytaren Tumoren gehért zu einer der
anspruchvollsten Aufgaben eines Dermatohistopathologen. Viele Kriterien wurden in
der Vergangenheit etabliert, jedoch gibt es bis dato kein einziges Kriterium, welches
eine eindeutige Zuordnung eines spitzoiden Tumors zu der Entitat Spitz Navus oder
Melanom zuldsst. Von groBem Interesse ist hierbei die Untersuchung von Kriterien,
welche zu einer Aufdeckung von Tumoren mit erhdéhtem Risiko fur die Ausbildung
von Rezidiven, Metastasen und Todesfallen flhren.

Klinische Daten wie das Patientenalter, das Geschlecht des Patienten oder die
Lokalisation des Tumors kénnen in der Diagnostik spitzoider Tumoren erste
Hinweise geben, reichen aber zu einer exakten Diagnosestellung nicht aus.

Waéhrend der Spitz Navus vor allem im Kindes- und jungen Erwachsenenalter

auftritt [3,19,21], manifestiert sich das Melanom vermehrt im Erwachsenenalter
[4,21]. Jedoch gibt es Ausnahmen und auch in unserer Studie zeigte sich fir den
Spitz Navus ein relativ hohes Durchschnittsalter mit 31 Jahren.

Bezlglich der Geschlechterverteilung bei Spitz Navi zeigten einige der Studien, dass
Spitz Navi wie auch in unserer Untersuchung vermehrt bei Frauen auftreten
[3,7,12,16]. Daneben gibt es jedoch auch einige Autoren, die eine gleichméaBige
Geschlechterverteilung der Spitz Navi finden konnten [15,40,52].

Spitz Navi sind am haufigsten im Bereich der unteren Extremitaten lokalisiert
[12,16,40,52], dies konnten wir auch in unserem Kollektiv zeigen. Bezlglich der
Lokalisation im Kopf-Hals-Bereich zeigt sich jedoch ein Unterschied zwischen
unserer Studie und den Angaben in der Literatur. In unserem Kollektiv ist kein Spitz
Navus in diesem Bereich lokalisiert, in anderen Studien finden sich bis zu 22 % der

Spitz Navi im Kopf-Hals-Bereich [3,12,15,17,40]. Spitz Navi im Kopf-Hals-Bereich
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finden sich jedoch vor allem bei sehr jungen Patienten [35]. Das verhéltnismasig
hohe Durchschnittsalter (31 Jahre) der Patienten mit Spitz Navus in unserem
Kollektiv mag ein Grund dafiir sein, dass in unserer Studie kein Spitz Navus in
diesem Bereich lokalisiert war.

Histologisch wird der typische Spitz Navus in der Literatur als symmetrisch
aufgebauter, scharf begrenzter Tumor mit epitheloidzelliger oder spindelzelliger
Zytomorphologie [3,40,52] beschrieben. Typisch flr den Spitz Navus ist das
Auftreten von sog. Kamino-Bodies (PAS-positive homogene globuléare Ablagerungen)
sowie eine Ausreifung der Melanozyten zur Tiefe [40,52]. Eine pagetoide
Ausbreitung von Melanozyten in die Epidermis findet man bei dem Spitz Névus
gelegentlich bei jingeren Patienten [7], fir den Spitz Navus im Erwachsenenalter ist
dies eher ungewodhnlich [7,11].

Bei Melanomen hingegen zeigt sich haufig eine asymmetrische Gesamtarchitektur
mit einer unscharfen Begrenzung der lateralen intraepidermalen melanozytaren
Komponente [42,53]. Es imponieren in Nestern und einzeln gelegene atypische
Melanozyten mit pleomorphen Kernen. Weiterhin féllt eine transepidermale Migration
sowie eine fehlende Ausreifung der Melanozyten in der tieferen Dermis auf
[8,20,37,53]. Daneben lassen sich Mitosen, insbesondere an der Tumorbasis,
beobachten [8,37,53].

Statistisch signifikante Unterschiede bezliglich der histologischen Kriterien ergaben
sich in unserer Studie fiir die pagetoide Ausbreitung, Atypie, Maturation, solare
Elastose und Kamino Bodies. Bis auf das Auftreten von Kamino Bodies konnten wir
in unserer Studie jedoch kein histologisches Kriterium finden, welches ausschlieB3lich

im Spitz Navus oder im Melanom zu finden war. In unserer Studie zeigten 44 % der
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Spitz Navi Kamino Bodies, wahrend in anderen Studien [3,40,52] zwischen 11 und
34 % der untersuchten Spitz Navi Kamino Bodies aufwiesen.

In Zusammenschau mit anderen Studien [24,28,37,53] geh6rt das Auftreten von
Kamino Bodies zu den sichersten histologischen Unterscheidungsmerkmalen
zwischen Spitz Navus und Melanom.

Wir untersuchten in unserer Studie die Spitz Navi und Melanome auf das
Vorhandensein von Mitosen. Hierbei wurde neben der Mitoserate auch das
Vorhandensein von basisnahen und randstandigen Mitosen evaluiert. In einer Studie
von Cerroni et al. [6], in welcher eine groRe Anzahl an “Melanocytic tumors of
uncertain malignant potential" (MELTUMP) untersucht wurde, konnte gezeigt
werden, dass jene Tumoren mit einer unglnstigen Prognose statistisch haufiger
Mitosen sowie tiefliegende Mitosen aufwiesen als jene Tumoren mit einer flr den
Patienten glnstigen Prognose. In unserer Studie zeigte sich eine signifikant héhere
Mitoserate bei den Melanomen im Vergleich zu den Spitz Navi und auch tiefliegende
Mitosen waren deutlich haufiger in Melanomen vorzufinden. Interessanterweise
zeigte sich aber - in Hinblick auf die Prognose - in der kleinen Gruppe der vier
metastasierenden Melanome in unserer Studie, dass drei der vier Melanome keine
tiefliegenden Mitosen aufwiesen. Dahingegen zeigten sich tiefliegende Mitosen in 14
Melanomen und in zwei Spitz Navi mit einer ganzlich unauffélligen Nachsorge.

Die Diagnostik spitzoider Tumoren muss sehr haufig durch die Hinzunahme der
Immunhistochemie erganzt werden.

In unserer Studie wie auch in anderen Studien [1,15,17,45] haben sich hierfir die
immunhistochemischen Marker HMB45 und p16 als hilfreich erwiesen.

Der monoklonale Antikérper HMB45 zeigt in benignen Navi, wie auch dem Spitz

Navus meist eine kraftige Reaktion in der junktionalen Komponente bei Negativitat
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der dermalen Komponenten [19,32,39]. Melanome hingegen weisen meist eine
kraftige Anfarbung auch der dermalen Komponenten auf [19,32,39]. Dies zeigte sich
auch in unserem Kollektiv mit einem signifikanten Unterschied zwischen den Spitz
Navi und Melanomen.

Die unterschiedliche Expression des Proteins p16 in Melanomen und Spitz Navi
wurde vielfach untersucht [1,17,22,25]. p16 wird vor allem in gutartigen Navi und in
in-situ Melanomen exprimiert, jedoch auch mit meist geringerer Frequenz und
Intensitat in invasiven Melanomen [1,17,25]. Der Verlust von p16 wurde
insbesondere in Melanomen mit negativen Prognosefaktoren wie hoher Tumordicke,
Ulzeration, GefaBeinbriichen, erhdhter Mitoserate, Lymphknotenmetastasen und
fortgeschrittenem Tumorstadium beschrieben [2,22,25,36,47]. Wir werteten p16
mittels H-Score aus, welcher die Intensitdt und die Anzahl der gefarbten Zellen
bertcksichtigt. Der H-Score wurde erstmals von McCarty beschrieben [33]. Es
zeigte sich in unserem Kollektiv fiir p16 ein signifikanter Unterschied zwischen den
Spitz Navi und Melanomen; die Spitz Navi wiesen einen deutlich héheren H-Score
als die Melanome auf. Ein charakteristisches Farbemuster fir Spitz Navi, wie von Al
Dhaybi et al. [1] beschrieben, zeigte sich in unserem Kollektiv nicht. In der Literatur
wird die Nutzlichkeit des Markers p16 in der Differenzierung zwischen Spitz Navi und
Melanomen kontrovers diskutiert [55].

Wahrend einige Studien [1,17,25] deutliche Unterschiede in der p16 Féarbung
zwischen Spitz Navi und Melanomen detektieren konnten, zeigten andere Autoren
[31,50], dass p16 in der Evaluation spitzoider Tumore nicht wesentlich weiterfihrend
ist.

Zu den in Melanomen bisher kaum erforschten immunhistochemischen Markern

gehért der BCL-6 Antikérper. Dieser wird regelmaBig in der Diagnostik von
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Lymphomen eingesetzt [5,10]. Alonso et al. konnten 2004 in ihrer Studie zeigen,
dass die Wahrscheinlichkeit, an einem Melanom zu versterben, bei einem Verlust
von p16 oder einem positiven Nachweis von BCL-6 um etwa das Achtfache erhéht
war [2]. Es existiert bislang keine Studie, in der BCL-6 zur Differenzierung zwischen
Melanomen und Spitz Navi untersucht wurde. Es zeigten sich in unserem Kollektiv
insgesamt sehr wenig positiv gefarbte Zellen sowohl bei den Spitz Navi als auch bei
den Melanomen. Statistisch ergab sich kein Unterschied in der Expression von
BCL-6 zwischen Spitz Navi und Melanomen, so dass aus unserer Sicht BCL-6 in der
Diagnostik spitzoider Tumoren kein zuverldssiges Kriterium darstellt.

Weiterhin hilfreich in der Diagnostik spitzoider Tumoren und bereits in vielen Kliniken
routinemaBig durchgefihrt ist die Fluoreszenz in situ Hybridisierung (FISH). In
unserer Studie erreichten wir eine hohe Sensitivitdt und Spezifitdt der untersuchten
Tumoren. Alle Melanome waren FISH-positiv, die Spitz N&vi waren mit einer
Ausnahme FISH-negativ. Andere Studien zeigen einen variablen Anteil an FISH-
positiven Spitz Navi, von 0 % [41] bis 37 % [30] der untersuchten Spitz Navi
reichend, so dass jlungst Ferrara und De Vanna [13] einen neuen FISH Algorithmus
in der Diagnostik spitzoider Tumoren vorgeschlagen haben, um die Sensitivitat und
Spezifitat zu erhdhen. Hierzu sollte der bereits erhéltliche Vier-Sonden-Test um eine
Sonde fiir C-MYC oder CDKN2A/Centromer 9 erganzt werden.

Mutationsanalysen haben in den letzten Jahren in der Melanomdiagnostik enorm an
Bedeutung zugenommen. Im Fokus der in den letzten Jahren verdéffentlichten
Arbeiten standen TERT [27], BAP1 [38,58], NTRK1 [54], ROS1 [54], ALK [54],

BRAF [9,14,18,23,38,43,51,56] und RET [54] Mutationen.

In der taglichen Routine wird in der Diagnostik des fortgeschrittenen Melanoms die

BRAF Mutationsanalyse regelmaBig durchgefahrt. Daher untersuchten wir 21
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Melanome und 16 Spitz Navi immunhistochemisch auf das Vorhandensein einer
BRAF Mutation. Es zeigte sich ein signifikanter Unterschied zwischen den beiden
Entitaten. Wahrend nur ein Spitz Navus BRAF positiv war (6,25%), zeigten sich bei
den Melanomen sieben Tumoren (33%) BRAF positiv.

Auch andere Studien [23,38,43,48,57] untermauern unser Resultat, dass eine BRAF
Mutation in Spitz Navi selten auftritt, wohingegen bei den Melanomen zwischen
29-75% der Tumoren eine BRAF Mutation aufweisen [26,29,34,43,44,49,57]. Daher
ist die BRAF Mutationsanalyse zur Differenzierung zwischen Spitz Névus und
Melanom ein weiteres hilfreiches Kriterium.

Schlussfolgernd aus unseren Ergebnissen empfehlen wir fir die Diagnostik
spitzoider melanozytarer Tumoren ein schrittweises Vorgehen.

Zundchst sollte der zu untersuchende Tumor auf die histologischen Kriterien
untersucht werden. Hierbei sollte das Augenmerk insbesondere auf Kamino Bodies,
Maturation, Atypie der Tumorzellen und pagetoides Aufsteigen von Melanozyten in
die Epidermis gelegt werden.

Bei unklaren Befunden in der Histologie sollte im zweiten Schritt die
Immunhistochemie ergénzt werden. Hier haben sich p16 und HMB45 als hilfreich
erwiesen. Ein hoher p16 H-Score und eine geringe HMB45 Expression sprechen
eher flir den Spitz Navus. Auch eine BRAF Mutation ist in schwer zu
diagnostizierbaren Tumoren zu empfehlen; der Nachweis einer BRAF Mutation
spricht eher fiir das Melanom.

FUr schwierig einzuordnende Tumoren ist weiterhin die Fluoreszenz in situ
Hybridierung eine erganzende diagnostische Methode. Wenn mdglich, sollte die
Untersuchung eine zusatzliche Sonde fir C-MYC oder CDKN2A/Centromer 9

beinhalten.
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Dennoch wird es auch weiterhin einzelne spitzoide melanozytare Tumoren geben,
deren exakte Diagnosestellung &uBerst schwierig bleibt. Die Methode der
Microarray-basierten komparativen genomischen Hybridisierung oder auch die
Anwendung von TERT-p Mutationsanalysen kbénnte in Einzelféllen hilfreich sein,
wenngleich es spitzoide Tumoren gibt, deren Dignitdt vermutlich nie mit

ausreichender Sicherheit bestimmt werden kann.
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Kurzzusammenfassung

Wir haben in unserer Studie 25 Melanome mit einer Tumordicke =2 1 mm und 18
klassische Compound Spitz Navi auf histologische, immunhistochemische und
molekulargenetische Kriterien untersucht, die zu einer Differenzierung zwischen den
Entitaten beitragen. Als hilfreich haben sich in unserer Studie histologische Kriterien
wie pagetoide Ausbreitung, Atypie, Maturation, solare Elastose und Kamino Bodies
erwiesen.

Immunhistochemisch untersuchten wir die Tumoren auf die Expressionsintensitat
(H-Score) und das Expressionsmuster fur die Marker p16, HMB45, Melan A und
BCL-6. Zudem wurden die Tumoren auf das Vorliegen einer BRAF (V600E) Mutation
immunhistochemisch untersucht. Hierbei zeigte sich ein hoher p16 Score bei
niedrigem HMBA45 Score als hilfreiches Unterscheidungsmerkmal. Die mitotische
Aktivitat, dargestellt mit dem Mitosemarker pHH3, war bei den Spitz Navi geringer,
zudem zeigten diese signifikant seltener eine BRAF Mutation. Die BCL-6 Expression
erwies sich als nicht hilfreich zur Differenzierung zwischen Spitz Navus und
Melanom.

Zudem zeigten die Ergebnisse der Fluoreszenz in situ Hybridisation (Vysis
Melanoma FISH Probe Kit von Abbott Molecular Inc) in unserem Kollektiv eine hohe
Sensitivitat und Spezifitat.

Unsere Arbeit zeigt einen Vergleich aller heute in der téglichen Routine anwendbaren

Parameter zur Differenzierung von Spitz Navi und Melanomen an einem Kollektiv.
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