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INTRODUCTION

Skin tumors encompass a broad group of entities, with which a pathologist deals every day
in his/her practice. Due to the complexity of the skin, the number of neoplasms that occur in this
organ is likely the largest one compared to that seen in any other anatomic site, which portent
potential diagnostic difficulties. The new WHO classification of skin tumors included listing a
total of 250 entities divided into 6 chapters: 1) keratinocytic/epidermal tumors, 2) melanocytic
tumors, 3) appendageal tumors, 4) tumors of hematopoietic and lymphoid origin, 5) soft tissue
tumors and 6) inherited tumor syndromes associated with skin malignancies. (1) The classification
of cutaneous neoplasms are based on their primary site of origin.

Some cutaneous neoplasms are commonly seen in routine practice and therefore easily
recognized based on the typical histological features, whereas for the diagnosis of complex and
rare tumors the clinical data, immunohistochemistry and molecular-genetic studies are often
necessary.

Immunohistochemistry (IHC) is an important adjunct tool for the diagnosis of difficult
neoplastic skin lesions, tumor staging, and, in some instances, for the identification of genetic
variants of therapeutic significance. In addition to the many established and long-used IHC
markers, due to rapid progress in our understanding of the genetic and epigenetic mechanisms of
tumorigenesis, numerous new IHC markers have recently become available for application in the
field of diagnostic dermatopathology. In some diagnostically difficult tumors, IHC can be decisive
for the correct diagnosis, but in other neoplasms, the role of IHC is limited. IHC becomes a
particularly powerful tool in the differential diagnosis of cutaneous lesions from the following
categories: melanoma, epidermal tumors, cutaneous metastasis, soft tissue neoplasms, and
hematologic malignancies.

Lately, various molecular techniques have also been integrated into the routine diagnostic
process and currently play an important role in diagnostic dermatopathology, which is highlighted
in the new WHO classification of skin tumors. (1) Molecular biologic assay such as comparative
hybridization (CGH), fluorescence in situ hybridization (FISH), and next-generation sequencing
(NGS) can aid in the differential diagnosis between malignant and benign melanocytic neoplasms
and identify prognostic parameters in certain cases. Several significant and/or common gene
mutations or gene fusions provided the basis for the classification of melanocytic neoplasms, along
with the epidemiological, clinical, and pathological characteristics. Some genetics events are
correlated with clinical behavior. In particular, homozygous deletion 9p21 and TERT promoter
(TERT-p) mutations have been described as potential features suggesting an aggressive course of
spitzoid lesions. (2), (3) Recently, mutually exclusive activating kinases fusions, involving ALK,
NTRKI, NTRK2, NTRK3, RET, MET, ROS1, and BRAF have been found in a subset of spitzoid
lesions. (4) Some of these genetic alterations have been correlated with specific morphological
features.



In the dissertation thesis, the author underscores the application of IHC, and various
molecular genetic techniques in cutaneous neoplasms, identification of new gene fusions and
possible genotype-phenotype correlations. We used in our papers the broad spectrum of available
molecular tests and cytogenetic analysis, including CGH, FISH, polymerase chain reaction (PCR)-
based techniques, and NGS mutation analysis.

Due to the high numbers and complexity of cutaneous tumors, the author focuses on the
clinicopathological and molecular biologic characteristics of selected cutaneous epithelial and
nonepithelial tumors. The results have been published in a total of 20 articles in which the author
of the dissertation listed as the first author and as a coauthor in 8 and 12 papers, respectively. All
20 articles have been published in American journals with impact factor. The dissertation is
elaborated in the form of a summary/comments of the annotated publications. All publications are
accompanied by a copy of the reprints (14 works) or by the submitted and accepted manuscripts
with proof of acceptance (3 work) or epub ahead of print (3).

The first and the most substantial part of the doctoral thesis is focused on cutaneous
epithelial tumors, including various adnexal neoplasms, such as lesions with apocrine and eccrine
differentiation, follicular tumors, sebaceous neoplasms and lesions of anogenital mammary-like
glands (AGMLGQ).

The second part covers selected nonepithelial cutaneous tumors, such as melanocytic
tumors, lymphoproliferative disorders, and mesenchymal tumors.
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SUMMARY

The doctoral thesis MD. Liubov Kastnerova (previous name Kyrpychova) is focused on
the histomorphological and molecular biologic features of selected cutaneous epithelial and
nonepithelial tumors and is structured as a commentary to the 20 articles published during four
years, representing the completed scientific projects in the Ph.D. course. In eight papers, the author
of the thesis is the first author, whereas she coauthored in the remaining 12 papers. The thesis is
composed of the commented files of authors own publications and it is divided into cutaneous
epithelial and nonepithelial tumors.

The first section, «Cutaneous epithelial tumors», includes 14 articles that are subdivided
into two parts: adnexal tumors (9 articles) and lesions of anogenital mammary-like glands (5
articles).

Of the nine articles on adnexal tumors, there are 5 articles focused on various benign and
malignant adnexal lesions with apocrine or eccrine differentiation. Novel findings in this part
include the identification of hitherto unreported alterations of the MYBLI gene in adenoid cystic
carcinoma of the skin and lack of deletion of the 1p36 locus in this neoplasm; the lack of a
correlation between cellular composition and the presence CRTCI-MAML?2 fusions in
hidradenoma, the absence of CRTC3-MAML?2 fusions in this tumor, and new histopathological
features and novel NFIX-PKN1 translocation in primary cutaneous secretory carcinoma. Also, we
performed a complex study including the HPV analysis and HRAS and BRAF V600 mutations in
syringocystadenoma papilliferum located in the anogenital area, which has never been a subject of
such investigation in this location.

One of two articles on follicular tumors is a clinicopathological, immunohistochemical,
and molecular biological study of 22 cases of basal cell carcinoma with matrical differentiation.
The novel findings included the description of an atypical matrical component in 2 cases and the
mutation spectrum in these rare variants. The second article is based on IHC study of BAPI
expression in trichoblastomas, both solitary sporadic and multiple ones occurring in the setting of
multiple familial trichoepithelioma (MFT)/Brooke-Spiegler syndrome (BSS).

Two articles are focused on sebaceous neoplasms. One is the largest series of sebaceous
lesions with so-called organoid patterns, namely the rippled, labyrinthine/sinusoidal, carcinoid-
like and petaloid patterns. We confirmed the previously suggested proposition that all these
patterns represent a variation of a single morphological spectrum. We established no association
with Muir-Torre syndrome and detected no missmatched repair (MMR) deficiency in most cases,
the new data. The second study on periocular sebaceous carcinoma reports new features that may
be used as a differential diagnostic clue, namely cells with squared-off nuclei and so-called
“appliqué” pattern (peritumoral subnecrosis of peripherally located neoplastic cells).



The subsection on the lesions of anogenital mammary-like glands includes five articles,
which add new data regarding their normal histology, provide the detailed immunohistochemical
profile of AGMLG, and demonstrate molecular changes in lesions arising from AGMLG
comparing these to breast homologs. The novel data also includes the depth of adnexal
involvement by neoplastic cells in extramammary Paget disease (EMPD) a large series, which
provides practical treatment implications.

The second part, «Cutaneous nonepithelial tumors», includes five articles which are
divided between 3 subcategories: lymphoproliferative disorders, mesenchymal tumors, and
melanocytic tumors.

One of the three articles in the subgroup of lymphoproliferative disorders represents the
largest series of cutaneous Hodgkin disease in which we provide the first description of so-called
mummified cells in this condition in the skin. These cells are known in lymph node disease but
have been overlooked in skin biopsies judging from the previously published articles. Their
presence can serve as a clue to the diagnosis. Included were also two case reports. The first on an
extraordinary clinicopathological course of a recently described variant of lymphomatoid
papulosis, type E. The second article is an extraordinary case report of cutaneous primary effusion
lymphoma (PEL) with an unusual intravascular presentation, combined with Kaposi sarcoma (KS)
involving the skin, lung and gastrointestinal tract harboring a FAM175A4 germline mutation.

In the subsection of melanocytic tumors, there are two articles. In the first paper, the author
presents a detailed pathological study on spitzoid lesions with ROS! fusion and novel fusions of
this gene. The study also includes the extensive genetic investigation of other genes, with some
novel data. The second article is an extraordinary case report which describes a case of a polypoid
atypical Spitz tumor a with a prominent fibrosclerotic stromal component, harboring a CLIP2-
BRAF fusion, which has hitherto been not reported in melanocytic lesions.

As a representative entity of mesenchymal tumors, the authors describe a series of
epithelioid fibrous histiocytomas in which new histopathological features and novel ALK gene
fusions were found.



ABSTRAKT

Disertacni prace MD. Liubov Kastnerové (diive Kyrpychova) se zaméiuje na
histomorfologické a molekularné¢ biologické vlastnosti vybranych koznich epitelidlnich a
neepitelidlnich nadori. Je strukturovana jako komentar k 20 ¢lankiim publikovanym v prabéhu
ctyt let, které predstavuji dokoncené védecké projekty v Ph.D. studiu. V osmi ¢lancich je autorka
prvni autor, ve zbyvajicich 12 pracich je spoluautorem. Doktorska dizerta¢ni prace je prezentovana
ve form¢ komentovaného souhrnu vlastnich publikaci a je rozd€lena na kozni epitelidlni a
neepitelidlni nadory.

Prvni ¢ast, "Kozni epitelidlni tumory", obsahuje 14 ¢lankd, které jsou ¢lenény do dvou
Casti: adnexalni tumory (9 ¢lanki) a 1éze z anogenitalnich ,,mammary-like* zldzek (AGMLG) (5
¢lanki).

Z deviti ¢lanka tykajicich se adnexélnich nadori je jich 5 zamétfeno na riizné benigni a
maligni adnexalni 1éze s apokrinni nebo ekrinni diferenciaci. Nové poznatky v této ¢asti zahrnuji
identifikaci dosud nepopsanych zmén genu MYBLI v adenoidné cystickém karcinomu kiize a
absenci delece lokusu 1p36 v tomto naddoru. Dale prokazujeme chybéni korelace mezi bunéénym
slozenim a ptitomnosti fizi CRTCI-MAML?2 v hidradenomu, absenci fuzi CRTC3-MAML?2 v
tomto nadoru, a nové histopatologické znaky a translokace NFIX-PKNI v primarnim koZnim
sekre¢nim karcinomu. Také jsme provedli prvni komplexni studii zahrnujici analyzu HPV a
prokazali jsme role HRAS a BRAF V600 mutace v syringocystadenoma papilliferum nachazejici
se v anogenitalni oblasti, kterd nikdy nebyla pfedmétem tohoto zkoumani v této lokalité.

Jednim ze dvou ¢lanki o folikularnich nadorech je klinicko-patologicka,
imunohistochemicka (IHC) a molekularné biologicka studie 22 ptipada bazocelularniho
karcinomu s matrikalni diferenciaci. Nové poznatky zahrnovaly popis atypické matrikalni slozky
ve 2 ptipadech a muta¢niho spektra v téchto vzacnych variantdch. Druhy ¢lanek je zaloZen na
IHC studii exprese BAPI v trichoblastomech a to jak solitarnich, tak viceCetnych, vyskytujicich
se v ramci mnohocetného familiarniho trichoepiteliomu (MFT) / Brooke-Spieglerova syndromu
(BSS).

Dva ¢lanky jsou zaméteny na sebaceozni naddory. Jednim z nich je nejveétsi série
sebaceoznich 1€zi s takzvanymi organoidnimi rysy, jmenovité s vlnitymi, labyrintovymi /
sinusovymi, karcinoidnimi a petaloidnimi vzory. Potvrdili jsme dfive navrhovanou hypotézu, ze
vSechny tyto vzory predstavuji variantu jednoho morfologického spektra. Nezjistili jsme Zadnou
souvislost se syndromem Muir — Torre a ve vétSin€ pfipadi, s novymi udaji, jsme nezjistili
z4ddnou missmatched repair deficiency (MMR). Druha studie o periokularnim sebaceoznim
karcinomu nachazi nové rysy, které mohou byt pouzity jako diferencidln¢ diagnostické voditko,
a to buniky s kvadratickym jadrem a tzv. ,,aplikaque* pattern (peritumoralni subnekrédza periferné
lokalizovanych neoplastickych bunék).

Podsekce o 1ézich anogenitalnich prsnich Z14z obsahuje pét ¢lankd, které ptidavaji nova
data tykajici se jejich normalni histologie, poskytuji podrobny IHC profil AGMLG a demonstruji



molekularni zmény v 1ézich vyplyvajicich z AGMLG ve srovnani s homology prsu. Nova data
také zahrnuji hloubku adnexalniho postizeni nddorovymi buitkami pii extramamarni Pagetové
chorobé (EMPD), coz je velka série, kterd poskytuje praktické poznatky pro 1écbu.

Druha ¢ast, "Kozni neepitelidlni nadory", zahrnuje pét clankd, které jsou rozdéleny do 3
podkategorii: lymfoproliferativni onemocnéni, mesenchymalni tumory a melanocytarni tumory.

Jeden ze tii ¢lankt v podskupiné lymfoproliferativnich poruch predstavuje nejveétsi sérii
koznich Hodgkinovych nemoci, ve kterych poskytujeme prvopopis tzv. mummiftikovanych
bunék vyskytujicich se v klizi u pacientli s timto onemocnénim. Z diive publikovanych ¢lanka
vyplyva, ze tyto bunky jsou zndmy u onemocnéni lymfatickych uzlin, ale byvaly piehlédnuty v
koznich biopsiich. Jejich pfitomnost mize slouzit jako voditko k diagnoze. Zahrnuty byly také
dvé kazuistiky. Prvni z nich je mimoiadny klinicko-patologicky ptipad nedavno popsané
varianty lymfomatoidni papulosy typu E. Druhym ¢lankem je mimotédné kazuistika primarniho
kozniho efuzniho lymfomu (PEL) s neobvyklou intravaskularni prezentaci v kombinaci s
Kaposiho sarkomem (KS) postihujicim kizi, plice a gastrointestinalni trakt. V 1€zi jsme
prokézali zarode¢nou mutaci FAMI75A.

V subsekci melanocytarnich nadort jsou predstaveny dva clanky. V prvni praci autorka
predklada podrobnou patologickou studii o spitzoidnich 1ézich s fuzi ROSI a novych fuzich
tohoto genu. Studie také zahrnuje rozsahlé genetické vysSetfeni jinych gentl, s n€kterymi novymi
daty. Druhy ¢lanek je mimotadnou kazuistikou, ktera popisuje ptipad polypoidniho atypického
Spitzova nadoru s prominentni fibrosklerotickou stromalni slozkou, ktera obsahuje fizi CLIP2-
BRAF, ktera nebyla dosud publikovana u melanocytarnich 1ézi.

Jako reprezentativni entitu mezenchymalnich nadori autofi popisuji série epitelioidnich
fibroznich histiocytomd, ve kterych byly nalezeny nové histopatologické znaky a nové fluze genu
ALK.
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LIST OF ABBREVIATIONS

ACC — adenoid cystic carcinoma

AGMLG - anogenital mammary-like glands
BCC — basal cell carcinoma

BSS — Brooke-Spiegler syndrome

CGH — comparative genetic hybridization
EBV — Epstein-Barr virus

EFH — epithelioid fibrous histiocytoma
EMPD - extramammary Paget disease
FISH — fluorescence in situ hybridization
IgH — immunoglobulin heavy chain

IHC — immunohistochemistry

KS — Kaposi sarcoma

LyP - lymphomatoid papulosis

MFT — multiple familiar trichoepitheliomas
MMR — mismatch repair

MTS - Muir-Torre syndrome

NGS — next generation sequencing

PCR — polymerase chain reaction

PEComa — perivascular epithelioid cell tumor
PEL - primary effusion lymphoma
RT-PCR — Reverse Transcriptase Polymerase Chain Reaction

SCAP — syringocystadenoma papilliferum
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TCR — T-cell receptor

WHO — World Health organization
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1.1ADNEXAL TUMORS

This part includes nine articles resulting from studies on the histological,
immunohistochemical and molecular-genetic features of various benign and malignant cutaneous
adnexal tumors, including tumors with predominant apocrine and eccrine differentiation, lesions
with predominant follicular differentiation and sebaceous tumors. In most of these papers, the
author actively used the IHC technique and molecular-genetic analysis.

1.1.1 TUMORS WITH APOCRINE AND ECCRINE DIFFERENTIATION

This chapter includes five articles on various benign and malignant adnexal lesions with
apocrine or eccrine differentiation; in four of them, the author of the thesis is the first author.

The first two papers are focused on primary cutaneous adenoid cystic carcinoma (ACC) of
the skin is a rare malignant neoplasm histologically identical to homonymous tumors in other
organs. (5), (6) There are three main growth patterns, presenting singly or more often in
combination, recognized in this neoplasm, including cribriform, tubular, and solid formed by
relatively bland basaloid cells. The typical histological features of ACC include pseudocysts
containing abundant basophilic mucinous material and small true ductal lumina (ductal
differentiation). (7), (8) Perineural and intraneural invasion is also a common feature. Cutaneous
ACC, similar to their extracutaneous counterparts, have been found to harbor MYB gene
activations, either through MYB chromosomal abnormalities or by the generation of the MYB-NFIB
fusion. (9), (10) The translocation t(6;9) appears a tumor-type—specific, as it has been detected in
ACC in different organs and anatomic structures, including salivary glands, lacrimal glands,
breast, upper respiratory tract, ear, and Bartholin glands. (11), (12) In addition to the MYB gene,
alterations in MYBL 1, the gene closely related to MYB, have been reported in salivary gland ACC.
(13), (14) The first article is titled «4 small subset of adenoid cystic carcinoma of the skin is
associated with alterations of the MYBLI gene similar to their extracutaneous counterpartsy»
shows the results of our study of 10 cases of cutaneous ACC for alterations in the MYB, NFIB and
MYBL]I genes, using FISH and PCR. In all cases, MYB immunostaining was also performed. Since
we were not aware of any studies on cutaneous ACC studying alterations in MYBL1, our primary
goal was to find out whether this gene is involved in cutaneous ACC. MYB-NFIB fusions were
found in 4 cases in our series, whereas the break of MYBLI was found in 2 cases and in one of
them, the NFIB break apart probe was positive, strongly indicating a MYBLI-NFIB fusion. In 2
cases, the MYB break apart test was positive, whereas no MYB-NFIB was detected, strongly
suggesting another fusion partner. It is concluded that MYBLI alterations are detected in primary
cutaneous ACC but are less common compared to MYB and NFIB alterations.

The second paper ,«Lack of deletion of Ip36 in 8 cases of primary adenoid cystic
carcinoma of the skin», was published as a Letter to the Editor. It extended our previous study of
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genetic alterations in cutaneous ACC by studying the deletion of the 1p36 locus that had been
shown in salivary gland ACC to be associated with reduced overall survival, higher tumor stage,
lower recurrence-free interval, and the absence of MYBLI break apart. (15) The author used the
same 10 cases of primary cutaneous ACC for the detection of deletion of the 1p36 by FISH, which
became available. None of these cases in our series, including two patients who died of metastatic
disease, had a deletion of the 1p36. It was concluded that the deletion of this locus is not a feature
of cutaneous ACC, but further studies on larger series are needed to confirm this assumption.

The main objectives of the next study that has resulted in the paper titled «Cutaneous
hidradenoma: a study of 21 neoplasms revealing neither correlation between the cellular
composition and CRTCI-MAML? fusions nor presence of CRTC3-MAML? fusions» were to find
out whether there is a correlation between the particular cell type of hidradenoma (as claimed by
some authors in a previous publication) and the presence of the CRTCI-MAML2 and CRTC3-
MAML? fusions. Hidradenoma is a benign adnexal neoplasm composed of several cell types,
including polyhedral eosinophilic cells, clear cells, epidermoid cells, mucinous cells, oxyphilic
cells, and various transitional cells. (16), (17), (8) The cellular composition occurs in variable
proportions and in various combinations from case to case, and in some neoplasms, a particular
cell type predominates. The neoplasm is usually solid and/or solid-cystic; less common is a
markedly prevailing cystic component, multinodular sclerosing pattern or prominent glandular
differentiation. Approximately 50% of hidradenomas harbor the t(11;19) translocation, which
results in the fusion of the CRTC1 gene with the MAML?2 gene. It has been claimed that t(11,19)
translocation is associated with clear cell differentiation. (18) In mucoepidermoid carcinoma of
the salivary gland, which is an analogue of cutaneous hidradenoma, apart from CRTCI-MAML?2
fusion, a subset of cases with CRTC3-MAML? fusions have been identified. (19) The objectives of
our study were 1) to find out whether there is indeed a correlation between cellular composition
and CRTCI-MAML? fusion and 2) to study CRTC3-MAML? fusions in this adnexal neoplasm. For
each of the 21 hidradenomas, we analyzed the presence of a particular cell type (polyhedral
eosinophilic, clear, mucinous, epidermoid (squamoid), and oncocytic (oxyphilic)) and the ratio of
solid areas versus glandular areas, together with the connection to the epidermis. We found that
t(11,19) translocation can be seen in cutaneous hidradenoma with various cytological
compositions, and not only in clear cell predominant lesions. There are hidradenomas that manifest
positive MAML?2 break apart probe but lack any demonstrable CRTC1-MAML?2 fusion, suggesting,
among other things, a different fusion partner. No tumor in our series yielded CRTC3-MAML?2
fusion.

In the fourth paper «Syringocystadenoma papilliferum (SCAP) of the anogenital area and
buttocks: a report of 16 cases, including HPV analysis and HRAS and BRAF V600 mutation
studies» the author investigated the role of HRAS and BRAF V600 mutations in the etiology and
pathogenesis of SCAP in the anogenital area and buttock. SCAP is a benign adnexal tumor most
commonly located on the head and neck area and often associated with nevus sebaceus. (20)
Histopathologically, SCAP appears as an exo-endophytic, often crateriform lesion with a papillary
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architecture formed by double-layered tubular structures composed of cuboidal to columnar
luminal cells, often showing apocrine secretion surrounded by a peripheral layer of
basal/myoepithelial cells. Various hyperplastic and metaplastic changes (mucinous metaplasia,
squamous metaplasia, etc.) have been described in SCAP. (21) In its usual location, the HPV DNA
and mutations in RAS/mitogen-activated protein kinase signaling pathway have been detected in
SCAP. (22), (23) We studied 16 cases of SCAP in the anogenital area and buttock (a very rare and
unusual location) and attempted to find out whether SCAP in these sites have different
histopathological and molecular biological features. We revealed no significant difference between
the morphology of anogenital SCAP and SCAP in other locations. Several tumors in our cohort
demonstrated features resembling those seen in warts, but HPV DNA was not found in these
lesions. On the contrary, we identified the DNA of HPV high-risk types in some tumors without
HPV-related morphology. Our study confirms the role of HRAS and BRAF V600 mutations in the
pathogenesis of SCAP, including SCAP in the anogenital areas and buttock.

The fifth article of tumors with predominant apocrine and eccrine differentiation is a
«Secretory carcinoma of the skin: report of 6 cases, including a case with a novel NFIX-PKN1
translocation» in which the author of the thesis is the first author. Primary cutaneous secretory
carcinoma is a rare adnexal carcinoma that morphologically and immunohistochemically is
identical to secretory carcinoma of the breast and salivary glands. (24) It is an indolent tumor
mainly located in the axilla and often affecting young adults. Histologically, secretory carcinoma
is composed of bland neoplastic cells arranged in microcystic, tubular, and solid growth patterns,
with typical abundant bubbly secretion within the microcystic and tubular spaces. (25)
Immunohistochemically, the neoplastic cells express S-100 protein, mammaglobin, STATS, and
GATA3. This tumor is associated with the presence of t (12;15) translocation, resulting in the
ETV6-NTRK3 gene fusion. (26), (27) Prior to our study, only 19 cases have been reported in the
skin, mostly as isolated case reports. We described six new cases of primary cutaneous secretory
carcinoma, including two cases with unusual microscopic features. One was with a focal mucinous
component with small lakes of mucin containing small tumor nests or tubules of the neoplastic
cells, whereas the second tumor featured a solid and papillary architecture, with only focal typical
luminal secretions. All 6 cases have been studied for ETV6-NTRK3 gene fusion. In 5 cases, t
(12;15) translocation was detected, whereas in the remaining tumor a novel NFIX-PKNI gene
fusion was found.
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Small Subset of Adenoid Cystic Carcinoma of the Skin Is
Associated With Alterations of the MYBLT Gene Similar to
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Abstract: Adenoid cystic carcinoma (ACC) of the skin is a rare
malignant neoplasm histologically identical to homonymous tumors
in other organs. Cutaneous ACC has been found to harbor MYB gene
activations, either through MYB chromosomal abnormalities or by
generation of the MYB-NFIB fusion. In salivary gland ACC, in
addition to the MYB gene, alterations in MYBLI, the gene closely
related to MYB. have been reported. We studied 10 cases of cutane-
ous ACC (6 women, 4 men; and age range 51-83 years) for alter-
ations in the MYB, NFIB, and MYBLI genes, using FISH and PCR.
MYB break-apart and NFIB break-apart tests were positive in 4 and 5
cases, respectively. MYB-NFIB fusions were found in 4 cases. The
break of MYBLI was found in 2 cases, and in one of them, the NFIB
break-apart probe was positive, strongly indicating a MYBLI-NFIB
fusion. In 2 cases, the MYB break-apart test was positive, whereas no
MYB-NFIB was detected, strongly suggesting another fusion part-
ner. It is concluded that MYBL/ alterations are detected in primary
cutaneous ACC but are apparently less common compared with
MYB and NFIB alterations.

Key Words: adenoid cystic carcinoma, skin, adnexal neoplasms,
MYB, MYBLI, NFIB
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INTRODUCTION
Adenoid cystic carcinoma (ACC) of the skin is a rare
malignant neoplasm histologically identical to homonymous
tumors in other organs, including salivary glands, respiratory
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tract, ear, lacrimal gland, ceruminous gland, Bartholin gland,
and breast.'"? Approximately 60% of the studied cases of
cutaneous ACC have been found to harbor MYB gene activa-
tions, either through MYB chromosomal abnormalities or by
generation of the MYB-NFIB fusion.'®!! In the latter case,
a recurrent t(6;9) translocation fuses the myeloblastosis
(MYB) proto-oncogene on chromosome 6q22-23 to the NFIB
gene on chromosome 9p23-24.' The MYB-NFIB fusion
oncogene activates transcription of genes involved in cell
cycle control, DNA repair, and apoptosis. The translocation
t(6;9) appears a tumor-type specific because it has been de-
tected in ACC in different organs and anatomical structures,
including salivary glands, lacrimal glands, breast, upper respi-
ratory tract, ear, and Bartholin glands?*#1314 In addition to
the MYB gene, alterations in MYBLI, the gene closely related
to MYB, have been reported in salivary gland ACC.'*'7
Reciprocal MYB and MYBLI expression was consistently
found in ACC.'® Because we are not aware of any studies
on cutaneous ACC studying alterations in MYBLI, our main
goal was to find out whether this gene is involved in cutaneous
ACC.

MATERIAL AND METHODS

Case Selection

Ten cases of cutaneous ACC with available paraffin
blocks were randomly selected from our consultation files. The
hematoxylin and eosin stained slides were reviewed together
with the clinical information to confirm the diagnosis. Clinical
data and follow-up information were obtained from the
attending clinicians. In all cases, MYB immunostaining (clone
EP769Y, diluation 1:100, ABCAM) was performed either at
the time of the diagnosis or retrospectively.

Detection of MYB-NFIB Fusions and MYBL1
Rearrangements by FISH

Four micrometre thick formalin-fixed paraffin-
embedded (FFPE) sections were placed onto positively
charged slides. Corresponding HE-stained slides were
examined to determine the areas for cell counting. The
unstained slides were routinely deparaffinized and incu-
bated in the 1x Target Retrieval Solution Citrate pH 6
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(Dako, Glostrup, Denmark) at 95°C/40 minutes and sub-
sequently cooled for 20 minutes at room temperature in the
same solution. The slides were washed in deionized water
for 5 minutes and digested in a protease solution with
Pepsin (0.5 mg/mL) (Sigma Aldrich, St. Louis, MO) in
0.01 M HCI at 37°C/25-60 minutes according to the sam-
ple conditions. The slides were then placed into deionized
water for 5 minutes, dehydrated in a series of an ethanol
solution (70%, 85%, 96% for 2 minutes each), and air-
dried.

The MYB-NFIB fusions were detected by FISH using
one commercial probe, ZytoLight SPEC MYB Dual Color
Break-Apart Probe (ZytoVision GmbH, Bremerhaven,
Germany) and custom-designed SureFish probes, namely
a NFIB Break-Apart probe, a MYB-NFIB dual-fusion probe,
and a MYBL2 break-apart probe (Agilent Technologies, Santa
Clara, CA). Chromosomal regions for the NFIB break-apart
probe  oligos are  chr9:13740671-14140560  and
chr9:14340306-14740560, for the MYB-NFIB fusion probe
chr6:135271234-135771043 and chr9:13990266-14490285,
and for the MYBLI probe chr8:67076230-67474559 and
chr8:67526335-68426199.

For the SureFish designed probes, 0.5 pL of each probe
(each color was delivered in a separated well), 0.5 L of deion-
ized water, and 3.5 L of Locus Specific Identifier (LSI) buffer
(Vysis/Abbott Molecular, Des Plaines, IL) were mixed before
applying onto the specimen, whereas the MYB Dual Color
Break-Apart Probe was factory premixed. An appropriate amount
of the premixed probe was applied on the specimen, covered
with a glass coverslip and sealed with rubber cement. The slides
were incubated in the ThermoBrite instrument (StatSpin/Iris
Sample Processing, Westwood, MA) with codenaturation at
85°C/8 minutes and hybridization at 37°C/16 hours. The
rubber-cemented coverslip was then removed, and the slide
was placed in a posthybridization wash solution (2x SSC/0.3%
NP-40) at 72°C for 2 minutes. The slide was air-dried in the dark,
counterstained with 4, 6-diamidino-2-phenylindole (DAPI) (Vy-
sis/Abbott Molecular), coverslipped, and immediately examined.

FISH Interpretation

The sections were examined with an Olympus BX51
fluorescence microscope (Olympus Corporation, Tokyo,
Japan) using a 100x objective and filter sets triple band pass
(DAPL/SpectrumGreen/SpectrumOrange).  dual band pass
(SpectrumGreen/SpectrumOrange), and single band pass
(SpectrumGreen or SpectrumOrange). For each probe, 100
randomly selected nonoverlapping tumor cell nuclei were
examined for the presence of yellow or green and orange fluo-
rescent signals. Regarding break-apart probes, the yellow sig-
nals were considered negative, whereas the separate orange and
green signals were considered positive. Conversely, for the

fusion probe, the yellow signals were considered positive,
whereas the separate orange and green signals were considered
negative. The cut off values were set to more than 10% and
20% of the nuclei (break-apart and fusion probes, respectively)
with chromosomal breakpoint/fusion signals (mean + 3 SD in
normal non-neoplastic control tissues).

Detection of MYB-NFIB Fusions by Reverse
Transcipt Polymerase Chain Reaction RT-PCR

RNA from FFPE tissue samples was extracted using
a QIASymphony RNA Kit (QIAGEN, Hilden, Germany) on
the QIASymphony SP instrument (QIAGEN). RNA quantity
and quality were measured using a Nanodrop 1000 Spectro-
photometer (Thermo Scientific, Waltham, MA) and reverse
transcribed using a Transcriptor First Strand ¢cDNA Synthesis
Kit (Roche, Basel, Switzerland) according to the manufac-
turer instructions. RNA integrity was determined by a control
PCR comprising 2 pL of ¢cDNA, 12.5 pL of HotStar Taq
PCR Master Mix (QIAGEN), 10 pM of each primer, and
distilled water up to 25 L. The primers are showed in Table
. The amplification program comprised 95°C/14 minutes,
then 40 cycles of denaturation at 95°C/1 minute, annealing
at 60°C/0.5 minutes, extension at 72°C/l minute, and final
extension at 72°C/7 minutes. Samples with RNA integrity
below 133 bp were excluded from further analysis.

For the own fusion detection, 2 pL of cDNA was added
to the reaction consisting of 12.5 pL of HotStar Tag PCR
Master Mix (QIAGEN), 10 pM of each primer, and distilled
water up to 25 pL. The amplification program comprises
initial denaturation at 95°C/14 minutes, then 40 cycles of
denaturation at 95°C/1 minute, annealing at 55°C/1 minute,
and extension at 72°C/1.5 minutes. The program was finished
by incubation at 72°C/7 minutes. The primers used for the
PCR were described elsewhere.!®

Successfully amplified PCR products of the MYB-NFIB
fusion gene were purified, using a Montage PCR Centrifugal
Filter Devices (Millipore, Billerica, MA). Then, the PCR
products were both sides sequenced using a Big Dye Termi-
nator Sequencing kit (Applied Biosystems, Carlsbad, CA),
run on an automated genetic analyzer ABI Prism 3130x]
(Applied Biosystems) at a constant voltage of 13.2 kV for
20 minutes and compared with the GenBank sequence.

RESULTS

Clinical Data

There were 6 female and 4 male patients, ranging in age
at the diagnosis from 51 to 83 years (mean 68.5 years and
median 67 years). Locations included the head (n = 4), thigh
(n=2), back (n = 2), and vulva (n = 2). All patients presented

TABLE 1. Primer Sequences With Respective Amplicon Lengths Used for RNA Integrity Testing

Primer Name Amplicon Length, bp

Forward Primer Sequence

Reverse Primer Sequence

B2M 105
B2M-—133 133
PGK 247

GAAAAAGATGAGTATGCCTG
CTCGCGCTACTCTCTC CT
CAG GGAGCTCCTGGAAG

ATCTTCAAACCTCCATGATG
TGTCGGATTGATGAAACCCAG
TGCAAATCCAGGGTGCAGTG
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with a solitary neoplasm, varying in size fiom 5 to 50 mm in
largest dimension (mean 18.6 mm). Two patients (case 7 and
9) presented with a recurrent tumor. In case 7, a small ACC
had been removed at the same site 2 years earlier, whereas in
case 9, the recurrence of vulvar ACC occurred 12 years after
initial surgery. One patient (case 3) had been diagnosed with
polycythemia 2 years before the occurrence of cutaneous ACC.

In 7 cases, the lesions were surgically removed, whereas
in both patients with vulvar neoplasms, a vulvectomy with
unilateral lymphadenectomy was performed, and in the remain-
ing patient, surgery was combined with radiation therapy.
Follow-up was available for 9 patients. In 7 patients, there was
no evidence of disease at 6, 9, 37, 39, 40, 42, and 82 months.
Two of them (cases 6, 10) later died, one of an unknown cause
and the other patient because of an ovarian carcinoma. The
patient (case 9) with the recurrent vulvar neoplasm developed
pulmonary metastasis 1 year after the vulvectomy and then she
was lost to follow-up. In the remaining patient (case 5), the
tumor recurred within the scar 7 years after the initial diagnosis,
and a year later, multiple pulmonary, rib, and liver metastases
were detected; the patient died (Table 2).

Histopathologic and Immunohistochemical
Features

In all but one case, there was a mixture of cribriform,
tubular, and solid patterns forming variably shaped nodules in

the dermis. In the remaining case, solid areas were lacking.
The cribriform and tubular patterns dominated in 5 and 3
neoplasms, respectively, whereas in the remaining 2 cases,
the solid pattern prevailed (>50% of the tumor volume). In
all cases. both true small bilayered ducts and pseudocysts
were recognized. The true ductal structures had small round
lumina and were composed of inner epithelial cells with uni-
form round nuclei an outer layer of basal/myoepithelial cells.
The pseudocystic structures were larger than the ducts and
contained abundant basophilic mucinous material positive for
Alcian blue at pH 2.5 and/or hyalinized PAS-positive eosin-
ophilic material. The solid areas were composed of small
basaloid cells with hyperchromatic, slightly angulated
nucleus, and scant cytoplasm. Mitotic activity was low. Peri-
neural invasion was seen in 4 cases. The stroma varied from
hyalinized and paucicellular to focally fibrotic and myxoid.
Of the 10 tumors studied, 5 neoplasms exhibited
immunopositivity for MYB (>50% cells) (Fig. 1).

FISH Findings

MYB break-apart and NFIB break-apart tests were pos-
itive in 4 and 5 cases, respectively (Figs. 2 and 3). MYB-
NFIB fusions were found in 4 cases (Fig. 4). The break of
MYBLI was found in 2 cases, and in one of them, the NFIB
break-apart probe was positive, strongly indicating a MYBLI—
NFIB fusion (Fig. 5). In 2 cases, the MYB break-apart test was

TABLE 2. Main Clinicopathologic and Molecular Biologic Features

Predominant Pattern/Perineural

Case N Sex/Age Location/Size Invasion THC (MYB) MYRB ba NFIB ba

1 F/58 Scalp Cribriform/no - Neg +

2 M/65 Thigh Tubular/no = Neg +

3 F/83 Scalp Tubular/yes + Neg Neg

4 M/51 Back Cribriform/no + + Neg

5 M/74 Shin Solidno + NA NA

6 F/78 Head Cribriform/yes = Neg +

74 M/62 Face Cribriform/no - Neg Neg

8 F/69 Vulva Tubular/yes + + +

9 F/65 Vulva Cribriform/yes = + +

10 F/80 Sacral Solid/no + E Neg

MYB-NFIB

Case N MYB-NFIB Fusion MYBLI RT-PCR Treatment Follow-up

1 + Neg NA Excision Lost to follow-up

2 Neg + Neg Excision NED at 37 mo

3 Neg Neg NA Excision NED at 39 mo

4 Neg Neg Neg Excision NED at 40 mo

5 NA Neg Neg Excision Local recurrence in 87 mo, then
pulmonary, liver and rib metastases

13 mo later and DOD

6 + Neg Neg Excision DUC at 82 mo

T Neg + Neg Excision NED at 9 mo

8 + Neg + Vulvectomy with lymphadenectomy NED at 6 mo

9 + Neg Neg Vulvectomy with lymphadenectomy Pulmonary metastases in 1 y, then

lost to follow-up
10 Neg Neg Neg Excision + RT (51GY) NED at 42 mo, then DUC 2 y later

DOD, death of disease; DUC, death of unknown or unrelated course; NA, not analyzable; NED, no evidence of disease; RT, radiation thempy.
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FIGURE 1. Adenoid cystic carci-
noma of the skin with a pre-
dominant cribriform (A), tubular (B),
and solid (C) patterns. Positive
immunohistochemical staining for
MYB protein (D).

positive, whereas no MYB-NFIB was detected, strongly sug-
gesting another fusion partner. In case 3, all 4 FISH tests were
negative, and in the remaining case, both MYB and NFIB
break-apart samples were nonanalyzable, as were samples
for MYB-NFIB fusions.

RT-PCR Findings
Of the 8 cases analyzed, MYB-NFIB fusions were de-
tected in one neoplasm.

FIGURE 2. Interphase FISH analysis using break-apart probe Zy-
tolight SPEC MYB dual color break-apart probe (6¢23.3). Positive
nuclei contains separate (split) orange and (or) green signals
indicating a rearrangement (break) of one copy of the MYB gene
region and also one orange-yellow-green fusion signal repre-
senting one normal (intact) copy of the homolog MYB locus.

724 | www.amjdermatopathology.com

DISCUSSION

MYB is one of the earliest identified proto-oncogenes
discovered as a cellular homologue of the viral oncogene
(v-MYB) carried by 2 different avian leukemia retroviruses
and plays a vital functional role in the establishment of defin-
itive hematopoiesis. The MYB protein is a founding member
of ¢-MYB transcription factor family that also encompasses
MYBLI (AMYB) and MYBL2 (BMYB) proteins. MYB
plays a key role in the control of cell proliferation, survival,

FIGURE 3. Interphase FISH analysis using custom-designed
SureFISH NFIB break-apart probe (9p22.3). Positive nuclei
contains separate (split) orange and (or) green signals indi-
cating a rearrangement (break) of one copy of the NFIB gene
region and also one orange-yellow-green fusion signal repre-
senting one normal (intact) copy of the homolog NFIB locus.
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FIGURE 4. Interphase FISH analysis using custom-designed
SureFISH MYB-NFIB dual fusion probe. Positive nuclei shows
orange-yellow-green fusion signals representing reciprocal
translocation t(6;9) (q22-23; p23-24) and also separate
orange and green signals showing the normal homolog.

differentiation, and angiogenesis.'”*" MYB expression has
been found a potent driver of some animal and human neo-
plasms. In humans, MYB overexpression is detected in most
myeloid and acute lymphoid leukemia.'®?® Recent evidence
showed that MYB alterations are common in ACC, as are
changes involving NFIB."7 NFIB, located on chromosome
9, is one of the 4 genes comprising the Nuclear Factor One
family of transcription factors (NFIA, NFIB, NFIC, and NFLX).
NFIB is essential for the development of various organ system,
including salivary glands.?! Involvement of MYB and/or NFIB
in ACC in a variety of organs has been well documented, often
as MYB-NFIB fusions."”’

FIGURE 5. Interphase FISH analysis using custom—designed
SureFISH MYBL1 (8q13.1) break-apart probe positive nuclei
contains separate (split) orange and (or) green signals indi-
cating a rearrangement (break) of one copy of the MYBLI
gene region and also one orange-yellow-green fusion signal
representing one normal (intact) copy of the MYBLT locus.

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

Apart from MYB-NFIB gene fusions, alterations
involving MYBLI have recently been identified in a subset
of salivary gland ACC. Mitani et al described a novel
MYBLI-NFIB gene fusion as a result of t(8;9) translocation
and multiple rearrangements in the MYBL/! gene in 35% of
ACC (12 cases) negative for the t(6;9). All MYBL/ alterations
involved deletion of the C-terminal negative regulatory
domain and were associated with high MYBL/I expression.
The authors also found reciprocal MYB and MYBL! expres-
sion. In addition, the authors identified 2 t(8;9) negative cases
that were characterized by MVYBLI/-YTHDF3 fusions. In
addition, there were 2 cases negative for t(8:9) and showing
no fusion of MYBLI but exhibiting MYBL/ truncation. Lastly,
in one case, a MYBLI-RAD3 1B fusion was found.'® A case
showing a similar fusion of MYBL/ to an intron of the
RADS5IBE gene on chromosome 14q23-q24.2, leading to
antisense transcription of part of the RADS5/B intron was
found by Brayer et al.'” The authors showed that the A-MYB
protein is truncated, but no part of the RADS5/B protein is
included in the predicted fusion protein'” Among 33 of ACC,
Drier et al’ found a case with MYB translocation to the
TGFBR3 locus. Among 33 cases of salivary gland ACC
studied by Fujii et al,'® MYBLI-NFIB fusions were seen in 2
cases, and in one case, the fusion partner for MYBLI re-
mained unknown (labeled MYBLI-X), as it was unknown for
4 and 6 cases with MYB and NFIB, respectively (labeled
MYB-X and NFIB-X). MYBLI-NFIB fusions were also de-
tected by Rettig et al who additionally identified t(6;9) (q23.3;
p22.3) fusions involving MAP3K5-NFIB 5. They also dem-
onstrated that NFIB also recombined with 3 other genes on
chromosome 6q, namely RPS6KA2, MYO6, and RIMSI. By
contrast, MYB recombined with only one gene other than NFIB.>

In our series of cutaneous ACC, MYB-NFIB fusions
were found in 4 cases. Remarkably, in 2 of these cases (cases
1 and 6), the MYB break-apart probe was negative. The dis-
crepancies between break-apart and fusion probes in these
cases be explained by several mechanisms including (1) an
insertion of an NFIB gene segment immediately centromeric
to the MYB gene outside the target region of the MYB break-
apart probe, (2) breakpoints distal to the MYB gene (both
reviewed in detail in Ref. 1), and (3) or by another yet un-
described mechanism. A similar pattem has been found in one
of 9 vulvar ACC in a recent study.®

The break of MYBLI was found in our cohort in 2 cases
(cases 2 and 7). In one of them (case 2), the NFIB break-apart
probe was positive, strongly indicating a MYBLI-NFIB
fusion, whereas in the second case (case 7), the fusion partner
remained unknown.

In 2 cases (cases 4 and 10), the MYB break-apart test
was positive, whereas no MYB-NFIB was detected, strongly
suggesting another fusion partner. In one case (case 3), all 4
FISH tests were negative. In the remaining case (case 5), both
MYB and NFIB break-apart samples were nonanalyzable, as
were samples for MYB-NFIB fusions, whereas the remaining
2 investigations proved negative (Table 2).

Noteworthy is also the discrepancy between the results
of FISH and RT-PCR for MYB-NFIB fusions. Of the 4 cases
(cases 1, 6, 8, 9) where MYB-NFIB fusions were detected by
FISH, only in one case was the fusion detected by RT-PCR.
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Similar findings have previously been reported by North et al.
In their series, MYB-NFIB fusion transcripts were identified
in 2 of the 9 studied cases. All RT-PCR negative cases were
immunohistochemically positive for MYB, and 4 showed
various MYB rearrangements by FISH. The discrepancy can
probably be explained by use of FFPE samples with degraded
RNA and/or incapability of RT-PCR primes to detect all
fusion transcript variants.

In our series, only 5 tumors manifested positivity for
MYB (=350% cells), which is lower than previously reported.
Among the 5 MYB-negative cases, there were 2 cases with
MYBL! alterations, which is a likely explanation for the im-
munonegativity. For the remaining 3 cases, the immunoneg-
ative reaction for MYB oncoprotein is unclear. For
comparison, in the series of North, 8 of the 9 cases stained
for MYB were positive, but the authors used a different anti-
body.'? It has recently been shown that MYB labeling by
immunohistochemistry is more sensitive and more specific
for mammary ACC than MYR labeling by FISH.>* Obviously,
this statement cannot be applied to primary ACC of the skin,
nonetheless more studies are needed.

In conclusion, MYBLI alterations are detected in pri-
mary cutaneous ACC but are apparently less common com-
pared with MYRB and NFIB alterations. Our study suggests the
occurrence of MYBLI-NFIB fusions but also the existence of
another fusion parmer in primary ACC of the skin.
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Lack of Deletion of
1p36 in 8 Cases of Pri-
mary Adenoid Cystic
Carcinoma of the Skin

To the Editor:

In our previous study, we have
demonstrated that primary cutaneous ade-
noid cystic carcinoma (ACC) manifests
genetic changes similar to its salivary gland
homologue, including alterations in the
MYB and MYBLI genes.! Deletion of the
Ip36 locus has been shown in salivary
gland ACC (range of detection: 0%
449%),>* in which this alteration has been
found to be associated with reduced overall
survival, higher tmor stage, lower
recurrence-free interval, lower recurrence-
free survival, solid histology, and the
absence of MYBLI break.*® As this

Supported in part by the Charles University
Research Fund (project number SVV-2018
260 391 and SVV 260 391/2017).
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LETTERS TO THE EDITOR

technique has now become available for
us, we investigated our previously pub-
lished cohort of 10 patients with primary
cutaneous ACC.! FISH for 1p36 was per-
formed, as described elsewhere.” The anal-
ysis was successful in 8 of the 10 cutaneous
neoplasms. All the cases, including 2 pa-
tients who died of metastatic disease,
proved negative. It seems that the deletion
of 1p36 is not a feature of cutaneous ACC,
but further studies on larger series are
needed to confirm this assumption.

Liubov Kyrpychova, MD*

Petr Steiner, PhD7
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Cutaneous hidradenoma: a study of 21 neoplasms revealing neither
correlation between the cellular composition and CRTC1-MAML?2 fusions
nor presence of CRTC3-MAML?2 fusions™**
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ARTICLE INFO ABSTRACT
Keywords: Twenty-one hidradenomas from 20 patients (13 female, 7 male) ranging in age from 18 to 87 years (mean,
Cutaneous adnexal tumors 57.75 years; median, G0 years) were studied for CRTCI-MAML2 and CRTC3-MAML2 fusions to find out whether
Hidradenoma there is a correlation between the particular cell type (polyhedral eosinophilic, clear, mucinous, epidermoid,
Mucoepidermoid carcinoma and oncocytic) and presence the above alterations. CRTC1-MAMIZ2 fusions were detected in 10 of the 21
ﬁi% neoplasms (47.6%). Fluorescence in situ hybridization for MAML2 break apart was analyzable in 13 spedmens
and in all these specimens was positive, including 4 tumors with no demonstrable CRTC1-MAMLZ fusion.
In none of the cases was a CRTC3-MAML2 fusion detected. No obvious correlation between the cellular
composition and presence of t(11,19) translocation was found.
© 2016 Elsevier Inc. All rights reserved.
1. Introduction carcinoma (MEC) of salivary glands. In this salivary gland neoplasm,

Hidradenoma is a relatively common cutaneous adnexal neoplasm
composed of several cell types, including polyhedral eosinophilic cells,
clear cells, squamoid (epidermoid) cells, mucinous cells, oxyphilic
(oncocytic) cells, and various transitional (intermediate) cells. These
cell types occur in variable proportions and in various combinations
from case to case, and in some tumors, a particular cell type predomi-
nates. The neoplasm is usually solid and/or solid cystic; less common
is a markedly prevailing cystic component, multinodular sclerosing
pattern, or prominent glandular differentiation [1-7]. Hidradenoma
harbors the t(11;19) translocation which results in fusion of
the mucoepidermoid carcinoma translocated 1 (MECTI) gene on
chromosome 19p13 (synonyms: TOCRI, CRTC1, WAMTP1) with the
mastermind-like 2 (MAML2) gene on chromosome 11g21 [8]. This
translocation is encountered in approximately 50% of cases and is said
to be more common in cases with predominant clear cell differentiation
[9]. Outside the skin, the translocation is often seen in mucoepidermoid

+# Theauthors have disclosed that they have no relationship with, or financial interest in,
any commercial companies pertaining to this artide,
% The study was supported in part by the Charles University Research Fund (project
number SVV-2016-260,282).

* Corresponding author at: Sikl's Department of Pathology, Charles University Medical
Faculty Hospital, Alej Svobody 80, 304 60 Pilsen, Czech Republic. Tel.: + 420 737220405
(mobile), +420 377104651 (Direct); fax: + 420 377104650,

E-mail address: kazakov@medima.cz (D.V. Kazakov).

http://dx.doiorg/10.1016/j.anndiagpath.2016.04.006
1092-9134/© 2016 Elsevier Inc. All rights reserved.

apart from CRTCT-MAML2 fusion, a subset of cases with CRTC3-MAML2
fusions has been identified [10]. The objectives of our study were
(1) to find out whether there is indeed a correlation between cellular
composition and CRTC1-MAMLZ fusion and (2) to study CRTC3-MAML2
fusions in this adnexal neoplasm.

2. Materials and methods
2.1. Case inclusion/exclusion

Twenty cases of cutaneous hidradenoma were randomly selected
from our files and were subjected to molecular biological studies for
CRTC3-MAML2 and CRTCI-MAMLZ fusions as indicated below. Three
cases were excluded based on negative control amplifications, and
new randomly selected 3 cases were added, with 1 patient having 2
neoplasms.

2.2. Light micrescopic investigations

For each of the 21 tumors included, we analyzed the cellular
composition of the tumor scoring the presence of a particular cell type
(polyhedral eosinophilic, clear, mucinous, epidermoid [squamoid], and
oncocytic [oxyphilic]) as follows: 0% (— ), 1%-5% ( +), 5%-25% (++),
25%50% (++ +), and =50% ( ++ ++ ). We also estimated the ratio of
solid areas vs glandular areas and connection to the epidermis.
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2.3. RNA extraction, RNA integrity, and reverse transcription

RNA from the formalin-fixed, paraffin-embedded tissue was extract-
ed using the RecoverAll Total Nucleic Acid Isolation Kit ( Ambion, Austin,
TX). cDNA was synthesized by reverse transcription {RT) using the
Transcriptor First Strand cDNA Synthesis Kit (RNA input 1 ug) (Roche
Diagnostics, Mannheim, Germany). All procedures were performed
according to the manufacturer's protocols.

Amplification of 105- and 133-base pair (bp) products of the [beta]-
2-microglobulin gene and 247-bp product of the PGK gene was used to
test the quality of the extracted RNA, as previously described [11-13]. A
volume of 2 uL of cDNA was added to the polymerase chain reaction
(PCR) mixture containing 12.5 uL of HotStar Tag PCR Master Mix
(Qiagen, Hilden, Germany), 10 pmol of each primer (Table 1), and dis-
tilled water up to 25 L. The amplification conditions for all control
genes consisted of denaturation at 95°C for 14 minutes and then
40 cycles of denaturation at 95°C for 1 minute, annealing at 60°C for
1 minute, and extension at 72°C for 1 minute. The program was com-
pleted by incubation at 72°C for 7 minutes. Only those samples with
at least 1 positive control amplification were further analyzed.

24. Detection of CRTC1-MAMLZ and CRTC3-MAML2 fusion transcripts

Detection of CRTC1-MAMLZ2 and CRTC3-MAML2 fusion transcripts
was performed using nested RT-PCR with primers published elsewhere
[10,14] (Table 1). A volume of 2 L of cDNA was added to the PCR mix-
ture containing 12.5 ul of HotStar Taq PCR Master Mix (Qiagen, Hilden,
Germany), 10 pmol of each outer primer complementary to CRTCI-
MAMLZ2 or CRTC3-MAML2 fusion transcripts, and distilled water up to
25 . The amplification conditions comprised denaturation at 95°C for
14 minutes and then 35 cycles of denaturation at 95°C for 30 seconds,
annealing at 55°C for 30 seconds, and extension at 72°C for
30 seconds. Each PCR product from the first run was diluted with dis-
tilled water at a ratio 1:50. A volume of 1 uL of the diluted product
was added to a second run of the PCR, with the same reagents as in
the first run except for the inner primers. The amplification conditions
of the second round consisted of denaturation at 95°C for 14 minutes
and then 35 cycles of denaturation at 95°C for 30 seconds, annealing
at 60°C for 30 seconds, and extension at 72°C for 30 seconds. The pro-
gram was finished by incubation at 72°C for 7 minutes. Successfully am-
plified RT-PCR products of the CRTC1-MAML2 or CRTC3-MAML2 fusion
were purified with magnetic beads using the Agencourt AMPure Kit
(Agencourt Bioscience Corporation, A Beckman Coulter Company, Bev-
erly, MA), both sides sequenced using the Big Dye Terminator Sequenc-
ing Kit (Applied Biosystems, Foster City, CA) and purified with magnetic
beads using the Agencourt CleanSEQ Kit (Agencourt Bioscience Corpo-
ration, Foster City, CA), all according to the manufacturer's instructions.
Samples were then run on an automated sequencer ABI Prism 3130 x |

Table 1

Primers for nested PCR
Name of primer Sequence 5'-3'
b2-mikroglob F GAAAAAGATCGAGTATGCCTG
b2-mikroglob R ATCTTCAAACCTCCATGATG
B2M-133F CTCGCGCTACTCTCTCTTTCT
B2M-133R TGTCGGATTGATGAAACCCAG
pek-F CAGTTTGGAGCTCCTGGAAG
pgk-R TGCAAATCCAGGGTGCAGTG
CRTC1A (outer) TCGCGCTGCACAATCAGAAG
CRTC1B (inner) GAGGTCATGAAGGACCTGAG
CRTC3A (outer) TCGCGCTGCACACGCAGAGA
CRTC3B (inner) CAGAGACAGGCCGAGGAGAC
MAML2A (outer) GGTCGCTTGCTGTTGCCAGG
MAML2B (inner) TTGCTGTTGGCAGGAGATAG

(Applied Biosystems, Foster City, CA) at a constant voltage of 13.2 kV for
20 minutes and compared with the GenBank sequences.

2.5. Detection of MAML2 break by fluorescence in situ hybridization

Before performing fluorescence in situ hybridization (FISH), hema-
toxylin and eosin-stained slides were examined to determine the
areas for cell counting. Then, a 4-um-thick formalin-fixed, paraffin-
embedded section was placed onto a positively charged slide. The un-
stained slide was routinely deparaffinized and incubated in the 1x Tar-
get Retrieval Solution Citrate pH 6 (Dako, Glostrup, Denmark) for
40 minutes at 95°C, subsequently cooled for 20 minutes at room tem-
perature in the same solution, and washed in deionized water for
5 minutes. The slide was digested in protease solution with pepsin
(0.5 mg/mL) (Sigma Aldrich, St Louis, MO) in 0.01 mol/L HCl at 37°C
for 15 minutes. The slide was then rinsed in deionized water for
5 minutes, dehydrated in a series of ethanol solutions (70%, 85%, 96%
for 2 minutes each), and air dried. An appropriate amount of factory
premixed probe ZytoLight SPEC MAML2 Dual Color Break Apart Probe
(11g21) (ZytoVision GmbH, Bremerhaven, Germany) was applied on
the specimens, covered with a glass cover slip, and sealed with rubber
cement. The slide was incubated in the ThermoBrite instrument
(StatSpin/Iris Sample Processing, Westwood, MA) with codenaturation
parameters of 85°C for 8 minutes and hybridization parameters of
37°C for 16 hours. The rubber-cemented cover slip was then removed,
and the slide was placed in posthybridization wash solution (2 x SSC/
0.3% NP-40) ar 72°C for 2 minutes. The slides were air dried in the
dark, counterstained with DAPI 11 (Vysis/Abbott Laboratories, Abbott
Park, IL), covered with slip, and immediately examined under an Olym-
pus BX51 fluorescence microscope using a = 100 objective and filter sets
Triple Band Pass (DAPI/Spectrum Green/Spectrum Orange), Dual Band
Pass (FITC/Texas Red), and Single Band Pass (Spectrum Green or Spec-
trum Orange). One hundred randomly selected nonoverlapping tumor
cell nuclei were examined for the presence of yellow (normal) or
green and red { chromosomal break point) fluorescent signals. The sam-
ple was considered positive if = 10% of nuclei showed break point signal.

3. Results
3.1. Clinical data

There were 13 women and 7 men, ranging in age from 18 to 87 years
(mean, 57.75 years; median, 60 years). All but 1 patient presented with
solitary lesions; 1 woman had 2 tumors. Locations included the head
and neck area (n = 8), extremities (n = 8), and trunk (n = 4).In 1
case, the location was unknown. The sized of the lesions varied from 2
to 30 mm (mean, 11.1 mm; median, 9 mm) (Table 2).

3.2. Histopathological findings

All neoplasms manifested a multinodular architecture and were
composed of different cell types. A marked predominance of 1 cell
type (+++-) was seen in only 1 case in which a majority (90%) of
cells were clear cells (Fig. 1). In 4 other lesions, there was predominance
of polyhedral eosinophilic cells (40%-45%) over other cell types (Fig. 2).
In the remaining lesions, there was no predominance of particular cell
type, and most displayed 3-4 cell types, with 2 neoplasms composed
of all 6 cell variants (Figs. 3 and 4). Mucinous cells and oxyphilic cells
were the least common cell types, usually seen only focally. Focal
glandular differentiation was always present but usually represented a
minor moiety; a glandular component dominated over the solid areas
only in 1 case (Fig. 5). In many cases, apocrine secretion was readily
apparent in the glandular areas (Fig. 6). The epidermis was present in
17 specimens, and the tumor manifested connection to the epidermis
in 7 cases (Fig. 7).
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Table 2
Main clinicopathological and molecular biological data
Case Sex/age  Clinical data Location Size,mm  Architecture  EC  CIC PEC SqC  OxC  TrC MuC  £(11:19) t(11:15) Control genes MAML2
(S:G) CRICI/MAMIL2 ~ (RTG3/MAMIL2  105/133/247 bp  BAFISH
Casel  F/66 Solitary nodule Forearm 25 5-G - - + + + ++ - - = Ty +
Case2  F/38 Histiocytoma? Lowerleg 8 $>G s - -+ - - - /4 +
Casse3  F/51 Cystic nodule, 6-y duration Chestwall 25 5-G - 4+ + + - ++ o+ + — +/+ NA
Case 4 E/50 Nodule, 2-y duration Abdomen 15 5>G = + ++4 Ha = 5l = = +/=1= NA
Case5  F/49 Solitary nodule Unknown 9 5>G - 4+ +++  + - ++  + - = g %
Case6  M/BO Lipoma Forehead 6 S=G NA  + +++ + ++ - - - +/4 - NA
Case 7 M/76 Fibroadenoma Chestwall 8 $>G - ++ + ++ + + - - - +/+/+ NA
Cxse8  F/55 Verucca Scapula 7 $>G = o ++ = — ++ o+ = - Py NA
Case9  M/87 Solitary nodule Shin 30 5-G + o+ + ++  + + + + = A+ +
Case 10 F/39 Nodule Finger 14 $=G NA  + et = - + - - - +f=l= NA
Case 11 F/68 Histiocytoma, several years’ duration  Tibia 10 G>s - 4+ + - - + - - - FyEy NA
Caxse12  F/74 Pyogenic granuloma? shin 6 5-G + o+ - + — + = - — K1 +
Case 13 M/G0 Nevus? Forehead 8 5>G + o+ + + -+ - + - i+ +
Case 14 F/43 Atheroma? Eyelid 2 $>G - + - ++ - - = - NA
Case 15  F/6d Nodule Shin 6 5>C + o+ + + - + - + = Ry i
Case16 M/18  Atheroma? Neck 6 5>G NA 4 0 - -+ - + - +i++ +
Case 17 F/65 Solitary nodule Scalp 9 SxG -+ + o | + — Eyhy i
Case18  M/52  Granuloma Thigh 9 526G + o+ + + - + - 0 - [+ i
Case 19 M/66 Basal cell carcinoma Scalp 1 S&G + - ++ + + A = + - /I +
Caxse20 F/73 A, Fibroma A Scalp 12 5-G NA 4 + + + + + + - A+ At
B. Verrucous nevus B. Scalp 8 $>G + o+ = - = e g + = B. -+ B.+

5. solid areas; G, glandular areas: NA, not accessible/not analyzable; QIC, clear cells; PEC, polyhedral eosinophilic cells; SqC, squamoid (epidermoid) cells; OxC, axyphylic (oncocytic) cells: TrC, transitional cells; MuC, mucinous cells; BA, break apart.

o1

£1-8 (910¢) £ AFojoymd sousoig jo spunty | o 13 DaoyAduly

26



L Kyrpychova etal / Annals of Diagnostic Pathology 23 (2016) 8-13 11

Fig. 1. Case 2. Hidradenoma with marked predo minance of clear cells constituting about 90% of the neoplasm (A, B). No CRTCI-MAMLZ fusion was detected in this lesion, whereas FISH for

MAMIL2 break apart was positive.

3.3. Molecular biological findings

CRTC1-MAML2 fusions were detected in 10 of the 21 neoplasms
(47.6%) (Fig. 8). FISH for MAML2 break apart was analyzable in 13 spec-
imens and in all these specimens was positive, including 4 tumors with
no demonstrable CRTCT-MAML2 fusion (Fig. 9). In none of the cases was
a CRTC3-MAML2 fusion detected.

4. Discussion

Our study revealed no obvious correlation between the cellular com-
position and presence of t(11,19) translocation. The latter was found
even in lesions with very few clear cells. (Earlier, using different meth-
odology, we observed presence of the above translocation even in
cases of hidradenoma completely lacking clear cells [our unpublished
observations|.) However, some findings from the current study merit
a short comment. All 5 lesions in which a particular cell type dominated
over other cell types (1 neoplasm with clear cells [+ ++ +] and 4 tu-
mors with polyhedral eosinophilic cells [+ ++]) lacked a detectable
CRTC1-MAMLZ fusion. The latter was found in all but 1 tumor connected
to the epidermis. One patient presented with 2 neoplasms that mani-
fested different cellular composition, and both tumors harbored
CRTCI-MAMLZ fusion. There were 4 samples with positive MAML2
break-apart probe, yet no CRTC1-MAML2 fusion was detected. This can
be explained by suboptimal quality of RNA, low RNA expression,

Fig. 2. Case 5. Hidradenoma with numerous polyhedral eosinophilic cells. Squamoid, tran-
sitional, and mucinous cells can also be recognized. No CRTCI-MAML2 fusion was detected
in this lesion, whereas FISH for MAML2 break apart was positive.

different exon joining of the same genes, or a different fusion parmer
of MAML2. The MAMLZ2 break-apart probe proved positive in all analyz-
able specimens.

CRTC1 (MECT1) is a transducer of the cyclic AMP-responsive
element-binding protein and a member of the highly conserved CREB
coactivator. MAML2 is a member of the mastermind-like gene family
and encodes a nuclear protein that coactivates the Notch receptor path-

Fig. 3. Case 1. Hidradenoma without marked predominance of a particular cell type com-
posed of polyhedral eosinophilic cells, squamoid cells, oxyphilic cells, and transitional el-
ements. No CRTCI-MAMLZ fusion was detected in this lesion, whereas FISH for MAML2
break apart was positive.
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Fig 4. Case 3. Hidradenoma without marked predominance of a particular cell type com-
posed of clear cells, polyhedral ecsinophilic cells, and transitional cells. Occasional
squamoid and mucinous cells were detected in the lesion (not shown). CRTCI-MAMLZ fu-
sion was detected in this lesion.

ways. The MAML2 protein forms a complex with the Notch intracellular
domain and CSL transcription family members to activate the Notch
downstream target genes (HEST and HES5). The fusion protein

Fig. 5. Case 11. Hidradenoma in which a glandular component dominates over solid areas
(A, B). No CRTCT-MAML2 fusion was detected in this tumor.

Fig. 6. Case 17, Apocrine secretion in the glandular component. CRTCI-MAML2 fusion was
detected in this lesion.

influences expression of cAMP/CREB (FLT1) and Notch (HEST and
HESS5) target genes which associated with epithelial tumorigenesis
[15]. Apart from cutaneous hidradenoma, the t(11;19) translocation
has been detected in cutaneous hidradenocarcinoma and mammary
hidradenoma, but the most common tumor harboring this alteration
in MEC arises both in salivary glands and in other organs [16-22].
With respect to salivary gland MEC, this translocation was found in con-
ventional neoplasm as well as unusual variants, including clear cell pre-
dominant and oncocytic tumors, and Warthin-like variant [23-26]. It
has been found that MEC cases positive for CRTC1-MAML2 have a better
prognosis compared with fusion-negative lesions [27-30]. Apart from
MEC, CRTCI-MAMLZ fusions were detected in other lesions. [9,31,32];
CRTC1 rearrangements in the absence of t(11;19) has been found in a
series of alleged primary cutaneous mucoepidermoid carcinoma, but
judging from the microscopic illustrations and description of the neoplasms,
some are likely to represent hidradenoma or hidradenocarcinoma [33].

Aside from CRTCI, there are 2 other CRTCI-related human genes,
namely, CRTC2 at 1g21 and CRTC3 at 15g26. Previous studies on salivary
gland MEC revealed a subset of cases with a CRTC3-MAML2 fusion [34].
The latter was found in patients who presented favorable clinicopatho-
logical features and an indolent clinical course. As no studies of this
alteration in cutaneous hidradenoma were available, we tested our
cases for this translocation, but all proved negative.

In conclusion, our study shows that t (11,19) can be found in
cutaneous hidradenoma with various cytological compositions and

Fig. 7. Case 12. Connection of the hidradenoma to the overlying epidermis. CRTCI-MAML2
fusion was not detected in this neoplasn; in all other lesions with epidermal connedion,
the fusion was identified.
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CATCI-MAMLE

CRTC3-MAMI 2

Fig. 8. Detection of CRTCI-MAML2 and CRTC3-MAML2 [usion transc ripts by nested RT-PCR.
1-20, numbers of cases (A, B; 2 different tumors from the same patient); PC, positive con-
trol; NC, negative control; NTC, nontemplate control, Cases 3,9, 13, and 15-20 are positive
for CRTC1-MAMLZ fusion transcript. No CRTC3-MAML2 fusions are identified.

Fig. 9. FISH analysis using a break-apart rearrangement probe (ZytoLight SPEC MAML2
Dual Color Break Apart Prabe [11q21]). Nuclei with 1 fusion (yellow), 1 orange,
and 1 green (split) signal pattern indicative of a rearrangement of 1 copy of the MAML2
gene region.

not only in clear cell-predominant lesions. There are hidradenomas that
manifest positive MAML2 break-apart probe but lack any demonstrable
CRTC1-MAMLZ fusion, suggesting, among other things, a different fusion
partner. No tumor in our series yielded CRTC3-MAML2 fusion.
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Syringocystadenoma Papilliferum of the Anogenital Area
and Buttocks: A Report of 16 Cases, Including Human
Papillomavirus Analysis and HRAS and BRAF V600 Mutation
Studies
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Abstract: Syringocystadenoma papilliferum (SCAP) is a benign
tumor most commonly located on the head and neck area often
associated with nevus sebaceus. In its usual location, the human
papillomavirus (HPV) DNA and mutations in the RAS/mitogen-
activated protein kinase signaling pathway have been detected in
SCAP. We studied 16 cases of SCAP in the anogenital areas and
buttock where this neoplasm is rare and attempted to find out
whether SCAP in these sites have different histopathological and
molecular biological features. It seems that there is no significant
difference between the morphology of anogenital SCAP and SCAP
in other locations. Several tumors in our cohort demonstrated
features resembling those seen in warts, but HPYV DNA was not
found in these lesions. On the contrary, we identified DNA of HPV
high-risk types in some tumors without HPV-related morphology.
Our study confirms the role of HRAS and BRAF V600 mutations in
the pathogenesis of SCAP, including SCAP in the anogenital areas
and buttock.
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INTRODUCTION

Syringocystadenoma papilliferum (SCAP) is a rare
benign adnexal neoplasm occurring either sporadically or as
a secondary tumor in nevus sebaceus of Jadassohn. The
commonest affected site is the head and neck area.! The trunk
and extremities are occasionally involved, whereas lesions
involving the groin, buttock, and anogenital SCAP have
rarely been reported.?* Histopathologically, SCAP appears
exo-endophytic, often crateriform lesion with a papillary
architecture formed by double-layered tubular structures com-
posed of cuboidal to columnar luminal cells, often showing
apocrine secretion surrounded by a peripheral layer of basal/
myoepithelial cells. Various hyperplastic and metaplastic
changes (mucinous metaplasia and squamous metaplasia)
and also malignant transformation have been described in
SCAP.* ¥ The pathogenesis of SCAP remains unclear,
although both in sporadic cases and lesions arising in nevus
sebaceus the human papillomavirus (HPV) DNA?? and mu-
tations in the RAS/mitogen-activated protein kinase signaling
pathway have been detected.'%!! The above histopathological
and molecular changes have been found in SCAP in its usual
location in the head and neck area. Our aim was to study
SCAP in the anogenital area and buttock to find out whether
the lesions in these sites have different features.

MATERIAL AND METHODS

Case Inclusion/Exclusion

A search in the consultation and routine institutional files
of the authors between 1993 and 2017 yielded 243 cases of
SCAP, of which 15 lesions involved the anogenital area (penis,
mons pubis, vulva, and perianal area) and buttock. One case
has recently been seen in routine practice. Hematoxylin—eosin—
stained slides were reviewed to confirm the diagnosis, specif-
ically to exclude cases of hidradenoma papilliferum with
connection to the epidermis and plasma cell-rich infiltrate
imitating SCAP  as  previously reported.'>'  The
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TABLE 1. Sequences of HRAS Primers
Sequences of HRAS Primers (5- 3)
CACAAGGGAGGCTGCTGAC
CTGATCCCATCCCTCCTTTC
GGGTCCCTGGCTAGCTGT
CTCTCGCTTTCCACCTCTCA
CAGCCTCACGGGGTTCAC
CCCACGGAAGGTCCTGAG
CCTATCCTGGCTGTGTCCTG
CAGGAGACCCTGTAGGAGGA

Name of Primer

HRAS-exon 4 reverse
HRAS-exon 4 forward
HRAS-exon 3 reverse
HRAS-exon 3 forward
HRAS-exon 2 reverse
HRAS-exon 4 forward
HRAS-exon | reverse
HRAS-exon | forward

histopathological findings were correlated with the clinical data
to confirm the location and appropriate clinicopathological
context.

Light Microscopic Studies

The number of tissue blocks available for review varied
from 1 to 3. The following histopathological features were
assessed: exophytic, verrucous and cystic alterations, differ-
ent types of epithelial cell metaplasia, basal cell hyperplasia,
and hyperplasia of luminal cells resulting in a cribriform
appearance.

All cases were also examined for the presence of HPV-
related features, using the criteria of Meisels for HPV
infection (perinuclear halos surrounding hyperchromatic,

enlarged angulated nuclei located in the superficial zones of
the epidermis). In addition, we looked for granular layer
disruption (abrupt alteration in the size, number, form, and
density of keratohyaline granules) and percentage of koilo-
cytosis in the spinous layer.”-!> Any other unusual features, if
present, were also recorded.

Twelve cases with available paraffin blocks/unstained
slides were studied immunohistochemically for pl6é expres-
sion (R19-D; Ventana; RTU), using the Ventana Benchmark
XT automated stainer (Ventana Medical System Inc, Tucson,
A7), according to the manufacturer’s protocol. Diffuse
nuclear and cytoplasmic staining was classified as positive
pl6 staining. No positive cells and weak and focal positivity
in some cells were classified as pl16-negative staining.

Molecular Genetic Studies

Thirteen lesions were subjected for molecular-genetic
studies, including HPV polymerase chain reaction (PCR) and
HRAS mutations. Twelve cases were analyzed for the pres-
ence of the BRAF V600 mutation.

For molecular-genetic studies, genomic DNA was
isolated from formalin-fixed, paraffin-embedded tissue using
QIAsymphony DNA Mini Kit (Qiagen, Hilden, Germany)
according to manufacturer’s protocol on QIAsymphony SP
device (Qiagen). Special precautions were taken to prevent
HPV DNA microcontamination. The quality of isolated DNA
was checked by PCR that amplifies set of control genes.'®

TABLE 2. Summary of Clinicopathological and Genetic Findings in the Cohort

HPV— HRAS Whole Genet/HRAS BRAF
N Sex/Age Location Histology* IHC P16 Types HSI Veoo
1 F? Vulva 3,4, 5, and deposits of mucin in Neg Neg Neg/NA ND
the epithelium
2 F/23 Perianal 2and 5 Neg HPV16+ NA/neg +
F/42 Vulva 1,2,and 5 Neg Neg (NA) NA/neg +
4 F/95 Vulva and labium 3,4,5,6,and 7 ND ND ND ND
majus
5 F/81 Vulva and labium 1 and foamy macrophages in the Neg Neg (NA) NA/meg +
majus stroma (patchy sq)
6 F/78 Vulva 7 and 8 Neg Neg (NA) NA/neg +
7 /60 Perianal 1,5, and 8 ND HPV16+ NANA NA
8 F/59 Perianal 5 and desmoplasia Neg Neg c.182A > G, p.Gln61 Arg/NA Neg
9 F/44 Perianal 2and 7 ND ND ND ND
10 F/6s Right buttock Sand 9 Neg Neg Neg/NA +
11 M/33 Right buttock I and 7 Neg Neg NA/neg +
(patchy sq)
12 F28 Left buttock 3and 5 Neg HPV68§ NA/meg Neg
13 M8 Buttock 3,4,7,and 8 Neg Neg (NA) NA/neg +
(patchy sq)
14 134 Buttock land 8 ND ND ND ND
15 M/54 Buttock Neg Neg Neg/NA Neg
e M/79 Buttock 3 Neg Neg Neg +

*|—exophytic; 2—eystic; 3—vernucous; 4—HPV-related momhology; 5—squamous metaplasia; 6—clear cell metaplasia; 7—cnbriform structures; 8—basal cell hyperplasia.
FSequencing analysis whole coding sequence of HRAS gene, including exon—intron junction.

$Codons 12, 13, and 61.

§A very low quality of DNA, we cannot exclude the risk of false negativity for other HPV types.
F, female; M, male; NA, not available; ND, not done; neg (NA), no HPV virus found in the examined sample; however, the quality and quantity of DNA were very low, and
therefore, we cannot exclude the risk of false negative finding; patchy sq, patchy smining of the squamous component.
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T A bt :
FIGURE 1. SCAP. The tumor has a papillary architecture with
a transition from glandular epithelium to the keratinizing
squamous epithelium at the skin surface.

The HPV DNA detection was performed using multiple
PCR primers from the L1, E1, and E6-E7 regions of the HPV
genome as previously described.!” In brief, primers CPSGB
and GP5+/GP6+ targeting the El and L1 regions of the HPV
genome were used for a wide-range detection of high-risk
(HR) and low-risk HPV types, and type-specific PCR detec-
tion of E6-E7 region of 6 most prevalent HR-HPV types,
namely types 16, 18, 31, 33, 35, and 45, was used to increase
sensitivity of HPV detection and to avoid negative finding
due to the possible process of HPV integration into the human
genome. Furthermore, an RHA kit HPV SPF10-LiPA25, ver-
sion 1 (Bio-medical Products, Rijswijk, the Netherlands), was
run to reveal possible multiple HPV types.

HRAS mutation detection was performed in compliance
with the DNA quality of the analyzed DNA. Swudied were
cases in which more than 300 amplifiable base pairs of DNA
were available. The analysis of 4 exons of the HRAS gene was
performed by PCR using primers listed in Table 1. In cases

FIGURE 2. Squamous metaplasia
with atypia in SCAP (A). Note slight
atypia in the squamous epithelium,
basaloid cells, and mitotic figures
(arrows) (B).

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

with a lower DNA quality, only hot spot mutation analysis of
exons 2 and 3 of HRAS was performed according to the article
by Roivainen et al.'® Amplified products were sequenced on
ABI Prism 3130x] (Applied Biosystems, Foster City, CA).
DNA sequences were compared with the reference sequence
by the online program BLAST.

The analysis of mutations in the BRAF gene (codon
600) was performed using the real-time PCR method by com-
mercial kit cobas 4800 BRAF V600 Mutation Test (Roche,
Pleasanton, CA) according to the manufacturer instructions.

RESULTS
Clinical Data

There were 11 women and 5 men, whose ages at the
time of diagnosis ranged from 18 to 95 years (median 54
years; mean 52.9 years). In one case, the age of patient
remained unknown. In all cases, the lesions were a solitary
tumor. Most neoplasms involved the buttock (43.8%) and the
vulva (31.3%); less frequent site was the perianal area (25%)
(Table 2). No features suggesting nevus sebaceus (linear
arrangement and congenital lesions) were mentioned in the
patients’ charts.

Histopathological Features

All tumors had a papillary architecture with a transition
from the glandular epithelium to the keratinizing squamous
epithelium at the skin surface (Fig. 1). A dense plasma cell
stromal infiltrate presented at the squamocolumnar junction.
The glandular component was lined by a luminal layer of
epithelial cuboidal to columnar cells surrounded by a layer
of basal/myoepithelial cells. Prominent cystic change of the
lesion identified in 3 (18.8%) cases. Five lesions (31.3%)
were markedly exophytic with an arboreal growth pattem of
the glandular elements. Three examples (cases 1, 4, and 13)
(18.8%) demonstrated features resembling those seen in warts
including acanthosis, papillomatosis, and HPV-associated
changes (Figs. 2A, B).

The most common type of epithelial metaplasia was
squamous (7 lesions; 43.8%). In one case, there was slight
atypia in the squamous epithelium that focally showed rather
basaloid cells that along with plentiful mitotic figures
occasioned a resemblance to undifferentiated vulvar intra-
epithelial neoplasia (Figs. 3A, B). One lesion exhibited focal
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FIGURE 3. Wart-like changes in
SCAP, including acanthosis, papil-
lomatosis (A), and HPV-associated
changes (B).

clear cell change of the luminal epithelial cells. The hyper-
plasia of luminal cells, which results in the formation of crib-
riform structures, was observed in 5 cases (31.3%) (Fig. 4).
Four (25%) SCAP showed focal hyperplasia of basal/
myoepithelial cells. In one case, mucin deposit was found
in the basal part of the squamous epithelium.

Immunohistochemical Data

Among 12 lesions immunohistochemically available
for pl6 expression, all were scored as pl6-negative (3 cases
demonstrated a patchy staining of the squamous component)
(Table 2).

Molecular Genetic Findings

DNA of HPV HR types was identified by PCR in 3
(23.1%) of the 13 analyzed cases, including HPV16 (2 cases)
and HPV68 (1 case) (Table 2).

All but one case were negative for JIRAS mutations. A
missense mutation p.GIn61Arg in the proto-oncogene f{RAS
was identified in | lesion (7.7%) (Table 2).

BRAF V600 was detected in 8 of 12 cases (66.7%)
(Table 2).

FIGURE 4. Hyperplasia of luminal cells resulting in cribriform
appearance.

284 | www.amjdermatopathology.com

DISCUSSION

We have described 16 cases of SCAP in the anogenital
areas and buttock. Albeit we have not studied a control group
of SCAP in its usual location, it seems that there is no
significant difference between the morphology of anogenital
SCAP and SCAP in other locations. Such histological
variations as epithelial metaplasia, cystic alteration, and
hyperplastic changes with the formation of cribriform struc-
tures have been described in SCAP involved the head and
neck, trunk and extremities.!

In addition, some SCAP in its usual location and
neoplasms affected the anogenital area and buttock have
viral wart-like changes presenting as verrucous tumors.
Ameong 18 cases of SCAP with such a morphology described
in the literature, the most common location was the cheek
(16.7%), scalp (16.7%), and lower extremity (16.7%) fol-
lowed by the buttock (11.1%), neck (11.1%), vulva (5.5%),
sacral area (5.5%), back (5.5%), areola (5.5%), and eyelid
(5.5%).219-25

The cause of such contiguous verrucous proliferations
in SCAP is unclear. Some authors have suggested a possible
role of HPV infection. Skelton et al® reported the presence of
HPV 6/11 in the verrucous SCAP of the buttock identified by
in situ hybridization. Carlson et al” detected HPV 16 type in 1
case and HPV 38 type in a second case of 4 SCAP associated
with nevus sebaceus. In our cohort, we failed to identify HPV
by pl6 immunostaining in all analyzed cases. However, DNA
of HPV HR types was identified by PCR in 3 (23.1%) of the
13 analyzed cases, including HPV 16 type (2 cases) and HPV
68 type (1 case). None of these cases demonstrated clear-cut
HPV-related cytomorphology (unequivocal koilocytes).
However, we noticed features suggesting HPV infection
(wart-like acanthosis and papillomatosis) in 3 (18.8%) cases.

BRAF V60OOE and I[IRAS mutations are most common
molecular alterations found in sporadic SCAP.'"227 Shen
et al investigated 23 cases of sporadic SCAP with only one
case located in the gluteal area. The detection rate of HRAS
mutations in their study was 26.1% (6 cases), whereas BRAF
V600E mutations were identified in 52.2% (12 cases), which
included a neoplasm located in the gluteal area.'' Levinsohn
et al?’ studied 10 cases of sporadic SCAP and detected HRAS
pG13R mutations and BRAF V600E mutation in 10% and
40% of lesions, respectively.

An immunohistochemical expression of BRAF V600E
protein has been studied by Friedman et al in 11 cases of

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

33



Am | Dermatopathol = Volume 41, Number 4, April 2019

Syringocystadenoma Papilliferum

sporadic SCAP. The positive staining was identified in 7
(63.6%) cases.”

The detection rate of HRAS mutation in our cohort was
7.7%, which is lower compared with the previously reported
material (10%-26.1%), while the frequency of BRAF muta-
tions (66.7%) was a little more than the published rates of
40%—63.6%.

In conclusion, we present a series of sporadic SCAP
located in the buttock and anogenital area detailing a spectrum
of morphological changes that may occur in these lesions.
Several tumors demonstrated features resembling those seen
in warts, but HPV DNA was not found in these lesions. On
the contrary, we identified DNA of HPV HR types in some
tumors without HPV-related morphology. Our study confirms
the role of HRAS and BRAF V600 mutations in the pathogen-
esis of SCAP, including SCAP in the anogenital areas and
buttock.
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Secretory Carcinoma of the Skin

Report of 6 Cases, Including a Case With a Novel
NFIX-PKN1 Translocation
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Abstract: Secretory carcinoma of the skin is a rare adnexal carcinoma,
which is morphologically and immunohistochemically identical to se-
cretory carcinoma of the breast and is associated with the presence of t
(12:15) translocation, resulting in the ETV6-NTRK3 gene fusion.
Nineteen cases of primary cutaneous secretory carcinoma have been
previously published in the literature. In this study, we describe 6 new
cases of secretory carcinoma of the skin. The study group consisted of
5 female patients and | male patient, ranging in age from 57 to
98 years (mean: 74.2, median: 74). Locations included the axilla (2),
neck, eyelid, thigh, and nipple base, each one. Microscopically, all but
1 tumor were well circumscribed and nonencapsulated and exhibited
characteristic abundant secretions within the microcystic and tubular
spaces comprised by bland oval, round to cuboidal neoplastic cells. In
addition, solid areas and focal pseudopapillae were seen, and, in 1
case, a focal mucinous component with small lakes of mucin con-
taining small tumor nests or tubules of the neoplastic cells was present.
The remaining neoplasm was mostly solid and papillary, with only few
characteristic lumina containing secretions. Immunohistochemically,
all cases expressed S-100 protein, mammaglobin, STATS, GATA3,
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and NTRK. ETV6-NTRK3 gene fusion was detected in 5 cases,
whereas, in the remaining tumor, a novel NFIX-PKNI gene fusion
was found.

Key Words: sccretory carcinoma, mammary analog secretory
carcinoma, adnexal neoplasms, ETV6-NTRK3, NFIX-PKNI,
fusion

(Am J Surg Pathol 2019:43:1092-1098)

rimary cutaneous secretory carcinoma is a rare adnexal

carcinoma that is histopathologically identical to homolo-
gous neoplasms in the salivary gland and breast." 7 It was
recognized in the skin in 2009.% Since then, 19 cases have been
reported, mostly as isolated case reports, with only a small
series of 6 cases2® 1 In addition to the distinctive histo-
pathologic appearances, cutaneous secretory carcinoma seems
to be associated with the characteristic balanced t(12;15) (p13;
q25) ETV6-NTRK3 translocation, akin to their mammary and
salivary gland counterparts’ Herein, we report a series of 6
new cases of secretory carcinoma of the skin, including new
microscopic features and a novel NFIX-PKN! translocation.

MATERIAL AND METHODS

Case Selection

Six cases of secretory carcinoma of the skin were
identified, prospectively or retrospectively, in the consultation
and institutional databases of the authors (2009-2018). None
of the cases was previously published. Follow-up information
was provided by attending physicians.

Immunohistochemical Studies

Immunohistochemical staining was performed on 4-pum-
thick sections, cut from formalin-fixed, paraffin-embedded
tissue, using a Ventana BenchMark XT automated stainer
(Ventana Medical Systems, Tucson, AZ), according to the
manufacturer’s protocol.

The following antibodies were used: S-100 protein
(polyclonal; RTU; Ventana), STATS (E289, 1:500, AbCam),
mammaglobin (clone 304-1A5; RTU; DakoCytomation),

Am | Surg Pathol * Volume 43, Number 8, August 2019
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NTRK (ATH6R, 1:25; Cell Signaling), GATA3 (clone L50-
823; 1:200; BioCareMedical), CK7 (clone OV-TL 12/30;
1:200; DakoCytomation), TTF-1 (8G7G3/1, 1:100, Dako),
p63 (clone 4A4; RTU; Ventana), and CDI117 (polyclonal,
1:800, Dako). The panel varied between individual cases
depending on the origin.

Molecular Genetic Studies and Fluorescence
In Situ Hybridization

Detection of ETV6-NTRK3 Fusion and NFIX-PKNI
Fusion Transcript by Reverse Transcription
Polymerase Chain Reaction

RNA was extracted using the RecoverAll Total Nucleic
Acid Isolation Kit (Ambion, Austin, TX). cDNA was syn-
thesized using the Transcriptor First Strand ¢cDNA Synthesis
Kit (RNA input 500 ng) (Roche Diagnostics). All procedures
were performed according to the manufacturer’s protocols.
Amplification of a 105 bp product and a 133 bp product of the
{2-microglobulin gene, and a 247 bp product of the PGK gene,
was used to test the quality of the extracted RNA, as previously
described 2 %

For polymerase chain reaction (PCR), 2 uL of cDNA
was added to the reaction, which consisted of 12.5pL of
HotStar Taq PCR Master Mix (Qiagen, Hilden, Germany),
10 pmol of each primer, and distilled water up to 25 pL.22*
The amplification program comprised denaturation at 95°C for
14 minutes followed by 45 cycles of denaturation at 95°C for
| minute; annealing at temperatures 60°C was carried out
for 1 minute and extension at 72°C for 1 minute. The proce-
dure was completed by incubation at 72°C for 7 minutes.

Successfully amplified PCR product was purified with
magnetic particles using Agencourt AMPure (Agencourt
Bioscience Corporation, A Beckman Coulter Company,
Beverly, MA). The product was then bidirectionally se-
quenced using Big Dye Terminator Sequencing Kit (PE/
Applied Biosystems, Foster City, CA) and purified with
magnetic particles using Agencourt CleanSEQ (Agencourt
Bioscience Corporation); all this was carried out according
to the manufacturer’s protocols and run on an automated
sequencer ABI Prism 3130x] (Applied Biosystems) at a
constant voltage of 13.2kV for 11 minutes.

Detection of ETV6 and NTRK3 by Fluorescence
In Situ Hybridization Method

Four-um-thick FFPE sections were placed onto pos-
itively charged slides. Hematoxylin and eosin-stained slides
were examined for determination of areas for cell counting. The
unstained slides were routinely deparaffinized and incubated in
the Ix Target Retrieval Solution Citrate pH 6 (Dako,
Glostrup, Denmark) at 95°C40 minutes and subsequently
cooled for 20 minutes at room temperature in the same sol-
ution. The slides were washed in deionized water for 5 minutes,
and they were digested in protease solution with Pepsin (0.5
mg/mL) (Sigma Aldrich, St Louis, MO) in 0.01 M HCl at 37°
C/25 to 60 minutes, according to the sample conditions. The
slides were then placed in deionized water for 5 minutes, de-
hydrated in a series of ethanol solution (70%, 85%, and 96% for
2 min each), and air-dried.

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

For the detection of ETV6 rearrangement, a com-
mercial probe, Vysis ETV6 Break Apart FISH Probe Kit
(Vysis/Abbott Molecular, Illinois), was used. The ETVé
probe was mixed with water and LS/WCP (Locus-Specific
Identifier/Whole Chromosome Painting) hybridization buffer
(Vysis/Abbott Molecular) in a 1:2:7 ratio, respectively. The
probe for the detection of the rearrangement of the NTRK3
gene region was mixed from custom-designed SureFISH
probes (Agilent Technologies Inc., Santa Clara, CA). Chro-
mosomal regions for NTRK3 break-apart probe oligos are
chr15:87501469-88501628 and chr15:88701444-89700343. The
probe mixture was prepared from corresponding probes (each
color was delivered in a separated well), deionized water, and
LSI Buffer (Vysis/Abbott Molecular) in a 1:1:1:7 ratio, re-
spectively. An appropriate amount of mixed probe was ap-
plied on specimens, covered with a glass coverslip, and sealed
with rubber cement. The slides were incubated in the Ther-
moBrite instrument (StatSpin/Iris Sample Processing, West-
wood, MA) with co-denaturation at 85°C/8 minutes and
hybridization at 37°C/16 hours. The rubber-cemented cover-
slip was then removed, and the slide was placed in the post-
hybridization wash solution (2xSSC/0.3% NP-40) at 72°C/
2 minutes. The slide was air-dried in the dark, counterstained
with 4', 6’-diamidino-2-phenylindole (DAPIL; Vysis/Abbott
Molecular), coverslipped, and immediately examined.

The sections were examined with an Olympus BX51
fluorescence microscope (Olympus Corporation, Tokyo,
Japan) using a X100 objective and the filter sets Triple Band
Pass (DAPL/SpectrumGreen/SpectrumOrange), Dual Band
Pass (SpectrumGreen/SpectrumOrange), and Single Band
Pass (SpectrumGreen or SpectrumOrange).

For each probe, 100 randomly selected nonoverlapping
tumor cell nuclei were examined for the presence of yellow or
green and orange fluorescent signals. Yellow signals were
considered negative, and separate orange and green signals
were considered as positive. Cutoff values were set to > 10%
of nuclei with chromosomal breakpoint signals (mean, +3 SD
in normal non-neoplastic control tissues).

Detection of ETV6-NTRK3 and NFIX-PKNI Fusion
Transcripts by Next-generation Sequencing

For next-generation sequencing (NGS) studies, 2 to 3
FFPE sections (10 pm thick) were macrodissected to isolate
tumor-rich regions. The samples were extracted for total
nucleic acid using Agencourt FormaPure Kit (Beckman
Coulter, Brea, CA), following the corresponding protocol
with overnight digestion and an additional 80°C in-
cubation, as described in the modification of the protocol
by ArcherDX (ArcherDX Inc., Boulder, CO).

Total nucleic acid was quantified using the Qubit
Broad Range RNA Assay Kit (Thermo Fisher Scientific)
and 2 pL of sample.

RNA Integrity Assessment and Library
Preparation for NGS

Unless otherwise indicated, 250 ng of FFPE RNA
was used as input for NGS library construction. To assess
RNA quality, the PreSeq RNA QC Assay using iTaq
Universal SYBR Green Supermix (Biorad, Hercules, CA)
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was performed on all samples during library preparation
to generate a measure of the integrity of RNA (in the form
of a cycle threshold [Ct] value). Library preparation and
RNA QC were performed following the Archer Fusion
Plex Protocol for Illumina (ArcherDX Inc.). The Archer
FusionPlex Solid Tumor Kit (covering 53 genes) was used.
Final libraries were diluted 1:100,000 and quantified in a
10 uL reaction following the Library Quantification for
IMumina Libraries protocol and assuming a 200 bp frag-
ment length (KAPA, Wilmington, MA). The concen-
tration of final libraties was around 200 nM. Threshold
representing the minimum molar concentration for which
sequencing can be robustly performed was set at 50 nM.

NGS Sequencing and Analysis

Libraries were sequenced on a NextSeq. 500 se-
quencer (Illumina, San Diego, CA). They were diluted to
4nM, and equal amounts of up to 30 libraries were pooled
per run. The optimal number of raw reads per sample was
set to 3,000,000. Library pools were diluted to 1.8 pM
library stock spiked with 20% PhiX and loaded in the
NextSeq MID cartridge. Analysis of sequencing results
was performed using the Archer Analysis software (v5.1.7;
ArcherDX Inc.). Fusion parameters were set to a mini-
mum of 5 valid fusion reads with a minimum of 3 unique
start sites within the valid fusion reads.

RESULTS

Clinical Features

There were 5 female patients and 1 male patient, with
ages ranging at diagnosis from 57 to 98 (mean: 74.2, median:
74). Location included axilla (n=2), neck (n=1), eyelid (n=1),
thigh (n= 1), and nipple base (n=1). All skin tumors occurred
as solitary nodules (Fig. 1). The patient with the lesion
involving the nipple was a 75-year-old woman, who noticed
uncomfortable rash to her right breast, above the nipple, for
2 months, with nipple protrusion. Her mammograms and
breast ultrasound were negative at that time but magnetic

FIGURE 1. Case 4. A 15x10 mm slowly growing (8 mo) pain-
less nodule on the lower eyelid.
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Tesonance imaging was suspicious for malignancy in a right
axillary lymph node, which was biopsied and turned positive
for metastatic adenocarcinoma of a probable breast origin,
with the following phenotype ER—, PR—, HER2-neu—, Ki-67
— 5%. A punch biopsy of the right nipple lesion was performed,
and the diagnosis of secretory carcinoma was established on the
basis of detection of ETV6-NTRK3 [usion. Subsequent PET/
CT revealed a hypermetabolic spot in the area of the seventh
left rib. The patient had a history of a sixth lefi rib fracture
about a year ago that was said to be due to a fall. There was a
question whether the PET activity was due to the previous
trauma or represented a metastatic disease. Finally, right
central partial mastectomy was performed. No tumor in the
breast parenchyma was found. In the other 5 cases, all
neoplasms were surgically excised, with a conventional elliptical
excision. In one case, reexcision was performed. None of these
patients had evidence of disease (follow-up ranged from 2 to 32
mo) (Table 1).

Histopathologic Features
Of the 6 lesions, 5 manifested typical features with
characteristic abundant intraluminal secretions within
closely packed microcystic and tubular spaces comprised
of bland oval, round to cuboidal neoplastic cells. In ad-
dition, solid areas and focal pseudopapillaec were seen.
When assessable, most tumors were relatively well cir-
cumscribed, nonencapsulated, and confined to the dermis
(Fig. 2).
4 In one case (case 5), there was a focal mucinous
component which was less regular and extended focally
into the subcutis. It was composed of small lakes of

Case 5

mucin-containing tubules of the neoplastic cells or small
tumor nests. Mucinous lacunae were often scen at the
periphery of the intact tubules that gradually disappeared.
Rare tubules contained a preserved peripheral basal/my-
oepithelial cell layer, likely representing an in situ lesion or
preexisting eccrine/apocrine duct (Fig. 3). Another lesion
containing an in situ component was the tumor from the
nipple.

The lesion from the eyelid (case 4) was mostly solid
and papillary, showing both micropapillae and true papillae
with a fibrous core; characteristic lumina containing secre-
tions were less conspicuous in comparison with the other 5
neoplasms. There also were variably sized lumina (some
markedly distended) with apocrine or colloid-like secretion.
Focally, the cells in this ncoplasm assumed hobnail ap-
pearances, and there were areas with larger “blastoid” cells,
but no high-grade atypia was evident (Fig. 4).

In no case was ulceration of the epidermis, peri-
neural invasion, and lymphovascular involvement found.
In neither axillary cases was there any cvidence of residua
of mammary tissue. The mitotic rate ranged from 0 to 4
mm?. The lymph node metastasis from the nipple lesion
(case 6) was not available for histopathologic review.

Immunohistochemical Findings

Neoplastic cells were positive for S-100 protein,
mammaglobin, STATS, GATA3, and NTRK. The neco-
plasm with a mucinous component (case5) manifested
some differences between the mucinous and conventional
parts, namely S-100 protein was weak and focal in the
main bulk of the tumor with the conventional appearance,

FIGURE 2. Whole-mount sections of 6 cases, 4 of which are well circumscribed. Case 4 shows a focal invasion into the subcutis,

and the tumor on the nipple (case 6) has irregular outlines.

Copyright © 2019 Wolters Khuwer Health, Inc. All rights reserved.
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FIGURE 3. Secretory carcinoma with a novel NFIX-PKN1 fusion (case 5). The typical appearance of closely packed microcysts and
tubules lined by bland cells with characteristic abundant bubbly secretion (A). The mucinous component with small lakes of mucin,
spilling into the surrounding dermis containing partly preserved or destroyed tubules. Note lacunae of the mucus located at the
periphery of relatively intact tubules (B). The duct containing incipient secretions and intact peripheral basal/myoepithelial cell
layer, likely representing preexisting apocrine/eccrine duct (an in situ lesion) (C, arrow). Positivity of p63 for the abluminal cells in
the upper part of the tumor and loss of p63 expression in the mucinous areas (D). Screenshot from the Archer Analysis software,
depicting the details of the detected NHX-PKNT fusion: SS—the number of unique start sites supporting the event. Reads—the
number of unique reads supporting the event. %Reads—the percent of reads supporting the event. Strong—True/False value
indicating whether the Fusion has passed all Strong Evidence filters. Brkpt—True/False value indicating whether the Fusion has
passed all Strong Evidence filters. InFrame—True/False/Unknown value indicating whether the event is predicted to be in-frame,
and thus a functional transcript (E).

whereas diffuse positivity was seen in the mucinous moi-
ety. There was also the loss of p63 in the mucinous areas
compared with the conventional parts. The panel for each
individual case is listed in Table 1.

Gene Fusions

In 5 cases, ETV6-NTRK3 translocation was detected,
whereas, in the remaining case, a novel in-frame NFIX-
PKNI, with breakpoints located in exon 8 of the NFIX gene
and exon 13 of the PKNI gene, was found. The fusions were
detected in 5 cases by NGS and confirmed by either

1096 | www.ajsp.com

break-apart fluorescence in situ hybridization (FISH) or re-
verse transcription polymerase chain reaction (RT-PCR) in 4
and 3 cases, respectively. In one case, only RT-PCR was
used to detect the translocation (Table 1). In case of the
NFIX-PKNI fusion, it was impossible to use FISH break-
apart probes for validation, inasmuch as the genes are
located too close to one another.

DISCUSSION

Our series extends the histopathologic spectrum of
secretory carcinoma of the skin and the spectrum of its

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved
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" fati XL

genetic alterations. Although most cases had typical his-
topathologic appearances, 2 cases are worthy of a short
comment. In one case (case 5), in addition to conventional
areas, there was a minor mucinous component, which has
not been reported in skin lesions, to the best of our
knowledge. However, a similar salivary gland tumor was
included in the series of Skalova et al*® (Fig. 2A). Notably,
this mucinous component had slightly different
immunophenotype from that in the main bulk of the
lesion with respect to S-100 protein and p63 expression.
Moreover, there were structures with an intact basal/
myoepithelial cell layer but typical secretions, likely
representing an in situ lesion in a preexisting duct. A
similar feature has been documented in the paper by
Huang et al.!?

The tumor on the eyelid was unusual in that it had rel-
atively few areas with typical closely packed lumina filled with
secretions. The tumor instead was mainly composed of solid,
papillary, and pseudopapillary areas with focal apocrine
or colloid-like secretion. Similar lesions have been, however,
reported both in the skin and salivary glands.”" It is known
that in some organs, for example, the thyroid glands,
ETV6-NTRK3 translocation was found in lesions that have
different morphology from secretory carcinoma.”®? Because
of colloid-like secretion, this case was stained for TTF1 but

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

FIGURE 4. Secretory carcinoma of the eyelid (case 4). Numerous micropapillary structures and true papillae with a fibrous core
within cystic spaces (A). The colloid-like (moth eaten) spaces with abundant secretion (B) and microcystic area containing
abundant eosinophilic secretion (C). Atypical neoplastic cells with large nuclei (2 to 3 times larger than a majority of tumor cells)
and pronounced nucleoli (D, arrows).

proved negative. The patient did not have any evidence of a
primary of the thyroid gland on a clinical work-up. Fur-
thermore, the cells in this case in some areas were larger and
had a blastoid appearance; however, we think this feature does
not qualify for high-grade transformation, an event that has
also been reported in extracutaneous secretory carcinomas.>2

A purist can argue against considering the case with the
nipple tumor as primary cutaneous. We, however, included this
case on the basis of the fact that the lesion was superficial,
confined to the nipple, and no breast parenchymal involvement
was identified on a thorough work-up and, later, microscopi-
cally, following the mastectomy. It is known that some tumors
typically occurring on the nipple, such as nipple adenoma,
syringomatous adenoma, nodular mucinosis, and nipple pseu-
dolymphoma, are covered by both dermatopathology and
mammary pathology. Moreover, of interest is that this patient
and another patient with a tumor in the axilla are the oldest
individuals with secretory carcinoma ever reported (75 and
98 y, respectively).

In all but I case, ETV6-NTRK3 translocation was found.
In the remaining case, an NFIX-PKN]! fusion was detected.
The latter has been previously described in neither cutancous
secretory carcinoma nor in extracutaneous homonymous tu-
mors. In fact, this fusion has not been reported at all, to the best
of our knowledge. Nuclear factor I, X-type (NFIX) gene is
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located on 19pl3 and codes for a ubiquitous 47-kD dimeric
DNA-binding protein, belonging to a family of transcription
factors. Pathogenic variants of NFTX have also been reported
as causative of Marshall-Smith Syndrome and Malan syn-
drome (Sotos syndrome 2).2%% The Protein kinase-1 (PKNI)
gene is also located on 19p13 and codes for protein belonging
to the protein kinase C superfamily that is activated by the
Rho family of small G proteins and may mediate the Rho-
dependent signaling pathway. Mutations in PKNI gene were
described in rhabdomyosarcoma.™

Apart from the ETV6-NTRK3 translocation, other
gene fusions reported in secretory carcinoma in different
organs include ETV6-RET, ETV6-MET, and dual fusion
ETV6-NTRK3 and ETV6-MAML3 73132 Cases of secre-
tory carcinoma of the salivary gland with NCOA4-RET
and TRIM27-RET gene fusions have subsequently been
reclassified as intraductal carcinomas.?!¥

In conclusion, we have described 6 new cases of secretory
carcinoma involving the skin. Adding this series to the pre-
viously published 19 cases, it can be summarized that cuta-
neous secretory carcinoma mainly occurs in female individuals
(female 16, male 9). The ages of the patients ranged from 13 to
98 years (mean: 51.8, median: 51.5). The most common loca-
tion is the axilla (n=10) followed by the neck (n=3), and lip
(n=3). The tumors seem to follow an indolent course, without
recurrence and metastasis. ETV6-NTRK3 translocation has
been identified in 22 of the 25 studied cases, and 1 case had a
heterozygous deletion of E7V6 in 25% of cells.!! We extend the
spectrum of translocations by reporting a novel NFIX-PKNI
translocation and broaden the histopathologic spectrum by
adding a case with a mucinous component.
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1.1.2 TUMORS WITH FOLLICULAR DIFFERENTIATION

The diagnosis of follicular neoplasms requires the recognition of the types of differentiation
toward a particular component of a hair follicle. The first paper in this part titled «Basal cell
carcinoma with matrical differentiation: clinicopathological, immunohistochemical and
molecular biological study of 22 cases» describes a very rare phenomenon (matrical
differentiation) in a common neoplasm (basal cell carcinoma). Only 30 cases of basal cell
carcinoma (BCC) with matrical differentiation have been previously documented, mainly as
isolated case reports. (28), (29) The author studied a large series of this neoplasm, including cases
with an atypical matrical component, a hitherto unreported feature. (28), (29) In a majority of the
thus far reported cases, matrical differentiation was recognized by the presence of either shadow
cells or nuclear expression of B-catenin in basaloid matrical cells. (30) Only several previously
published cases of BCC with matrical differentiation have been studied by molecular genetic for
mutations in the CTNNBI gene (f-catenin gene). (31) In our article, we described in detail the
specific morphological features of matrical differentiation, such as matrical/supramatrical cells,
shadow cells, bright red trichohyaline granules, and blue-grey corneocytes. Molecular genetic
studies using lon AmpliSeq Cancer Hotspot Panel v2 by massively parallel sequencing on Ion
Torrent PGM were performed in 2 cases with an atypical matrical component (one was prior
subjected to microdissection to sample the matrical and BCC areas separately) and revealed
mutations in various genes. We concluded that matrical differentiation in BCC in most cases occur
as multiple foci. Rare neoplasms manifest atypia in the matrical areas. IHC for BerEP4, EMA, and
B-catenin can be helpful in limited biopsy specimens. BCC and matrical components appear to
share some of the gene mutation spectra but have differences in others. This observation must be
validated in a large series.

The second article, «Sporadic trichoblastomas and those occurring in the setting of
multiple familial trichoepithelioma/Brooke-Spiegler syndrome show no BAPI loss», was
published as a Letter to the Editor. Mutations in BAPI have been demonstrated to increase
susceptibility to the development of uveal and cutaneous melanomas, distinctive melanocytic nevi,
mesothelioma, and some other neoplasms. (32) Few recent studies reported loss of BAPI
expression in familial cases of multiple BCC with a germline BAPI mutation, whereas sporadic
BCC studied for control manifested no loss of BAP1. These findings prompted us to study BAP1
expression in sporadic and multiple trichoblastomas, occurring in the setting of multiple familial
trichoepithelioma (MFT)/Brooke-Spiegler syndrome (BSS). (33), (34) A total of 35 neoplasms
were studied (17 cribriform trichoblastomas came from 14 patients with MFT and one from BSS),
but there was no single case with an immunohistochemical loss of BAP1 expression.
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Abstract: Basal cell carcinoma (BCC) with matrical
differentiation is a fairly rare neoplasm, with about 30 cases
documented mainly as isolated case reports. We studied a series
of this neoplasm, including cases with an atypical matrical
component, a hitherto unreported feature. Lesions coded as
BCC with matrical differentiation were reviewed; 22 cases were
included. Immunohistochemical studies were performed using
antibodies against BerEp4, p-catenin, and epithelial membrane
antigen (EMA). Molecular genetic studies using lon AmpliSeq
Cancer Hotspot Panel v2 by massively parallel sequencing on
Ion Torrent PGM were performed in 2 cases with an atypical
matrical component (1 was previously subjected to micro-
dissection to sample the matrical and BCC areas separately).
There were 13 male and 9 female patients, ranging in age from
41 to 89 years. Microscopically, all lesions manifested at least 2
components, a BCC area (follicular germinative differentiation)
and areas with matrical differentiation. A BCC component do-
minated in 14 cases, whereas a matrical component dominated
in 4 cases. Matrical differentiation was recognized as matrical/
supramatrical cells (n = 21), shadow cells (n = 21), bright red
trichohyaline granules (n = 18), and blue-gray corneocytes
(n = 18). In 2 cases, matrical areas manifested cytologic atypia,
and a third case exhibited an infiltrative growth pattern, with the
tumor metastasizing to a lymph node. BerEP4 labeled the
follicular germinative cells, whereas it was markedly reduced or
negative in matrical areas. The reverse pattern was seen with
B-catenin. EMA was negative in BCC areas but stained a pro-
portion of matrical/supramatrical cells. Genetic studies revealed
mutations of the following genes: CTNNBI, KIT, CDKN2A,
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TP53, SMAD4, ERBB4, and PTCHI, with some differences
between the matrical and BCC components. It is concluded that
matrical differentiation in BCC in most cases occurs as multiple
foci. Rare neoplasms manifest atypia in the matrical areas.
Immunohistochemical analysis for BerEP4, EMA, and B-cat-
enin can be helpful in limited biopsy specimens. From a mo-
lecular biological prospective, BCC and matrical components
appear to share some of the gene mutations but have differences
in others, but this observation must be validated in a large series.

Key Words: basal cell carcinoma, PTCH, CDKN2A, ERBB4,
CTNNBI, matrical, pilomatrical carcinoma, B-catenin

(Am J Surg Pathol 2017:41:738-749)

ollicular matrix refers to a part of follicular bulb.

Matrical cells are located at the base of the bulb and
are visible in anagen follicles as mitotically active,
crowded cells with round to oval, vesicular, basophilic
nuclei and scanty cytoplasm. Matrical cells become larg-
er, as they ascend, acquiring more distinct nucleoli,
rounder nuclei, and more abundant cytoplasm (supra-
matrical cells). Complete maturation of matrical/supra-
matrical cells gives rise to hair and to the inner root
sheath (IRS) (Fig. 1). Neoplasms with predominantly
matrical differentiation, that is, pilomatricoma, melano-
cytic matricoma, and pilomatrical carcinoma, are mainly
composed of cells that resemble matrical and supra-
matrical cells of a normal hair follicle bulb and, addi-
tionally, often display features of differentiation toward
hair (shadow cells: polygonal eosinophilic anucleated
cells) and the IRS (bright eosinophilic trichohyaline
granules identical to those in the Huxley and Henle
layers). In addition, characteristic blue-gray corneocytes
typical for the IRS may be seen that recapitulate corni-
fication in normal hair follicles.":> Matrical differentiation
can rarely be encountered in other adnexal tumors with
follicular differentiation, including basal cell carcinoma
(BCC). Approximately 30 cases of BCC with focal ma-
trical differentiation have been described in the English
literature, mostly as isolated case reports. In a majority of
the reported cases, matrical differentiation was recognized
by the presence of either shadow (ghost) cells or nuclear
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FIGURE 1. A bulb of an anagen hair follicle overlying the
follicular papilla. Matrical cells are located at the base of the
bulb and have round to oval, vesicular, basophilic nuclei and
scanty cytoplasm. As the cells ascend, they acquire more dis-
tinct nucleoli, rounder nuclei, and more abundant cytoplasm
(supramatrical cells). Complete maturation of matrical/supra-
matrical cells gives rise to hair and to the IRS.

expression of B-catenin in basaloid matrical cells.’” Few
cases of BCC with matrical differentiation have been
studied by molecular genetics for mutations in the
CTNNBI gene (B-catenin gene).® Our objective was to
study a large series of BCC with matrical differentiation,
characterizing the latter in detail, including cases with
an atypical matrical component, which is a hitherto
unreported feature.

MATERIALS AND METHODS

Case Selection

Lesions coded as BCC with matrical differentiation/
shadow cells were retrieved from our institutional, con-
sultation, and personal archives and reviewed. Of the 27
cases found, 5 were excluded, with 2 representing large
nodular trichoblastoma, 1 panfolliculoma, and 1 piloma-
tricoma; in | remaining case no matrical differentiation
was present on available slides. Thus, 22 neoplasms were
included in the study. Three cases were the subject of a
previous investigation, focusing on mutations of the
CTNNBI gene (B-catenin gene) in cutaneous adnexal
neoplasms.

Light Microscopic Studies

For each case the following features were
documented: histopathologic type of BCC, the ratio of
nonmatrical BCC to matrical component, distribution of
the matrical component (unifocal vs. multifocal), and
features of matrical differentiation (ie, matrical/supra
matrical cells, shadow cells, blue-gray corneocyles, and
trichohyaline granules).

Copyright © 2017 Wolters Kluwer Health, Inc. All vights reserved.

Immunohistochemical Studies

In 12 cases, immunohistochemical (IHC) studies
were performed using antibodies against BerEp4 (to label
follicular germinative cells”) and p-catenin (to stain
matrical cells). In addition, in some of these cases staining
with epithelial membrane antigen (EMA), p33, CDI0,
CK20, and MIBI was carried out.

Laser Capture Microdissection

One neoplasm in which there was an atypical
matrical component was subjected to microdissection to
study the gene profile in the BCC and the matrical
component separately (vide infra). Formalin-fixed paraf-
fin-embedded (FFPE) tissue sections were mounted on
polyethylene terephthalate metal framed slides, depar-
affinized, and stained with hematoxylin and eosin. Areas
of interest were sclected and captured, using the MMI
CellCut Plus instrument (MMI, Glattbrugg, Switzerland)
following the manufacturer’s recommended protocol.

Molecular Biology

DNA Extraction and Quality Control

DNA was extracted using the REPLI-g FFPE kit
(for the microdissected case) and QIAsymphony DNA
Mini Kit (for the second case) (Qiagen, Hilden, Germany)
on automated extraction system (QIAsymphony SP,
Qiagen) according to the manufacturer’s supplementary
protocol for FFPE samples (purification of genomic
DNA [rom FFPE tissue using the QlAamp DNA FFPE
Tissue Kit and deparaffinization solution). Concentration
and purity of isolated DNA were measured using the
NanoDrop ND-1000 (NanoDrop Technologies Inc.,
Wilmington, DE). DNA integrity was examined by
amplification of control genes in multiplex polymerase
chain reaction (PCR), producing fragments from 100 to
600 bp. 10

Next-generation Sequencing

Two cases with an atypical matrical component
(one microdissected and another as a whole sample) were
investigated. Samples from both studied cases with DNA
integrity > 200bp were selected for mutational analysis
using lon AmpliSeq Cancer Hotspot Panel v2 (Table 1)
by massively parallel sequencing on Ion Torrent PGM
(Life Technologies, part of Thermo Fisher Scientific,
Waltham, MA). The extracted DNA (10ng) was ampli-
fied, and adapters were ligated using the Ampliseq library
preparation kit. Sequencing beads were templated and
enriched using the Hi-Q Template OT2 200 Kit, and
sequencing was performed on 318v2 chips using the Hi-Q
Sequencing kit (Life Technologies) according to the
manufacturer’s protocols. Signal processing, mapping,
and quality control were performed with Torrent
Suite v.5.0 (Life Technologies). Sequence variants were
called using lon Reporter v5.2 using AmpliSeq CHPv2
single-sample workflow and default settings. Variants
were subsequently filtered to include only exonic,
nonsynonymous variants with an allele frequency higher
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TABLE 1. Overview of the 50 Cancer Genes Included in the lon Ampliseq Cancer Hotspot Panel

Gene Exons Gene Exons Gene Exons
ABLI 4.5,6,7 FGFR3 7.9.14.16,18 NOTCHI 26,27,34
AKTI 3,6 FLT3 11,14,16,20 NPMI 11

ALK 23,25 GNALl 5 NRAS 2,34

APC 16 GNAQ 5 PDGFRA 12,14,15,18
ATM 8.9.12.17.26.34.35.36.39.50,54.55.56.59.61.63 GNAS 8.9 PIK3ICA 2.5.7.8.10,14,19,21
BRAF 11,15 HNF1A 34 PTEN 1,3,5.6.7.8
CDHI 389 HRAS 2,3 PTPNII 313
CDKN2A 2 IDHI 4 RBI 4.,6,10,11,14,17.18,20, 21,22
CSFIR 7.22 IDH2 4 RET 10.11.13.15.16
CTNNBI 3 JAK2 14 SMAD4 34.5.6,8.9,10,11,12
EGFR 3.7,15,18,19,20,21 JAK3 4.13,16 SMARCBI 24,59
ERBB2 19,2021 KDR 6,7,11,19,.21, 26,27,30 SMO 3,569.11
ERBB4 34.6.7.89.15.23 KIT 29.00.11.13, 14.15,17.18 SRC 14

EZH2 16 KRAS 234 STK11 1.4.4/5.6.8
FBXW7 5.8,9,10,11 MET 2.11,14,16,19 P53 24,5.6,7.8,10
FGFRI 4.7 MLHI 12 VHL 123
FGFR2 79,12 MPL 10

than 10%. All filtered variants were annotated using the
HGVS nomenclature.

Sanger Sequencing of the PTCHI1 Gene

Mutational analysis of coding exons of the PTCHI
gene was performed using PCR and direct sequencing on
whole FFPE material from 2 cases with an atypical matrical
component. PCR was carried out under conditions and
using primers as reported elsewhere.!112

RESULTS

Clinical Features

Of the 22 patients, 13 were male and 9 were female,
ranging in age at diagnosis from 41 to 89 years (mean 71;
median 77y). Locations included back (n = 3), upper
limb (n = 3), lower limb (n = 3), ear/periauricular area
(n=3), scalp (n=2), nose (n=2), abdomen (n=2),
axilla (n = 1), and cheek (n = 1). In 2 cases, the location
was unknown. The size of the lesion, clinical or gross. was
indicated in 6 cases and ranged from 6 to 110mm in
largest dimension. The duration of the lesion, when
indicated, ranged from 2 months to 8 years (Table 2). In
most cases, the clinical differential diagnosis comprised a
BCC versus squamous cell carcinoma, or the lesions were
merely described as tumors or nodules, some of which
were ulcerated. Three patients had previously histologi-
cally proven BCC, and 1 had a history of renal cell car-
cinoma removed 20 years earlier.

The follow-up information was available in 10 cases
(range, 3 to 118 mo, mean 52 mo, median 43 mo). One
patient had lymph node (LN) involvement (vide infra)
al presentation but was alive with LN disease at
18 months; at that time, fine-needle aspiration confirmed
LN disease, but the patient was not operated due to
chronic obstructive pulmonary disease. Seven patients
(including 2 with an atypical matrical component, vide
infra) were alive without evidence of disease, and the
remaining 2 patients died of other causes (metastatic
colorectal carcinoma and unknown cause).

740 | www.ajsp.com

Histopathologic Features

By definition, all lesions manifested at least 2
components, typical BCC area (follicular germinative
differentiation characterized by undifferentiated basaloid
cells with areas of peripheral palisading, retraction, and
interstitial mucin) and matrical differentiation. The

TABLE 2. Summary of the Main Clinicopathologic Features

Features N (%)
Age (y)
Range 41-89
Mean it
Median 77
Sex
Male 13 (539)
Female 9 (41)
Location
Head and neck 8 (36.3)
Trunk 6(27.3)
Limbs 6 (27.7)
Unknown 2(9.1)
Size (mm)
Range 6-110
Mean 48.5
Median 40
BCC:AMD ratio
BCC = AMD 14 (63.6)
AMD > BCC 4(18.2)
BCCx~AMD 4(18.2)
AMD
Multifocal 16 (72.7)
Unifocal 6(27.3)
Volume of AMD (%)
1-5 4 (18.2)
5-25 5(22.7)
25-40 5(22.7)
== 50 4 (18.2)
= 50 4 (18.2)
Matrical differentiation
Matrical supramatrical cells 21 {95.5)
Shadow cells 21 (95.5)
Red trichohyline granules 18 (81.8)
Blue-gray corneocytes 18 (81.8)

AMD indicates areas with matrical differentiation; BCC, basal cell carcinoma.
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typical BCC component was predominant in 14 cases,
the matrical component was predominant in 4 cases, and
both were in approximately equal proportions in 4 cases.
In all cases, BCC was of a nodular pattern, accompanied
either by a superficial pattern (n = 4), conspicuous cystic
change (n=1), or a morpheiform/infiltrative pattern
(n = 2). Focal squamoid differentiation/metaplasia and
clear cell differentiation were noted in 2 and | lesions,
respectively.

Matrical differentiation was recognized as matrical/
supramatrical cells (n = 21), shadow cells (n = 21), bright
red trichohyaline granules (n = 18), and blue-gray cor-
neocytes (n = 18). Of the 22 lesions, 16 manifested >1
arca of matrical differentiation, whereas 6 tumors were
unifocal for matrical differentiation (Figs. 2, 3). Matrical
cells usually manifested a higher mitotic rate compared
with follicular germinative cells but were cytologically
bland in all but 2 cases. In the latter 2 tumors, in addition
to inconspicuous matrical/supramatrical cells, there was
significant pleomorphism of the cells comprising the
matrical component. In both cases, the matrical areas
dominated (60% and 80%) over a BCC moiety. In 1 of
these 2 lesions, in addition to BCC and matrical compo-
nents, there was an area of actinic keratosis. In the second
lesion, there were minor foci with follicular-type stroma
closely resembling trichoblastoma, clear cell change in
the BCC component, and focal ductal differentiation
(probably entrapment of sweat gland) (Figs. 3, 4).

Intratumoral melanin (4 cases) and deposits of
calcium (6 cases) were also noted. No prominence of
intratumoral melanocytes was seen.

In one patient, a particularly large fungating lesion
from the axilla comprised approximately equal pro-
portions of BCC and matrical components and was
characterized by deep subcutancous extension resembling
the lower aspect of large terminal hair follicles. The latter
tumor had lymphovascular invasion and was associated
with a histologically confirmed synchronous ipsilateral
axillary LN deposit, with tumor in the efferent lym-
phatics, showing matrical differentiation (Fig. 3).

IHC Features

BerEP4 labeled basaloid BCC areas (follicular
germinative cells) diffusely in all cases studied but was
markedly reduced or negative in matrical areas. Nuclear
staining for P-catenin was either negative or only focal
and scattered in BCC areas in all cases studied. Nuclear
expression of f-catenin was detected in the matrical cell
component but was often heterogenous (compared with
the pattern of diffuse nuclear staining seen in most
pilomatrical neoplasms reported in the literature). EMA
was negative in the basaloid areas of typical BCC but
showed focal (up to 10%) staining of matrical/supra-
matrical cells in approximately 50% of cases. The
proliferation index Ki-67 varied widely (10% to 90%),
being usually similar in BCC and matrical areas but
showing hot spots in areas of matrical differentiation in
some cases. Staining for p53 revealed 3 cases that were
considered positive (moderate/strong staining in > 50%

Copyright © 2017 Wolters Kluwer Health, Inc. All vights reserved.

of the tumor) and 4 wild type; no null cases (complete
immunonegative reaction for p53) were encountered.
CDI0 staining performed in 8 cases demonstrated
positivity in the epithelium in all cases (range, 10% to
60% of the tumor area) but was inconsistent and quite
variable in the stroma (roughly less than epithelial
staining in 4, relatively equal in 3, and relatively greater
compared with epithelial staining in | case).

Molecular Genetic Findings

Three cases were studied for mutations of the
CTNNBI gene (B-catenin gene), and 2 of these harbored
mutations S37F in exon 3 of the gene, as reported else-
where.® Next-generation sequencing (NGS) identified
pathogenic mutations or mutations with uncertain impact
on the function of the protein. These findings together with
allele frequency are listed in Table 3. Sanger sequencing
performed in both cases with an atypical matrical compo-
nent revealed, in 1 of them (case 2), a PTCHI mutation
(€.550C > T/p.GIn184Ter.) representing substitution of C
by T in position 550 (COSMIC Mutation Id: COSM 17598)
resulting in a premature stop codon that leads to shortening
of the gene product. PTCH mutations were not found in
the remaining case.

DISCUSSION

The current study shows that BCC can rarely
manifest features of matrical differentiation as collections
of matrical/supramatrical cells, shadow cell aggregations,
bright red trichohyaline granules (IRS differentiation),
and foci of blue-gray cornified masses (IRS cornification),
and, in a majority of cases, all these [eatures can be
recognized at multiple foci within the neoplasm. In most
cases, areas with matrical differentiation represent a mi-
nor component, but in a third of cases matrical areas are
equal to the follicular germinative cell (BCC) component
or even dominant. In nearly all cases, shadow cell
cornification could be appreciated in the scanning view
that prompted a closer inspection and recognition of the
other components of matrical and IRS differentiation.

Shadow cells, believed to represent a flawed attempt to
differentiation toward hair,"® may be found in extracuta-
neous tumors including craniopharyngioma (central nervous
system), calcifying epithelial odontogenic tumor and ame-
loblastoma (jaw), all of them bearing a resemblance to
follicular tumors of the skin.'* Ghost cells have also been
described in some visceral lesions, including atypical
endometrial hyperplasia, endometrioid adenocarcinoma,
intestinal adenocarcinoma, urothelial carcinoma, small cell
carcinoma of the gallbladder, and testicular teratoma. No
other features of cutancous-type follicular differentiation
were seen in the latter group, and shadow cells were
suggested to represent a nonspecific form of cell death.!>24

To our knowledge, no cases of BCC with matrical
differentiation in which the matrical areas manifest
architectural or cytologic atypia have been previously
recorded. In our series, there were 2 cases in which cy-
tologic atypia was prominent in the matrical component
(along with cytologically bland areas), and a third case
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FIGURE 2. BCC with matrical differentiation. A, Telangiectactic nodule on the scalp 5 x 8 cm with crusting at the site of the punch
biopsy. B, Basaloid lobules well separated by fibrotic stroma (H&E x 50). C, There are ghosted keratinocytes on the left and bright
orange abrupt keratinization hinting at IRS differentiation (H&E x 100). D, Lobule with slight peripheral palisading, only focal
retraction artifact, and central abrupt matrical keratinization (H&E x 200). E, Area of prominent trichohyaline granules and
matrical keratinization (H&E x 400). F, Diffuse BerEP4 ( x 50), (G) negative EMA (x 50), (H) focal nuclear B-catenin only ( x 200);
all support a diagnosis of BCC. |, Exceedingly high proliferation fraction (Ki67 x 200). H&E indicates hematoxylin and eosin.

exhibited an infiltrative growth pattern, with the tumor  and therefore one can perhaps view this neoplasm as a

metastasizing to an LN also manifesting matrical differ-  composite lesion with malignant follicular germinative
entiation. In the latter lesion, matrical areas dominated, cells and malignant matrical differentiation. In a series of
742 | www.ajsp.com Copyright © 2017 Wolters Kluwer Health, Inc. All vights reserved.
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F

FIGURE 3. BCC with focal trichoblastoma-like areas and an atypical matrical component. A, Areas typical for BCC superficially and
centrally blend with an area to the right that has a prominent stromal cuff around the basaloid islands and stromal clefts
resembling trichoblastoma. In the lower right there are cystic matrical areas (H&E x 50). B, Close view of the trichoblastoma-like
areas with specific follicular stroma and areas of slightly clear cell BCC with focal retraction and mucin (lower right, H&E x 100).
C, Matrical areas with ghosted keratinocytes and atypical cells (H&E x 200). D, Basaloid matrical area with trichohyaline granules
and individual ghosted keratinocytes (H&E x 200). E, BerEP4 is slightly reduced in clear cell areas of BCC and markedly reduced in
cystic matrical areas (lower left, BerEP4, x 50). F, Diffuse strong p53 with reduced staining in the supramatrical and ghosted
keratinocytes (bottom left, p53 x50). H&E indicates hematoxylin and eosin.
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FIGURE 4. A, Neoplasm with a predominant matrical component over BCC areas. B, Basal cell carcinoma component. C, Uniform
matrical cells, shadow cells, trichohyaline granules, and blue-gray corneocytes in areas without atypia. D, Cytologic pleo-

morphism in atypical matrical areas.

17 cases of metastatic BCC by Farmer and He]wig,25 the
authors identified 2 cases with bone marrow metastasis in
which shadow cells were present within the metastatic
deposits; however, no shadow cells were identified in the
primary cutaneous lesions. Whether the atypical matrical
component seen in the other 2 cases from our series
represents a malignant matrical component and whether
such lesions have a greater metastatic potential remains
unsettled due to the short follow-up period. Given that
cutaneous follicular tumors may show a great variability
in the range of differentiation toward different parts of a
normal hair follicle within a single neoplasm, it is not
surprising that BCC, a tumor with predominant differ-
entiation toward the follicular germinative epithelium,
may occasionally exhibit matrical and IRS differentiation,
and we suspect this feature is underrecognized. 2527 Scarce
infundibular structures, clear cell areas (likely outer root
sheath differentiation’®3%), and focal specific follicular
stroma, occasioning a resemblance to trichoblastomas,
may altogether be considered as signs of panfollicular
differentiation. However, in a panfolliculoma, tricho-
blastomatous areas usually predominate.’*31-33 A single
case in our series showed focal ductal differentiation,
which is seen in some adnexal tumors with multilineage
differentiation and which can be explained by the
folliculosebaceous-apocrine unit hypothesis.?**6!

744 | www.ajsp.com

The WNT/B-catenin signaling pathway has been
implicated in the pathogenesis of lesions with matrical
differentiation. Mutations in the CTNNBI gene
(p-catenin gene) have been found in both pilomatricomas
and pilomatrical carcinomas.®%2 This gene is located in
the 3p22-p21.3 region, has 16 exons, spans 23.2kb, and
encodes for B-catenin, a 92 kDa protein, which apart from
intercellular adhesion is involved in the WNT-signaling
pathway %% The WNT/B-catenin/Tef-Lef (lymphoid
enhancer factor) pathway is activated in normal hair
follicle matrix cells to induce differentiation toward the
hair shaft. In an animal model, transgenic mice expressing
an activated B-catenin localized to the nucleus developed
skin tumors resembling pilomatricoma.>¢*"! In addition
to the 3 cases of BCC with matrical differentiation in-
vestigated previously, we found a missense pathogenic
mutation in the atypical matrical component of 1 of the 2
investigated lesions, whereas BCC microdissected areas
harbored no p-catenin mutation. Identical mutations in
TP53 were identified in the atypical matrical and BCC
areas. Whereas mutations in the tumor-suppressor gene
TP53 have been reported in up to 50% of BCCs, no re-
ports of mutations in this gene in pilomatricomas/
pilomatrical carcinomas exist, to the best of our
knowledge.”” Lazar et al®® found immunohistochemi-
cally significant nuclear accumulation of p53 in 2 of 11
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B, Deep subcutaneous extensions resemble the deeper aspect of terminal hair follicles (H&E x 50). C, Typical BCC (H&E x 200).
D, Prominent trichohyaline granules and blue-gray comeocytes widespread in deeper areas (H&E x 400). E, Strong BerEP4 in
areas of BCC but markedly reduced in the areas of IRS and matrical differentiation (BerEP4, x 50). F, EMA was focally positive in
areas of matrical/supramatrical differentiation only (EMA, x100). G, Focal nuclear p-catenin only (p-catenin, x200). H, Deposit
of tumor in axillary LN with tumor in the adjacent vessel (H&E, x50). I, Tumor in a muscular vessel adjacent to the LN deposit
(H&E, x 200). H&E indicates hematoxylin and eosin.
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TABLE 3. Molecular Genetic Features of 2 Tumors With an Atypical Matrical Component

Allele COSMIC—SIFT/PolyPhen Prediction
Case Gene  Function Exon  Protein  Frequency (%) or COSMIC Information
Case 1: Matrical area (microdissected) CTNNB! Missense 3 p.Asp32Asn 90 COSM5661—pathogenic
KIT Missense 2 p.Ser38Phe 70 ND—susp. benign
CDKN2A  Missense 2 p.Met54Arg 80 ND—susp. pathogenic
TP53  Missense 6 p.Val218Gly 61 COSM44198 pathogenic
TP33 Missense 5 p.Prol528er 100 COSM43582 susp. pathogenic
Case | BCC area (microdissected) CDKN24  Missense 2 p.Met54Arg 88 ND—susp. pathogenic
TP53 Missense 6 p.Val2I3Gly 58 COSM44198 pathogenic
TP53 Missense 5 p.Prol52Ser 80 COSM43582 susp. Pathogenic
SMAD4  Missense 5 p.lel79Thr 88 ND-—susp benign
SMAD4  Missense 5 p.Alal90Glu 920 ND—susp pathogenic
ERBB4 Missense 4 p.Prol70Ser 17 ND—susp benign
Case 2 BCC + matrical areas (whole lesion) KiT Missense 11 p.Pro577Ser 14 COSM1293—susp. pathogenic
CDKN24 Nonsense 2 p.Arg58Ter 30 ND—susp. pathogenic
TP53 Missense 8§ p.Gly279Trp 22 COSM43674—susp. pathogenic
TP53 Missense 5  p.Prol52Leu 28 COSM45018—susp. pathogenic

In addition, both cases (as whole lesions) were studied by Sanger sequencing for mutations in the PTCHI gene, and a ¢.550C > T/p.Glnl84Ter mutation was found in

case 2.
ND indicates not described.

pilomatrical carcinomas, but no genetic studies for mu-
tation in the TP53 gene were performed. In addition, both
components in our microdissected case had a missense
mutation in the CDKN24 gene. This gene on chromo-
some 9p21 encodes 2 proteins, pl6INK4a and pl4ARF,
which function as tumor suppressors by means of the
retinoblastoma or p53 pathway. Alterations of CDKN2A4
have been reported in some cases of BCC, but no muta-
tion of this gene in matrical neoplasms is known.”> 7
Lastly, the BCC component harbored mutations in
SMAD4 (encoding a member of the Smad family of signal
transduction proteins, which are phosphorylated and ac-
tivated by transmembrane serine—threonine receptor
kinases in response to TGF-f signaling) and ERBB4 (a
member of the EGFR subfamily of receptor tyrosine
kinases). Alterations in SMAD4 have previously been
reported in BCC.7°

Sporadic BCCs often harbor somatic mutations in
the sonic hedgehog pathway genes including PTCHI,
SMO, SUFU, and GL{I, of which PTCHI is most
commonly altered.” %0 At least 1 PTCHI alteration
(sequence mutations and loss of heterozygosity at 9g) has
been reported in 82% of BCCs, with almost half the cases
showing biallelic PTCHI inactivation.” A substantial
proportion of mutations in PTCHI represent ultraviolet
light (UV) signature point mutations C > T and CC >
TT. Apart from the UV signature, mutations found at
bipyrimidine sites suggest a UV-independent mechanism
in BCC.28183 pTCHI is a tumor-suppressor gene
located on chromosome 9q22.3-q31, consists of 23 coding
exons, with 12 transmembrane regions, 2 extracellular
loops, and a putative sterol-sensing domain. It encodes a
1447-amino-acid integral membrane protein, patched
homolog | (PTCH), which functions as the receptor for
the sonic hedgehog (SHH), and is also an inhibitor for
Smoothened (SMO), another transmembrane protein.
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Binding of PTCH and SHH abolishes the inhibition that
PTCH exerts on SMO, activating the downstream tran-
scription factor GLI-1 that enters the nucleus and trans-
activates genes related to cell proliferation (cgclin DI,
WNT, and TGF-B-related signaling pathways).”

As the NGS panel we used did not contain the
PTCH1 gene, we performed Sanger sequencing of both
cases with an atypical matrical component as whole
lesions and found a PTCHI mutation in 1 of them. The
mutation detected in our case (¢.550C > T/p.GIn184Ter.)
may be related to the UV signature. With respect to other
genes in the sonic hedgehog pathway, the NGS panel
covers SMO, but no mutation of the gene was identilied.

The diagnosis of BCC with focal matrical differ-
entiation should be straightforward, provided one is familiar
with this phenomenon. For cases with atypia in the matrical
component, pilomatrical carcinoma is the differential
diagnostic consideration. The diagnosis of pilomatrical
carcinoma requires the identification of unequivocal signs
of matrical diflerentiation and malignant architectural
(ulceration, asymmetry, irregular borders, a multinodular
growth pattern, prominent necrosis en masse, lymphovas-
cular involvement) and /or cytologic (marked pleomorphism
to anaplasia) features #*°2 In contrast to BCC with matrical
differentiation, pilomatrical carcinoma does not contain a
typical BCC component. Problems can be encountered in a
limited biopsy specimen, and in these circumstances IHC
can be helpful.”> In 3 cases in our series with punch biopsies,
IHC staining (for BerEP4, EMA, and B-catenin) concurred
with the final excision. In our opinion, a relatively
confident diagnosis could be suggested on these small bi-
opsies with the caveat that complete excision is recom-
mended in all cases due to variability of staining patterns. In
addition, the scanning view of B-catenin may also give a
false impression of widespread staining, and care must be
taken to assess only moderate or strong nuclear expression.
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In conclusion, we have presented the largest series of
BCC with follicular matrical differentiation. The matrical/
IRS component is often minor but occasionally predom-
inates. Diffuse BerEp4 staining and lack of diffuse nuclear
f-catenin can be used to confirm the diagnosis in small
biopsies in which pilomatrical carcinoma may be a diag-
nostic consideration. We recommend running EMA in
parallel, because it is consistently completely negative in
the basaloid areas of typical BCC with the caveat that it
may stain focally in matrical/supramatrical cells. Rare
neoplasms manifest atypia in the matrical component, and
more cases with follow-up information are needed to es-
tablish the course of these lesions. One tumor in our series
has metastasized, but whether this can be attributed to the
unusually large size remains speculative. Diffusely positive
p53 (moderate or strong staining in > 80% of nuclei) or
possibly a null phenotype (not seen in our series) may be
helpful for confirming a malignant lesion in some cases.
Our limited molecular workup indicates some tumor het-
erogeneity, but BCC and matrical components may, at
least partially, share genetic alterations; this observation
must, however, be validated in a larger series.
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TABLE 3. Average Number of Sox10-Positive Cells Within Scar Tissue (Antibody 2
Results Only) Compared With Desmoplastic Melanoma

Average No. Sox10+, Cells/mm?

95% Confidence Interval

Scar

Desmoplastic Melanoma 1292

£27
=905

This difference was statistically significant (P << 0.001).

in the numbers of positive cells seen:
however, all cases which we assessed
showed at least some positive cells.
Indeed, in most cases, the number of
cells could be sufficient to cause some
level of diagnostic concemn for an occult
melanocytic proliferation, particularly in
the context of the reports referenced
above. The cause for the discrepancy
between our findings and those reported
by others is not clear. We considered that
there may be differences associated with
different antibodies; however, a compari-
son of 3 different commercially available
products (including both polyclonal and
meonoclonal examples) revealed no differ-
ence in the staining pattern within scar
tissue. One can only assume that there is
a technical difference in the immunohis-
tochemical methodology between the
respective laboratories. In this regard,
we note that both of the aforementioned
studies used a different antibody to that
used in this study.”*

Delineating the exact nature of the
Sox10-positive cells within the scar
tissue was beyond the scope of this
study; however, some inferences can
be drawn from previous work. In partic-
ular, Trejo et al demonstrated the pres-
ence of spindled cells within scar tissue,
a proportion of which expressed markers
of early Schwann cell differentiation.'!
They propose that proliferation of such
cells might form part of the normal
wound-healing process. It seems reason-
able to propose that at least a proportion
of the Soxl10-positive cells which we
have observed may represent similar
Schwann cell precursors.

Despite our finding that Sox10-
positive cells can be identified within scar
tissue, our anecdotal experience was that
the magnitude of this staining was far less
than that seen within bona fide desmo-
plastic melanoma. Indeed, the digital
imaging analysis confirmed that there
is a significantly greater number of
cells showing Sox10 positivity with

desmoplastic melanomas than that in scars
(Table 3, and compare Fig. 1F with Figs.
IB, D). Thus, we would argue that it re-
mains a useful marker to detect residual
desmoplastic melanomas in re-excision
specimens, so long as the reporting pathol-
ogist is aware of the potential for smaller
numbers of spindle cells to stain positively
within otherwise benign scar tissue.
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Sporadic
Trichoblastomas and
Those Occurring in
the Setting of
Multiple Familial
Trichoepithelioma/
Brooke—Spiegler
Syndrome Show No
BAP1 Loss

=

To the Editor

The BRCAl-associated protein 1
(BAPI) is a tumor suppressor gene
located on chromosome region 3p2 1 cod-
ing a deubiquitinating enzyme that regu-
lates key cellular pathways, including
cell cyele, cellular differentiation, tran-
scription, and DNA damage response.
Mutations in BAP! have been demon-
strated to increase susceptibility to the
development of uveal and ecutaneous
melanomas, distinctive Spitz nevi, meso-
thelioma, and some other neoplasms.' *
Loss of BAP1 expression has recently
been reported in familial cases of multi-
ple basal cell carcinomas (BCCs) with
a germline BAP! mutation, whereas spo-
radic BCC studied for control manifested
no loss of BAP1.> 7 Our aim was to study
BAPI expression in trichoblastomas, both
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FIGURE 1. MFT. This patient developed

|
PR o

BCC as discussed by Kazakov et al® (A).

Nuclear BAP1 expression is retained in this case (B).

solitary sporadic and multiple ones,
occurring in the setting of multiple famil-
ial trichoepithelioma (MFT)/Brooke-
Spiegler syndrome (BSS).

A total of 35 neoplasms were
studied. Of these, 17 cribriform tricho-
blastomas came from 14 patients with
MFT and 1 from BSS. All lesions were
located on the face. These syndromic
patients included 10 women and 5 men,
ranging in age at diagnosis from 11 to 65
years (mean 33 years). All patients have
been a subject of 5 previous publica-
tions.*!2 The 17 sporadic trichoblasto-
mas (12 eribriform and 5 desmoplastic)
were randomly selected from our files
and came from 12 female and 5 male
patients, ranging in age from 12 to 80
years (mean 48.7 years). All but one
lesion were located on the face and scalp.
The remaining tumor was on the shin.

Immunohistochemical (IHC) stud-
ies were conducted with an automated
HC system (Ventana BenchMark XT;
Ventana Medical Systems Inc, Tucson,
AZ) using an alkaline phosphatase method
and a red chromogen, according to the
manufacturer’s instructions. The BAPI
antibody (clone C-4, 1:50 dilution; Santa
Cruz Biotechnology Inc, Santa Cruz, CA)
was used. In none of the 35 neoplasms
was there loss of BAPL, including a case
in which there was malignant transforma-
tion of trichoblastoma into BCC® (Fig. 1).

Various neoplasms from patients
with a germline BAP1 mutation have been
shown to exhibit loss of BAPI immuno-
histochemically. In sporadic tumors in
various organs, this is a rarely encountered
phenomenon (<<1%), with the exception
for pleural mesothelioma which manifests
loss of BAPI expression in over 50%
of cases.!*!* Somatic BAP1 mutations
and loss of BAP1 have also been found
in peritoneal mesothelioma.'> In some
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tumors, such as clear cell renal carcinoma
or intrahepatic cholangiocarcinoma, loss of
nuclear BAP1 protein expression has been
associated with a poor prognosis or higher
grade.'® ¥ With respect to the skin, a group
of spitzoid melanocytic lesions with loss of
BAP! expression (and BAP1 mutations)
occurring sporadically or as part of a famil-
ial cancer syndrome has been recognized.
Three studies on familial cases of multiple
BCC with a germline BAP/ mutation
showed loss of BAPL; by contrast, spo-
radic BCC retained nuclei expression of
this protein. As BCC and trichoblastoma
may be viewed as poles of a spectrum of f-
ollicular tumors, we studied both sporadic
and multiple trichoblastomas associated
with MFT/BSS, but there was no single
case with loss of BAP1 expression.
Because IHC for BAP1 comelates with
biallelic BAP1 loss and has positive and
negative predicative values of 100% and
98.6%, respectively,'” no molecular
genetic studies were conducted.
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1.1.3 SEBACEOUS TUMORS

In this part, we describe morphological and immunohistochemical characteristics of a
group of lesions with sebaceous differentiation. In the first paper titled « Sebaceous neoplasms
with rippled, labyrinthine/sinusoidal, petaloid and carcinoid-like patterns: a study of 56 cases
validating their occurrence as a morphological spectrum and showing no significant association
with Muir-Torre syndrome or DNA mismatch repair protein deficiency», the author studied
sebaceomas and sebaceous carcinomas with an organoid pattern (rippled, labyrinthine/sinusoidal,
carcinoid-like and petaloid). Sebaceoma is a rare benign sebaceous neoplasm that usually presents
as a solitary, flesh-colored papule located mainly on the head and neck. It manifests histologically
as a well-circumscribed tumor located in the dermis and composed mostly of immature, small,
basophilic sebocytes with a variable admixture of mature sebocytes and sebaceous ducts. (35)
Sebaceous carcinoma is a malignant sebaceous tumor occurring periorbital and in extraocular sites.
It is composed of mature and immature sebaceous cells and shows all the attributes of a malignant
tumor. (36) Some sebaceomas and rare sebaceous carcinomas have previously been shown to
manifest organoid growth patterns, including 1) carcinoid-like (cellular trabeculae, ribbons,
rosettes and pseudorosettes resembling carcinoid tumors (low-grade neuroendocrine carcinoma)
of other sites, 2) labyrinthine/sinusoidal (complex, tortuous, intricate arrangement of cells in
closely packed cords and strands showing sinusoidal-like spaces of stroma between them), 3)
rippled (cells arranged in palisades with the formation of parallel rows resembling the Verocay
bodies in schwannoma), and 4) petaloid (floral arrangement of neoplastic cells). (37), (38), (39),
(40) It has been suggested that the above patterns may represent merely a variation of a single
histopathological spectrum. The objectives of this study were to validate this proposition by
studying a large number of cases, determine if there are specific associations with clinical features
and if they have any association with Muir-Torre syndrome (MTS). Fifty-three sebaceomas and
three sebaceous carcinomas from 35 males and 18 females were studied, ranging in age from 22
to 89 years (mean, 63 years). All patients presented with a solitary nodule, located on the head and
neck area. Of the 56 tumors, 23 manifested a single growth pattern (carcinoid-like pattern was
most frequent in this category), 23 had a combination of 2 patterns and ten a combination of 3
patterns (the labyrinthine/sinusoidal pattern was predominant in the “polypatterned” lesions).
Immunohistochemically, MMR protein deficiency was detected in 3 of the 22 cases studied, while
5 of the 33 patients with available follow-up had an internal malignancy. We demonstrate that
sebaceous neoplasms with organoid patterns are mostly benign lesions (sebaceomas) occurring in
the elderly and showing a male predilection, with a striking predilection for the head and neck. In
most cases, more than one of the organoid patterns are present. These lesions do not appear to be
associated with internal malignancy or MMR deficiency in the majority of cases.

In the second article titled «Squared-off nuclei and “appliqué” pattern as a
histopathological clue to periocular sebaceous carcinoma: a clinicopathological study of 50
neoplasms from 46 patients. », the author examined 50 periocular sebaceous carcinomas from 46
patients to determine the frequency of two histological features seen in this neoplasm, namely cells
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with squared-off nuclei and so-called “appliqué” pattern (peritumoral subnecrosis of peripherally
located neoplastic cells). These features have never been emphasized upon in the previously
published material. Periocular sebaceous carcinoma is a rare malignant tumor, usually affecting
the elderly, mostly located on the eyelid and usually shows an aggressive behavior locally and
metastasizes into regional lymph nodes and distant organs. (41), (42) The histopathological
diagnosis of periocular sebaceous carcinoma can be difficult in poorly differentiated cases showing
few mature sebocytes. We identified additional features that may aid in the diagnosis of periocular
sebaceous carcinoma. Cells with “squared off” nuclei were found in all cases, independent from
the degree of sebaceous differentiation. The “appliqué” pattern was found in a third of the cases.
We concluded that both features taken together can serve as a quite characteristic, simple
diagnostic clue for periocular sebaceous carcinomas, especially in a limited biopsy specimen.
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Sebaceous Neoplasms With Rippled, Labyrinthine/
Sinusoidal, Petaloid, and Carcinoid-Like Patterns: A Study of
57 Cases Validating Their Occurrence as a Morphological
Spectrum and Showing No Significant Association With
Muir-Torre Syndrome or DNA Mismatch Repair Protein
Deficiency
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Abstract: Sebaceous neoplasms with an organoid pattern (rip-
pled, labyrinthine/sinusoidal, carcinoid-like, and petaloid) are rare.
Previous studies suggested that the above patterns likely represent
variations along a morphological continuum. The objectives of this
study were to (1) validate this proposition by studying a large
number of cases, (2) determine whether there are specific
associations with clinical features, (3) establish their frequency,
and (4) determine whether they have any association with Muir—
Torre syndrome. Fifty-seven sebaceous neoplasms (54 sebaceomas
and 3 sebaceous carcinomas) with organoid growth patterns were
studied. These occurred in 36 men and 18 women (sex unknown in
3), with ages at diagnosis ranging from 22 to 89 years (mean, 63
years). All patients presented with a solitary nodule (mean size, 11
mm) on the head and neck area. Of the 57 tumors, 24 manifested
a single growth pattern, 23 had a combination of 2 patterns, and 10
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a combination of 3 patterns. indicating that these patterns are part
of' a morphological continuum of changes. The carcinoid-like pat-
tern was the most frequent in the “monopatterned” neoplasms (13
cases), whereas the labyrinthine/sinusoidal pattern comprised most
of the “polypatterned” lesions, in which various combinations
occurred. Immunohistochemically, mismatch repair protein defi-
ciency was detected in 3 of the 22 cases studied. whereas 5 of
the 33 patients with available follow-up had an internal malig-
nancy/premalignancy. In conclusion, sebaceous neoplasms with
organoid growth patterns are predominantly sebaceomas having
a predilection for the scalp, occurring as solitary lesions in elderly
patients (male to female ratio of 2:1). Such patterns are expected to
be found in a quarter of sebaceomas. In most cases, more than one
of the organoid patterns is present. These lesions do not appear to
be associated with internal malignancy or mismatch repair defi-
ciency in most cases. However, confirmation of the absence of
any significant association with Muir-Torre syndrome syndrome
will require genetic studies.

Key Words: adnexal neoplasm, ripple pattern, sebaceoma, mis-
match repair protein, Muir-Torre syndrome

(Am J Dermatopathol 2018:40:479-485)

INTRODUCTION

Sebaceoma is a benign sebaceous neoplasm that
usually presents as a solitary, flesh-colored papule located
mainly on the head and neck. It manifests histologically as
a well-circumscribed, usually multinodular tumor located
in the dermis and composed mostly of immature, small,
basophilic sebocytes with a variable admixture of mature
sebocytes and sebaceous ducts.! Sebaceous carcinoma is
a malignant sebaceous tumor occurring periorbitally and
in extraocular sites. It is composed of mature and immature
sebaceous cells and shows all the attributes of a malignant
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neoplasm (infiltrative growth, atypical mitoses, pleomor-
phism, necrosis en masse, etc.).” ™

Some sebaceomas and rare sebaceous carcinomas have
been shown to manifest organoid growth pattems, including
(1) carcinoid-like (cellular trabeculae, ribbons, rosettes, and
pseudorosettes resembling carcinoid tumors [low-grade neu-
roendocrine carcinoma) of other sites), (2) labyrinthine/
sinusoidal (complex, tortuous, and intricate arrangement of
cells in closely packed cords and strands [labyrinthine]
showing wider [sinusoidal-like] spaces of stroma between
them), (3) rippled (cells arranged in palisades with the
formation of parallel rows resembling the Verocay bodies in
schwannoma), and (4) petaloid (floral arrangement of neo-
plastic cells) (Fig. 1).* '* These unusual patterns are seen in
a minority of sebaceous lesions and may lead to misinterpre-
tation of the neoplasms as trichoblastoma, basal cell carci-
noma, or spiradenoma/cylindroma by the unaware.

Based on our previous studies of sebaceous lesions
exhibiting these organoid patterns, we have suggested that
the above patterns likely represent variations along
a morphological continuum.'® The objectives of this study
were to (1) validate this proposition by studying a large
number of cases, (2) determine whether there are specific
associations with clinical features including age, sex, and
location, (3) establish their frequency, and (4) determine
whether they have any association with Muir-Torre syn-
drome (MTS; OMIM 158320). MTS is a phenotypic var-
iant of hereditary nonpolyposis colorectal cancer
syndrome (HNPCC; Lynch syndrome) caused by domi-
nantly inherited mutations in the DNA mismatch repair
(MMR) genes and defined by the coincidence of at least 1
cutaneous sebaceous neoplasm and at least | internal
malignancy.

FIGURE 1. Carcinoid-like pattern
refers to the arrangement of neo-
plastic cells as trabeculae, ribbons,
rosettes, and pseudorosettes closely
that the growth patterns found in
carcinoids. Note a single mature se-
bocytes with a vacuolated cytoplasm
(arrow) (A). The labyrinthine/sinu-
soidal pattern refers to an intricate,
complex, and tortuous arrangement
of closely packed strands and cords
of neoplastic cells (labyrinthine),
showing focally wider, sinusoidal
spaces of stroma between the neo-
plastic elements (sinusoidal) (B). The
rippled pattern is characterized by
the arrangement of the neoplastic
cells in palisades with the formation
of parallel rows resembling a ripple
or the Verocay bodies of schwanno-
ma (C). The petaloid pattern petal-
oid is characterized by the floral
arrangement of neoplastic cells (D).
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MATERIALS AND METHODS

Case Selection

Hematoxylin and eosin-stained slides from approximately
400 sebaceous neoplasms (sebaceoma and sebaceous carci-
noma) retrieved from our consultation, institutional, and per-
sonal files were reviewed. Lesions with organoid patterns
oceurring in association with nevus sebaceus of Jadassohn were
excluded.’ A total of 57 neoplasms with organoid pattems were
included, 17 of which have been the subject of 3 previous
studies.'*!'®!7 To be included in the study, at least a third of the
tumor bulk needed to show at least 1 of the organoid patterns,
irrespective of whether there was additionally any cohesive
cellular growth. Clinical information and follow-up were ob-
tained from the original pathology reports, submitting patholo-
gists, and consulting physicians, and we specifically sought any
personal or family history of internal malignancy.

Light Microscopic Studies

For each case, particular patterns (rippled, labyrinthine/
sinusoidal, carcinoid-like, and petaloid) alone or in combina-
tion were documented, and the dominant pattern was also
recorded. Features that may be found in sebaceous lesions
associated with MTS (marked cystic change due to holocrine
secretion, intratumoral mucin deposits, keratoacanthoma-like
architecture, conspicuous intratumoral and peritumoral lym-
phocytes, and intertumoral and intratumoral heterogeneity)
were evaluated.? Other features such as apocrine or follicular
differentiation were also assessed.

Immunohistochemical Studies
In 22 cases with available tissue blocks, immunohisto-
chemistry was performed using monoclonal antibodies
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against DNA MMR proteins MSH2 (clone G219-1129,
CELL MARQUE, Rocklin, CA), MSH6 (clone 44, Ventana,
Tucson, AZ), MLHI (clone G168-728, CELL MARQUE,
Rocklin, CA), and PMS2 (clone EPR 3947, CELL MAR-
QUE, Rocklin, CA). MMR deficiency was defined as a loss or
marked reduction of 1 or more of the MMR proteins.
Prospectively, in a subset of cases, staining for epithelial
membrane antigen or adipophilin was performed to visualize
mature sebocytes.

RESULTS

Clinical Data

There were 36 men and 18 women (sex unknown in 3),
with ages ranging at diagnosis from 22 to 89 years (mean, 63
years). Clinically, all patients presented with a solitary nodule
located on the head and neck areas, including the scalp (n =
37), nose (n = 6), cheek (n =3), extemal ear (n = 1), external
auditory canal (n = 1), forehead (n = 1), neck and head, and
not specified (n = 2). The exact location was unknown in 5
cases. Tumor size ranged from 3 to 27 mm (mean, 11 mm)
(Fig. 2). The clinical diagnoses included “nodule,” lipoma,
fibroma. dermatofibroma, and fibrous papule. Duration was
specified in only 7 cases and ranged from 6 months to 3 years.

Family and personal medical histories and follow-up
(range 6-329 months, mean 94 months) were obtained for 33
patients, of whom 28 had no evidence intemal neoplasia. The
5 remaining patients had internal malignancy or prema-
lignancy raising the possibility of MTS. These included (1)
a 49-year-old woman with a history of 3 moderately dysplas-
tic tubulovillous adenomas and a synchronous rectosigmoid
adenocarcinoma which involved the bladder and vagina; (2)
a 67-year-old man with a well-differentiated colorectal ade-
nocarcinoma with lymph node metastasis 7 years later; (3)
a 68-year old woman with a 9-year history of invasive ductal
carcinoma of the breast with “fibrosarcomatous areas”™; (4)
a 41-year-old man who developed a low-grade urothelial car-
cinoma of the urinary bladder 3 years after a diagnosis of

FIGURE 2. Sebaceoma. The patient is a 31-year-old Chinese
man with a skin colored nodule with overlying telangiectasia
measuring 1.4 x 1.2 ¢cm over his left temporal region for 2-3
years.
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sebaceoma; and (5) and a 81-year-old man with 2 moderately
dysplastic colonic tubular adenomas.

One patient additionally gave a history of a cutaneous
squamous cell carcinoma on the thigh. All sebaceous neoplasms
were surgically removed. In only 1 patient did a 2 cm
sebaceoma recur at the same location on the scalp after 82
months. Local recurrence after 6 years was also seen in a patient
with a sebaceous carcinoma, as previously reported by us.™

Histopathological Findings

Of the 57 neoplasms, 54 were classified as sebaceoma
and 3 as low-grade sebaceous carcinoma (cases 1-3 in refer-
ence 14). All sebaceomas were well circumscribed and com-
posed of multiple, variably sized nodules with smooth borders
enveloped by compressed fibrous tissue. Monomorphic basa-
loid cells with scanty cytoplasm (immature sebocytes) predo-
minated, admixed with mature sebocytes having vacuolated
cytoplasm, and scalloped nuclei. Of the 57 tumors, 24 man-
ifested a single organoid growth pattern, 23 a combination of
2 patterns, and the remaining 10 a combination of 3 patterns.
The carcinoid-like pattern was the most common in the
“monopatterned” neoplasms (13 cases), followed by the
labyrinthine/sinusoidal pattern (7 cases), and the rippled pattern
(4 cases). No case displayed an entirely petaloid pattern.

Of the 23 lesions with 2 pattems, the combination of
labyrinthine/sinusoidal and carcinoid-like patterns was the
most common (13 cases). A combination of labyrinthine/
sinusoidal, rippled, and carcinoid-like patterns was the most
commonly seen (6 cases) in lesions with 3 patterns (Table 1).
No lesion showed a combination of all 4 pattemns (Figs. 2-5).

With respect to the predominant pattern in “polypat-
terned” lesions, the labyrinthine/sinusoidal dominated in 18/
33 cases, followed by the carcinoid-like (7/33) and rippled
patterns (6/33).

By definition, the above patterns comprised the major
part of the tumor in each case; however, minor areas with
cohesive growth of immature sebocytes were often seen.

Noene of the lesions revealed features that are often
encountered in MTS-associated tumors, such as cystic
alterations due to excessive holocrine secretion,
keratoacanthoma-like architecture, numerous intratumoral
and peritumoral lymphocytes, and prominent intratumoral
heterogeneity. Focal inconspicuous cystic change and scarce
intratumoral and peritumoral lymphocytes were seen in 3
cases each. These features were even absent in tumors from
patients with a history internal malignancy or whose seba-
ceous neoplasms were MMR deficient.

Infundibulocystic structures were recognized in 10
sebaceomas and were accompanied by marked squamous
metaplasia in 6, as reported elsewhere.!” Four tumors showed
focal apocrine glandular differentiation in the form of simple
round or elongated tubules (scattered or grouped) lined by
a row of cuboidal to columnar cells having eosinophilic cyto-
plasm. Focally, a peripheral layer of small cells resembling
basal/myoepithelial cells of normal eccrine and apocrine
glands could be discerned around some glands. In 1 case, this
layer appeared hyperplastic, with 2 or more rows of cells that
could even form small islands. These changes, reminiscent of
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TABLE 1. Main Clinicopathological Data

Frequency
Clinical data
Gender distribution
Male 36
Female 18
Unknown 3
Age, yrs
Range 22-89
Mean 63
Median 67
Size, mm
Range 3-27
Mean 11
Median 10
Location
Scalp 37
Nose 6
Cheek 3
Other parts of head/neck area 6
Unknown 5
Association with internal 5 of 33 with follow-up
malignancy

Histopathological data
Sebaceoma versus carcinoma
“Monopatterned” lesions

Carcinoid-like only
Labyrinthine/sinusoidal only
Rippled only
Petaloid only
Two pattern combination
Labyrinthine/sinusoidal +
carcinoid-like
Labyrinthine/sinusoidal +
rippled
Labyrinthine/sinusoidal +
petaloid
Carcinoid-like + petaloid
Carcinoid-like + rippled
Three pattern combination
Labyrinthine/sinusoidal +
carcinoid-like + rippled
Labyrinthine/sinusoidal +
carcinoid-like + petaloid
Predominant pattern in 33
“polypatterned”™ lesions
Labyrinthine/sinusoidal
Carcinoid-like
Rippled
Petaloid
MMR protein deficiency

54:3
24 of 57
13
7
4
[}

23 of 57
13

6

2

1
1

10 of 57
[

4

L= I

3 of 22 studied

basal cell hyperplasia in the prostate, we have reported

previously.'®

Immunchistochemical Findings
Of the 22 tumors studied, 2 sebaceomas showed
reduced MSH6 expression but neither patient had any
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FIGURE 3. Sebaceoma with a predominant rippled pattern
(A) and with focal areas corresponding to the labyrinthine/
sinusoidal area (B). The mature sebocytes stained for epithelial
membrane antigen (EMA) (C).
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FIGURE 4. Carcinoid-like pattern with conspicuous pseu-
dorosettes (A), which on close inspection are formed by
spindled cells that additionally focally are arranged in a parallel
row like that seen in the rippled pattern (B). There are also
areas with labyrinthine/sinusoidal arrangement of the neo-
plastic cells with recognizable matures sebocytes (arrow) in
the adjacent areas (C).

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.
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clinical manifestations or history to suggest MTS. In 1
neoplasm, there was reduced expression of MLHI1 and
PMS2: this tumor occurred in the patient with a history of
2 moderately dysplastic colonic tubular adenomas (see
above). No MMR protein deficiency was detected in the
remaining 19 neoplasms.

DISCUSSION

Our study shows that sebaceous neoplasms with
organoid patterns are mostly benign lesions (sebaceomas)
that have a striking predilection for the head and neck,
preferentially involving the scalp, occurring in the elderly and
showing a male predilection (2:1). These clinical data are in
line with the largest (at that time) series of rippled pattern
sebaceoma (21 cases) by Ansai and Kimura who found the
same gender/anatomic distribution and a similar frequency
(approximately 26%) of organoid patterns in sebaceoma.®

A majority of the lesions manifested a combination of 2
or 3 organoid patterns, supporting the idea that all these
patterns are part of a morphological continuum of changes. A
combination of several patterns can be recognized in the
illustrations accompanying previously published articles,
even those describing “monopatterned” lesions. For example,
in Figure | in the study of Ansai and Kimura® illustrating
a rippled sebaceoma, | can clearly recognize rosettes and
pseudorosettes (carcinoid-like pattem) and a hint of labyrin-
thine/sinusoidal patterns. Nuances of pattern interpretation are
not unexpected between observers. Identical patterns have
been described as zebra-like, reticulated, organoid, and reti-
form by others.'®1?

Any association of sebaceous neoplasms with organoid
patterns and MTS has not always been specifically examined
in previously published material, although it seems that the
syndromic association has so far not been reported. Of the 33
patients with available follow-up and medical history, 5
(15%) have been known to have malignant or premalignant
lesions, which meets the clinical definition of MTS. In 1, the
tumor proved to be MMR protein deficient on immunohisto-
chemistry. The main limitation in our study was, however,
that peripheral blood was not available; hence, analysis of
germline mutations of MMR genes could not be performed to
confirm MTS. The lesions did not reveal any of the typical
histological features seen in sebaceous tumors occurring in
the setting of MTS (ie, cystic changes, keratoacanthoma-like
architecture, mucin deposits, etc.). Further investigations into
any possible syndromic association utilizing molecular bio-
logical studies are warranted, albeit, at present, one can safely
conclude that in most cases, a sebaceous neoplasm with
organoid patterns is not predictive of MTS.

The difficulty of making the distinction between benign
and malignant sebaceous neoplasms in some instances has
been stressed by several authors.?®?? An overwhelming
majority of cases in our series were sebaceomas, 2 lesions
were low-grade sebaceous carcinomas, and in a further case,
the distinction between benign sebaceoma and sebaceous car-
cinoma was difficult. In this last case, although the architec-
ture was benign, and the tumor was well circumscribed
composed mainly of regular small basaloid cells without
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FIGURE 5. Case with a predominant
petaloid pattem (A), showing in
addition areas labyrinthine/sinusoidal
(B), and carcinoid-ike areas (C), with
occasional mature sebocytes (arrows)

(D).

significant mitotic activity, focal areas showed highly pleo-
morphic cells with atypical mitoses, these features perhaps
favoring a carcinoma. The follow-up of this patient did not
reveadl recurrent or metastatic disease (range 6-329 months,
mean 94 months), nor did the patient meet criteria for MTS
(thus far). Such borderline cases have been described in the
setting of MTS, but these lacked any organoid pattems as
described here.?! Recently, a case of putative sebaceous car-
cinoma ex sebaceoma with rippled and carcinoid-like patterns
has been reported.'?

Despite the fact that rippled and labyrinthine/sinusoidal
pattems in sebaceous lesions were recognized as long as 15
years ago, and occur in a quarter of them, these and other
organoid patterns seem to be underrecognized and misinter-
preted, even in the literature, especially as trichoblasto-
ma.>2>27 This is likely explained by the fact that
secbaceomas manifesting organoid pattemns usually show
a paucity of mature sebocytes, especially in the rippled pat-
tern. Several published examples of the so-called rippled tri-
choblastoma are clearly sebaceomas. The differential
diagnosis of sebaceoma and trichoblastoma should be
straightforward in an adequate biopsy specimen because tri-
choblastoma is a biphasic neoplasm composed of follicular
germinative cells and a specific follicular stroma. The latter is
never encountered in sebaceoma. Besides, follicular germina-
tive cells in trichoblastoma are positive for Ber-Ep4, whereas
immature sebocytes are not. Basal cell carcinoma may also be
a differential diagnostic consideration when it shows seba-
ceous differentiation and/or focally displays cellular arrange-
ments resembling the organoid patterns herein described.
Recognition of conventionally appearing areas with stromal
clefts filled with mucin, peripheral palisading, and positive
immunoreaction for Ber-Ep4 are clues for basal cell

484 | www.amjdermatopathology.com
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carcinoma. Sebaceoma with numerous infundibulocystic
structures (and also prominent squamous metaplasia) should
not be misinterpreted as trichoadenoma or even microcystic
adnexal carcinoma, particularly in a small biopsy specimen,
as discussed elsewhere.!” Sebaceomas with a carcinoid-like
appearance are easily distinguished from true carcinoid tu-
mors, which usually represent metastases from an internal
malignancy; existence of true primary cutaneous carcinoids
reported in the literature is a matter of debate. Neuroendocrine
markers are a reliable tool to identify carcinoids and distin-
guish them from sebaceous tumors and from rare melanomas
with a carcinoid-like pattern.?®3*

Four sebaceomas in our series manifested focal apo-
crine glandular differentiation in the form of glands of various
complexities. This feature has been previously described in
sebaceomas with organoid patterns and in cases lacking such
differentiation.'®% A combination of sebaceous, apocrine,
and follicular differentiation is an expected feature in cutane-
ous adnexal neoplasms considering normal embryology and
has been described in a variety of adnexal lesions. 3647

In conclusion, sebaceous neoplasms with organoid
growth patterns are predominantly sebaceomas having a pre-
dilection for the scalp, occurring as solitary lesions in elderly
patients, with a male to female ratio of 2:1. Such patterns are
expected to be found in a quarter of sebaceomas. In most
cases, more than | of the organoid pattemns is present. Mature
sebocytes may be inconspicuous in these lesions, requiring
distinction from other cutaneous adnexal neoplasms. How-
ever, these patterns per se may serve as a clue to sebaceous
differentiation. These lesions do not seem to be associated
with internal malignancy or MMR deficiency in most cases.
However, confirmation of the absence of any significant
association with MTS will require genetic studies.
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ORIGINAL STUDY

Squared-Off Nuclei and “Appliqué” Pattern as
a Histopathological Clue to Periocular Sebaceous
Carcinoma: A Clinicopathological Study of
50 Neoplasms From 46 Patients
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Abstract: The histopathological diagnosis of periocular sebaceous
carcinoma can be difficult in poorly differentiated cases showing few
mature sebocytes. The authors examined 50 periocular sebaceous
carcinomas from 46 patients to determine the frequency of 2 features
seen in this neoplasm, namely cells with squared-off nuclei and
so-called “appliqué” pattern (peritumoral subnecrosis of peripherally
located neoplastic cells). Neoplastic cells with squared-off nuclei
were found in varying numbers in both the intraepithelial and dermal
(invasive) components in all neoplasms, whereas the appliqué pat-
tern was observed in a third of the cases. It is concluded that these
features, taken together, may serve as a clue for the diagnosis of
periocular sebaceous carcinoma.

Key Words: sebaceous carcinoma, periocular, eyelid, sebaceous
differentiation, squared-off nuclei, necrosis, appliqué pattern
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INTRODUCTION

Periocular sebaceous carcinoma is a rare malignant
tumor, usually affecting the elderly, mostly located on the
eyelid, where most neoplasms originate from the meibo-
mian gland. In contrast to its extraocular counterpart,
periocular sebaceous carcinoma usually shows an aggres-
sive behavior locally and metastasizes into regional lymph
nodes and distant organs, most commonly the lung, liver,
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bone, and brain. Periocular sebaceous carcinoma can
simulate various inflammatory conditions clinically and
may cause diagnostic problems histologically, as unequiv-
ocal sebaceous differentiation is often absent or difficult
to recognize, especially in a limited biopsy specimen,
often leading to an unfavorable delay of the final
diagnosis.' ™

In our practice, we have often observed in periocular
sebaceous carcinomas features resembling those seen in germ
cell tumors (classical seminoma, embryonal carcinoma, or
choriocarcinoma), namely “squared-off” or angulated nuclei
and so-called “appliqué” pattern due to (sub)necrosis of periph-
erally located tumor cells in solid aggregations of neoplastic
cells.”"" The aforementioned features often served as a clue,
forcing, when recognized, a meticulous search for areas with
sebaceous differentiation in poorly differentiated neoplasms.
The purpose of this study was to establish the frequency of
squared-off nuclei and appliqué pattemn in a large series of
periocular sebaceous carcinoma.

MATERIALS AND METHODS

Fifty periocular sebaceous carcinomas from 46 pa-
tients were retrieved from our consultation, institutional,
and personal files and reviewed to confirm the diagnosis
and appropriate clinicopathological context. The clinical
data were extracted from original pathological reports and
referring pathologists. Only excisional biopsies of tumors
were included; diagnostic biopsies were not studied. In 2
cases, the primary tumor and a recurrent neoplasm were
available for review, and in another patient the primary
tumor and 2 subsequent recurrences were analyzed. The
study was based solely on light microscopy of hematoxylin
and eosin-stained slides but prospectively, immunohisto-
chemistry (epithelial membrane antigen and/or adipophilin)
was performed in 32 cases, and additionally in 4 cases
histochemistry (oil red O-staining) were carried out. We
documented the presence of cells with squared-off nuclei
in the intraepithelial (conjunctiva, epidermis, and seba-
ceous glands) and intradermal components and examined
the peripheral parts of tumor aggregates to find peripheral
(sub)necrosis of the neoplastic cells (appliqué pattern).
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RESULTS

Clinical Data

The cohort included 27 women and 17 men (gender
was unknown in 2 cases), ranging in age at diagnosis from 24
to 92 years (median: 70 years). Locations included the upper
eyelid (n = 20), lower eyelid (n = 14), eyelid, not specified
(n = 5), perirobital/periocular areas (n = 3), caruncle (n = 2),
and conjunctiva (n = 1). Additionally, in 3 patients, both the
upper and lower eyelids were involved, 2 of whom presented
with primary disease, and in the remaining patient involve-
ment of both eyelids occurred during a second recurrence of
the neoplasm that also extended into the orbita.

Histopathological Findings

Of the 50 neoplasms, 48 represented invasive carcino-
mas, whereas 2 were in situ lesions. The neoplasms were
composed of small to large pleomorphic basaloid cells with

. . y, el )
FIGURE 1. Periocular sebaceous carcinoma with neoplastic
cells having pale vesicular nuclei with prominent nuclear
membranes containing multiple squared-off/angulated nuclei
(arrows) (A). The size of the nuclei varies and some cells are in
close apposition (back to back, arrows) (B). Note also the
peripheral cell necrosis (asterisks) (B).
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varying degrees of sebaceous differentiation identified by
cells with multiple intracytoplasmic vacuoles with scalloped
nuclei. Some lesions manifested rather pale vesicular nuclei.
Marked nuclear pleomorphism, bizarre cells, and plentiful
atypical mitoses were also seen.

Cells with squared-off or angulated nuclei were detected
in all tumor specimens (100%), either as single cells or lying in
clusters, sometimes “back to back.” The latter were usually seen
in lesions with neoplastic cells having vesicular pale nuclei, in
which the squared-off/angulated nuclei could generally be iden-
tified more easily (Figs. 1A, B). In tumors mostly composed of
basaloid immature sebaceous cells, identification of cells with
squared-off nuclei required a meticulous search (Fig. 2).

Of the 50 specimens, 42 cases contained epithelial parts
(epidermis, conjunctival, or sebaceous glands), and the
epithelial component was involved in 22 lesions (52.4%),
with all cases showing occasional neoplastic cells with
squared-off nuclei. Overall, the intradermal (invasive) com-
ponent contained more cells with squared-off nuclei com-
pared with the intraepithelial component (Fig. 3). Cells with
squared-off nuclei were usually either devoid of intracyto-
plasmice fat vacuoles or contained few of them or even a single
intracytoplasmic vacuole (Fig. 4).

The appliqué pattem was identified in 16 of the 50
lesions (32%), and this alteration was always present in the
dermal invasive component of the neoplasms. The extent of
this feature varied from only occasional neoplastic nodules
with peripheral cell (sub)necrosis to rare lesions where most
neoplastic cell aggregations displayed it (Figs. 1B, 3).

DISCUSSION
We have studied 50 tumors of periocular sebaceous
carcinoma and found cells with squared-off nuclei in all
cases, independent from the degree of sebaceous differenti-
ation. The number of cells varied from case to case, and in
tumors with pale vesicular nuclei and conspicuous nuclear

- of L g

FIGURE 2. A neoplasm mainly composed of basaloid imma-
ture sebaceous cells. Cells with squared-off/angulated nuclei is
more difficult to detect in such lesions.
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Periocular Sebaceous Carcinoma

FIGURE 3. Sebaceous carcinoma with a prominent intra-
epithelial spread of neoplastic cells with numerous cells with
squared-off nuclei (arrows).

membranes, the angulated shape was detected more easily,
wherein clusters of neoplastic cells with squared-off nuclei
occurred. These cells were present both in the invasive parts
of the neoplasm and in the intraepithelial portions, albeit in
the latter location they were a less conspicuous feature.

The appliqué pattern was found in a third of the cases
examined (16 of 50 cases) and appeared to be less specific.
Although we did not formally study a control group, we
observed on occasion in the past peripheral cell (sub)necrosis
in some other tumor types composed of basaloid cells, for
example, in Merkel cell carcinoma. Taken together, however,
we suggest that both features can serve as a quite characteristic,
simple diagnostic clue for periocular sebaceous carcinomas,
especially in a limited biopsy specimen where mature sebo-
cytes may be absent, thus limiting also the usage of immuno-
histochemical staining with epithelial membrane antigen and
adipophilin that label only mature sebaceous cells. In the

vacuoles (arrows).

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 5. Periocular sebaceous carcinoma with the appliqué
pattern seen in every tumor nodules (A and B). Note kar-
yopyknosis and karyorrhexis of the neoplastic cells at the
periphery of the neoplastic nodules (C).
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authors” experience, cells with squared-off nuclei are some-
times easier to identify on hematoxylin and eosin-stained
slides than mature sebocytes with intracytoplasmic vacuoles.

In conclusion, neoplastic sebocytes with squared-off
nuclei are a common feature in periocular sebaceous carci-
nomas, which can serve as a diagnostic clue. The appliqué
pattern less common but seen in combination with squared-
offfangulated cells should prompt a search for signs of mature
sebaceous differentiation in undifferentiated tumors located in
the periocular area.
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1.2 LESIONS OF ANOGENITAL MAMMARY-LIKE GLANDS

Anogenital mammary-like glands (AGMLG) have long been regarded as ectopic or
supernumerary breast tissue, but are now considered a normal constituent of the anogenital area.
AGMLG are not visible clinically, but they are often found incidentally in pathological specimens
from the anogenital region. They mainly located in the sulcus between the labia minora and labia
majora. (43), (44) Although lesions affecting AGMLG are rare, they are of clinical importance
because they are suggested to be the origin for certain benign and malignant lesions, and also may
serve as a pathway for carcinomas spreading to deeper tissues. (45), (46) Our studies on AGMLG
have resulted in 5 articles.

The first paper titled «4nogenital mammary-like glands: a study of their normal histology
with emphasis on glandular depth, presence of columnar epithelial cells, and distribution of elastic
fibers» extends our knowledge on the normal histology of AGMLG. The material represented 148
AGMLAG identified in 133 paraffin blocks sampled from 64 wide vulvar excision or vulvectomy
specimens. The authors studied the following features: a glandular depth, presence of columnar
epithelium resembling columnar cell change/hyperplasia as defined in mammary pathology, and
distribution of elastic fibers, all of which have not been previously investigated. It was found that
the depth of AGMLG ranged from 0.64 to 3.9 mm. Epithelial columnar cell change was noted in
33.1% of all AGMLG, whereas columnar cell hyperplasia was detected in 10.1%. Of 22 specimens
stained for elastic fibers, in only 6 (27.3%) cases were elastic fibers found around glands. Our
study contributed novel data by documenting for the first time the depth to which AGMLG may
extend, which has important implications when planning topical and surgical therapies for lesions
evolving from AGMLG. Alterations identical to columnar cell change appear to be a frequent
normal variation of AGMLG. Less commonly, normal glands may manifest changes analogous to
columnar cell hyperplasia of the breast.

The second article, «4dn immunohistochemical study of anogenital mammary-like glands»,
describing a detailed immunoprofile of these structures, with a total of 45 antibodies used,
including broad-spectrum cytokeratins (both low-and high-molecular weight), myoepithelial
markers, steroid receptors markers, and others. We found that the immunoprofile of AGMLG is
similar to normal breast tissue.

The third article, «Molecular alterations in lesions of anogenital mammary-like glands and
their mammary counterparts including hidradenoma papilliferum, intraductal papilloma,
fibroadenoma, and phyllodes tumory, is based on the study in which we compared the underlying
molecular mechanisms in lesions of AGMLG and their mammary counterparts. We analyzed the
mutational profile of 16 anogenital neoplasms including hidradenomas papilliferum, lesions with
hybrid features of hidradenomas papilliferum and fibroadenoma, fibroadenomas, phyllodes tumors
and 18 analogous breast lesions (6 intraductal papillomas, 9 fibroadenomas, and 3 phyllodes
tumors) by high-coverage next-generation sequencing (NGS) using a panel comprising 50 cancer-
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related genes. Additionally, all cases were analyzed for the presence of a mutation in the MED2
gene. All detected mutations with allele frequencies over 20% were independently validated by
Sanger sequencing (concordance: 100%). We documented several hitherto unreported mutations
and concluded that AKT] or PIK3CA mutation of PI3K-AKT cascade plays a role both in tumors
of AGMLG and their mammary counterparts, indicating that some histopathologically similar
anogenital and breast lesions develop along similar molecular pathways.

The remaining two articles are focused on primary extramammary Paget disease (EMPD)
which is a rare malignant neoplasm usually involving the anogenital area, most commonly the
vulva. (47) The histogenesis of primary EMPD is still uncertain. Cutaneous adnexa, clear cells of
Toker, pluripotent stem cells have been previously proposed as possible sites of origin. (48)

The goals of our study, «Spectrum of changes in anogenital mammary-like glands in
primary extramammary (anogenital) Paget disease and their possible role in the pathogenesis of
the disease», were to identify and describe the spectrum of involvement of AGMLG and their
ducts in cases of primary anogenital EMPD, and to determine whether a subset of primary EMPD
may originate in AGMLG, analogous to breast carcinoma. All patients were women, ranging in
age from 38 to 93 years and all but one tumor were located on the vulva. In 33 specimens from 31
patients, various alterations of AGMLG were found, including columnar cell change and columnar
cell hyperplasia which occur in normal AGMLG. In addition, other alterations as usual ductal
hyperplasia, oxyphilic (apocrine) metaplasia and atypical duct hyperplasia were detected. In four
cases with invasive mammary-type carcinomas, AGMLG displayed a range of alterations
including ductal carcinoma in situ, columnar cell change, and columnar cell hyperplasia, with the
subsequent upward migration of the neoplastic cells into the epidermis, similar to cases of
mammary Paget disease. Colonization of AGMLG by neoplastic Paget cells was noted in 6 cases.
We concluded that, by analogy with mammary Paget disease, rare cases of primary EMPD might
originate in AGMLG. Usual ductal hyperplasia and atypical duct hyperplasia can then be regarded
as earlier precursor lesions, linking both ends of the spectrum.

Since adnexal involvement (hair follicles and eccrine ducts) in primary EMPD is a very
common feature and serves as a pathway for carcinoma to spread into deeper tissue, we studied
the depth of carcinomatous spread along the appendages and the patterns of adnexal involvement
in 178 lesions from 146 patients with primary EMPD. The results have been published in the article
entitled «Depth and Patterns of Adnexal Involvement in Primary Extramammary (Anogenital)
Paget Disease: A Study of 178 Lesions From 146 Patients». There were 114 women and 32 men,
ranging in age at the diagnosis from 40 to 95 years. The most common location of EMPD in women
were vulva (89.4%) and less frequently the perianal (5.3%) regions, whereas, in men, EMPD
mostly involved the scrotum and groin. Of the 178 specimens, 165 were in situ EMPD, and 13
were invasive EMPD with the dermal depth of invasion >1 mm in 4 cases. The most commonly
affected adnexa by carcinoma cells were hair follicles, involved in 92.8% of large resection
specimens and the most deeply involved structures were eccrine ducts, which most frequently
manifested as infiltration of the acrosyringium in 97.7%. The maximal depth of involvement in
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this study was 3.6 mm, which provides important information for local treatment of EMPD with
topical drugs such as imiquimod, 5-fluorouracil, and retinoic acid, alone or in combination. For
example, 5-fluorouracil penetrates the skin to a depth of 1-2 mm, therefore our results showing
the deeper adnexal involvement in EMPD should be taken into account when planning topical
therapy or developing novel local treatment modalities for EMPD. (49)
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Abstract: The normal histology of anogenital mammary-like
glands (AGMLG) has been studied previously, but some aspects,
including glandular depth, presence of columnar epithelium resem-
bling columnar cell change/hyperplasia as defined in mammary
pathology, and distribution of elastic fibers, have not been previously
investigated. To address these issues, we studied 148 AGMLG
identified in 133 paraffin blocks sampled from 64 vulvar wide
excision or vulvectomy specimens (64 patients, various indications
for surgery). The depth of AGMLG ranged from 0.64 to 3.9 mm.
Epithelial columnar cell change was noted in 33.1% of all AGMLG,
whereas columnar cell hyperplasia was detected in 10.1%. Occa-
sionally, combinations of cuboidal epithelium and columnar cell
change were seen within 1 histological section. Of 22 specimens
stained for elastic fibers, in only 6 (27.3%) cases were elastic fibers
found around glands. Periductal elastic fibers were demonstrated
around 3 of the only 5 ducts, which were available for analysis in
slides stained for elastic fibers. The depth of AGMLG should be
taken into account when planning topical and surgical therapies for
lesions derived or evolving from AGMLG. Alterations identical to
columnar cell change may represent a normal variation of AGMLG.

Key Words: anogenital mammary-like glands, depth, adnexa,
vulva, columnar cell change, columnar cell hyperplasia
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INTRODUCTION

Long regarded as ectopic or supernumerary breast
tissue, anogenital mammary-like glands (AGMLG) are now
considered a normal constituent of the anogenital area.'™®
Mainly located in the sulcus between the labia minora and
labia majora, AGMLG are not visible clinically, but they are
often found incidentally in pathological specimens from the
anogenital area. Although lesions affecting AGMLG are
rare, they are of clinical importance because they are sug-
gested to be the origin for certain benign and malignant
lesions, in addition to being a pathway for carcinomas
spreading to deeper tissues.® ®

Normal AGMLG vary from simple glandular structures
with round lumina surrounded by loose or dense fibrotic
stroma to more complex units closely imitating breast tissue,
although lacking lobules comparable to those seen in
breast.'*7 However, there are several aspects that have never
been addressed. First, the depth to which AGMLG normally
extend has never been studied; this is important and should
be taken into account when planning topical or surgical ther-
apy. Thus, our primary goal was to establish the depth to
which AGMLG may extend into the dermis. Second, the
epithelium lining AGMLG, especially in remnants of
AGMLG associated with neoplasms arising from them, often
manifest a columnar appearance resembling columnar cell
change (CCC) or columnar cell hyperplasia (CCH) in various
benign breast lesions.”!? Our second goal, therefore, was to
determine whether CCC/CCH may be a feature of normal
AGMLG, outside the setting of any accompanying neoplasia.
Finally, we sought to study the presence of elastic fibers to
establish if there are similarities in the distribution of elastic
fibers between AGMLG and breast, which typically displays
periductal but not perilobular elastic fibers.

MATERIAL AND METHODS

Case Selection

A search in the consultation, routine institutional, and
personal files of the authors between 1997 and 2016 yielded
6733 biopsies from the vulva. Of these, 212 cases represented
wide vulvar surgical excisions or vulvectomy specimens
performed for vulvar intraepithelial neoplasia, invasive squa-
mous carcinoma, or extramammary Paget disease (EMPD).
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Histological slides were reviewed to identify any AGMLG.
Excluded from the study were 148 cases lacking AGMLG or
in which AGMLG occurred under a damaged epidermis, were
in company with an invasive neoplasm, or were associated
with any pathological process that potentially could displace
them or alter their appearances. Thus, the study cohort
consisted of 64 specimens (133 paraffin blocks) from 64
patients. Age at diagnosis ranged from 23 to 92 years
(median, 61.5 years; mean, 61.9 years).

Light Microscopy

The study was based on the assessment of hematoxylin
and eosin-stained slides. Twenty-two cases were stained
histochemically for the presence of elastic fibers. The num-
ber of tissue blocks per case ranged from 1 to 8 (median, 2;
mean, 2.1).

We recorded the presence of changes compatible with
CCC or CCH as defined in breast pathology. CCC was
defined as variably dilated lumina lined by 1-2 cell layers of
elongated to ovoid columnar epithelial cells oriented perpen-
dicularly to the basement membrane, having apical cytoplas-
mic blebs or snouts. CCH appeared as variably dilated lumina
lined by more than 2 cell layers of elongated to ovoid colum-
nar epithelial cells oriented perpendicularly to the basement
membrane, having apical cytoplasmic blebs or snouts.”

The depth of AGMLG was measured from the granular
layer of intact epidermis to the deepest point of extension of
AGMLG, using an ocular micrometer. When it was not
possible to distinguish between glandular and ductal elements
of AGMLG, they were arbitrarily designated as glands and
their depth recorded. Depths of a total of 148 AGMLG were
measured in 133 blocks.

RESULTS
A total of 148 AGMLG were identified, occurring in
133 paraffin blocks taken from the 64 resection specimens.
The mean depth of AGMLG was 1.7 mm (median, 1.55 mm;

FIGURE 1. A deeply located AGMLG
and its excretory ducts (A, B).
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range, 0.64-3.9 mm) (Fig. 1A, B). In line with previous stud-
ies, AGMLG exhibited varying cytoarchitectural complexity
and were lined by a simple cuboidal epithelium surrounded
by an outer myoepithelial layer (Fig. 2A-C). Features com-
patible with CCC were found in 49 (33.1%) of 148 AGMLG
(Fig. 3A), whereas CCH was detected in 15 (10.1%) AGMLG
(Fig. 3B). Occasionally, combinations of the cuboidal epithe-
lium and CCC were seen within 1 histologic section. Loosely
or densely fibrotic stroma was invariably present around
AGMLG, and in 6 (27.3%) cases, elastic fibers were found
(Fig. 4A, B).

Only 5 ducts were available for analysis in sections
stained for elastic fibers, and 3 of these were surrounded by
elastic fibers (Fig. 4A). In 2 cases, distinct small clear cells
(Toker cells) arranged as single cells or in small clusters in the
lower epidermis around the openings of the ducts were
recognized.

DISCUSSION

AGMLG are presumed to be a source for various
benign and malignant lesions occurring in the anogenital
region, including hidradenoma papilliferum, fibroadenoma,
phyllodes tumor, mammary-type invasive carcinomas, and
other lesions 651021 Additionally, a subset of primary
EMPD may originate in AGMLG, with subsequent upward
migration of the neoplastic cells into the epidermis similar to
cases of so-called invasive mammary Paget disease.%?
AGMLG, along with other adnexa, may provide a path for
carcinoma spreading to deeper tissues, especially in cases of
EMPD.*® We found that the maximal depth of AGMLG is
3.9 mm, with a range of 0.64-3.9 mm. This is an important
finding indicating that in superficial biopsies, alterations in
deeper AGMLG may go undetected. Besides, it can be
assumed that in cases of invasive tumors originating in
AGMLG, the neoplastic cells can rapidly access lymphatic
vessels, increasing the risk of development of metastatic dis-
ease. Although we did find the depth of lymphatic vessels in
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Anogenital Mammary-Like Glands

FIGURE 2. Microscopic variations of AGMLG. Simple bilay-
ered glands lined by a luminal columnar to low cuboidal
epithelium showing decapitation secretion and surrounded by
a layer of myoepithelial cells (A, B). B, Note CCC of the epi-
thelium. C, A more complex AGMLG with out pouchings.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

nd columnar cell

FIGURE 3. Columnar cell
hyperplasia (B) of AGMLG.

change (A) a

the anogenital area in the literature, in the skin elsewhere,
these are usually located at/below the depth of 0.75-1 mm.
We found that the epithelium lining normal AGMLG
often manifested changes compatible with CCC (33.1%) or
CCH (10.1%) as defined in breast pathology. Sometimes
cuboidal epithelium and CCH/CCH coexisted. A similar
morphological spectrum has been described in AGMLG
adjacent to hidradenoma papilliferum or some carcinomas,
suggesting that CCC/CCH may be a precursor lesion.!? In
the breast, a low level of allelic imbalance was demonstrated
in columnar cell lesions using the microdissection approach.
None of the cases of CCC had loss of heterozygosity,
whereas CCH had a low (0%-—15%) fractional mutation per-
centage.2® Another study showed a lower level of copy num-
ber changes in CCC relative to CCH.27 The frequent
occurrence of features identical to CCC in normal AGMLG
(one-third of all AGMLG found) indicates that this is likely
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FIGURE 4. A, Elastic fibers in the
stroma surrounding AGMLG and
excretory duct. B, Absence of elastic
fibers in the stroma surrounding
AGMLG.

a normal variation in the histologic spectrum of normal
AGMLG. In the breast, periductal elastic fibers are seen
frequently.®®

We also found elastic fibers surrounding excretory
ducts of AGMLG in 3 of the 5 studied specimens. On the
contrary, elastic fibers around anogenital glands were found
only in 6 (27.3%) cases. Invasive mammary ductal carcinoma
may elicit prominent elastosis manifest grossly as white
streaks (chalky streaks). This feature has not been emphasized
in mammary-type carcinomas of AGMLG, although prom-
inent stromal elastosis in a case of tubulolobular carcinoma of
AGMLG has been reported.??

In conclusion, our study contributes novel data by
documenting for the first time the depth to which AGMLG
may extend, which has important implications when plan-
ning topical and surgical therapies for lesions evolving from
AGMLG. It appears that alterations identical to CCC are
a frequent normal variation of AGMLG, and less commonly,
normal glands may manifest changes analogous to CCH of
the breast.
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ORIGINAL STUDY

An Immunohistochemical Study of Anogenital
Mammary-Like Glands

Anastasia M. Konstantinova, MD, PhD,*1} Colin J. R. Stewart, FRCPA,§ Liubov Kyrpychova, MD, ¥
Irena E. Belousova, MD, PhD,*}|| Michal Michal, MD,9** and Dmitry V. Kazakov, MD, PhDJ**

Abstract: Although the normal histology of anogenital mammary-
like glands (AGMLG) has been studied, no systemic investigation
has been performed on the immunoprofile of these structures. We
studied intact AGMLG with a broad panel of antibodies. The
immunoprofile of AGMLG is similar to that of a normal breast
tissue, and there are similarities to eccrine glands and coils about
cytokeratin expression. Our immunohistochemical data may con-
tribute to understanding of the pathogenesis of lesions arising from
AGMLG.

Key Words: anogenital mammary-like glands, immunohistochem-
istry, vulva, steroid receptors, myoepithelial cells

(4m J Dermatopathol 2017;39:599-605)

INTRODUCTION

Long regarded as ectopic or supernumerary breast
tissue, anogenital mammary-like glands (AGMLG) are now-
adays considered to be a normal constituent of the anogenital
area' >. AGMLG are presumed to be the origin for various
benign and malignant lesions occurring in the anogenital
region which manifest a striking similarity to their mammary
counterparts, including hidradenoma papilliferum, fibroade-
noma, phyllodes tumor, mammary-type invasive carcinomas,
and other lesions®*** Although the histology of normal
AGMLG has been previously documented, there are limited
data regarding the immunohistochemical profile of these
structures."'*?' Most reports have described the immunohis-
tochemical findings in AGMLG adjacent to benign or malig-
nant tumors, but no systemic study of the immunoprofile of
normal AGMLG has been performed.*** . Our aims were to
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characterize the immunoprofile of AGMLG with a broad
panel of antibodies and compare the immunohistological fea-
tures with those of normal breast tissue and with normal ec-
crine/apocrine glands.

MATERIALS AND METHODS

Case Selection

Two hundred twelve surgical excisions or vulvectomy
specimens performed for the treatment of vulvar intraepithe-
lial neoplasia and/or invasive squamous cell carcinoma were
recruited from 6733 vulval specimens in our consultation,
routine institutional, and personal files accessioned between
1997 and 2016. The histological slides were reviewed to
detect the presence of intact AGMLG in blocks where the
glands were not invelved or altered by another pathologic
process including the primary neoplasm, lichen sclerosus,
scar, or inflammation. Included in the study were 15
randomly selected cases with intact AGMLG. The age at
diagnosis ranged from 37 to 89 years (mean, 63.2 years).

Immunohistochemistry

The following primary antibodies were used using
a Ventana Benchmark XT automated stainer (Ventana
Medical System Inc, Tucson, AZ).

1. Broad-spectrum cytokeratins (CKs): AEI/AE3 (AEL-AE3,
monoclonal; Ventana; RTU), MNF 116 (MNF 116, mono-
clonal; DakoCytomation, Carpinteria, CA; 1:50), and
OSCAR (IsoType:lgG2a; BioLegend, Dedham, MA:;
1:100).

2. Low molecular weight (LMW) CKs: CAM 5.2 (CAM 5.2,
monoclonal; Ventana; RTU), CK7 (OV-TL12/30, mono-
clonal; DakoCytomation, Carpinteria, CA; 1:200), CK8
(35BHLL; Cell Marque, Rockin, CA; RTU), CKI8
(DC10; DakoCytomation, Carpinteria, CA; RTU), CK19
(A53-B/A2.26; Cell Marque, Rockin, CA; RTU), and
CK20 (Ks20.8; DakoCytomation, Carpinteria, CA; 1:100).

3. High molecular weight (HMW) CKs: K903 (34&223; E12:
DakoCytomation, Carpinteria, CA; 1:200), CK5 (XM26;
Novocastra, Newcastle, United Kingdom; 1:400), CK5/6
(D5/16B4; DakoCytomation, Glostrup, Denmark; 1:100),
CK10/13 (DE-K13; DakoCytomation, Carpinteria, CA;
1:100), CK14 (LL002; Novocastra, Newcastle, United
Kingdom; 1:40), and CK17 (E3; DakoCytomation, Carpin-
teria, CA; 1:40).
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TABLE 1. Summary of Inmunohistochemical Analysis of AGMLG*

Glandular Part Excretory Duct
No. Cases No. Cases
Available for Myoepithelial Available for Myoepithelial Luminal
Analysis Cells Luminal Cells Analysis Cells Cells
Wide-spectrum
CK
AEL/AE3 11 + - 3 ) )
CK MNF 116 9 ) R 4 —(+) [Ens
OSCAR 11 H-) ++ 4 =(+) +HH(+)
LMW CK
CAM 5.2 13 =+ +++ 3 - ]
CK7 10 = +++ 4 —(+) +H+
CK8 8 — () 4 = +H+
CK18 9 = () 4 = FHHHH)
CKI19 10 — +4+ 3 = -+
CK20 11 - - 4 — —
HMW CK
K 903 9 H—) ++,foc (+,foc) 5 0(+) ++(+,foc)
CK CK5 10 —(+,foc) —(+foc) 4 —(+,foc) —(+.foc)
CK 5/6 8 +H —/oc) +(++,foc/—) 5 ++(+) H =+ foc)
CK10/13 11 —: = 3 = =
CKl14 11 +HHH) +foc(—) 2 A +,foc/—
CK17 9 ++foc( —) —(+,foc) 3 +H—) -
Myoepithelial markers
MSA 10 AR = 5 +(+H+) —
ASMA 10 HHA++) - 3 H(+H++) -
Caldesmon 13 +H+) —~ 3 H+H) i
Calponin 12 +H+HA) - 3 + —
EGFR 9 H-) — 2 + -
p63 8 (g - s [aes -
NGFR 7 ++ = 4 ++ -
Steroid receptors
AR 12 = HH=) ] = =)
ER 9 = +HH+) 6 o (=)
PR 7 — () 3 == H+)
Others
BerEP4 11 - —() 4 - —(H)
Calretinin 12 = —(+foc) 3 - -
CDI138 11 +H+) H —/+) 2 + +H=)
CDXx2 10 — — 3 = =
COX-2 9 = = 4 = =
E-cadherin 9 +H+) () 3 + o
EMA 9 — ) 6 = F )
GCDFP-15 11 - FHHHD), foe 5 - FHHR)
GFAP 10 -+ - 4 - &
HER 2/neu 11 = —(+) ] ek —(+)
Mammaglobin 10 — +++H-++), foe 4 = +4+++, foc
MUC 1 11 = A+ 5 = +H+H)
MUC 2 9 — = 2 = =
MUC 5 9 — —(+foc) 2 = 7=
MUC 6 9 - —(+) 2 - —(+foc)
ple 10 = =), ) = +HH—)
foc
S100 protein 8 () - 3 ++ -
600 | www.amjdermatopathology.com Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. (Continued) Summary of Immunohistochemical Analysis of AGMLG"

Glandular Part

Excretory Duct

No. Cases No. Cases
Available for Myoepithelial Available for Mpyoepithelial Luminal
Analysis Cells Luminal Cells Analysis Cells Cells
MSH2 8 =y +H+ 6 e ++
GATA3 8 - ) 3 - et

Score before in brackets indicates the most commonly seen reaction, whereas score in brackets indicates less common vanation(s).
#++4+ indicates strong positvity; ++, intermediate positivity; +, weak positivity; —, negative; foc, focal; MSA, muscle-specific actin; GFAP, glial fibrillary acidic protein.

¥

2
g’% 7
Whirs
* ki

FIGURE 1. An AGMLG and its duct.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

4. Myoepithelial markers: anti-smooth muscle actin (ASMA)
(1A4; DakoCytomation, Carpinteria, CA; 1:1000),
muscle-specific actin (HHF-35; DakoCytomation, Carpin-
teria, CA; 1:200), caldesmon (E89; Cell Marque, Rockin,
CA; RTU); calponin (EP798Y; Ventana; RTU), EGFR
(5B7; Ventana; RTU), p63 (4A4; Neomarkers, Fremon,
CA; 1:500), and NGFR (MRQ-21; Cell Marque, Rockin,
CA; RTU).

5. Steroid receptors: androgen receptors (ARs) (SP107; Cell
Marque, Rockin, CA; RTU), estrogen receptors (ERs)
(SP1; Ventana; RTU), and progesterone receptors (PRs)
(1E2; Ventana; RTU).

6. Others: BerEP4 (BerEP4; DakoCytomation, Carpinteria,
CA; 1:200), calretinin (5AS5; Ventana; RTU), CD 138
(MI15; Cell Marque, Rockin, CA; RTU), CDX2 (CDX2-
88; Cell Marque, Rockin, CA; RTU), COX-2 (CX-294;
DakoCytomation, Carpinteria, CA: [:100), E-cadherin
(36; Ventana; RTU), epithelial membrane antigen (EMA)
(E29; DakoCytomation, Glostrup, Denmark; 1:400),
GCDFP-15 (BRST 2) (EP1582Y; Ventana; RTU), glial
fibrillary acidic protein (6F2; DakoCytomation, Carpinte-
ria, CA; RTU), HER 2/neu (4B5; Ventana; RTU), mam-
maglobin (304-1AS5; DakoCytomation, Carpinteria, CA;
RTU), MUC 1 (Ma695; Ventana; RTU), MUC 2
(Ccp58; Cell Marque, Rockin, CA; RTU), MUC 5
(MRQ-19; Cell Marque, Rockin, CA; RTU), MUC 6
(CLHS; Cell Marque, Rockin, CA; RTU), pl6 (R19-D;
Ventana; RTU), S100 protein (polyclonal, Ventana,
RTU), MSH2 (G219-1129; Cell Marque, Rockin, CA;
RTU), and GATA3 (L50-823, Biocare Medical. 1:100).

The staining pattems in the glandular and ductal
components of the AGMLG were assessed separately. When
it was not possible to distinguish these components, they were
arbitrarily designated as glands. The staining was scored as
follows: strong positivity (+++), intermediate positivity (++),
weak positivity (+), and negative (—). Also, diffuse versus
focal positivity was recorded.

RESULTS
The immunohistochemical data are summarized in
Table 1. Two cases were excluded because of poor staining
or loss of tissue. The glandular and excretory components of
the AGMLG were both lined by a luminal epithelium and an
underlying myoepithelial layer. The luminal epithelial cells
were cuboidal to columnar in appearances, focally resembling
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FIGURE 2. Microscopic variations of AGMLG. One simple
bilayer glands lined by a luminal columnar to low-cuboidal
epithelium showing decapitation secretion and surrounded by
a layer of myoepithelial cells. Note columnar cell change of the
epithelium. The second more complex AGMLG with out-
pouchings.

5 S Y

602 | www.amjdermatopathology.com

= &R © Fad
FIGURE 3. A composite figure showing immunoreaction of luminal cells of AGMLG are for steroid receptors.

-

in some cases columnar cell change as defined in mammary
pathology. The glands and ducts had round to oval lumina,
sometimes with outpouchings and were surrounded by a loose
stroma (Figs. 1, 2). There were no major differences between
the immunohistochemical profiles of the cells according to
their glandular or ductal distribution.

The luminal cells showed intermediate to strong
expression of LMW CKs (CAMS5.2, CK7, CK8, CKIS,
and CK19), EMA, steroid receptors, GCDFP-15, mamma-
globin, MUCI, and GATA3. In 9 of the 10 studied cases
(90%), the luminal epithelial cells were focally positive for
pl6 (Figs. 3-5). The basal/myoepithelial cells were posi-
tive for myoepithelial markers, S100 protein, and in most
cases for the HMW CKs (K903, CK5/6, CK14, and CK17)
(Figs. 5, 6).

Both cell layers were positive for E-cadherin, CD138,
and MSH2. There was no expression of CK10/13, CK20,
MUC2, COX2, and CDX2 in either the luminal or the
myoepithelial cells, while calretinin decorated stromal cells
close to the AGMLG and mast cells.

In two cases, distinct small CK7-positive cells (Toker
cells), arranged as single cells, were identified. In one case,
these were located along ducts lined by squamous
epithelium.

-t \ TR
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ction of the epithelial cells of AGMLG for GATA3 and E-cadherin

FIGURE 5. A composite figu ng focal expres
its duct. Note also strong expression of CK7 and CK18 by epithelial cells.
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FIGURE 6. Composite figure illu
(alpha smooth muscle actin) and CK14.
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DISCUSSION

Two immunohistochemically different cell layers in
AGMLG were recognized initially by van der Putte who
showed that cells lining the acini, ducts, and typical cylindrical
cells with snouts were positive for LMW CKs, HMFG, and
CEA, whereas the abluminal myoepithelial cells were positive
for actin and S100 protein.' Subsequently, expression of ER,
PR, GCDFP-15, CEA, HMFG-2, CK7, EMA, and AE1/3 has
been described in the luminal cell layer,*'**'=+ 2

In our study, we also identified distinct luminal cells
which showed intermediate to strong expression of LMW
CKs (“luminal” keratins), and basal cells which were usually
positive for myoepithelial markers and mostly for HMW CKs
(“basal” kerating). Furthermore, some cells in the luminal
layer were positive for the HMW CKs, CKS5, CK5/6,
CK14, and CK17.2?" These could correspond to the inter-
mediate glandular cell lineage described in mammary tis-
Sue‘Bl 33

The luminal cells of AGMLG showed intermediate to
strong expression of EMA, GCDFP-15, mammaglobin,
MUC! and GATA3, similar to the findings described in
breast tissue.** In 9 of the 10 cases (90%), the epithelial
cells were also positive for p16 which is also expressed in the
normal breast.* Similarly. both layers of cells were positive
for E-cadherin, CD138, and MSH2.*#

With respect to hormone receptor expression, most
epithelial cells in our study showed strong ER, PR, and AR
positivity, which is in agreement with most previously
published data.**?" However, Offidiani et al reported that
AGMLG did not express AR.”’

There was no expression of MUC2, COX2, and CDX2
in AGMLG, similar to previous findings in normal breast
tissue. 10

Expression of CKs in the secretory coils of eccrine and
apocrine glands was similar to that seen in the glandular

604 | www.amjdermatopathology.com
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strating immunoreaction of the cells of the myoepithelial layer for p63, S100 protein, ASMA
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component of AGMLG. However, the luminal cells of
AGMLG were positive for CK8 and CK18" in contrast to
the findings in normal adnexal ducts.

Calretinin is a calcium-binding protein member of the
EF-hand family which expression has been demonstrated in
certain stages of the cellular cycle in many normal and
neoplastic tissues. With respect to normal skin, calretinin has
been found to be expressed in the innermost cell layer of the
outer root sheath in anagen hair follicle, in sebaceous ducts,
eccrine secretory coil, and in mast cells of the stroma.™ In
breast glands, weak expression of calretinin by luminal cells
has been demonstrated in one study.*” We found focal calre-
tinin expression in the stroma of AGMLG and rarely in lumi-
nal epithelial cells.

In conclusion, our study contributes novel immunohis-
tochemical data of AGMLG, which were hitherto not pre-
viously documented. In general, the immunohistochemical
profile of AGMLG is similar to that seen in a normal breast
tissue.
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Lesions affecting anogenital mammary-like glands (AGMLG) are histopathologically very similar to those seen in
the breast but whether this morphological similarity is also reflected at the genetic level is unknown. To compare
the underlying molecular mechanisms in lesions of AGMLG and their mammary counterparts, we analyzed the
mutational profile of 16 anogenital neoplasms including 5 hidradenomas papilliferum (HP), 1 lesion with fea-
tures of HP and fibroadenoma (FA), 7 FA, 3 phyllodes tumors (PhT)) and 18 analogous breast lesions (6
intraductal papillomas (IDP), 9 FA, and 3 PhT) by high-coverage next generation sequencing (NGS) using a
panel comprising 50 cancer-related genes. Additionally, all cases were analyzed for the presence of a mutation
in the MED12 gene. All detected mutations with allele frequencies over 20% were independently validated by
Sanger sequencing (concordance: 100%). Mutations in PI3CA, AKT1, MET, ABL1 and TP53 genes were found in le-
sions of AGMLG and also their mammary counterparts. The PI3K-AKT cascade plays a role in tumors arising at
both sites. [t appears that some histopathologically similar anogenital and breast lesions develop along similar

molecular pathways.

© 2017 Published by Elsevier Inc.

1. Introduction

Lesions affecting anogenital mammary-like glands (AGMLG), epi-
thelial or mesenchymal, benign or malignant are histopathologically
very similar to those encountered in the breast [1-12]. Hidradenoma
papilliferum (HP), the most common benign tumor of the female
anogenital area is regarded as the cutaneous counterpart of mammary
intraductal papilloma (IDP) [9,13,14,15,16]. Fibroepithelial neoplasms
of AGMLG including fibroadenoma (FA), lesions with features of both

# The authors havedisclosed that they have no relationship with, or financial interest in,
any commercial companies pertaining to this artide.Presented in part at the 2017 annual
meeting of the United States and Canadian Academy of Pathology, San Antonio, TX, USA.

* Corresponding author at: Sikl's Department of Pathology, Charles University Medical
Faculty Hospital, Alej Svobody 80, 304 60 Pilsen, Czech Republic,
E-mail address: kazakov@medima.cz (D.V. Kazakov),

http://dx.doi.org/10.1016/janndiagpath.2017.02.004
1092-9134/@ 2017 Published by Elsevier Inc.

HP and FA (HP/FA) and phyllodes tumor { PhT) are also microscopically
identical to their mammary counterparts but are rare in comparison to
their breast analogues [ 17]. One may speculate whether the morpholog-
ical similarity between tumors of AGMLG and their mammary counter-
parts is also reflected at the genetic level. To compare underlying
molecular mechanisms in lesions of AGMLG and their mammary coun-
terparts, we analyzed the mutational profiles of 16 anogenital neo-
plasms, including HP, FA and PhT and 18 analogous breast lesions.

2. Material and methods
2.1. Case selection

Sixteen lesions of AGMLG (5 HP, 1 HP/FA, 7 FA and 3 PhT) and 18
breast neoplasms (6 IDP, 9 FA and 3 PhT) were selected from the
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routine, consultation and institutional files of the authors. Hematoxy-
lin—eosin-stained slides and clinical data (extracted from the medical
charts) were reviewed to confirm the diagnosis. The size of the tumors,
when not available in the charts, was measured on histopathological
slides directly. One HP (case 5), the single HP/FA (case 12), five FA
(cases 14, 16-19) and 2 PhT (cases 20 and 21) were the subjects of pre-
vious publications [9,17,18]. Cases 2 and 3 had also been previously an-
alyzed for the presence of BRCA1/BRCAZ founder mutations using allele-
specific PCR testing [19] (Table 1).

2.2. DNA extraction

DNA was extracted from formalin-fixed, paraffin-embedded materi-
al. Genomic DNA was isolated using the NucleoSpin tissue isolation kit
(Macherey-Nagel, Diiren, Germany), according to the manufacturer's
protocols.

2.3. Mutation screening

The concentration and purity of the isolated DNA were measured
using the NanoDrop ND-1000 (NanoDrop Technologies, Inc., Wilming-
ton, DE, USA). DNA integrity was examined by the amplification of con-
trol genes in multiplex PCR, producing fragments from 100 to 600 bp
[20]. All samples were tested for hotspot mutations in MED12, however
only cases with DNA integrity equalor higher than 200 bp were selected
for mutational analysis (Table 2) using lon AmpliSeq Cancer Hotspot
Panel v2 by massively parallel sequencing on lon Torrent PGM (Life
Technologies, part of Thermo Fisher Scientific, Waltham, MA, USA). Ex-
tracted DNA (10 ng) was amplified, and adapters were ligated using the
Ampliseq library preparation kit. The fusion primer library for detection
of hotspot mutations in MED12 was generated using specific primers
published by Mishima etal. [21] according to the manufacturer's proto-
col (Life Technologies, USA). Sequencing beads were templated and
enriched using the Hi-Q Template OT2 200 Kit, and sequencing was per-
formed on 318v2 chips using the Hi-Q Sequencing kit (Life Technolo-
gies) according to manufacturer's protocols. Signal processing,
mapping and quality control were performed with Torrent Suite v.5.0
(Life Technologies). Sequence variants were called using lon Reporter
v5.2 employing AmpliSeq CHPv2 single sample workflow and default
settings. Variants were subsequently filtered to include only exonic,
non-synonymous variants with allele frequencies >5%. Al filtered vari-
ants were annotated using HGVS nomenclature according to transcripts
listed in Table 2. Mutations found with at least 15% allele frequency
were confirmed by Sanger sequencing,

3. Results
3.1. Clinical data

The main clinicopathological features are summarized in Table 3. All
patients were females with solitary lesions in the anogenital area or
breast.

3.2. Histopathological data

All HP and IDP had a similar microscopic appearance (Fig. 1A, B). They
were solid-cystic nodules with a complex pattern of branching and anas-
tomosing tubules interconnected in a labyrinthine manner, with bands of
fibrous tissue between them, focally forming papillae with fibrovascular
stalks invested by a layer of myoepithelial cells and overlying epithelial
cells (Fig. 1). Variably present in HP and breast IDP were oxyphilic (apo-
crine) metaplasia (1 HP, 4 breast IDP; Fig. 1A), focal myoepithelial clear
cell change (4 HP, 2 IDP), usual ductal hyperplasia (3 HP, 4 1DP), focal
squamous metaplasia (1 HP) and sclerosing adenosis (1 mammary IDP).

The complex mixed HP/FA lesion of the AGMLG, which also exhibit-
ed pseudoangiomatous stromal hyperplasia (PASH), has been discussed
and illustrated previously [18].

Anogenital and breast fibroepithelial neoplasms were microscopi-
cally identical (Fig. 2A, B). FA were well-circumscribed neoplasms hav-
ing pericanalicular and/or intracanalicular growth patterns and lacked
pleomorphism in either epithelial or stromal components (Fig. 2A, B).

One vulvar FA (case 14) had papillary architecture and showed focal
lactation-like change and PASH, while case 19 had features consistent
with those seen in mammary juvenile FA (discussed and illustrated pre-
viously [22]).

PhT of AGMLG and mammary PhT were histologically identical. Of
the 3 PhT of AGMLG, 1 was benign whilst 2 were low- grade malignant
tumors having a typical leaf-like intracanalicular growth pattern, stro-
mal hypercellularity and variable stromal atypia (Fig. 3A, B). In all
three cases, areas of PASH were identified, and two contained multinu-
cleated giant cells as described elsewhere [17].

3.3. Molecular genetic findings (Table 3)

Sequenced cases that passed all quality controls during the library
preparation and with average sequencing coverage over 1500x were
labeled as positive or negative in the results, whilst the remainder
were labeled as not analyzable. The resulting pathogenic or untested
mutations are listed in Table 3 together with their allele frequencies de-
tected in each sample.

Table 1
Overview of the 50 cancer genes assessed for mutations in lesions of AGMLG and their mammary counterparts,
Gene Exon-s Gene Exones Gene Exones
ABLI1 4567 FGFR3 79,14,16,18 NOTCH1 26,2734
AKT1 36 FLT3 11,14,16,20 NPM1 1
ALK 23,25 GNAT1 5 NRAS 234
APC 16 GNAQ 5 PDGFRA 12,14,15,18
ATM 8,9,12,17,26,34,35,36,39,50,54,55,56,59,61,63 GNAS 89 PIK3CA 2,5,7,810,14,18,21
BRAF 11,15 HNF1A 34 PTEN 135678
CDH1 389 HRAS 23 PTPN11 313
CDKN2A 2 IDH1 4 RE1 4,6,10,11,14,17,18.20, 21,22
CSFIR 7,22 IDH2 4 RET 10,11,13,15,16
CTNNB1 3 JAK2 14 SMAD4 345689101112
EGFR 3,7,15,18,1920.21 JAK3 413,16 SMARCB1 2459
ERBE2 192021 KDR 6,7,11,19.21, 26,27 30 SMO 356911
ERBB4 3,4,6,7,89,1523 KIT 29,10,11,13, 14151718 SRC 14
EZH2 16 KRAS 234 STK11 14.4/568
FBXW?7 5891011 MET 211,1416,19 TP53 24567810
FGFR1 47 MLH1 12 VIH 123
FGFR2 75,12 MPL 10
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Table 2
Mutated genes in lesions of AGMLG and their mammary counterparts,
Case Llocation Diagnosis  Age Tumor size  Gene* (MED12 Mutation protein  Mutation cDNA reference  Allele Coverage COSMICID
(years) (cm) NM_005120.2) effect sequence frequency (%)
1 Vulva HP* 25 08 PIK3CA (no mutation}  p.Glu545Lys ¢1633G>ANM_D0G218.2 332 945 COSM763
2 Vulva HP 37 086 Mo mutation (no
mutation)
3 Vulva HP 45 1.0 No mutation (no
mutation)
4 Vulva HP 38 09 No mutation (no
mutation)
5 Vulva HP 31 12 NA® (no mutation)
6 Breast IDP 68 06 AKT1 (no mutation) p.Glul7Lys c49G>A NM_005163.2 31,7 1317 COSM33765
7 Breast op 56 1.0 AKT1 (no mutation) p.Glul7Lys c49G=A NM_005163.2 38,7 m COSM33765
8 Breast IDP 44 15 AKT1 (no mutation) p.Glul7Lys ©49G=A NM_005163.2 26,5 1421 COSM33765
] Breast IDP 53 1.0 No mutation (no
mutation)
10 Breast 1DP 75 0.6 NA (no mutation)
11 Breast P 50 05 NA (no mutation)
12 Vulva FA + HP 63 1.0 NP (no mutation)
13 Perianal FA 68 1.0 AKT1 (no mutation) p.Glul7Lys €49G>A NM_005163.2 274 445 COSM33765
14 Vulva FA 30 30 MET (no mutation) p.Arg988Cys €2962C=T 47 1642 COSM 1666978
NM_001127500.1
15 Vulva FA 49 05 NP (no mutation)
16 Perineum  FA 42 20 NP (no mutation)
17 Vulva FA 50 30 NP (no mutation)
18 Vulva FA 45 25 No mutation (no
mutation)
19 Vulva FA 45 3.0 NP (no mutation)
20 Vulva PhT 31 20 ABL1 p.Lys266Arg 797A=-G NM_0073132, 53 2000 no entry
low-grade TP53 (no mutation) p.Argl10Cys ©.328C>T NM_000546.5 7 348 COSM43682
21 Vulva PhT 38 4.0 NA (no mutation)
low-grade
22 Perineum  PhT 44 26 No mutation (no
mutation)
23 Breast FA 33 20 No mutation (MED12)  (p.G44D) (c131G=A) (11) (4000)  (COSM131596)
24 Breast FA 23 20 NP (no mutation)
25 Breast FA 33 15 NP (no mutation)
26 Breast FA 37 35 No mutation (no
mutation)
27 Breast FA 34 25 NP (no mutation)
28 Breast FA 22 20 NP (MED12) (p.Gly44Cys) (c130G=T) (21) (37114) (COSM131593)
29 Breast FA 53 13 NA (no mutation)
30 Breast FA 52 1.1 NA (no mutation)
31 Breast FA 25 13 No mutation (MED12}  (p.Gly44Ser) (c130G=A) (24) (56784) (COSM131594)
32 Breast PhT 42 25 SMAD4 (No mutation}  p.GIn256Leu ¢ 767A>T NM_005359.5 16 553 COSM5546625
33 Breast PhT 51 12 KIT p.Asp816Asn €2446G>ANM_000222.2 11 249 COsM1313
FBXW7 p.Thrd82Ala c1444A>C NM_0183154 6 258 COSM1169213
RET (no mutation) p.Ser767Asn ©.2300G>A NM_0206304 G 180 no entry
34 Breast PhT 48 15 Mo mutation (no
mutation)

NA - not available; NP - not performed, FA - fibroadenoma, PhT- Phyllodes tumor.
“As studied by lon AmpliSeq Cancer Hotspot Panel v2 by massively parallel sequencing on lon Torrent PGM.

In lesions of AGMLG, we detected mutations in 1/5 HP (20%), in 2/7 mutation in MET was found in 1 vulvar FA (case 14). One vulvar low-
FA (28.6%) and in 1/2 low-grade malignant PhT (50%) (33% of all PhT). grade PhT (case 20) showed mutations in ABLI (p.K247R}) and TP53
In breast counterparts, mutations were found in 3/6 IDP (50%) and in (p.R110C). Mutations in KIT (p.D816N), FBXW7 (p.T482P) and RET (p.

2/3 benign PhT (66.7%). S767N) were found in one breast PhT (case 33), whereas a mutation
Among the 50 cancer genes interrogated, a missense mutation in SMAD4 (p.Q256L) was found in another mammary PhT (case 32).
(p.E545K) in PIK3CA was found in one HP and a recurrent missense mu- In addition, point mutations at G44 (p.G44S, p.G44C, and p.G44D) in

tation (p.E17K) in AKTT was found in 3 breast IDP and in 1 perianal FA. A the MED12 gene were identified in 3 of the 9 breast FA (33.3%).

Table 3
Salient clinicopathological leatures.
HP Breast intraductal papilloma Anogenital FA and 1 HP/FA Breast FA Anogenital PhT Breast PhT
Number of cases 5 6 8 9 3 3
Ageyears mean (range) 35.2 (25-45) 57.7 (44-75) 49 (30-63) 347 (22-53) 37.7 (31-44) 47 (42-51)
Size, cm mean (range) 09(06-12) 09 (0.5-1.5) 2(05-3) 1.9(1.1-3.5) 29(2-4) 17 (1.2-25)
Location
— Vulva 5 6 2
— Perineum - 1 1
— Perianal 1 -

*One case had combined features of HP and FA.
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Fig. 1. Hidradenoma papilliferum (A) and breast intraductal papilloma (B) appearing as an intradermal solid-cystic neoplasm with a complex pattern of branching and anastomosing

tubules and papillae. Note oxyphilic (apocrine) metaplasia in hidradenoma papilliferum (A).

All mutations with allele frequencies over 20%, were independently
validated by Sanger sequencing (concordance: 100%, Fig. 4A-E).

4. Discussion

We undertook this study to determine if the morphological similar-
ity between some neoplasms of AGMLG and their mammary counter-
parts might also be reflected at the genetic level. The study comprised
cases of cutaneous and mammary HF/IDP, FA and PhT. Data on the mo-
lecular mechanisms driving HP are scarce, whereas there is no informa-
tion regarding molecular alterations in FA and PhT of AGMLG. Previous
studies of HP have found mutations in genes of the PI3K-AKT cascade
[23,24,25].

The PIK3CA gene on chromosome 3q26.32 encodes a p110c protein
which is a catalytic subunit of phosphatidylinositol 3-kinase (PI3K) [26,
27]. The AKTI gene on chromosome 14q32.33 encodes serine/threo-
nine-protein kinase { AKT1 kinase ) [28]. The PI3K/AKT pathway is impli-
cated in cell proliferation, protein translation, cell metabolism, and
antiapoptosis [24].

Mutations involving the PI3K-AKT cascade were found in 5 (14.7%)
of 34 cases. A missense mutation p.E17K in AKTT was found in 3 (50%)
of 6 IDP and in one perianal FA (12.5%), and a p.E545K missense muta-
tion in PIK3CA was found in 1 (20%) of 5 HP.

In respect of HP and IDP, PIK3CA and AKTT mutations have been de-
tected in up to 33% of mammary IDP and in 29% (PIK3CA) and 14%
(AKT1) of HP.[23] It appears that a subgroup of HP and benign papillary
breast lesions are driven by mutations in the PI3K-AKT cascade with

prevalence of H1047R/L mutation in PIK3CA in HP and E17K mutation
in AKTI in breast IDP [25,24,29] Mutations in PIK3CA have also been
found in extramammary Paget disease (EMPD), invasive mammary-
type adenocarcinomas, in breast ductal adenoma and in malignant
PhT of the breast [19,30,31,32,33,34,35]. Mutant AKT1 (p.E17K) has
been reported in EMPD and in breast ductal adenomas [32,33]. Whilst
the p.E17K mutation in AKTT occurs in a proportion of breast cancers,
and may be a driver in some, it is a rare finding in other common malig-
nancies including colorectal, lung, gastric and hepatocellular carcino-
mas and acute leukaemias [36,37].

Recurrent missense mutations p.H1047R/L and E542/5 in the onco-
gene PIK3CA are highly prevalent in breast cancer and also occur in pri-
mary ovarian, colorectal, gastric and others cancers [27,38-41].

Thus, point mutations in PIK3CA and AKT1 genes of the PI3K-AKT
cascade are relatively common both in tumors of AGMLG and their
mammary counterparts with predominance of p.H1047R/L mutations
of PIK3CA in HP and p.E17K mutations in AKTI gene in anogenital FA
and breast papillomas.

In addition to the PI3K-AKT cascade, we found mutations in METin 1
vulvar FA and alterations in ABLT and TP53 in one vulvar PhT of low-
grade malignant potential. To the best of our knowledge, mutations in
MET and ABLT have not been previously reported in lesions of AGMLG
nor in fibroepithelial neoplasms of the breast.

The MET gene on chromosome 7g21-31 encodes tyrosine-protein ki-
nase Met (c-Met) that activates a wide range of different cellular signal-
ing pathways including those involved in proliferation, motility,
migration and invasion [42]. MET proto-oncogene is dysregulated in

Fig. 2. Fibroadenoma of the vulva (A} and breast (B) are well-circumscribed neoplasms with no pleomorphism either in the epithelial or stromal components.
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Fig. 3. Benign phyllodes tumors of the vulva (A) and breast (B) with a leaf-like intracanalicular growth pattern and stromal hypercellularity.
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Fig. 4. Valiadation of detected mutations using Sanger sequencing: PIK3CA: ¢.1633G A p.{Glu545Lys) (A); AKT1: c49G>A p.(Glul7Lys) (B); MET: c2962C>T p.(Argd88Cys) (C); MED12:
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89



AM. Konstantinova et al. | Annals of Diggnostic Pathology 28 (2017) 12-18 17

many types of human malignancies, including cancers of lung, kidney,
liver, stomach, breast and anaplastic large cell lymphoma. (31) A muta-
tion in MET has also been identified in breast tubular adenoma [33].

The ABL1 gene located on chromosome 9q34.1 encodes protein tyro-
sine kinase ABL1, involved in cell differentiation, cell division, cell adhe-
sion and stress response [43]. Alterations in proto-oncogene ABLI are
associated with chronic myelogenous leukemia and also occur rarely
in invasive breast cancer [44].

1P53 on chromosome 17p13.1 encodes the tumor suppressor pro-
tein p53 [43]. More than 50 percent of human neoplasms have mutated
or deleted cellular tumor protein p53 (TP53) [45]. TP53 is frequently
mutated in malignant PhT of the breast and TP53 mutations also occur
in hereditary and nonhereditary breast cancer |34,35,4647].

In addition to the above-mentioned mutations in lesions of AGMLG,
a BRAF V600E mutation has been found in an HP that also had a PIK3CA
H1047R mutation [25]. Praff et al. showed mutations in driver genes
encoding MAPK signaling in 2 cases of HP [25].

MED12 is a human gene found on the X chromosome and it encodes
the protein mediator complex subunit 12. This component of the Medi-
ator complex is involved in the regulated transcription of nearly all RNA
polymerase l1-dependent genes. The MED12 domain connects cyclin C-
CDKS to the core of the mediator complex, which activates CDK8 kinase
and thus regulates expression of several genes including TP53, WNT, and
SHH in various signaling pathways [48,49].

Somatic mutations in MED12 have not been investigated in tumors
of AGMLG but have been identified in 60% of breast FA and 70% of breast
PhT[35,50]. Whereas 3 of the 9 mammary FA in our study harbored a
point mutation at G44, MED12 mutations were not detected in any of
the lesions of AGMLG. MED12 mutations have also been reported in
other tumor types such as hematological cancers (chronic lymphoid
leukemia), uterine leiomyomas and leiomyosarcomas [51].

Two mammary PhT in our study harbored mutations in SMAD4, KIT,
RET and FBXW?7, whereas the samples from their anogenital homologues
did not reveal alterations in these genes.

The SMAD4 gene on chromosome 18q21.2 encodes a member of the
Smad family of signal transduction proteins. SMAD 4 (DPC4) forms a
complex with SMAD 3 which can bind to DNA and modify the expres-
sion of several genes related to cellular activities such as proliferation
or differentiation [52]. Point mutations of SMAD4 have only rarely
been observed in breast cancer and skin melanomas [53,54].

The KIT gene on chromosome 4q11 encodes a receptor tyrosine ki-
nase protein c-Kit (CD117) which plays an essential role in the regula-
tion of cell survival and proliferation, hematopoiesis, stem cell
maintenance, gametogenesis, mast cell development, migration and
function and melanogenesis [55-57]. Although many fibroepithelial
breast tumors and cancers express C-kit protein, KIT mutations in
these tumors are very rare [58,59] whereas they are implicated in mel-
anomas, especially in acral lentiginous and mucosal melanoma [60].

The RET proto-oncogene on chromosome 10q11.21 [61], a member
of the cadherin superfamily, encodes one of the receptor tyrosine ki-
nases, which are cell-surface molecules that transduce signals for cell
growth and differentiation. This gene plays a crucial role in neural
crest development, and it can undergo oncogenic activation [62,63]. Ac-
tivating point mutations in RET can give rise to the hereditary cancer
syndrome known as multiple endocrine neoplasia type 2 (MEN 2)
[64]. Also mutations in RET were found in one case of breast cancer
and in cutaneous spitzoid neoplasms and melanomas [65-67].

The FBXW7 gene located on chromosome 4q31.3 encodes F-box/WD
repeat-containing protein 7 (FBW7) [68]. FBW7 is the substrate recog-
nition component of an evolutionarily conserved SCF (complex of
SKP1, CUL1 and F-box protein)-type ubiquitin ligase that functions in
cellular growth and division pathways [69].

Mutations of the tumor suppressor gene FBXW7 have been identified
in the malignant recurrence of a benign PhT of breast [70], some breast
carcinomas [71] and in various cutaneous malignances (melanomas,
basal cell and squamous cell carcinomas) [72-74].

In summary, we have demonstrated various genetic alterations in a
series of lesions arising from AGMLG and their mammary counterparts.
We document several hitherto unreported mutations. Our study ex-
pands the spectrum of lesions of AGMLG harboring mutations in the
genes encoding the PI3K-AKT cascade, AKTI or PIK3CA mutation of
PI3K-AKT cascade plays a role both in tumors of AGMLG and their mam-
mary counterparts. We provide evidence that some histopathologically
similar anogenital and breast lesions appear to develop along similar
molecular pathways. Of note, most mutations have been identified in
several genes coding for various kinases. Whilst most tumors in our
study were benign, future studies may reveal kinase gene mutations
in malignant neoplasms as well (for example malignant PhT). This pro-
vides a potential for the use of targeted or multi-kinase inhibitorsin the
treatment of these neoplasms.
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through the bessal mesnbrane. Ususl ducal by perpleas and atypcal
duet hyperpleas @ then be rgmndsd &= earder precumsaor lsims,
Imkmng baoth ends of the spedrum.

Key Wondx amosgerils] mosmmomory-hike g ands, extramemmer y Paget
dime, vulva, colummar odl change, colummar aell hyperplass,
dhucta] hyperplass, mommery-1ype cana moms

{Am J Swry Pathod 2001741:1053-1058)

Extra.ma.rmnary Paget disease (EMPDY) is a rare neo-
plasm wsually involving the anogenital area, most
commonly the vulva.! EMPD can he divided into primary
amnd secondary forms, the latter representing intra-
epithelial spread of an underlying carcinoma arising in the
urogenital or gastrointestinal tracts. > The histoge nesis
of primary EMPD is uncertain. Cutaneous adnexa, clear
cells of Toker, pluripotent stem cells, and anogenital
mammary-like glands gﬁGMLG) have boen proposed as
possble sites of origin 5%

Unlike in mammary Paget disease (MPDY), underlying
ductal carcinoma in sitn {THIS) or invasive mmmur{t;g
caminoma ame mely associated with primary EMPD, 5!
but, when present, they raise the likelihood that the patho-
genesizs of EMPD in these cases may be  identical
to that of MPD? In addition to DHCIS, AGMLG in cases
of primary EMPD may show changes identical to those
affecting ducts in the breast, including cohimmnar ce 1l ¢hange
(CCC), cohmmpar cell hyperplasia (OCH), uwsual ductal
Tiyperplasia (UTH), and atypical duct yperplasia (ADH).27
Further, AGMLG may represent a path for carcinomatows
spread into desper tisages >

The goaks of our study were to identify and describe
the spectrum of involvement of AGMLG and their ducts
incases of primary anogenital EMPD, and to debermine
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whether a subset of primary EMPD may originate in
AGMLG, amalogous to breast carcinoma

MATERIALS AND METHODS

Case Selection

A search in the comsultation, routine instinitional,
and pemonal files of the authos betwesn 1993 and 2016
years yielded 202 cases coded as EMPD. Histologic slides
were reviewed along with the available clinical information
obtained from patients’ medical mcords to confirm the
location and the clinicopathologic context. Only cases of
primary anogenital EMPD were included. Excluded from
the study were 21 cases of secondary EMPI} arising
from carcinomas of other primary sites (rectum, wethra,
prostate, ete.) and cases with insufficient clinical data

Light Microscopy

The study was based on the assessment of hema-
toxylin and eosin—stained slides. All specimens were local
mazctions, wide sumgical exciions, or vulvectomies. We
determined the presence and nmature of involvement
of AGMLG and their ducts in [8] specimens from |50
patients. OF the 181 specimens, 102 were wide surgical
excizions, local resections, or vulvectom ies (the number of
tissue blocks mnged from | to 5%, median, 10) and 79
were amall spacimens (punch, or amall incisional biopsies,
with a single block per case).

The following fatures ware assseed wing the same
criteria applied in hreast pathology™ = cogephilic metaplasia,
0oC, OCH, UDH, ADH, DMIS, and colonization of
AGMLG by carcinoma cells. Cryphilic metaplasia manifests
a5 cells with ecsinophilic, glassy eytoplasm, which may have
mildly pleomorphic necld and aovnspicuous muaclecli. OOC
presmits a5 varahly dilated hamina lined by | to 2 layers of
columnar  epithelial celk oriented perpendiculady to the
hasement membrane and which have apical cytoplasmic blebs
or spouts, OCH has variably dilated Tumina lined by =2
layers of cohmmnar epi thelial @lk as deserbed for OCC. UDH
shows solid or fenestrated intralumimal streaming celhalar
prolifiemtion without atypia ADH was defined as a marked
intrahuminal proliferation of uniform arboidal epithelial oells
with increased meckear to cytoplasmic ratio, forming complex

architectural patierns including micropapillae, true papillae,
cribriform spaces with Roman bridgs but with mild or no
cytologic atypia? DWIS was defined according v Rosai,
including  papillary, comsdocarcinoma, solid, eribrifom,
micropapillary, clinging, and cystic hypemsecretory variants ™
Grading of TS of AGMLG was acconding o puhblished
critria.™ For EMPD having both invasive camcinoma
and DICIS, grading of the invasive carcinoma was perfomed
according to the Mottingham systam (Flaton-Ellis  mod-
ification of Scarfi-Bloom-Richardson grading system) ™

All the specimens were reviewed by a general
pathologist { A M E.), dermatopathologist (D.V.EL), and
an expert in mammary pathology (M.M.). The number of
tissue blocks with changes in AGMLG ranged from | to
12 {median, 3) per case. All patients were women, ranging
in age from 38 to 93 yeas (median, 65y, mean, 64.2¥).
The age of the patients was unknown in 2 cases.

All inchuded patients were the subjects of previous
publications addressing variows other clinicopathologic
aspacts of AGMLG and EMPD.2227-2

RESULTS

The main clinical and morphologic findings are sum-
marized in Tahle 1. AT lesions imvobved the valva other than |
case of UDH in the perianal skin, Alemtions of AGMLG
wen found in 33 specimens from 31 patients. In 29 @sus, the
carcinoma was confined to the epidermis (in situ), whereas in
the mmaining 4 there was stromal microinvasion defined as
invasion t© a depth of no = lmm® The most conmmon
change encountensd in AGMLG was ODC (87.1%) {Fig. 1)
Less froquently found were UDH (226%), OCH (9.7%),
onyphilic {apocring) metaplasia (6.5%), and ADH (32%)
{Figa. 2. Four cases {129%4), in addition to intraepidernsal
carcinoma, harbored invasive carcinoma msembling breast
carcinoma (3 with invasive caminoma of no spocial type
NET] [previoudy known as ductal carcinomal, | with a
tubulolobular carcinoma). In all 4 cases AGMLG displayed a
range of changes induding DCIS (1 case), OOC (2 cases) and
COC combined with OCH {1 case) (Figa. 5, 6). In a further 3
cases (9.7%), DMCIS withowt defimite invasion was recogmized.
In 2 of these, adigcent to [MCIS were areas of fibrosis and
clastosis, as may be found in ¢ invasivie cancinoma,
MET (Fig 7). IS morphology included solid growth with

TABLE 1. Summary of the Main Clinicopathelogic Features

Type of Change in ACMLG Na. Comes Urher Changes in AGMLG (No. Coses) Age (v)Median (Ramge)
ooc 12 GE 5. RE)
Unknowm in | case

CH 2 OO0 (2 &1 (3Th8)

LIH -] OO @), OM (1) T (3593)
DTS, k3 3 OO0 (3), AGMLG colonization 1) 51 RdeSh)
ICHET, {33, and DOIS 1 T4

Irvasve mammary-iype carcmomas, (GE-3 ind. 3 OO0 (5, OCH (1) TE (E-TE)

ICNET (3 and TLC {1}
Coloniration by nenplastic cells 5 OO0 (3), UDH (2), ADH (1), OM (1) 515 @115

Unknowm in 1 case

TCWET el mwmsie cansoan, =o specml e ipeyosdy kows aimsy e dectal cecsema); M, sy plise metigin; THC iebelolobele circeoma
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FAGURE 1. Aand B, OCC of AGMLG in EMPD. Note a lumen
1 to 2 cell layers of dongated to ovoid

columnar epithelial celk onented perpendicularly to the
bbasement membrane, having apical cytoplasmic snouts.

or without comedonecmsis or 2 micropapillary patbermn, and
was of grade 2 to 3. The invasive carcinomas also wen grade
2or 3. Colonization of AGMLG by neoplastic Pagat cells was
noted in 6 cases (Fig §). In 3, single cells or small clusters
of meoplastic celk focally infiltrated the glandular portion
of AGMLG. One case each, respectively, showed extasive
single cell infilration of neoplastic cells bepeath a preserved
Tuminal layer in an excretory duct, zimilar extensive singe oell
infilration in both gandular and excretory duct elements, and
almost eomplete eplacement of normal glandular Tuminal
epithelium by solid and erbrform formations of Paget ik,
with a preserved perpheral myoepithelial cell layer, ooca-
soning resemblance to OIS, In a further case with DCIS,
thene was alko extaave colonization of AGMLG.

Coppright © X7 Wolters Kluwer Health, e All rights reserved.

AGURE 2 UDH of AGMLEG M irredgu larty mped
bridges connecting opposite portlons of the wall (A) or intra-

Iu'rmal proliferations of relatively monomonphic cells (B).

DISCUSSIOM

We found alerations of AGMLG in 33 of 181
specimens (182%) although the actual figure may e
higher, a some specimens (small hiopsies) lacked
AGMLG. From our findings, there spems to be a spec-
trum of ductal kesons ranging from CCOC and CCH
via UDH/ADH to DCIS and imvasive carcinoma.
The question is whether thizs finding allows a bona fide
conclusion that a subset of primary EMPD may oniginate
in AGMLG. Although in the breast, Jow lewel allelic
imhalance was demonsgtmted in cohmnar cell lesions !
our recent udy suggested that OCC and OCH may occur
normally in AGMLG, as they were seen in approximately
0% and 10% of cases, respectively’® Admittedly,
no molecular hiologcal studies were carried out for
comparison with the breast data. More mmarkahble i that
CCC in AGMLG in the setting of EMPD i much more
frequent than in “normal” AGMLG (87% wa 33%,
respectively).
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FIGURE 3. CCH of AGKLG. Mate the lumina lined by =2 cell
layers of e ated to ovoid columnar epithelial cells orented
perpendi y to the basement membrane, having apical
cytoplasmic smouts.

In this series, there were 4 cases of inwasive
mammary-type carcinomas of AGMLG and 3 cases of
IS, suggesting that in these cases the carcinoma may
have originated in AGMLG, with subssquent upward
migration of the neoplastic cells into the epidermis, sim-
ilar to cams of zo-called invasive MPD. Tn 2 of these
cases, there was elastosis near the THCIS that may be
a sign of stromal invazion analogous to the situation in
the hreast in which an invazive carcinoma of NST may
elicit prominent elastosis, at imes so prominent as to be
appreciated grossly as white chalky streaks. I one acce pts
the oocumence of DHCIS and invasive carcinema as | path
of mor progresion in EMPD, then UDH and ADH
might reasonably be interpreted as precursor kesions.

In contrast, we have previously shown that cuta-
neous adnexa inchiding hair follicles, sehaceous glands,
and apoerine and eccring units may present a path for
carcinomatous spread into deeper tBsues in cases of
EMPD, as they am involved in almost all cases, 722
A similar situation may be presumed with respect
to AGMLG. We noticed several patterns of colonization
of AGMLG by neoplastic cells. Both ductal and)/
or glhindular components were focally or diffusely
infilimted by meoplastic cells with preservation of the
normal luminal cells or, as seen in one case, there was
almost complete replacement of the normal himinal

1056 | www.ajsp com

FIGURE 4. A and B, Oxyphilic metaplasia of AGMLG. Mote
cells with ecsinophilic, glassy cytoplasm in 2 glands {armows).

epithelium by zolid or cribriform formations of Paget
cells above a preserved peripheml myoepithelial cell
layer resembling DMCIS. In the latter case, it may be
difficult or impossible to determine whether INCIS i the
source of the EMPD or the result of colonization of
these glamds by the neoplastic celk of EMPD. Although
we arbitrarily considerad single cell spread of Paget cells
in AGMLG as colonization, we cannot completely
exchide that this may be an incipient (in situ) carci-
nomatous change within AGMLG or the result of a field
effect. One can argue that the similar occurrence in
cutaneous admexa may oocasion the same conclusion,
but the absemce of ledons compatible with (OIS
in eccrinefapocrine units and involrement of different
adnexa (schaceous glands, hair follicles, etc.) militate
against an adnexal origin.

In conclmsion, AGMLG in primary EMPD man-
ifest a range of changes analogous to those occurring in
the hreast and which may be regarded as a morphologic
spectrum. As CCC and OCH may be encountered in
normal AGMLG, these alterations would stem to
play little, if any, role in the pathogenesizs of EMPI.

Coppright & 307 Walters Bluwer Health, Inc. Al rghts rexerved.
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FAGURE 5. EMPD assoclated with underying mammarny-type
imvashve carcimoma of MNST ly called invasive ductal
carcinoma) {A). Note DCIS of micropapillary type (arrows) (B).

FAGURE &. Formations of imvasive tubulolobular carcinoma
concentrically surrounding AGMLG with CCC. The imasive
carcinoma in other areas was compedsed of single call conds of
round to ovold cells intermixed with round to ated tu-
bules showing decapitation secretion at the luminal barder,
with both components positive for E-Cadhernin {not shown ).
Irset: higher magnification of the inasie componant.

Capyright & X117 Wolters Elwwer Health, Inc. All rights reservad.

FIGURE 7. A and B, DOIS of solid type imalving AGMLG with
adjacent areas of fibross and eastosis. Mote possible micro-
invasion {B).

FL. 3 =

Howewver, DTS and invasive carcinoma com prising the
malignant end of the spectrum suggest, by analogy with
some cases of MPD,® that rare cases of primary EMPD
may originate in AGMLG with subsequent upward
migration of the neoplastic cells into the epidermis and
possihle later breach through the basement membrane.
UDH and ADH can then be regarded as precursor le-
ziong, linking both ends of the spectrum. If our propo-
sition is confirmed in subsoquent studies, this may result
ima reevaluation of current therapeutic approaches to
primary EMPD, especially with respect to local surgical
and nonsurgical treatment, which should take into
consideration both the depth of secondary adnexal in-
volvement {up to 3.6mm) and the depth of location of
AGMLG {up to 3.9 mm) asa possible source of disease,
including recurrences, which have a rate that ranges
currently from 12% to 57%. 32432

wwweajspcom | 1057

Copyright (0 2017 Wolters Kluwer Health, Inc. All nghts reserved.

96



Konstantinova ef af

Am | Sung Pothol » Volume 41, Mumber B, August 2017

FIGURE 8. Colonization of AGMLG by Paget cells. Mote the
diffizse infiltration of the duct and CCC (A), and diffuse colo-
nization of the glands (8).
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ORIGINAL STUDY

Depth and Patterns of Adnexal Involvement in Primary
Extramammary (Anogenital) Paget Disease: A Study of
178 Lesions From 146 Patients

Anastasia M. Konstantinova, MD, PhD,*{ Ksenya V. Shelekhova, MD, PhD,*} Colin J. Stewart, FRCPA,§
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Abstract: Extramammary Paget disease (EMPD) is a rare neo-
plasm usually presenting in the anogenital area, most commonly in
the vulva. Adnexal involvement in primary EMPD is a very common
feature and serves as a pathway for carcinoma to spread into deeper
tissue. The depth of carcinomatous spread along the appendages and
the patterns of adnexal involvement were studied in 178 lesions from
146 patients with primary EMPD. Hair follicles and eccrine ducts
were the adnexa most commonly affected by carcinoma cells. The
maximal depth of involvement was 3.6 mm in this series. When
planning topical therapy or developing novel local treatment
modalities for EMPD, this potential for significant deep spread
along adnexa should be taken into account.

Key Words: extramammary Paget disease, adnexa, invasion, vulva

(Am J Dermatopathol 2016;38:802-808)

INTRODUCTION
Extramammary Paget disease (EMPD) is a rare neo-
plasm usually presenting in the anogenital area. most
commonly in the vulva, where it represents approximately
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1% of malignant lesions.' EMPD can be divided into primary
and secondary variants, the latter representing intraepithelial
spread of an underlying carcinoma, usually from the urogen-
ital or gastrointestinal tracts.”>

Primary EMPD is a form of intraepithelial adenocarci-
noma of uncertain histogenesis, for which cutaneous adnexa,
clear cells of Toker, pluripotent stem cells, and anogenital
mammary-like glands (AGMLG) have been proposed as
possible sites of origin.>* %

Surgical excision is a widely used treatment modality
for primary EMPD but this can be disfiguring and recurrences
are not uncommon. Other than surgery, in recent years,
topical drugs such as imiquimod, 5-fluorouracil, and retinoic
acid, alone or in combination, have been used for the
treatment of EMPD.'” The application of these drugs is based
on the premise that most primary EMPD represents a form of
adenocarcinoma in situ, in which a proliferation of the neo-
plastic cells is confined to the epidermis or mucosal epithe-
lium and can be destroyed by the drug, either directly or
through immunoreactive processes. One can speculate, how-
ever, that in EMPD invading the underlying dermis, these
treatments would be less effective. In addition, previous case
reports and case series have demonstrated that adnexal
involvement is common in EMPD and that the adnexa may
serve as a pathway for carcinoma spreading to deeper tissues
where local therapeutic agents are less likely to be effec-
tive.””™*' Since the depth of adnexal involvement has never
been previously studied, our primary goal was to establish the
depth of spread of carcinomatous cells along the adnexa in
primary EMPD, and also to identify previously undescribed
patterns of adnexal involvement by studying 178 lesions from
146 patients with primary anogenital EMPD.

MATERIAL AND METHODS

Case Selection

A search in the consultation, routine institutional, and
personal files of the authors between 1993 and 2015 years
yielded 167 cases coded as EMPD. Histological slides were
reviewed along with the available clinical information
obtained from patients’ medical records to confirm the

Am | Dermatopathol * Volume 38, Number 11, November 2016
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location and the clinicopathological context. Only cases of
primary anogenital EMPD were included. Excluded from
the study were 21 cases of secondary EMPD arising from
carcinomas of other possible origins (rectum, urethra, pros-
tate, etc.) as well as cases with insufficient clinical data.
Thus, the study cohort consisted of 178 specimens from
146 patients with primary anogenital EMPD.

Light Microscopy

The study was based on the assessment of hematoxylin
and eosin-stained slides, periodic acid-Schiff-stained and/or
mucicarmine-stained sections, and immunostains for cytoker-
atin 7. Of the 178 specimens, 99 were wide surgical exci-
sions, local resections, or vulvectomies (the number of tissue
blocks ranged from | to 59; median 10) and 79 were small
specimens (punch, or small incisional biopsies, with a single
block per case). From 13 patients, both primary and recurrent
tumors were available for study (1 recurrence in 8 patients;
2 recurrences in 4 patients; 3 recurrences in 1 patient).

Involvement of cutaneous adnexal structures including
hair follicles, sebaceous, apocrine, and eccrine glands and
their ducts were evaluated. Eccrine and apocrine ducts are
typically indistinguishable, but in many cases their nature
could be reasonably determined when they were clearly
related to an underlying apocrine or eccrine secretory coil
or acrosyringium (the intraepidermal part of the eccrine duct).
When it was not possible to distinguish between apocrine and
eccrine ducts, they were designated as “ducts, not otherwise
specified”. We also determined the presence and nature of
involvement of AGMLG and their ducts, but these results
will be the subject of a separate report.

Depth of invasion was determined on hematoxylin and
eosin-stained slides from large resection specimens only (n =
99), whereas for small specimens (n = 79), only the frequency
and distribution of adnexal involvement was documented. An
ocular micrometer was used to measure the depth from the sur-
face of the epidermis (corified layer) or epithelium to the deep-
est located tumor cell in an involved adnexal structure. In all

TABLE 1. Main Clinical Characteristics of 146 Study Patients

Parameter N (%)
Age (yrs) 40-95 (median 73, mean 71.26)
Gender
Female 114 (78.1)
Male 32(21.9)
Location
Genital 123 (84.2)
Vulva NOS or predominantly 93
Labium majus 8
Mons pubis 8
Scrotum (predominantly) 13
Periclitoral 1
Groin 10 (6.8)
Perianal 9(6.2)
Anogenital, NOS 4(2.7)

NOS, not otherwise specified.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

cases, we determined if there was microinvasion (defined as
stromal invasion to a depth of no more than 1 mm below the
basement membrane™) or if depth of invasion exceeded 1 mm.
Twelve lesions were the subject of 2 previous reports.”>**

RESULTS

Clinical Data

The clinicopathological features of the 146 patients are
summarized in Table 1. There were 114 women and 32 men.
Age at diagnosis (known in 142 patients) ranged from 40 to
95 years (median, 73 years; mean, 71 years). In all but 1 case,
the lesions were solitary and occurred in the anogenital area
sometimes involving large arcas (eg, vulva and perianal area;
scrotum and groin). One patient presented with bilateral groin
lesions. In women, EMPD most commonly involved the
vulva (89.4%) and less frequently the perianal (5.3%) regions.
In men, EMPD mostly involved the scrotum (40.6%) and
groin (25%). Thirteen patients had recurrences of EMPD. In
a further 2 patients with recurrent EMPD, the slides of the
original biopsies were not available for review. Clinically,
most lesions appeared as flat or slightly elevated

FIGURE 1. Clinical appearance of extramammary Paget dis-
ease: Erythematous erosive areas.
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TABLE 2. Frequency and Depth of Invasion of Adnexal
Structures in 99 Large Postoperative Specimens

Involved/Present
(% with Involved
Adnexa); {Number/
% of Cases Where it

was the Deepest Depth of Adnexal
Type of Adnexa Involved Structure} Involvement in mm
Hair follicles 91/98 (92.8): {76/83.5}  0.5-3.25 (median
1.6, mean 1.64)
Sebaceous glands 29/79 (36.7); {1/3.4) 0.4-1.5 (median 1,
mean 0.98)
Eccrine secretory coil 12/95 (12.6); (5417}  0.8-3.2 (median
2.55, mean 2.39)
Apoctine secretory coil 1/60 (1.7); {0} 1.8 (median 1.8,
mean 1.8)
Adnexal ducts
Ecerine ducts
Acrosyringium 87/89 (97.7)
Straight/coiled 54/76 (T1.1); {13/24.1}  0.3-3.6 (median L1,
mean 1.28)
Apocrine ducts 6/41 (14.6); {0} 0.5-1.38 (median
0.93, mean 0.99)
Ducts, NOS 14/72 (19.4); {1/7.1} 0.4-2.5 (median

0.94, mean 0.98)

NOS, not otherwise specified.

erythematous or white-gray areas, with variable scaling, ex-
coriations, oozing, or crusting (Fig. 1).

Histopathological Findings

Of the 178 specimens, 165 were in situ EMPD and 13
were invasive EMPD. Of the latter, 9 were minimally
invasive, as defined above, and 4 had dermal invasion
=1 mm in depth. Tnguinal lymph node metastases occurred
in 1 case only.

Adnexal involvement was a common finding in large
samples (Table 2) as well as in small biopsy specimens
(Table 3). The most common targets were hair follicles,
involved in 92.8% of large resection specimens (91 of 98

TABLE 3. Frequency of Invasion of Adnexal Structures in 79
Small Biopsies Specimens

Involved/Present (% With

Type of Adnexa Involved Adnexa)
Hair follicle 35/56 (62.5)
Sebaceous glands 523 21.1D)
Eccrine glands 1/44 (2.3)
Apocrine glands 19 (11.1)
Adnexal ducts
Eccrine ducts £y - s - W A
Actosytingium 23/26 (88.5 o F RS e
Smiggyh:fccilm 7131 §33 3; FIGURE 2. Involvement of hair follicles in EMPD. Single tumor
A ok - {25; cell infiltration and clusters of neoplastic cells involve a hair follicle
" oty o, o8 (A). Gland-like structures in hair follicles, some with cribriform
cts e appearances, replacing most of native follicular epithelium (B).
NOS, not otherwise specified. Prominent involvement of hair follide with comedonecrosis (C).
804 | www.amjdermatopathology.com Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 3. Involvement of sebaceous glands in EMPD. Dispersed single tumor cells and small clusters in mature sebaceous glands

(A) and in the mantle (B).

specimens). In 76 large specimens (76.7%), the hair follicle
was the adnexal structure most deeply involved (compared
with sebaceous glands and apocrine or ecerine units). The
maximal depth of carcinoma cells affecting hair follicles
was 3.25 mm. In small biopsy specimens (n = 79), hair fol-
licles were present in more than half of the cases, of which
62.5% (35/56) were involved by Paget cells. In most cases,
neoplastic cells were dispersed in the affected hair follicles as

e
FIGURE

e 3 - &

4. Infiltration of the acrosyringium in EMPD.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

single cells or small clusters (Fig. 2A). Less commonly,
gland-like structures were formed (Fig. 2B). Whereas in most
cases only a minor proportion of the native follicular epithe-
lium was replaced by the neoplastic cells, a few cases dem-
onstrated extensive follicular involvement by the carcinoma,
sometimes accompanied by comedonecrosis (Fig. 2C).

Sebaceous glands were infiltrated by Paget cells in
a third of the large specimens and in a quarter of the small
biopsy samples. Both mature sebaceous glands and mantles
were seen to be involved by single cell spread or by small
groups of tumor cells (Fig. 3), sometimes identified only after
mucicammine staining. The deepest involved sebaceous gland
was located 1.5 mm below the stratum corneum.

Involvement of ecerine units most frequently mani-
fested as infiltration of the acrosyringium (97.7%), which is
logical due to its intraepidermal location (Fig. 4). Intradermal
straight and coiled eccrine ducts were found in 76 large speci-
mens and were infiltrated by tumor cells in 54 samples
(71.1%) (Fig. 5), with the deepest involvement of 3.6 mm
seen in 13 specimens. In most, there was single cell infiltra-
tion of the ducts but small clusters of neoplastic cells and
gland-like structures were also noted less frequently (Fig.
6). Immature squamous cell metaplasia and hyperplasia of
duct epithelium were occasionally encountered, and a combi-
nation of metaplasia and hyperplasia resulted rarely in cribri-
form formations (Fig. 7). In some cases, neoplastic cells were
observed to have replaced mostly the basal/myoepithelial
cells with the focal preservation of luminal cells (Fig. 8).

The eccrine secretory coils were infiltrated less fre-
quently by tumor cells (12.6% of large specimens), in 4 cases
showing the deepest involvement to be at a maximal depth of
3.2 mm. Similar to other adnexal structures, eccrine glands
were seen to be colonized by single cells or groups of
neoplastic cells, and rarely by gland-like structures. In some
eccrine coils, complete replacement of the normal luminal
epithelium by solid or eribriform formations of Paget cells, in
the presence of preserved peripheral basal/myoepithelial cell
layers, occasioned a resemblance to either ductal carcinoma in
situ or so-called lobular cancerization as seen in mammary
carcinomas (Fig. 9).
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FIGURE 5. Involvement of the straight
portion of eccrine duct in EMPD, mostly
occurring as single cell colonization

(A B).

The apocrine secretory coils were involved in 14.6% of
cases, and never were they the deepest structure affected by
the carcinoma.

In 1 case, a large complex structure of uncertain
derivation was involved by neoplastic cells (Figs. 10, 11),
whereas in another case of recurrent EMPD involving the
neovulva, carcinoma cells colonized the remnants of a Bartho-
lin gland at a depth of 12 mm.

DISCUSSION
Our study validates the previously published observa-
tions that involvement of adnexa is a common feature in
primary EMPD, likely contributing to the spread of carci-
noma into deeper tissues and to the propensity for recur-
Our study contributes novel data by

rence.”'#2021,25

N : ?_l

N o LN 22

FIGURE 6. Gland-like structures in an involved eccrine duct
(arrow).

806 | www.amjdermatopathology.com

documenting the depth of adnexal involvement, hitherto not
previously examined. We found that Paget cells may spread
along the adnexa as deeply as 3.6 mm, with hair follicles and
eccrine ducts/glands being the most commonly and the most
deeply involved structures. This information should be taken
into account when planning topical nonsurgical treatment or
when developing new local treatment modalities in the future.
At present, imiquimod, 5-fluorouracil, and retinoic acid are
used in the treatment of EMPD attempting to substitute for
alternative, often disfiguring surgical approaches. Other novel
treatments including CO, laser, trastuzumab, alone or in com-
bination with chemotherapy, and photodynamic therapy are
being studied.*** The above treatment modalities have dif-
fering mechanisms of action (eg, imiquimod acts as an
immune response modifier; 5-fluorouracil is a chemotherapeu-
tic agent; photodynamic therapy relies on light activation of
a photosensitizer in neoplastic cells) but the depth of skin
penetration and knowledge of the depths of tumor deposits

FIGURE 7. Carcinoma cell infiltration of an eccrine duct,
which also shows squamous metaplasia and hyperplasia re-
sulting in a cribriform appearance.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 8. A duct showing replacement of the basal/my-
oepithelial cells by Paget cells.

are obviously essential for planning successful treatment.
From our literature review, we have been unable to determine
to what depth imiquimod may penetrate the skin, whereas
S-fluorouracil reportedly penetrates the skin to a depth of
1-2 mm.* This is manifestly insufficient for a substantial
number of cases in which Paget cells extend well beyond this.
‘Whereas data on the presence or absence of invasion are
available in previously published trials, the issue of adnexal
spread has not been properly addressed. Nonetheless, it
has been speculated that therapeutic responses may be related
to the depth of penetration of imiquimod such that thicker
portions of an in situ lesion or tumor with extensive adnexal
involvement or invasive disease may exhibit incomplete
responses.*!

Appendages may be colonized by neoplastic cells in
different ways. We noted several patterns of adnexal involve-
ment These include involvement or spread as single cells,
small clusters, gland-like formations, substitution of luminal
cells in ducts/coils with preserved peripheral basal/

ization as seen in mammary carcinomas (A, B).

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

FIGURE 10. A large complex structure of uncertain derivation
involved by neoplastic cells (A, B). It clearly differs from
hyperplastic eccrine or apocrine units and also from anogenital
mammary-like glands depicted in Figure 11 for comparison.

myoepithelial cells resulting in ductal carcinoma in situ-like
appearances, or, conversely, predominant replacement of
basal/myoepithelial cells. Additionally, ductal structures
may exhibit epithelial metaplasia and hyperplasia, posing
potential diagnostic pitfalls. We also noted changes in
AGMLG, structures mooted to play a role in the etiology
and pathogenesis of primary EMPD,"”* but these results will
be reported in a separate study.

In conclusion, adnexal involvement in primary EMPD is
a very common feature occurring in more than 90% of cases.
Hair follicles and eccrine ducts are the most commonly affected
adnexa by Paget cells. In this study, the maximal depth of
involvement was as much as 3.6 mm, with the median for
each adnexal structure ranging from 0.93 mm (eccrine ducts) to
2.55 mm (eccrine secretory coils). Given the fact that we used
for formalin-fixed tissues in the study, the actual depth of
invasion in vivo is bound to be deeper. This phenomenon
should be taken into account when planning topical therapy or
developing novel local treatment modalities for EMPD.
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FIGURE 11. Anogenital mammary-like gland involved by
carcinoma cells.

o0
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Cutaneous nonepithelial tumors represent a large and heterogeneous group of neoplasms,
including melanocytic, histiocytic, vascular, neural lesions, to name just a few. We studied several
entities subdivided into three subgroups, namely lymphoproliferative disorders, mesenchymal
tumors, and melanocytic neoplasms.

2.1 LYMPHOPROLIFERATIVE DISORDERS

Three papers are included in this subgroup. The article is entitled «Mummified cells are a
common finding in cutaneous Hodgkin lymphoma and can be used as a diagnostic clue» represents
the largest published series of this rare condition in a dermatopathology practice to date. (50) The
microscopic diagnosis is usually based on the recognition of diagnostic Reed-Sternberg cells (large
cells with abundant amphophilic cytoplasm and two or more oval lobulated nuclei containing
prominent eosinophilic nucleoli) and its variants, including mononuclear Hodgkin cells and
lacunar cells. (51) These specific cells express CD30 and CD15. In nodal Hodgkin lymphoma, one
often encounters so-called mummified cells. (52) These cells have pyknotic eosinophilic or
basophilic nuclei and condensed cytoplasm. Sometimes they are conspicuous and easy to
recognize, thus serving as a clue to the diagnosis. With respect to cutaneous Hodgkin lymphoma,
the presence of these cells has never been examined. Our objective was to study cases of cutaneous
Hodgkin lymphoma to identify the occurrence of these specific cells. We studied 12 cases in which
histopathological, immunohistochemical, and molecular genetic studies, including rearrangements
for TCR, IgH genes, and EBV studies were performed. Diagnostic Reed-Sternberg cells and its
variants were identified in all cases. Mummified cells were detected in 9 cases, as individual
scattered cells or being conspicuous. Immunohistochemically, in all 7 cases studied mummified
cells were positive for both CD30 and CD15. EBV virus was found in 2 of 7 studied cases, whereas
clonal TCR or IgH gene rearrangements were detected in 3/7 and 1/7 cases, respectively. We
concluded that mummified cells are encountered in many of cases of cutaneous Hodgkin
lymphoma and may on occasion be conspicuous, their presence can be used as a clue to the
diagnosis.

The second entity covered in this section is lymphomatoid papulosis, namely its rare and
unusual variant, type E. Our article titled «4 case of lymphomatoid papulosis type E with an
unusual exacerbated clinical course» describes an exceptional clinical presentation of this
lymphoproliferative entity. Lymphomatoid papulosis (LyP) belongs to the spectrum of CD30-
positive cutaneous lymphoproliferative disorders. Histopathologically, LyP is characterized in
most cases by atypical large lymphoid cells expressing CD30, but the clinicopathological spectrum
of the disease is broad (types A, B, C, D, E, F and LyP with 6p23.5 rearrangement). (53), (54)

LyP type E is a recently delineated variant characterized by the occurrence of large necrotic
“eschar”-like lesions displaying microscopically angioinvasive and angiodestructive infiltrates
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composed of CD30+ lymphocytes, frequently coexpressing CD8. (55) In contrast to other variants
of LyP in which lesions are small (<2 cm) and multiple, patients with LyP type E often present
with one or two large (>2 cm) lesions at a given time point, often requiring the distinction from
CD30+ large cell anaplastic lymphoma. We described a 34-year-old man with LyP type E with an
exacerbated clinical course characterized by the occurrence of almost a hundred of lesions. The
disease started with a single rapidly growing 2-cm large erythematous nodule on the forearm,
which rapidly became necrotic and ulcerated after the administration of doxycycline by a
dermatologist who suspected a Staphylococcus aureus infection. Additionally, multiple similar
eschar-like lesions (around 100) developed all over the body. The biopsy revealed a characteristic
angiocentric and angiodestructive infiltrate of CD30+ medium-sized to large pleomorphic
lymphocytes. After the diagnosis was established, the antibiotic treatment was stopped, and the
lesions spontaneously regressed within five months, leaving behind atrophic scars and pigmentary
patches.

In the third article «Kaposi sarcoma in association with an extracavitary primary effusion
lymphoma showing unusual intravascular involvement: report of a case harboring a FAM1754
germline mutation» we described a rare case of cutaneous primary effusion lymphoma (PEL)
with an unusual intravascular presentation, combined with Kaposi sarcoma (KS) involving the
skin, lung and gastrointestinal tract. The patient was a 67-year-old man who presented with
numerous cutaneous tumors, and mass in the left lung. He died 17 hours after the admission to the
hospital. At autopsy, multiple purple patches, plaques and tumors involving the lower and upper
extremities were found. In addition to the cutaneous lesions, tumors in the left lung and
gastrointestinal mucosa were also detected, and no effusions in the body cavities were seen. The
biopsy from the skin lesions, pulmonary and intestinal tumors revealed histological and
immunohistochemical features of KS. The skin biopsy specimens contained diffuse infiltrates
composed of large pleomorphic cells, with focal intravascular growth that was negative for pan-
B-cell markers, weakly positive for CD38 and CD138 but expressed CD3, HHV-8, and EBV.
Molecular genetic studies in this specimen revealed monoclonal rearrangements of the IgH gene,
leading to the diagnosis of PEL, solid variant. NGS analysis of the tumorous and normal tissue
(myocardium) detected a pathogenic germline mutation of the FAMI754 gene and somatic
mutations in BRCA2 and RAD5 1B (in both sarcoma and lymphoma specimens), and INPP4B and
RICTOR (in lymphoma specimen only).
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ORIGINAL STUDY

Mummified Cells are a Common Finding in Cutaneous
Hodgkin Lymphoma and Can Be Used as a Diagnostic Clue
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Abstract: Specific cutaneous involvement in Hodgkin lymphoma is
rare. In cutaneous lesions, the diagnosis is usually based on the
recognition of diagnostic Reed-Sternberg cells and its variants. In
nodal Hodgkin lymphoma, so-called mummified cells (cells with con-
densed cytoplasm and pyknotic eosinophilic or basophilic nuclei) are
often seen. They are sometimes conspicuous and easy to recognize,
thus serving as a clue to the diagnosis. Our objective was so study
cases of cutaneous Hodgkin lymphoma to identify the occurrence of
mummified cells. We studied 12 patients (4 women and 8 men; age
range 23-80 years). In 7 patients, cutancous and extracutaneous dis-
ease was identified almost simultaneously; in 3 patients, lymph node
disease preceded cutaneous involvement; and in the remaining 2 pa-
tients, the skin lesions were the presenting sign, whereas lymph node
involvement occurred later. Histopathological, immunohistochemical,
and molecular-genetic studies, including rearrangements for TCR, IgH
genes, and PCR for EBV, were performed. Cutaneous biopsy speci-
mens revealed either a multinodular or diffuse infiltrate, included
small lymphocytes. eosinophils, plasma cells, and macrophages. but
in all cases. diagnostic Reed Sternberg cells and its variants were
identified. Mummified cells were detected in 9 cases, either as occa-
sional scattered mummified cells often requiting a search (6 cases) or
being conspicuous, grouped and therefore easily identified (3 cases).
Immunohistochemically, in all 7 cases studied, mummified cells were
positive for both CD30 and CDI13. It is concluded that mummified
cells are encountered in a majority of cases of cutaneous Hodgkin
lymphoma.

Key Words: cutaneous Hodgkin, lymphoma, mummified cells,
CD30
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INTRODUCTION

Specific cutaneous involvement in Hodgkin lymphoma
is rare, with a reported incidence varying from 0.1% to
3.4%. 8 Because of its rare occurrence in dermatopathology
practice, the histopathological diagnosis of cutaneous Hodg-
kin disease may not be straightforward. The microscopic
appearance of the cutaneous lesions do not usually correlate
with that seen in concomitant lymph node disease in the sense
that particular histopathological variants in lymph nodes
(lymphocyte-rich, nodular sclerosis, mixed cellularity, and
lymphocyte-depleted, etc.) do not manifest with identical
changes in the skin. In cutaneous lesions, the diagnosis is
usually based on the recognition of diagnostic Reed-
Sternberg cells (large cells with abundant amphophilic cyto-
plasm and 2 or more oval lobulated nuclei containing prom-
inent eosinophilic nucleoli) and its variants, including
mononuclear Hodgkin cells (cells with a single round or
oblong nucleus with large inclusion-like nucleolus) and lacu-
nar cells (cells with an empty space around the nucleus due to
shrinkage of the cytoplasm caused by formalin fixation) ex-
pressing CD30 and CD15. In addition, so-called LP cells (aka
L&H,” or popcorn cells) with a fluffy, lobulated nucleus with
fine chromatin and small nucleoli can be encountered; these
are strongly positive for CD20, variably positive for CD30,
and almost always CDI15 ncgative.. In nodal Hodgkin lym-
phoma, one often encounters so-called mummified cells (cells
with condensed cytoplasm and pyknotic eosinophilic or baso-
philic nuclei), which are sometimes conspicuous and easy to
recognize, thus serving as a clue to the diagnosis. With
respect to cutaneous Hodgkin lymphoma, the presence of
such elements has never been systematically evaluated. Our
objective was to study cases of cutaneous Hodgkin lymphoma
to identify the occurrence of mummified cells.

MATERIAL AND METHODS

Cases coded as cutaneous Hodgkin lymphoma were
searched in our institutional and consultation databases. The
retrieved cases were reviewed together with the available
clinical information. Included were cases with specific cutane-
ous involvement by Hodgkin lymphoma, irrespective of
temporal relationship of cutaneous and nodal (extracutaneous)
disease. Cases with unspecific cutaneous involvement (no
diagnostic Reed-Sternberg, Hodgkin, and lacunar cells were
present) and cases in which extracutaneous disease was not
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confirmed were excluded. Based on the above criteria, 12 cases
were included in the study, and 5 cases were excluded.
Whenever available, slides from extracutaneous lesions were
also reviewed. Three included cases were subjects of 2 pre-
vious reports 58

Immunohistochemical studies were performed at the
time of diagnosis and in some cases were repeated retrospec-
tively with new markers. The immunohistochemical panel
varied from case to case but CD30, CDI15, CD45R0, a B-cell
marker (CD20, CD79a, or PAX-5 (Fig. 1)), and a T-cell
marker (CD3) were invariably used. Molecular genetic stud-
ies, including rearrangements for TCR and IgH genes,
RT-PCR for EBV, were performed whenever possible, as
previously described ¥ We have also studied the expression
of the EBV-encoded RNA M

RESULTS

Clinical Data

There were 8 male and 4 female patients, with the
ages ranging at the time of cutaneous involvement from 23
to 80 years. Cutaneous lesions were solitary in 8 cases and
involved more than one skin area in 4 cases (Fig. 2). The
lesions varied in size, with the largest lesion measuring 12
cm. In 7 patients, cutaneous and extracutaneous disease
was identified almost simultaneously: most patients pre-
sented with skin lesions and subsequent clinical investiga-
tions revealed extracutaneous involvement. In 3 patients,
lymph node disease preceded cutancous involvement
(cases 3, 10 and 12). In one of these (case 3), cutaneous
involvement occurred 33 months after the diagnosis of
nodal classical Hodgkin lymphoma, and later in the course
of the disease, the tonsil was involved. In the remaining 2
patients (cases 7 and 9), the skin lesions were the present-
ing sign, whereas lymph node involvement occurred 34
months and 6 years later, respectively. The sites of extrac-
utaneous involvement, treatment, and follow-up are sum-
marized for each patient in Table 1.

Histopathological Features

Cutaneous biopsy specimens revealed either a multi-
nodular or diffuse infiltrate, and in some lesions with a multi-
nodular architecture with a variable degree of sclerosis around
the nodules (Fig. 3). The cellular composition of the infiltrate
varied from case to case and included small lymphocytes,
eosinophils, plasma cells, and macrophages, but in all cases,
diagnostic cells Reed-Sternberg cells and its variants were
identified (Fig. 4).

Mummified cells were detected in 9 cases. In 6 cases,
there were only occasional scattered mummified cells requir-
ing a meticulous search, whereas in the remaining 3 cases,
mummified cells were conspicuous, grouped, and therefore
easily identified. Mummified cells were binucleated or mono-
nuclear, cells with an empty space around the nucleus, or
multilobated, thus retaining the form of the corresponding
diagnostic cell but being smaller (Fig. 4).

Immunohistochemically, in all 7 cases studied,
mummified cells were positive for both CD30 and CD15

2 | www.amjdermatopathology.com
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FIGURE 1. Multilobated mummified cells positive for CD30
(inset, A) and PAX-5 (B).

1'.’;I » , '."‘\ L

and for CD20 (Fig. 5). In 2 cases (cases 9 and 11), it was
not possible to access this feature in retrospect as the
original slides were from 1970 to 1980s.

FIGURE 2. Clinical presentation of cutaneous Hodgkin lym-
phoma with an ulcerated plaque (case 6).
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TABLE 1. Main Clinicopathological Features and Follow-up of Patients With Specific Cutaneous Involvement by Hodgkin

Lymphoma
Cutaneous Location
and Clinical Extracutaneous Temporal Histologic Type
Case  Sex/Age Appearance Involvement Relationship (Extracutaneous) Stage  Treatment Follow-up
1 F/65 Back forearm Cervical and axillary LN and tonsil and skin Mixed cellularity I RT 2x 30 Gy, 1x 40
LN almost GY, 6x COPP, 2x
simultaneously ABVD, 2x MOPP
Tonsil CR, then cutaneous
recurrence 2 years
later, DOD at
57 months
2 F/80 Flank Retroperitoneal, Skin and LN almost NA 1B 4x COPP, RT 10x 3
paraaortal, iliac, simultaneously Gy
mediastinal, cervical DOD 22 at months
3 M/67 Back and later axilla Tonsil LN — skin 33 months NA 1B 6 ABVD, CHOP
Skin —tonsil CR at 82 months, then
34 months died of lung
carcinoma
4 M/56 Groin, subcutaneous Unguinal, iliac Skin and LN almost Mixed cellularity 1IEB 8x BEACOPP
nodule 6 x5 x4 em  (bilateral) LN, sacrum simultaneously CR 73 months
5 F/56 Forearm: Mottled dark Tonsil Tonsil and LN and Mixed cellularity A 4x ABVD
red plaque, 12 cm skin almost
Back: a similar Cervical LN simultaneously CR, 50 months
smaller lesion
6 M/23 Chest wall, Cervical, axillary LN Skin—LN almost Mixed cellularity NA 8x BEACOPP
ulcerated plaque simultaneously CR, 72 months
7 M/70 Shin, solitary 1-em Unguinal and Skin—LN 34 months Nodular sclerosis 1B 4xx ABVD
nodule of 14 days retroperitoneal CR 44 months
duration (unilaterally) LN
8 M/29 Shoulder; rapidly Axillary LN Skin—LN almost Nodular sclerosis IEA 2x ABVD, RT 15x 2
growing solitary simultaneously Gy
tumor of 3-week CR, 17 months
duration
9 M/54 Left lower leg, Inguinal lymph node,  Skin—LN 6 years Mixed cellularity NA NA
solitary nodule left
10 M/39 Back, solitary NA LN =»skin 10 years NA NA RT, CHT (De Vita
bluish-red nodule protocol), relaps in 3
years treated with
De Vita protocol
and leukeran,
recurrence with
stage IV and skin
involvement, new
RT and ChT. NED
109 months after
skin involvement
11 M/50 Buttock, multiple NA LN = skin several Lymphocyte depleted NA COPP, NED 6 months
gray-brown months
12 166 Abdomen, ulcerated Cervical LN LN —skin 51 months Nodular sclerosis 1B 2x ABVD, RT 20 Gy

tumor

Recent case

Corresponds to case | in Sioutus et al.
ABVD, adnamycin, bleomycin, vinblastine, and dacarbazine; BEACOPP, bleomycin, etoposide, doxorubicin, cyclophosphamide, vineristine, procarbazine, and prednisone; ChT,
chemotherapy; COPP, cyclophosphamide, Oncovin, procarbazine, prednisone; CR, complete remission; DOD, dead of disease; LN, lymph nodes; MOPP, mechlorethamine, Oncovin,
procarbazine, prednisone; NA, not available; RT, radiation therapy.

By RT-PCR EBV was found in 2 of the 7 studied cases.

The latter 5 EBV-negative cases were further studied by for
the expression of the EBV-encoded RNA and all proved
negative. Clonal TCR or IgH gene rearrangements were

detected in 3/7 and 1/7 cases, respectively.

variants.
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DISCUSSION

The nature of these

Regressive cell changes in Hodgkin lymphoma were
noted already in the initial articles by Stemberg and Reed
Later studies showed that these cells occur in all disease
cells

have been
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FIGURE 3. Histological features of cutaneous
Hodgkin disease. The pattern of the infiltrate in-
cludes multinodular (A and B) and diffuse (C) dis-
tribution, focally with perinodular sclerosis (B).
Diagnostic cells are Reed-Stenberg cell (D, arrow)
and lacunar cell (E, arrow).

controversially discussed, and based on the light, immunohis-
tochemical and electron microscopic investigations, analysis
of DNA strand breaks by in situ end-labeling (ISEL), and
TdT-mediated dUTP-digoxigenin nick end-labeling (TU-
NEL) techniques, Lorenzen et al posited that mummified cells

FIGURE 4. Mummified cells in cutane-
ous Hodgkin lymphoma (A-D, arrows).
The mummified cells have varying ap-
pearances (binucleated, mononuclear,
haloed, and multilobated) thus likely
representing regressing cells of the cor-
respondent  diagnostic type (Reed—
Sternberg cells, mononuclear Hodgkin
cells, lacunar cells, and popcorn cells).

4 | www.amjdermatopathology.com

in Hodgkin lymphoma show features of cell death different
from the classical definition of apoptosis by Kerr et al.
The author suggested that mummified cells in Hodgkin lym-
phoma manifest features of nonclassical apoptosis (“paraa-
poptosis™), a concept put forward by Payne et al
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FIGURE 5. Positivity for CD30 (A) and
CD15 (B) in mummified cells and intact
diagnostic cells in cutaneous Hodgkin
lymphoma.

Lorenzen demonstrated that classical apoptotic cells lost lin-
eage and activation antigens such as CD3 and CD20 as well
as CDI15 or CD30, and DNA strand breaks were readily
detected by use of either the ISEL or the TUNEL procedure.
By contrast, mummified cells retained CD20, CDI15, and
CD30, whereas DNA strand breaks (detected by either ISEL
or TUNEL) were absent.™ In our opinion, mummified cells
may be difficult to distinguish from pyknotic cells (which
likely they are), but if retaining of CD30 and CDI15 staining
is accepted as a defining feature, then it appears that mum-
mified cells are present in a majority of cases of cutaneous
Hodgkin lymphoma. Their identification may be helpful
because in some cases of cutaneous Hodgkin lymphoma, they
can be recognized more readily than the diagnostic Reed—
Sternberg cells, lacunar cells, and LP cells, thus providing
a clue for the subsequent diagnostic workup of the lesion. The
authors have occasionally observed similar pyknotic/
mummified cells in CD30-positive anaplastic large cell lym-
phoma, and therefore, this feature per se can hardly be used to
discriminate between the 2 diseases. In dermatopathology
literature on cutaneous involvement in Hodgkin lymphoma,
mummified cells have never been a subject of specific studies,
but mummified/pyknotic cells can be recognized in the pre-
viously published material, however, without any specific
comment (Figure 1 in Refl 19).

In conclusion, mummified cells are encountered in
a majority of cases of cutaneous Hodgkin lymphoma and
may on occasion be conspicuous, thus serving as a clue to the
diagnosis. Their strict separation from apoptotic cells on
hematoxylin and eosin-stained slides is likely arbitrary.
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EXTRAORDINARY CASE REPORT

A Case of Lymphomatoid Papulosis Type E With an Unusual
Exacerbated Clinical Course

Irena E. Belousova, MD, PhD,* Liubov Kyrpvchova, MD, T Alexey V. Samtsov, MD, PhD,*
and Dmitry V. Kazakov, MD, PhD¥

Abstract: Lymphomatoid papulosis (LyP) type E is a recently
delineated variant characterized by the occurrence of large necrotic
“eschar”-like lesions displaying microscopically angioinvasive and
angiodestructive infiltrates composed of CD30" lymphocytes,
frequently coexpressing CD8. In contrast to other LyP variants
where patients develop multiple lesions, most patients with LyP
type £ present with few lesions (often 1 or 2 ata given time). In this
article, we describe a 34-year-old man with LyP type E with an
exacerbated clinical course characterized by the occurrence of
almost a hundred of lesions. Initially, he presented with a single
rapidly growing 2-cm large erythematous nodule on the forearm
but after the administration of doxycycline multiple eschar-like
lesions developed all over the body. Atypical lymphoid infiltrates
with marked angiocentricity and angiotropism of CD30" medium-
sized to large pleomorphic lymphocytes were seen histopatholog-
ically. After the withdrawal of the antibiotic, the lesions spontane-
ously regressed. Awareness of this rare LyP variant and its correct
recognition, even if the clinical course is unusual and worrisome, is
important to avoid aggressive treatment.

Key Words: lymphoma, skin, CD30, lymphomatoid papulosis,
angiotropic, anaplastic large cell lymphoma

(Am J Dermatopathol 2018:40:145-147)

ymphomatoid papulosis (LyP) belongs to the spectrum of CD30-

positive cutaneous lymphoproliferative disorders. The latter also
include primary cutaneous CD30" anaplastic large cell lymphoma
and so-called borderline CD30™ cases.! LyP clinically presents as
recurrent erythematous and papulonecrotic eruptions with a waxing
and waning course and can affect any body part. Histopathologi-
cally, LyP is characterized in most cases by atypical large lymphoid
cells expressing CD30 but the clinicopathological spectrum of the
disease is wide (types A, B, C, D, E, F and LyP with 6p23.5
rearrangement).”* LyP type E is a recently delineated variant
characterized by the occurrence of large necrotic “eschar’-like
lesions displaying microscopically angioinvasive and angiodestruc-
tive infiltrates of CD30" lymphocytes, frequently coexpressing
CD87 To date, 22 cases of this disease variant have been reported
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in the English language literature.” 'Y In most cases, patients
typically presented with few lesions (often one or 2 at a given time).
Here, we describe a patient with LyP type E with an exacerbated
clinical course characterized by the occurrence of almost a hundred
of lesions.

CASE REPORT

A 34-year-old man presented with a single rapidly growing
2-cm large erythematous nodule on the forearm (Fig. 1). Doxy-
cycline was administered by a dermatologist who suspected
a Staphylococcus aureus mfection, but the lesion rapidly became
necrotic, ulcerated, and, additionally, multiple similar eschar-like
lesions (around 100) developed all over the body. sparing only
the scalp, palms and soles (Figs. 2A-C). There was no peripheral
lymphadenopathy, and the patient was otherwise healthy. The
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FIGURE 1. An

initial
erythematous nodule on the forearm.

lesion appearing as 2-cm large
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FIGURE 2. Multiple  eschar-like
lesions that appeared after doxycy-
cline intake. Overall, around 100
lesions developed on different body
sites (A-C). The lesions spontane-
ously regressed, leaving behind
atrophic scars and pigmentary
patches within the course of
5 months (D).

FIGURE 3. Ulcerative and necrotic epi-
dermis, overlying an atypical lymphoid
infiltrate extending throughout the retic-
ular dermis with marked angiocentricity
and angiotropism (A). The infiltrate is
composed of medium-sized to large
pleomorphic lymphocytes (B). Some ves-
sels are partially or completely destroyed
with extravasation of erythrocytes (C).
CD30 positivity of the atypical lymphoid

cells around vessels (D).
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results of clinical investigations (routine blood tests and computer
tomography) revealed no abnormalities. A biopsy was taken and
after the diagnosis was established, the antibiotic was withdrawn,
and the lesions spontaneously regressed within 5 months, leaving
behind atrophic scars and pigmentary patches (Fig. 2D). Accord-
ing to the patient, he had similar but smaller lesions 16 and
13 years ago, occurring in a single fashion or as few lesions,
respectively.

Histology revealed an ulcerative and necrotic epidermis,
overlying an atypical lymphoid infiltrate extending throughout
the reticular dermis with marked angiocentricity and
angiotropism of medium-sized to large pleomorphic lympho-
cytes (Figs. 3A, B). Some vessels were partially or completely
destroyed, and extravasation of erythrocytes was a prominent
feature (Fig. 3C). There were foci of dermal necrosis. Small
reactive lymphocytes, histiocytes, and neutrophils were present
in the infiltrate.

Immunohistochemically, the atypical lymphoid cells were
positive for CD3, CD35, CD30 (Fig. 3D), and CD4 and negative for
CD8, CD56, and ALK-1. Small reactive T-lymphocytes expressed
CDS8 antigen; CD20" B-lymphocytes formed small clusters on
periphery of the infiltrate. About 10% of all tumor cells expressed
TIAIL, granzyme B, and perforin. FISH for EBER was negative.
Molecular biologic studies using BIOMED 2 primers revealed
monoclonal rearrangement of TCR genes.'!

DISCUSSION

In its classic forms, LyP clinically manifests with
crops of papules and small nodules (up to 2 em), some of
which are accompanied by a small and superficial ulcer-
ation, preceding spontaneous regression of the lesions. By
contrast, in LyP type E, the initial papular lesions rapidly
evolve into larger (up to 4 cm) ulcerations with a hemor-
rhagic necrotic, eschar-like appearance, often exceeding
the size of the antecedent papule. Typically, only 1 or
2 ulcers are present in most cases at the time of diagnosis
and during the disease course. At a later stage, the
occurrence of several elements has been reported in
some patients with LyP type E.* The clinical manifestation
in our patient was unusual, in that the occurrence of a sin-
gle lesion was followed by the eruption of about a hundred
of large eschar-like ulcers, all of which developed within
a single day after the administration of doxycycline, which
seems to be a trigger factor. The diagnosis of LyP type E
was confirmed histopathologically. The biopsy revealed
a characteristic angiocentric and angiodestructive infiltrate
of CD30" medium-sized to large pleomorphic lympho-
cytes. In the original series, most cases demonstrated
a cytotoxic phenotype; however, a variation with respect

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

to immunoreactivity of CD8/TIA-1 even within a single
specimen was noted.” In our case, CD8 was negative, but
only a single lesion was biopsied. Otherwise, the histo-
pathological features were distinctive and permitted
rendering the correct diagnosis, which was further
confirmed by the typical clinical course with spontaneous
regression of the lesions.

From a histopathological standpoint, the differential
diagnosis of LyP type E includes several entities which
present with angiocentric/angiodestructive features, includ-
ing extranodal T/NK-cell lymphoma, nasal type, cutancous
gamma/delta-positive T-cell lymphoma, primary cutaneous,
and systemic anaplastic large cell lymphoma. The distinc-
tion of LyP type E from these entities is discussed in details
elsewhere.® Our case further demonstrates that the aware-
ness of this rare LyP variant, even when if clinical course is
unusual and worrisome, is important to avoid aggressive
treatment.
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Kaposi Sarcoma in Association With an Extracavitary
Primary Effusion Lymphoma Showing Unusual
Intravascular Involvement: Report of a Case Harboring
a FAM175A Germline Mutation
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Abstract: Primary effusion lymphoma (PEL) is a rare form of
aggressive B-cell lymphoma characterized by a malignant serous
effusion involving body cavities. It usually associated with human
herpes virus—8 (HHV-8) and coexpression of Epstein—Barr virus and
mostly affects patients with HIV. We report a rare case of cutaneous
PEL with an unusual intravascular presentation, combined with
Kaposi sarcoma involving the skin, lung, and gastrointestinal tract.
The molecular genetic analysis of the sarcoma and lymphoma
components, using next-generation sequencing was performed. The
patient was a 67-year-old man who presented with multiple cutane-
ous tumors and mass in the left lung. He died 17 hours after the
admission to the hospital. At autopsy. in addition to the cutaneous
lesions, tamors in the left lung and gastrointestinal mucosa were also
detected, and no effusions in the body cavities were seen. The biopsy
from the cutaneous lesions, pulmonary, and intestinal tumors re-
vealed histological and immunohistochemical features of Kaposi
sarcoma. In addition, the skin biopsy specimens contained diffuse
infiltrate composed of large pleomorphic cells, with focal intravas-
cular growth that were negative for pan B-cell markers, weakly
positive for CD38 and CD138 but expressed CD3, HHV-8, and
Epstein-Barr virus. Molecular genetic studies in this specimen re-
vealed monoclonal rearrangements of the IgH gene. The diagnosis of
PEL, solid variant, was made. Next-generation sequencing analysis
of the tumorous and normal tissue detected a pathogenic germline
mutation of the FAMI754 gene and somatic mutations in BRCA2
and RADSIB (in both sarcoma and lymphoma specimens), and
INPP4B and RICTOR (in lymphoma specimen only).

Key Words: primary effusion lymphoma, extracavitary solid tissue
lymphoma, intravascular, HHV-8, EBV, sarcoma Kaposi
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INTRODUCTION

Primary effusion lymphoma (PEL) is a rare and
aggressive large B-cell lymphoma presenting in cavity serous
effusions and is associated with herpes virus-8 (HHV-8) and
coexpression of Epstein-Barr virus in 80% of cases.¥ Histo-
pathologically, extracavitary PEL is characterized by large
atypical cells with a plasmablastic, immunoblastic, or ana-
plastic morphology and an unusual phenotype, including
negative immunoreaction for some or all B-cell lineage
markers (CD20, CD19, and Pax5), aberrant expression of
T-cell markers (CD3, CD4, and CD7), and positivity for one
or more markers associated with terminal B-cell differentia-
tion (CD38, CDI138, and/or MUM-1)2 1t was originally
described in patients with HIV/AIDS who developed body
cavity effusions containing pleomorphic malignant cells.®
PEL has also been reported in patients with severe immu-
nodeficiency, recipients of solid organ transplants,l and also
can occur in the absence of immunodeficiency, usually in
elderly patients. ¥ Given their common viral etiology, patients
with PEL may have concurrent Kaposi sarcoma (KS). HHV-
8—positive cases occur as solid masses rather than serous ef-
fusions and are classified as extracavitary or solid variant of
PELE Extracavitary tumors with the morphological and
phenotypic characteristics similar to those of PEL can occur
in extranodal sites, including the gastrointestinal tract, skin,
lungs, and central nervous system.® Solid organ involvement
may occur without lymphomatous effusions during the course
of the disease or precede or follow it. Associated KS ma
involve different or the same anatomical sites as solid PEL.
According to a recent study with a review of the literature, 10
cases of cutaneous extracavitary/solid variant of PEL have
been described in the literature to date,¥ but only 2 of them
had previous or concomitant KS.®® We present a case of
cutaneous PEL with intravascular involvement combined
with KS affecting the skin, lung, and gastrointestinal tract,
including the results of next generating sequencing (NGS) on
both the sarcoma and lymphoma components.

CASE REPORT
A 67-year-old patient was admitted to our hospital in a severe
condition with hypotension, hyposaturation, and somnolence. He
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had multiple cutaneous patches, nodules, and tumors. An X-ray of
the lung revealed a 29 x 31-mm large mass located paracardially on
the left side. The patient died 17 hours after the admission. The
patient history was significant for progressive multiple sclerosis,
marked malnutrition, and a duodenal ulcer. His medication included,
among others, a long-term corticosteroid therapy. Three years before
the current admission, the patient developed multiple red-violet flat
and exophytic lesions on both legs and on the right hand. A skin
biopsy from the lower leg was taken at that time and interpreted as
acroangiodermatitis Mali in another department.

At autopsy, multiple purple patches, plaques, and tumors
involving the lower and upper extremities were found (Fig. 1). The
tumor size ranged from 0.5 to 2 em in the greatest dimension. Some
lesions coalesced into large conglomerates. On the distal part of the
right lower leg, there were multiple yellowish white confluent nod-
ules with maceration that formed verrucous areas with toes’ defor-
mation. On both upper limbs, especially on the forearms, multiple
bluish-like large macules and plaques were present. The above men-
tioned pulmonary lesion identified by the X-ray appeared grossly as
a dark-red homogeneous firm nodule in the lower lobe of the left
lung.

In addition, there were multiple exophytic lesions ranging
from 0.8 to 3 cm on the mucosa of the gastroduodenal junction,
duodenum, and small intestine. In the small intestine, the lesions
involved approximately 50 cm of its length. No effusions in the body
cavities were detected. No lymphadenopathy was found.

Several skin specimens taken from the lower leg demonstrated
the dermal proliferation of spindled cells with eosinophilic cyto-
plasm and intracytoplasmic eosinophilic hyaline globules, forming

FIGURE 1. Multiple violaceous mac-
ules, plaques, and tumors on the lower
and upper limbs (A, B), accompanied
by multiple yellowish white confluent
nodules with toes’ deformation (C).

2 | www.amjdermatopathology.com

numerous irregular, slit-like, vascular spaces. Extravasated erythro-
cytes were seen (Fig. 2). The spindled cells were immunohisto-
chemically positive for CD31, D2-40, and demonstrated dot-like
nuclear staining for HHV-8.

In addition, some cutaneous specimens contained a diffuse
infiltrate composed of large pleomorphic cells showing numerous
mitotic figures. The mmor cells had large round irregular nuclei,
prominent nucleoli, and abundant eosinophilic cytoplasm. Some of
the neoplastic cells had eccentrically located nuclei, perinuclear
clearing, corresponding to the plasmablastic morphology. There
were areas with an intravascular location of the neoplastic cells.
Immunohistochemically, the atypical lymphoid cells were negative
for pan B-cell markers (CD20, PAX-8, and CD79a) but showed
aberrant expression of the T-cell marker CD3 and manifested strong
nuclear immunoreaction for HHV-8 and Epstein—Barr virus. In
addition, occasional neoplastic cells were weakly positive for CD38
and CD138 (Fig. 3). The tumor cells were negative for CD45, CD30,
TIA, Granzyme B, Perforin, BCL6, CD3, CD7, CD4, CD8, and
MUM-1. Ki-67 immunostaining demonstrated positivity in about
90% of the neoplastic cells.

The specimens from the pulmonary and intestinal tumors revealed
features of KS without an infiltration of atypical lymphoid cells. We also
review the previous cutaneous biopsy interpreted as acroangiodenmatitis
Mali, and it proved to be a misdiagnosed KS, confirmed retrospectively
in our department by HHV-8-positive staining.

Molecular genetic studies using the BIOMED 2 prirners.
were performed on the lymphoma specimen and revealed monoclo-
nal rearrangement of IgH, IgK, IgL, whereas no monoclonal rear-
rangements of TCR genes were found.
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FIGURE 2. Kaposi sarcoma. At low-magnification, a well-
defined dermal nodule consisting of fascicles of spindled cell
(A) with irregular vascular spaces and extravasated eryth-
rocytes is seen (B). The dot-like nuclear staining with HHV-8 in
the spindled cells (C).

The FusionPlex Sarcoma and Lymphoma kits (ArcherDX Inc,
Boulder, CO) were used to construct cDNA library for detection
fusion transcripts, and TruSight Solid Tumor 170 (Illumina, San

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

Diego, CA) was used for somatic mutation detection. All libraries
were prepared in accordance with manufacturer’s protocols and
sequenced on an Tllumina platform as described previously ® The
Archer FusionPlex Sarcoma kit is a targeted sequencing assay to
simultancously detect and identify fusions of 26 genes associated
with soft-tissue cancers (ALK, CAMTAI, CCNB3, CIC, EPCI,
EWSRI, FOXOQI, FUS, GLII, HMGA2, JAZF1, MEAF6, MKL2,
NCOA2, NTRK3, PDGFB, PLAGI, ROSI, SSI8, STAT6, TAF15,
TCF12, TFE3, TFG, USP6, and YWHAE). The Archer FusionPlex
Lymphoma kit is a targeted NGS assay to simultaneously detect and
identify fusions, point mutations, and expression levels in 125 genes
linked to lymphomas, namely fusions in ALK, BCL2, BCL6, BCR,
BIRC3, CBFB, CCNDI, CCND3, CDK6, CHIC2, ClITA, CREBBP,
DEK, DUSP22, EIF44l, ETV6, FGFRI, JAK2, KMT2A, MALTI,
MKLI, MLFI, MLLTIO, MYC, NFKB2, NOTCHI, P2RYS,
PDCDILG2, PDGFRA, PRDMI6, STIL, TCF3, and TP63; muta-
tions in AKT3, ALK, BAX, BCL2, BIRC3, BRAF, BTK, CARDII,
CCNDI, CD798, CREBBP, DNMT34, ETV6, EZH2, FBXW7,
IDHI, IDH2, JAKI, JAK2, JAK3, KRAS, MYD88, NOTCHI,
NOTCH2, NRAS, PDGFRA, PLCGI, PLCG2, RHOA, SF3Bi,
STAT3, STAT5B, STAT6, WTI, and XPOI; and expression of
E2F2, ENTPDI, EXOC2, FAM2164, FOXPI, FUTS, ILI6, IRF4,
IRFS8, ITPKB, Kid40101, LIMDI, LMO2, LRMP, LZTS!, MAL,
MAML3, MME, MUCI, MYBLI, MYC, NEK6, NFKBIl, NMEI,
PAICS, PDCDI, PDCDILG2, PIMI, PIM2, PPAT, PRKARZB,
PTPNI, PYCRI, RAB29, RAGI, RAG2, RANBPI, SIPR2, SERPI-
NAY, SH3BPS, STRBP, TNFRSF13B, TNFSF4, and WT1.

The IMumina TruSight Tumor 170 Panel. includes both the
DNA and RNA parts, targeting the following genes AKTY{, AKT2,
AKT3, ALK, APC, AR, ARIDIA, ATM, ATR, BAPI, BARDI, BCL2,
BCL6, BRAF, BRCAI, BRCA2, BRIPI, BTK, CARDII, CCNDI,
CCND2, CCND3, CCNE!, CD794, CD79B, CDH!, CDKiZ2,
CDK4, CDK6, CDKN24, CEBPA, CREBBP, CSFIR, CTNNBI,
DDR2, DNMT34, EGFR, EP300, ERBB2, ERBB3, ERBB4, ERCCI,
ERCC2, ERG, ESRI, EZH2, FAMI754, FANCI, FANCL, FBXW7,
FGFl, FGFI0, FGFi4, FGF19, FGF2, FGF23, FGF3, FGF4,
FGF3, FGF6, FGF7, FGFS, FGF9, FGFRI, FGFR2, FGFR3,
FGFR4, FLTI, FLT3, FOXL, GENI, GNAII, GNAQ, GNAS,
HNFIA, HRAS, CHEK!, CHEK2, IDHI, IDH2, INPP4B, JAK2,
JAK3, KDR, KIT, KRAS, LAMPI, MAP2KI, MAP2K2, MCLI,
MDM2, MDM4, MET, MLHI, MLL, MLLT3, MPL, MRE!IA,
MSH2, MSH3, MSH6, MTOR, MUTYH, MYC, MYCL!, MYCN,
MYDS8, NBN, NFi1, NOTCHI, NOTCH2, NOTCH3, NPMI, NRAS,
NRGI, PALB2, PDGFRA, PDGFRB, PIK3CA, PIK3CB, PIK3CD,
PIK3CG, PIK3RI, PMS2, PPP2R24, PTEN, PTCHI, PTPNII,
RAD51, RAD31B, RAD51C, RAD51D, RAD54L, RAFI, RBI, RET,
RICTOR, ROSI, RPS6KB1, SLX4, SMAD4, SMARCBI, SMO, SRC,
STK11, TERT, TET2, TFRC, TP53, TSC1, TSC2, VHL, and XRCC2.
The quality of the extracted DNA was checked by gPCR using the
Hlumina FFPE QC kit, whereas the guality of RNA was tested using
Agilent RNA 6000 Nano Kit on bioanalyzer 4200 TapeStation.

The detected mutations are listed in Table 1. A nontumoral
specimen of normal heart tissue was tested to facilitate confirmation
of the somatic and germline status of the mutations.

DISCUSSION

We describe a patient with extracavitary PEL associated
with KS. Apart from the diffuse infiltrate, the lymphoma cells
were located within blood vessels, which is a rare feature.
Two cases of a cutaneous intravascular variant of extracavi-
tary PEL have been described in the literature ™58 The neo-
plastic cells were mainly negative for B-cell-specific antigens
with focal and subtle expression of CD138 and CD38, but the
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FIGURE 3. Primary effusion lymphoma,
solid type. The skin biopsy contains
a diffuse infiltrate in the deep dermis (A)
composed of large atypical cells with
prominent nucleoli, abundant eosino-
philic cytoplasm with some features of -
a plasmablastic morphology (B). Note
intravascular neoplastic cells (C). A
weak positive immunoreaction for
CD138 in neoplastic cells (D).

wmor cell lineage was confirmed by monoclonal IgH gene
rearrangement. The histopathologic diagnosis of PEL can be
difficult due to the unusual immunophenotype with aberrant
expression of T-cell markers and monoclonal T-cell pop-
ulation. The presence of an intravascular component requires
consideration of a differential diagnosis, which encompasses
other intravascular B- and T/NK-cell lymphomas and intra-
vascular lymphoid proliferations. In our case, however, the
cells in the dermal infiltrate had the same histopathologic
characteristics as the intravascular cells. A similar histological
picture with dermal and intralymphatic tumor cells may be
encountered in cutaneous anaplastic CD30" large-cell lym-
phoma, but the latter expresses CD30, is of T-cell lineage,
and is negative for HHV-8 and EBER.

Cases of PEL with an anaplastic morphology should be
differentiated from the anaplastic variant of KS. Anaplastic or
pleomorphic KS is poorly documented in the literature,
possibly because of its rarity. Malignant transformation of
KS, characterized by increased mitoses and marked cellular

pleomorphism, was first described in 1959 by Cox and
Helwig™ A “monomorphic” variant was identified by Tem-
pleton™® in several cases of African KS. In a review of KS
cases from Uganda, investigators distinguished KS with
a “monocellular pattern™ (resembling anaplastic KS) from
a so-called “anaplastic variant pattern” (resembling angiosar-
coma)® Anaplastic histopathological features have been
described in the context of classic, African, and AIDS-
associated KS™ In some of these reports, the picture dem-
onstrating the anaplastic morphology of tumor cells is diffi-
cult to distinguish from the anaplastic variant of PEL without
confirming the immunophenotype (eg, Fig. 3 in Ref. 19).
Furthermore, some illustrations of purported anaplastic KS
are rather suggestive of PEL (Fig. 4 in Ref. 20).

As far as we are aware, no previous cases of KS
associated with PEL have been studied by means of NGS.
The genetic analysis revealed that our patient harbored
a pathogenic germline mutation of the FAM 754 gene, which
was of a clinical significance (Table 1). This gene is located

TABLE 1. Germline and Somatic Mutations Detected in Normal Tissue, Kaposi Sarcoma, and Lymphoma Specimens

Germline Mutations

Somatic Mutations

Nontumor tissue (myocardium)

FAMI754 ¢.1106dupG*, CSFIR None

¢.2746 G=A, TSCI ¢.346T=>G.

Kaposi sarcoma (2277-19)

Lymphoma (2278-19)

FAMI754 ¢.1106dupG*, CSFIR
2746 G=A, TSCI ¢.346T>G.
FAMI754 ¢.1106dupG*, CSFIR
2746 G=A, TSCI ¢.346T=G,

BRCA2 ¢.3096_3098delAGAinsTAT,
RADSIB .11 HIC>T.

BRCA2 ¢.3096_3098delAGAinsTAT,
RADSIB ¢.1111C>T, INPP4B
e.727C>A, RICTOR ¢.2335 G=A.

WVariant annotation was performed according to databases and in-silicon prediction software, including somatic database COSMIC, My Cancer Genome, and TCGA and predictive

softwares SIFT, PolyPhen2, MutTaster, and CADD.
*Pathogenic mutations.

4 | www.amjdermatopathology.com

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

119



Am | Dermatopathol = Volume 00, Number 00, Month 2019Kaposi Sarcoma—Associated Extracavitary Primary Effusion Lymphoma

on chromosome 4¢21.23 and codes for ABRAXAS (FA-
MI175A), a coiled-coil domain-containing protein involved
in DNA damage resistance, G2/M checkpoint control, and
DNA repair.® Germline mutations of FAMI754 have been
associated with ovarian carcinomas® and an increased breast
cancer risk; they have also been found in rare types of cancer,
including lip, upper aerodigestive tract, and pulmonary carci-
nomas and lymphoma of the throat ™= To the best of our
knowledge, no patient with cutaneous lymphoma or KS with
a germline mutation in FAMI754 has been described. The
patient was childless, both his siblings died relatively young
(cause of death remained unknown), as did parents; so, no
further clarification of possible morbidities in the family was
possible.

The other 2 germline variants detected were classified
as of uncertain significance and involved the genes CSFIR
(colony-stimulating factor-1 receptor) located on chromo-
some 5¢q32 and 7SC/ (tumor sclerosis complex—1) located in
chromosome 9q34.13. CSFIR encodes a tyrosine kinase
growth factor receptor for colony-stimulating factor—1, the
macrophage- and monocyte-specific growth that controls the
production, differentiation, and function of macrophages.
Mutations in CSF/R have been associated with a predisposi-
tion to myeloid malignancy but have also been reported in
lymphoproliferative disorders including Hod&l lymphoma
and CD30 * anaplastic large-cell lymphoma.

7SC1 is a tumor suppressor gene that encodes the
growth inhibitory protein hamartin, which interacts with and
stabilizes the GTPase-activating protein tuberin. This
hamartin—tuberin complex negatively regulates mammalian
target of rapamycin complex—1 (mTORC1) signaling, which
is a major regulator of anabolic cell growth. The main dis-
eases associated with TSC/ include tuberous sclerosis and
focal cortical dysplasia, type L TSC1/2 is highly expressed in
Burkitt’s lymphoma cell lines. 2T Amplification of the angio-
genic signal through the activation of the TSC/mTOR/HIF
axis by the virus has been found in KS2¥

Somatic mutations were detected in BRCA2, RAD5 IR,
INPP4B, and RICTOR, and 2 of them were seen in both the
sarcoma and the lymphoma specimens (Table 1). BRCA2 is
located on chromosome 13ql3.1 and codes for the BRCA2
protein that contains several copies of a 70 aa motif called the
BRC motif; these motifs mediate binding to the RADS51 recom-
binase, which functions in DNA repair. Alterations in BRCA2
have been described in familial breast-ovarian cancer suscepti-
bility 2,- in prostate canccr,- pancreatic adcnocm‘cinoma,-
and chronic lymphocytic leukemia®™ to name but a few.

Mutations of RADS5IB, located on chromosome
14q24.1, have been reported in male breast cancer™ and
prostatic lesions. ™

INPP4B is linked to 4q31.21 and encodes the inositol
polyphosphate 4-phosphatase type 1I, one of the enzymes
involved in phosphatidylinositol signaling pathways. Dis-
cases associated with INPP4B include vulvar adenocarcinoma
and tumors of the thyroid glands. /INPP4B LOH has been
found to be associated with more aggressive behavior in
breast cancer and with a poorer prognosis.

RICTOR is located on chromosome 5pl13.1. Its protein,
RICTOR, alone with MTOR is a component of a protein

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.
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complex that integrates nutrient- and growth factor—derived
signals to regulate cell growth. It is related to the PI3K-AKT-
mTOR signaling pathway. Alterations in the RICTOR gene
have been found on leiomyosarcoma, osteosarcoma, and
some cases of small cell lung cancer.

In summary, we have reported a new case of KS-
associated extracavitary PEL, supplementing the histopatho-
logical results by the NGS analysis.
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2.2 MESENCHYMAL TUMORS

This section included a single article «ALK gene fusions in epithelioid fibrous histiocytoma:
a study of 14 cases, with new histopathological findingsy. Epithelioid fibrous histiocytoma (EFH)
is a variant of benign fibrous histiocytoma mostly composed of epithelioid cells. (56) Previous
studies showed that ALK is often positive in epithelioid fibrous histiocytoma. (57), (58) Our
objective was to study a series of EFH to describe histopathological variations of EFH, identify
potentially novel ALK gene fusions and determine whether there is a correlation between the
morphology and a particular gene fusion. Microscopically, all but two lesions were polypoid and
composed of epithelioid cells with ample cytoplasm with a variable number of bi-, tri- or
multinucleated, spindled, multilobated, cells with eccentric nuclei, cells with nuclear
pseudoinclusions, mucinous and grooved cells. The remaining two neoplasms were composed of
pale eosinophilic to clear cells, occasioning a resemblance to PEComa or leiomyoma.
Immunohistochemically, all cases expressed ALK, and 11 were positive for TFE-3. The break
apart test for ALK was positive in 11 cases, whereas specimens from the remaining 3 cases were
not analyzable. ALK genes fusions were found in all but 3 cases and included SOSTMI-ALK, VCL-
ALK, TMP3-ALK, PRKAR2A-ALK, MLPH-ALK, and EML4-ALK, 4 representing novel fusions.
No correlation between the histological features and the type of ALK fusion was found. TFE-3
break apart test was negative. In conclusion, ALK-positive EFH frequently shows ALK gene
fusions, and rare variants consist instead of spindled “non-epithelioid” cells, thus occasioning a
resemblance to PEComa or leiomyoma.
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ORIGINAL STUDY

ALK Gene Fusions in Epithelioid Fibrous Histiocytoma: A
Study of 14 Cases, With New Histopathological Findings

Dmitry V. Kazakov, MD, PhD,*1 Liubov Kyrpychova, MD,*F Petr Martinek, PhD,* 7
Petr Grossmann, PhD,* ¥ Petr Steiner,* 1 Tomas Vanecek, PhD,* Michal Pavilovsky, MD, }
Viadimir Bencik, MD,§ Michael Michal, MD,*1 and Michal Michal, MD* §

Abstract: Previous studies showed that ALK is often positive in
epithelioid fibrous histiocytoma (EFH). Two cases of EFH with ALK
gene fusions have been recorded. Our objective was to study a series
of EFH to present histopathological variations of EFH, identify
novel ALK gene fusions, and determine whether there is a correlation
between histopathological features and particular gene. We investi-
gated 14 cases of EFH, all ALK immunopositive. The cases were
assessed histopathologically as well as for ALK and TFE-3
rearrangements using FISH and ALK gene fusions using next-
generation sequencing. The analysis of the sequencing results was
performed using the Archer Analysis software (v5; ArcherDX Inc).
The study group consisted of § female and 6 male patients, ranging
in age from 18 to 79 years (mean 42 years; median 37.5 years). All
presented with a solitary lesion. Microscopically, most lesions were
polypoid and composed of epithelioid cells with ample eytoplasm. In
addition, a variable number of bi-, tri-, or multinucleated, spindled,
multilobated, cells with eccentric nuclei, cells with nuclear pseudoin-
clusions, mucinous, and grooved cells were admixed. In 5 cases, the
predominant epithelioid cell component consisted of rather small
cells, whereas spindled cells dominated in 3 cases. Of these, 2 le-
sions were composed rather of pale eosinophilic to clear cells,
occasioning a resemblance to PEComa or leiomyoma. Immunohis-
tochemically, all cases expressed ALK and 11 were positive for
TFE-3. The break apart test for ALK was positive in 11 cases,
whereas specimens from the remaining 3 cases were not analyzable.
ALK genes fusions were found in all but 3 cases and included
SOSTMI-ALK (3), VCL-ALK (3), TMP3-ALK (2), PRKAR2A-ALK
(1), MLPH-ALK (1), and EM14-ALK (1). No correlation between
histological features and type of ALK fusion was found. TFE-3 break
apart test was negative. It is concluded that ALK-immunopositive
EFH shows ALK gene fusions that involve various protein-coding
genes, implicated in a variety of biological processes. Rare variants
of EFH rather consist of spindled “non-epithelioid” cells.

Key Words: epithelioid fibrous histiocytoma, ALK, TFE-3, gene
fusions, Spitz nevus
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INTRODUCTION

Epithelioid fibrous histiocytoma (EFH) is considered as
a variant of benign fibrous histiocytoma in which more than 50%
of cells are epithelioid." In contrast to benign fibrous histiocy-
toma (dermatofibroma), EFH usually lacks collagen entrapment
at the periphery of the lesion, xanthomatized cells and epidermal
hyperpigmentation above the lesion. EFH usually presents as
a polypoid lesion, often with an epidermal collarette. Previously
published material and our own experience indicate certain his-
topathological heterogeneity of EFH, regarding cytological fea-
tures, architectural features and immunoprofile.’® With respect
to the latter, a subset of EFH shows ALK expression on immu-
nohistochemistry.” Doyle et al detected this feature in 29 of 33
cases, and in all 13 studied ALK-positive lesions, FISH demon-
strated ALK rearrangements.” Two cases of EFH with ALK gene
fusions have been recently recorded.'” Our objective was to
study a series of EFH to present histopathological variations of
EFH. identify potentially novel ALK gene fusions, and determine
whether there is a correlation between the histopathological fea-
tures and a particular gene fusion.

MATERIAL AND METHODS

Case Selection

A search in the joint consultation files of 2 authors (M.
M. and D.V.K.) vielded 46 cases coded as EFH and lesions in
which EFH was a diagnostic consideration. Cases with
available blocks were retrieved and reviewed. Apart from
tissue availability, included in the study were only ALK-
immunopositive lesions. A total of 14 cases meeting the
selection criteria were included for a further investigation.

Immunohistochemical Studies

A new staining for ALK was performed for all selected
cases. In most cases, 2 clones, namely ALKOl and D5F3
(both prediluted; Ventana, Tuscon, AZ), were used. Also, all
lesions were stained for TFE-3 (MRQ-37, prediluted; Cell
Marque, Rocklin, CA), as we have previously noted fre-
quently positivity of EFH for TFE-3. In most cases, other
various markers, including melanocytic, epithelial, vascular,
neural, follicular dendritic, Langerhans cell, and others were
performed at the time of the original diagnosis; these were not
repeated.

www.amjdermatopathology.com | 805

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

123



Kazakov et al

Am | Dermatopathol = Volume 40, Number 11, November 2018

TABLE 1. Summary of the Main Clinicopathological, Immunohistochemical, and Molecular Biological Features

Case  Sex/Age Location  Clinical Data/Size (mm) Architecture Cell Arrangement Cells
1 F/49 Back Tumor, 2 yrs duration/5 Polypoid with Sheets Small epithelioid cells*; multilobated
epidermal collaret cells; cells with eccentric nuclei;
spindled cells; intranuclear
pseudoinclusions
2 M/38 Shin Fibrous mmor/8 Polypoid with Sheets, nests Large epithelioid cells with ample
epidermal collaret cytoplasm*: multinucleated cells;
grooved cells; intranuclear
pseudoinclusions
3 M/35 Chest Newvus/10 Polypoid with Sheets Large epithelioid cells with ample
wall epidermal collaret cytoplasm*; multinucleated cells;
grooved cells; mucinous;
intranuclear pseudoinclusions
4 Fi45 Thigh Nodule/8 Polypoid with Sheets, fascicles Spindled cells*; large epithelioid cells
epidermal collaret with ample cytoplasm; grooved
cells; intranuclear
pseudoinclusions
5 F79 Thigh Fibroma/17 Polypoid, ulcerated Sheets, perivascular cuffs  Small epithelioid cells*; multilobated
cells; multinucleated cells;
spindled cells; grooved cells
6 M/18 Back Bleeding pyogenic Polypoid, ulcerated Sheets, perivascular cuffs Small epithelioid cells*; spindled
granuloma, 1-mo cells: multinucleated cells;
duration/12 mucinous cells
7 E37 Flank Dermatofibroma? Intradermal, Nested, focally fascicular Small epithelioid cells*; cells with
Keratoacanthoma? 1-yr nonpolypoid eccentric nuclei; spindled cells;
duration/s grooved cells; intranuclear
pseudoinclusions
8 M/48 Thigh Amelanotic melanoma? Polypoid Sheets, focally storiform Large epithelioid cells with ample
BCC? 3-mo duration/10 with vague whorling cytoplasm*; multinucleated cells;
spindled cells; cells with eccentric
nuclei; intranuclear
pseudoinclusions
9 M/74 Back BCC/10 Polypoid with Fascicular, single cell Small epithelioid and spindled cells*;
epidermal collaret files, nested multinucleated cells; intranuclear
pseudoinclusions
10 F31 Thigh Nodule/10 Polypoid with Sheets, focally nested Large epithelioid cells with ample
epidermal collaret cytoplasm®;: cells with eccentric
nuelei mucinous cells; spindled
cells; multinucleated cells; grooved
cells; intranuclear
pseudoinclusions
11 155 Earlobe Tumor/7 Polypoid Sheets Large epithelioid cells with ample
cytoplasm™; multinucleated cells;
cells with eccentric nuclei;
spindled cells; grooved cells;
intranuclear pseudoinclusions
12 M/21 Trunk Wart/20 Intradermal Sheets, focally plexiform, Clear spindled cells*; spindled cells;
fascicular nuelear pseudoinclusions
13 Fi28 Shin Verrucous nevus/8 Polypoid with Sheets, fascicular Clear spindled cells*; cigar-like cells
epidermal collaret
14 F/28 Chest Nodule, 6-mo duration/8 Polypoid with Sheets Large epithelioid cells with ample
wall epidermal collaret cytoplasm™®; multinucleated cells;
cells with eccentric nuclei;
mucinous cells
FISH ALK/
Case Stroma Vasculature Reactive Cells IHC ALK/TFE-3 TFE-3 Ba Gene Fusion
1 Scant Inconspicuous Lymphocytes +t+ +— SOSTMI-ALK
2 Focally collagenous Inconspicuous Lymphocytes ++ Ff= SOSTMI-ALK
3 Scant, focally fibrotic Focally Lymphocytes +H+ +i— VCL-ALK
prominent
4 Focally fibrotic Focally Lymphocytes +H +i— TPM3-ALK
prominent
5 Scant, focally myxoid Prominent Lymphocytes; neutrophils ++ +i— VCL-ALK
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TABLE 1. (Continued) Summary of the Main Clinicopathological, Immunohistochemical, and Molecular Biological Features

FISH ALK/
Case Stroma Vasculature Reactive Cells IHC ALK/TFE-3 TFE-3 Ba Gene Fusion
6 Scant Prominent Lymphocytes; neutrophils +H+ +H— VCL-ALK
v Collagenous, focally myxoid Inconspicuous Lymphocytes +/- NA SOSTMI-ALK
8 Scant Inconspicuous Lymphocytes; emperiopolesis +H+ = NA
9 Collagenous Inconspicuous Lymphocytes +/- += PRKAR24-
ALK
10 Collagenous, especially Prominent Lymphocytes; emperiopolesis ++ NA NA
perivascular
11 Scant, focally myxoid Focally Lymphocytes; plasma cells; ++ + = MLPH-ALK
prominent emperiopolesis
12 Scant, focally collagenous Inconspicuous Lymphocytes; plasma cells +H+ + = TMP3-ALK
13 Scant Foca1‘1y Lymphocytes ++ += EML4-ALK
prominent
14 Scant Focally Lymphocytes; plasma cells = NA NA
prominent

*Predominant cell type.
ba, break apart; NA, not analyzable.

FISH for ALK and TFE3 Rearrangements
Four-micrometer thick formalin-fixed paraffin-embedded
sections were placed onto positively charged slides. The
unstained slides were routinely deparaffinized and incubated
in the 1x Target Retrieval Solution Citrate pH 6 (Dako, Glostr-
up, Denmark) at 95°C for 40 minutes and subsequently cooled
for 20 minutes at a room temperature in the same solution. The
slides were washed in deionized water for 5 minutes and
digested in protease solution with Pepsin (0.5 mg/mL; Sigma
Aldrich, St. Louis, MO) in 0.01 M HCI at 37°C for 35-60
minutes, according the sample conditions. The slides were
then placed into deionized water for 5 minutes, dehydrated
in a series of ethanol solution (70%, 85%, and 96% for 2
minutes each) and air-dried. For the detection of ALK and
TFE3 breaks, the Vysis ALK Break Apart Probe Kit (Vysis/
Abbott Molecular, Des Plaines, IL) and ZytoLight SPEC
TFE3 Dual Color Break Apart Probe (ZytoVision GmbH,
Bremerhaven, Germany) were used, respectively. An appro-
priate amount of factory premixed probe was applied on
a specimen, covered with a glass coverslip, and sealed with
rubber cement. The slides were incubated in the ThermoBrite
instrument (StatSpin/Iris Sample Processing, Westwood, MA)
with co-denaturation at 85°C for 8 minutes and hybridization
at 37°C for 16 hours. The rubber cemented coverslip was then
removed and the slide was placed in post-hybridization wash
solution (2xSSC + 0.3% NP-40) at 72°C for 2 minutes. The
slides were air-dried in the dark, counterstained with 4/,6'-
diamidino-2-phenylindole DAPI (Vysis/Abbott Molecular),
coverslipped and immediately examined with an Olympus
BX51 fluorescence microscope (Olympus Corporation, To-
kyo, Japan) using a 100x objective and filter sets triple band
pass (DAPY/SpectrumGreen/SpectrumOrange), dual band pass
(SpectrumGreen/SpectrumOrange), and single band pass
(SpectrumGreen or SpectrumOrange). A minimum of 100
randomly selected nonoverlapping tumor cell nuclei were
counted. For both the ALK break apart and TFE-3 break apart
tests, the presence of yellow (normal) and separated (break)
orange and/or green fluorescent signals was evaluated.

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

Samples were considered positive when more than 10% of
nuclei showed break signals (mean + 3 standard deviation in
normal nonneoplastic control tissues).
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FIGURE 1. EFH (case 13). A polypoid lesion with epidermal
collarette and prominent vasculature at the periphery (A)
composed of large epithelioid cells with ample cytoplasm,
with focal accentuation around the vessels (B). Note binucle-
ated cells and occasional cells with mucinous cytoplasm (B).
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FIGURE 2. Cytological variations in EFH. Note cells with
nuclear grooves (arrows) and numerous bi- or tri-nucleated
cells (arrowheads) (A), cells with lobulated nuclei (arrowheads,
B), and numerous mucinous cells (arrowheads, C).

808 | www.amjdermatopathology.com

FIGURE 3. EFH (case 7) with nested pattern (A, B), focally

resembling a melanocytic lesion. Note plentiful cells with in-

tranuclear pseudoinclusions in less cellular (C) compared with
the nested area (B).
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Gene Fusion Detection Using Next-
Generation Sequencing

Depending on the sample size, up to 3 formalin-fixed
paraffin-embedded sections (10 pm thick) were macrodissected
and total nucleic acid was extracted using the Agencourt For-
maPure Kit (Beckman Coulter, Brea, CA) with modifications
recommended by ArcherDX (ArcherDX Inc, Boulder, CO).
Total nucleic acid was quantified using the Qubit Broad Range
RNA Assay Kit (ThermoFisher Scientific, Waltham, MA) and
input for each sample’s library preparation was set to 250 ng.
The PreSeq RNA QC Assay using iTaq Universal SYBR Green
Supermix (Biorad, Hercules, CA) was performed to assess sam-
ple quality. Samples with the cycle threshold value smaller than
30 continued with target enrichment. The Comprehensive Thy-
roid Lung kit (ArcherDX Ine, Boulder, CO) containing 195
targets in 40 genes was used, and all steps were performed
following the Archer’s Fusion Plex Protocol for lllumina (Arch-
erDX Inc). Final libraries were quantified following the Library
Quantification for Illumina Libraries protocol (KAPA, Wil-
mington, MA) assuming a 200 bp fragment length. Up to 32
samples were multiplexed per run on a NextSeq sequencer
(INumina, San Diego, CA) spiked with 20% PhiX control
The analysis of the sequencing results was performed using
the Archer Analysis software (v5; ArcherDX Inc). Fusion pa-
rameters were set to a minimum of 5 valid fusion reads with
a minimum of 3 unique start sites within the valid fusion reads.

RESULTS

Clinical Data
There were 8 female and 6 male patients, ranging in age
from 18 to 79 years (mean 42 years; median 37.5 years). All

FIGURE 4. Pattern variation in EFH.
A nest with vague whotling of the
neoplastic cells with some spindling
(A) and a more sharply circumscribed
nodule composed of large round
epithelioid cells (B). Both areas (A, B)
are from the same lesion (case 10).
Solid and vague storiform patterns
with slender spindled cells occurring
in the same lesion (case 8) (C, D).
Note intracytoplasmic lymphocyte
(emperipolesis, C, arrowhead).

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

presented with a solitary lesion. The clinical diagnoses
included a melanocytic nevus, pyogenic granuloma, derma-
tofibroma, basal cell carcinoma, wart, keratoacanthoma, or
mere description as a nodule or tumor. The locations included
the trunk (7 cases), lower extremities (6 cases), and face
(1 case). Grossly, the lesions varied in sized from 5 to 20 mm
(mean 9.9 mm; median 9 mm) (Table 1).

Histopathological Findings

The lesions were mostly polypoid, with (n = 8) or with-
out (n = 4) an epidermal collarette (Fig. 1A). Two cases
exhibited a nonpolypoid architecture with an intradermal pro-
liferation of the neoplastic cells. The predominant cell types
were mononucleated medium-sized to large epithelioid cells
with ample eosinophilic to amphophilic cytoplasm. In addi-
tion, a variable number of bi-, tri-, or multinucleated (rarely),
spindled, multilobated, cells with eccentric nuclei, cells with
nuclear pseudoinclusions, mucinous, and grooved cells, likely
representing a variation of a single cell type were admixed
(Figs. 1B, 2-4) The cells were usually arranged in well-
demarcated sheets, rarely with a focal nested/whirling pattern,
fascicular areas, and perivascular cuffs. Subtle variations of
cell arrangement were noted in some cases within a single
lesion. In cases, where focal stromal edema was prominent,
the cells were arranged in a more dyscohesive fashion (Figs.
1B, 2-4). In 5 cases, the predominant epithelioid cell compo-
nent consisted of rather small cells, whereas spindled cells
dominated in 3 cases (Fig. 5). Of these, 2 lesions were com-
posed of pale eosinophilic to clear cells, occasioning a resem-
blance to PEComa or leiomyoma (Fig. 6). The stroma was
usually scant, focally myxoid, or sclerotic. In 7 cases, a vascular
component was conspicuous. Admixed with the neoplastic cells
were occasional lymphocytes, plasma cells, and, rarely,
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FIGURE 5. EFH composed predominantly of small epithelioid
(A) (case 1) and small, spindled cells on a fibrous background
(B) (case 9).

neutrophils. In 3 cases, single intracytoplasmic lymphocytes
were identified, a feature consistent with emperipolesis (Fig.
4C).

Immunohistochemical Findings

ALK was positive in all 14 cases, whereas TFE-3 was
positive in 11 lesions (=>50% of cells). In the 3 cases labeled
as negative for TFE-3, only focal nuclear positivity was
noted.

FISH Findings

A break apart test for ALK was positive in 11 cases,
whereas specimens from the remaining 3 cases were not analyz-
able (Table 1). Of the 11 positive cases, 10 manifested the clas-
sical break apart pattern, whereas one case (case 1) showed
a FISH positive pattemn with deletion of the 5'-4LK probe that
hybridizes centromerically of the breakpoint (Fig. 7). TFE-3 re-
arrangements were not found in none of the 11 analyzable cases.

810 | www.amjdermatopathology.com

FIGURE 6. This example (case 13) manifests a typical polyp-
oid architecture (A) but is composed of densely packed pale to
clear spindled cells arranged in fascicles resembling a leio-
myoma (B). ALK staining (C).

ALK Gene Fusions

Genes fusions were found in all 11 analyzable samples
and included SQSTMI-ALK (n = 3), VCL-ALK (n = 3),
TMP3-ALK (n = 2), PRKAR24-ALK (n = 1), MLPH-ALK
(n = 1), and EML4-ALK (n = 1) (Fig. 8, Tables 1 and 2).
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FIGURE 7. FISH analysis of the ALK locus using Vysis ALK break
apart probe. Nuclei with 1 normal yellow fusion and separated
1 orange and 1 green signal pattern indicates the rearrange-
ment (break) of 1 copy in the ALK gene region.

DISCUSSION

Our study confirms the finding of Doyle et al” that all
ALK-immunopositive cases manifest ALK gene rearrange-
ments as detected by FISH. Also, in all analyzable cases,
we detected ALK gene fusions. Six fusion types were identi-
fied, including 2 previously reported by Jedrych et al and 4
being novel fusions in EFH. Table 3 summarizes the main
characteristics of the involved genes, proteins encoded by
these genes, and their role and conditions in which these gene
fusions or gene mutations have previously been detected.'%—!

Our study revealed no correlation between the histo-
pathological features and a particular fusion type, but we have
found some hitherto unreported microscopic features in EFH.
Two lesions were composed of closely packed, plexiform, or

TABLE 2. Details of Next-Generation Sequencing Analysis

Case Fusions Exons Reads Yo Start Sites
1 SOSTMI-ALK 5-20 1389 88 155
2 SOSTMI-ALK 5-20 672 93.2 138
3 VCL-ALK 16-20 2959 43.4 205
4 TPM3-ALK 6-20 1200 69.2 202
5 VCL-ALK 16-20 102 83.6 50
6 VCL-ALK 16-20 41 75.9 9
7 SOSTMI-ALK 5-20 21 53.9 6
8 NA

9 PREAR24-ALK 2-20 112 100 25
10 NA NA NA NA NA
11 MLPH-ALK 11-20 277 58.9 34
12 TMP3-ALK 6-20 17 94.4 T
13 EML4-ALK 2-20 30 88.9 33
14 NA

%, percentage of the reads supporting the fusion; exons, number of exons involved
in the fusion, respectively; NA, not analyzable; reads, number of reads supporting the
fusion; start sites, number of unique start sites of reads supporting the fusion.

fascicular proliferations of pale to clear spindled cells and
thus resembled PEComa or leiomyoma. The typical epithe-
lioid cell component was absent and in both cases, the
original diagnosis of EFH was rendered as an “exclusion”
diagnosis after a broad spectrum of antibodies had been per-
formed to exclude possible tumors of other lineages. We
consider these lesions EFH, as we have noted similar cyto-
logical features, albeit never prominent, in more conventional
EFH. ALK positivity and ALK gene fusion support the clas-
sification of these lesions as EFH. Both cases were more
cellular and in this respect resemble those reported by Glusac
et al as the cellular variant of EFH.® Thus, PEComa and
leiomyoma can be added to the list of the differential diagno-
sis of EFH, which at present also include perineurioma,

FIGURE 8. Schematic visualization

of the detected fusion transcripts:
(1) SQSTMI-ALK, (2) VCL-ALK, (3)
TPM3-ALK, (4) PRKAR2A-ALK, (5)
MLPH-ALK, and (6) EML4-ALK. In all

cases, a 5' fusion partner is joined
with exons 20-29 of ALK containing
the tyrosine kinase domain.
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TABLE 3. Brief Overview of Location of the Involved Genes, Encoded Proteins, Their Function, and Roles and Conditions

Associated With Fusions and Gene Mutations

Gene

Location/Type

Protein Function

Role

Conditions with Gene
Fusions and Mutations
Tumors/Diseases

VCL:; Vinculin

SOSTMI; Sequestosome

TPM3; Tropomyosin 3

PRKAR2A; Protein kinase
cAMP-dependent type II
regulatory subunit alpha

MLPH; Melanophilin

EML4; Echinoderm
microtubule-associated
protein like 4

10g22/protein
coding

5q35/protein

coding

1g21.3/protein
coding

3p21.31/protein
coding

2q37.3/protein
coding

2p2 l/protein
coding

A cytoskeletal protein
(vinculin) is associated with
cell-cell and cell-matrix
junetions, functioning as one
of several interacting pro-
teins involved in anchoring
F-actin to the membrane
A multifunctional protein that

binds ubiquitin and regulates
activation of the nuclear
factor kappa-B (NF-xB)
signaling pathway,
functioning as a scaffolding/
adaptor protein in concert
with TNF receptor-
associated factor 6 to
mediate activation of NF-kB
in response to upstream
signals
Tropomyosin family of actin-
binding proteins are dimers
of coiled-coil proteins that
provide stability to actin
filaments

CcAMP activates the cAMP-
dependent protein kinase,
which transduces the signal
through phosphorylation of
different target proteins. The
protein encoded by this gene
is one of the regulatory
subunits of the inactive
kinase holoenzyme

A member of the exophilin
subfamily of Rab effector
proteins that forms a temary
complex with the small Ras-
related GTPase Rab27A in
its GTP-bound form and the
motor protein myosin Va

Echinoderm microtubule-
associated protein (EMAP)-
like (EML) family proteins
are microtubule-associated
proteins that have
a conserved hydrophobic
EMAP-like protein (HELP)
domain and multiple WD40
domains

Regulates cell adhesion and
migration; links extracellular
matrix to the actomyosin
cytoskeleton

Participate in processes of
autophagy, cell signalling
and differentiation

Regulates access of other actin-
binding proteins

Participates in a variety of
cellular functions, including
regulation of protein
transport from endosomes to
the Golgi apparatus and
further to the endoplasmic
reticulum

Ties melanosomes to the actin
cytoskeleton in melanocytes

May be involved in
microtubule formation;
participates in mitotic
spindle organization and for
microtubule-kinetochore
attachment

VCL-ALK: renal cell
carcinoma, EFH; FCL
mutations: dilated
cardiomyopathy

SOSTMI-ALK: diffuse large B-
cell lymphoma, EFH;
SOSTM! mutations:

sporadic and familial Paget
disease of bone

TPM3-ALK: inflammatory
myofibroblastic tumor,
TFE3-positive renal cell
carcinoma, spitzoid
melanocytic leisons; gene
mutations: nemaline
myopathy and other muscle
disorders

PRKAR24-ALK: not reported

MLPH-ALK: not reported;
MLPH mutations: Griscelli
syndrome type 3

EML4-ALK: nonsmall cell lung
carcinomas, esophageal
carcinoma, breast and
colorectal carcinomas,
epithelioid inflammatory
myofibroblastic sarcoma,
large-cell neuroendocrine
carcinoma

melanocytic tumors and other entities as discussed in details

elsewhere.! 32

We also found some minor novel cytological variations,
including cells with multilobulated nuclei, nuclear grooves,
and mucinous cells. The latter appear similar to the elements
described and depicted by Singh et al as foamy cells. In
a subset of cases, we identified cells with intranuclear
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pseudoinclusions and eccentric nuclei. Although these cells

were never emphasized on in the previously published

material, they can be found in several illustrations (Figs. 2,
3 in Ref. 6; Fig. 4 in Ref. 2). In 3 cases, occasional areas with
emperiopolesis of single lymphocytes were noted, which is
another hitherto unreported feature in EFH. With respect to
the skin, emperipolesis is a typical finding in Rosai-Dorfman
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disease, granulomatous slack skin, and myxoinflammatory
fibroblastic sarcoma.*** In the latter, it can be very conspic-
uous with numerous engulfed cells easily recognizable at first
glance or discrete, requiring a meticulous search.?** Cyclin D1
has been shown to be useful for identification of cells with
such a discrete single cell emperiopolesis by leaving the en-
gulfed intracytoplasmic cells unstained.*® We stained 3 cases
of EFH with Cyclin D1 and observed a similar feature in one
case with positive immunostaining.

A remarkable feature was TFE-3 immunopositivity of
EFH in a majority of cases. TFE-3 positive mesenchymal
tumors include epithelioid hemangioma, visceral PEComa
alveolar soft part sarcoma, to name but a few.?7 3" The sig-
nificance of this feature in EFH is unclear but, given frequent
immunopositivity, this marker can additionally be used in the
diagnosis of this neoplasm. Parenthetically, while selecting
cases for inclusion, we observed more lesions with a TFE-3
+/ALK-phenotype compared with TFE-3+/ALK+ lesions.
Despite frequent TFE-3 imunopositivity, the molecular anal-
ysis by FISH with TFE3 break apart probe and by ArcherDX
next-generation sequencing detecting all possible 7FE3 tran-
script partners, revealed neither gene alterations nor fusion
transcripts. The most probable explanation of TFE-3 immu-
nopositivity, if we exclude false positivity, is the activation of
some upstream gene(s). Of note, concurrent ALK and TFE-3
rearrangements are seen in some renal cell carcinoma, and
remarkably these neoplasms are characterized by an epitheli-
oid cell morphology.'3-3!

In conclusion, ALK-positive EFH shows frequently
ALK gene fusions that involve various protein-coding genes,
implicated in a variety of biological processes. Rare variants
of EFH rather consist of spindled “non-epithelioid” cells, thus
occasioning a resemblance to PEComa or leiomyoma. Inclu-
sion of such lesions into the spectrum of EFH must be vali-
dated by further observations. TFE-3 is expressed in
a majority of ALK-positive EFH; however, TFE-3 rearrange-
ment is not a feature.

REFERENCES

. Jones EW, Cerio R, Smith NP. Epithelioid cell histiocytoma: a new
entity. Br J Dermatol. 1989;120:185-195.

2. Singh Gomez C, Calonje E, Fletcher CD. Epithelioid benign fibrous
histiocytoma of'skin: clinico-pathological analysis of 20 cases of a poorly
known variant. Histopathology. 1994;24:123-129.

3. Doyle LA, Fletcher CD. EMA positivity in epithelioid fibrous histiocy-
toma: a potential diagnostic pitfall. J Cutan Pathol. 201 1;38:697-703.

4. Mehregan AH, Mehregan DR, Broecker A. Epithelioid cell histiocytoma.
A clinicopathologic and immunohistochemical study of eight cases. .J Am
Aecad Dermatol. 1992:26:243-246.

. Glusac EJ, MeNiff JM. Epithelioid cell histiocytoma: a simulant of vas-
cular and melanocytic neoplasms. Am J Dermatopathol. 1999:21:1-7.

. Glusac EJ, Barr RJ, Everett MA, et al. Epithelioid cell histiocytoma. A
report of 10 cases including a new cellular variant. Am J Surg Pathol.
1994:18:583-590.

. Walther C, Hofvander J, Nilsson J, et al. Gene fusion detection in
formalin-fixed paraffin-embedded benign fibrous histiocytomas using
fluorescence in situ hybridization and RNA sequencing. Lab Invest.
2015:95:1071-1076.

. Creytens D, Ferdinande L, Van Dorpe J. ALK rearrangement and over-
expression in an unusual cutaneous epithelioid wumor with a peculiar
whorled “perineurioma-like™ growth pattern: epithelioid fibrous histiocy-
toma. Appl fmmunohistochem Mol Morphol. 2017:25:¢46-¢48.

th

=

-1

oo

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

k=

20.

21,

22

23.

24,

25.

26.

2%

28.

29,

30.

. Doyle LA, Marino-Enriquez A, Fletcher CD, et al. ALK rearrangement

and overexpression in epithelioid fibrous histiocytoma. Mod Pathol.
2015;28:904-912.

. Jedrych J, Nikiforova M, Kennedy TF, et al. Epithelioid cell histiocyto-

ma of the skin with clonal ALK gene rearrangement resulting in VCL-
ALK and SQSTMI1-ALK gene fusions. BrJ Dermatol. 2015:172:1427
1429,

. Debelenko LV, Raimondi SC, Daw N, et al. Renal cell carcinoma with

novel VCL-ALK fusion: new representative of ALK-associated tumor
spectrum. Mod Pathol. 2011:24:430-442.

. Zhang H, Erickson-Johnson M, Wang X, et al. Malignant high-grade

histological transformation of inflammatory myofibroblastic tumour asso-
ciated with amplification of TPM3-ALK. J Clin Pathol. 2010:63:1040
1041.

. Thorner PS, Shago M, Marrano P, et al. TFE3-positive renal cell carci-

nomas are not always Xpl ! translocation carcinomas: report of a case
with a TPM3-ALK translocation. Pathol Res Pract. 2016;212:937-942.

. Takeuchi K, Soda M, Togashi Y, et al. Identification of a novel fusion,

SQSTMI-ALK, in ALK-positive large B-cell lymphoma. Haematolog-
ica. 2011:96:464-467.

. d’Amore ES, Visco C, Menin A, et al. STAT3 pathway is activated in

ALK-positive large B-cell lymphoma carrying SQSTMI-ALK rearrange-
ment and provides a possible therapeutic target. Am J Surg Pathol. 2013;
37:780-786.

. Ali SM, Hensing T, Schrock AB, et al. Comprehensive genomic profiling

identifies a subset of crizotinib-responsive ALK-rearranged non-small
cell lung cancer not detected by fluorescence in situ hybridization. Oncol-
agist. 2016:21:762-770.

. Lin E, Li L, Guan Y, et al. Exon amay profiling detects EML4-ALK

fusion in breast, colorectal, and non-small cell lung cancers. Mol Cancer
Res. 2009,7:1466-1476.

. Jiang Q, Tong HX, Hou YY, et al. Identification of EML4-ALK as an

altemative fusion gene in epithelioid inflammatory myofibroblastic sar-
coma. ()rpfzam’! J Rare Dis. 2017:12:97.

. Xia N, An I, Jiang QQ, et al. Analysis of EGFR, EML4-ALK, KRAS,

and ¢-MET mutations in Chinese lung adenocarcinoma patients. Exp
Lung Res. 2013;39:328-335.

Sokai A, Enaka M, Sokai R, et al. Pulmonary inflammatory myofibro-
blastic tumor harboring EML4-ALK fusion gene. Jpn J Clin Oncol.
2014:44:93-96.

Lawrence B, Perez-Atayde A, Hibbard MK, et al. TPM3-ALK and
TPM4-ALK oncogenes in inflammatory myofibroblastic tumors. Am .J
Pathol. 2000;157:377-384.

van de Krogt JA, Vanden Bempt M, Finalet Ferreiro J, et al. ALK-
positive anaplastic large cell lymphoma with the variant RNF213-,
ATIC- and TPM3-ALK fusions is characterized by copy number gain
of the rearranged ALK gene. Haematologica. 2017;102:1605-1616.
Cools J, Wlodarska 1, Somers R, et al. Identification of novel fusion
partners of ALK, the anaplastic lymphoma kinase, in anaplastic large-
cell lymphoma and inflammatory myofibroblastic tumor. Genes Chromao-
somes Cancer. 2002;34:354-362.

Bayliss R, Choi I, Fennell DA, et al. Molecular mechanisms that under-
pin EMLA-ALK driven cancers and their response to targeted drugs. Cefl
Mol Life Sei. 2016;73:1209-1224.

Woo CG, Seo S, Kim SW, et al. Differential protein stability and clinical
responses of EML4-ALK fusion variants to various ALK inhibitors in
advanced ALK-rearranged non-small cell lung cancer. Ann Oncol. 2017;
28:791-797.

Soda M, Choi YL, Enomoto M, et al. Identification of the transforming
EML4-ALK fusion gene in non-small-cell lung cancer. Nuture. 2007
448:561-566.

Choi YL, Takeuchi K, Soda M, et al. Identification of novel isoforms of
the EML4-ALK transforming gene in non-small cell lung cancer. Cancer
Res. 2008:68:4971-4976.

Busam KJ, Kutzner H, Cerroni L, et al. Clinical and pathologic findings
of Spitz nevi and atypical Spitz tumors with ALK fusions. 4m J Surg
Fathol. 2014;38:925-933.

Wiesner T, He I, Yelensky R, et al. Kinase fusions are frequent in Spitz
tumours and spitzoid melanomas. Nat Commun. 2014;5:3116.

Omachi N, Shimizu S, Kawaguchi T, et al. A case of large-cell neuro-
endocrine carcinoma harboring an EML4-ALK rearrangement with resis-
tance to the ALK inhibitor crizotinib. J Thorac Oncol. 2014:9:e40-e42.

www.amjdermatopathology.com | 813

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

131



Kazakov et al

Am | Dermatopathol = Volume 40, Number 11, November 2018

31.

a2

33

34,

35

Cajaiba MM, Jennings LJ, Rohan SM, et al. ALK-rearranged renal cell
carcinomas in children. Genes Chromosomes Cancer. 2016;55:442-451.
Busam KJ, Granter SR, Iversen K, et al. Immunohistochemical distinc-
tion of epithelioid histiocytic proliferations from epithelioid melanocytic
nevi. Am J Dermatopathol. 2000;22:237-241.

Rosai J, Dorfinan RF. Sinus histiocytosis with massive lymphadenopathy:
a pseudolymphomatous benign disorder. Analysis of 34 cases. Cancer.
1972;30:1 1741 188.

Belousova 1E, Nikonova SM, Sima R, et al. Granulomatous slack skin
with clonal T-cell receptor-gamma gene rearrangement in skin and lymph
node. Br J Dermatol. 2007;157:405-407.

Kinkor Z, Mukensnabl P, Michal M. Inflammatory myxohyaline tumor
with massive emperipolesis. Pathol Res Pract. 2002;198:639-642.

814 | www.amjdermatopathology.com

Copyright €

36.

3t

38.

39.

Michal M, Kazakov DV, Hadravsky L, et al. High-grade myxoinflam-
matory fibroblastic sarcoma: a report of 23 cases. Ann Diagn Pathol.
2015:19:157-163.

Flucke U, Vogels RJ, de Saint Aubain Somerhausen N, et al. Epithe-
lioid Hemangioendothelioma: clinicopathologic, immunhistochemi-
cal, and molecular genetic analysis of 39 cases. Diagn Pathol. 2014;
9:131.

Llamas-Velasco M, Mentzel T, Requena L, et al. Cutaneous PEComa
does not harbour TFE3 gene fusions: immunohistochemical and molec-
ular study of 17 cases. Histopathology. 2013;63:122-129.

Kacerovska D, Michal M, Nemcova J, et al. Crystal-deficient alveolar
soft-part sarcoma with cutaneous involvement: a case report. Am J Der-
matopathol. 2009:31:272-277.

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

132



2.3 MELANOCYTIC TUMORS

Considering our interest in the genetic mechanisms underlying melanocytic tumor
development, we studied a series of Spitz tumor with a rare fusion which resulted in the article
titled «Spitz tumors with ROSI fusions: a clinicopathological study of 6 cases, including FISH
for chromosomal copy number alterations and mutation analysis using next-generation
sequencing». Spitz tumors represent a heterogeneous group of melanocytic neoplasms
characterized by large epithelioid and/or spindled melanocytes arranged in fascicles or nests,
sometimes accompanied by characteristic epidermal and stromal changes, with a spectrum of
biological behavior ranging from benign (Spitz nevus) to malignant (spitzoid melanoma, or
malignant Spitz tumor). (59), (60) Recently, mutually exclusive activating kinases fusions,
involving ALK, NTRKI, NTRK3, RET, MET, ROS1, and BRAF have been found in a subset of
spitzoid lesions. (4) Several studies revealed a certain correlation of the histopathological features
in spitzoid neoplasms and particular kinase fusions. (61), (62), (63) The goal of this study was to
identify possible distinctive histopathological features that correlate with ROS/ fusions and study
chromosomal copy number alterations and 7ERT-p mutation analysis to find out whether these can
be used in risk stratification of these lesions. All six cases were compound symmetric melanocytic
neoplasms with a nested pattern of growth with the confluence of whorling nests, predominant
spindle-cell morphology, striking transepidermal elimination of whole melanocytic nests. Myxoid
changes, Kamino bodies, multinucleated cells, increased mitotic figures, and usually moderate
pleomorphism were found. We found three different 5° fusion partners involving the tyrosine
kinase receptor ROSI. The most common rearrangement in Spitz tumor PWWP2A-ROSI was
detected in 4 cases, confirming the previously published finding. (4) The two novel 5’ fusion
partners were FIPILI, and CAPRINI were detected. In addition to the above-mentioned fusions,
alterations in other genes were identified by NGS. It is concluded that ROS! fused spitzoid
neoplasms appear to have no distinctive histopathological features, although consistent findings
were spindled melanocytes arranged in confluent whorling nests, prominent transepidermal
elimination of melanocytic nests and myxoid/mucinous changes.

In the second article «Polypoid atypical Spitz tumor with a fibrosclerotic stroma, CLIP2-
BRAF fusion and homozygous loss of 9p21» we presented an extraordinary case report of a
polypoid atypical Spitz tumor with a prominent fibrosclerotic stromal component, harboring a
CLIP2-BRAF fusion, which has hitherto not been reported in melanocytic lesions. Recently, two
cases of unclassified sclerosing malignant melanomas with an AKAP9-BRAF gene fusion have
been described, but to our eyes, both neoplasms rather represent spitzoid lesions. (64) The patient
we reported was a 78-year-old male with a dermal, barely symmetrical, polypoid lesion composed
mainly of moderately pleomorphic epithelioid cells with ample amphophilic cytoplasm arranged
in nests and fascicles. The mitoses (2/mm? ) were confined to the upper part of the lesion. The
Breslow thickness was 2.3 mm. The stroma contained conspicuous fibroblasts and thickened
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collagen bundles, with focal sclerotic areas and dilated medium-sized vessels. Despite strong
nuclear and cytoplasmic positivity of p16, FISH revealed homozygous loss in locus 9p21. A
CLIP2-BRAF fusion was found by NGS. No other genetic alterations, including TERT-promoter
mutation, was found. The patient is disease-free without recurrence or evidence of metastatic
disease after five years and two months of follow-up.
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Abstract: Spitz tumors represent a heterogeneous group of melano-
cytic neoplasms with a spectrum of biological behavior ranging from
benign (Spitz nevus) to malignant (spitzoid melanoma). Prediction of
the behavior of these lesions based on their histological presentation is
not always possible. Recently, mutually exclusive activating kinase
fusions, involving ALK, NTRKI, NTRK3, RET, MET, ROS!, and
BRAF, have been found in a subset of spitzoid lesions. Some of these
genetic alterations were associated with specific morphological fea-
tures. Here, we report the histological presentation of 6 Spitz tumors
with ROST fusion. The age of the patients ranged from 6 to 34 years,
with strong female prevalence (5:1). All neoplasms were compound
melanocytic proliferations with a predominant dermal growth but
a conspicuous junctional component displaying atypical microscopic
features qualifying them as atypical Spitz umor. FIPIL] and CAP-
RINT were identified as 2 novel 5'-fusion partners of ROST along with
the known PWWP24-ROST fusion. FISH for copy number changes of
9p21, 6p25, and 11q13 was negative in all but 1 neoplasm harboring
isolated gain of 8q24. TERT-promoter hotspot mutation analysis was
negative in all tumors. All patients are disease-free afler a mean
follow-up period of 24.5 months. It is concluded that ROSI-fused
spitzoid neoplasms seem to have no distinctive histopathological fea-
tures although consistent findings were spindled melanocytes arranged
in confluent whorling nests, prominent transepidermal elimination of
melanocytic nests, and myxoid/mucinous changes.
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INTRODUCTION

Spitz tumors are a group of melanocytic neoplasms
characterized by large epithelioid and/or spindled melano-
cytes arranged in fascicles or nests sometimes accompanied
by characteristic epidermal and stromal changes. They
include Spitz nevi, with well-defined bland histological
aspects and benign behavior, and frankly malignant lesions
called spitzoid melanomas or malignant Spitz tumors that can
lead to metastasis and patient’s death® The term atypical
Spitz tumors (AST) is often applied to lesions that manifest
atypical histological features that however do not suffice for
the diagnosis of an overt malignancy. ASTs mostly affect
young patients and may involve regional lymph nodes®; albeit
these lesions mainly follow an indolent course, cases of
metastasis and death have been recorded 5 Several studies
have demonstrated that the classification of Spitz tumors
along the spectrum of benign to malignant shows a poor
interobserver reproducibility and a poor cormrelation with the
clinical outcomes.®¥ To improve diagnostic accuracy, molec-
ular tests and cytogenetic analysis, such as comparative geno-
mic hybridization or fluorescence in situ hybridization
(FISH), have emerged as useful ancillary methods. These
are based on the fact that melanomas harbor complex chro-
mosomal aberrations, whereas most Spitz nevi present none
or single isolated chromosomal abnormalities. ™ In particular,
homozygous deletion of 9p21 and TERT promoter (TERT-p)
mutation have been described as potential features suggesting
an aggressive course of spitzoid lesions. ™ Moreover, Spitz
tumors generally have no mutations in the most common
oncogenes associated with melanomas, such as BRAF, NRAS,
or KIT®

Recently, it has been demonstrated that a subset of
Spitz tumors harbors mutually exclusive genomic rear-
rangements involving the tyrosine kinase receptors ALK,
NTRKI, NTRK2, NTRK3, MET, RET, ROSI, and the thre-
onine kinase BRAF.™ Fusions involving these genes pro-
duce chimeric, constitutively active proteins that play
a pivotal role in the oncogenesis of a wide range of neo-
plasms =8 Activating kinase fusions have been detected
across the entire spectrum of spitzoid lesions, suggesting
that they represent an early oncogenic event in the devel-
opment of these neoplasms.
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Furthermore, specific molecular alterations have been
linked to different subgroups and variants of both nonspitzoid
and spitzoid melanocytic lesions. Several studies re-
vealed certain correlation of histopathological features in spit-
zoid neoplasms and particular kinase fusions. For example,
Spitz tumors with ALK fusions have been shown to manifest
a plexiform dermal growth of intersecting fascicles of fusiform
melanocytes with radial orientation toward the base of the
lesio © NTRKI-fused cases present predominantly with
smaller spindle melanocytes arranged as smaller nests, occa-
sionally forming rosettes®; BRAF fusion cases have a predom-
mance of epithelioid cells commonly with a sheet-like growth
pattern or dysplastic Spitz architecture and most likely have
melanocytes with high-grade nuclear atypia.®™ NTRK3 fusions
have recently been identified in 57% of pigmented spindle-cell
nevus of Reed, a morphologic variant of Spitz nevi:

Although in the series reported by Wiesner et al™
ROS1 fusions had a high frequency among spitzoid lesions
(17.1%)), little is known regarding the histological character-
istics of this subset of neoplasms® We undertook this study
(1) to identify possible distinctive histopathological features
that correlate with ROS/ fusions, (2) to study chromosomal
copy-number alterations and TERT-p mutation analysis to
find out whether these can be used in risk stratification of
these lesions, and (3) to study their mutation landscape.

MATERIAL AND METHODS

Six spitzoid tumors with ROS! fusions confirmed by
FISH and next-generation sequencing (NGS) were identified
in our institutional and consultations files.

Histopathological features were individually assessed by
2 dermatopathologists (D.V.K. and M.D.). The assessment
parameters included the silhouette of the lesion (polypoid,
verrucous, dome-shaped, or flat), symmetry, tumor thickness
(Breslow index), epidermal changes (regular/irregular hyper-
plasia, ulceration, consumption, pagetoid spread, or irritation),
Jjunctional component, if present (confluence of nests, horizon-
tal orientation of nests, or Kamino bodies), growth pattems
(plexiform, fascicular, tubular/cord-like, or confluent nests/
sheets of melanocytes in the dermis), cytological features
(spindled or epithelioid cells), degree of nuclear pleomorphism
(mild, moderate, or severe), cellular maturation and zonation,
mitotic rate, mitosis distribution, including mitoses in the deep
portion of the lesion, atypical mitotic figures, involvement of
adnexal structures, vascular or perineural extension, lympho-
cytic infiltrate (absent, scarce, moderate, or heavy), presence of
intratumoral melanin (marked, patchy, or none), and vascular
and/or sclerotic stromal changes. Some of their cytological or
architectural features were also recorded if encountered.
Clinical follow-up was obtained from the patients, their
physicians, or from referring pathologists.

Immunohistochemistry and Special Stains
Immunohistochemical staining was performed on 4-pm
sections cut from formalin-fixed, paraffin-embedded tissue
using Ventana Benchmark XT automated stainer (Ventana
Medical System, Inc, Tueson, AZ), according to the manu-
facturer’s protocol. Staining for pl6é was performed for all
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cases. In most cases, 2 clones, namely E6H4 and R19-D (both
prediluted, RTU; Ventana, Tucson, AZ), were used. Alcian
blue special stain was performed to assess mucin deposits.

Fluorescence In Situ Hybridization

The hybridization procedures with multicolor FISH
probe sets for detecting melanoma outlined below were
performed, as previously described ™ Two separate hybridiza-
tions were performed, | using the 4-probe FISH assay targeting
6p25 (RREBI), 6g23 (MYB), 11q13, and Cep6 and a second
using the 4-probe FISH assay targeting 6p25 (RREBI), 9p21
(CNDK24), 11q13 (CCNDI), and 8q24 (MYC).® ROS! rear-
rangements were confirmed using the ZytoLight SPEC ROS/
Dual Color Break Apart Probe (ZytoVision GmbH).

Gene Fusion Detection Using NGS

Depending on the sample size, up to 3 formalin-fixed
paraffin-embedded sections (10 pm thick) were macrodis-
sected, and total nucleic acid (NA) was extracted using the
Agencourt FormaPure Kit (Beckman Coulter, Brea, CA) with
modifications recommended by ArcherDX (ArcherDX, Inc,
Boulder, CO). Total NA was quantified using the Qubit Broad
Range RNA Assay Kit (ThermoFisher Scientific, Waltham,
MA), and input for each sample’s library preparation was set
to 250 ng. The PreSeq RNA QC Assay using iTaq Universal
SYBR Green Supermix (Biorad, Hercules, CA) was performed
to assess the sample quality. Samples with a cycle threshold
value smaller than 30 were set as valid and continued with
target enrichment. The FusionPlex Solid Tumor kit (Arch-
erDX) containing 288 targets in 53 genes was used, and all
steps were performed following the Archer’s FusionPlex pro-
tocol for Mlumina (ArcherDX, Inc). The targeted genes
included AKT3, ALK, ARHGAP26, AXL, BRAF, BRD3,
BRD4, EGFR, ERG, ESRI, ETVI, ETV4, ETV5, ETVG,
EWSRI, FGFRI, FGFR2, FGFR3, FGR, INSR, MAML2,
MASTI, MAST2, MET, MSMB, MUSK, MYB, NOTCHI,
NOTCH2, NRGI, NIRKI, NTRK2, NIRK3, NUMBL,
NUTMI, PDGFRA, PDGFRB, PIK3CA, PKNI, PPARG,
PRKCA, PRKCB, RAF1, RELA, RET, ROS1, RSPO2, RSPO3,
TERT, TFE3, TFEB, THADA, and TMPRSS?2. Final libraries
were quantified following the Library Quantification for Illu-
mina Libraries protocol (KAPA, Wilmington, MA) assuming
a 200-bp fragment length. Samples were multiplexed and
spiked with 20% PhiX control and sequenced on a NextSeq
500 (Ilumina, San Diego, CA) to achieve at least 3 million
reads per sample. The analysis of the sequencing results was
performed using the Archer Analysis software (version 5.1.7;
ArcherDX Inc). Fusion parameters were set to a minimum of 5
valid fusion reads with a minimum of 3 unique start sites
within the valid fusion reads.

TERT Mutation Analysis

Hotspot mutations in the promoter of TERT gene
including all hotspots listed in® were analyzed using PCR
and Sanger sequencing, as described previously ™

NGS5 Mutation Analysis
A panel of 275 cancer-related genes (Comprehensive
Cancer Panel; Qiagen, Hilden, Germany) was used to analyze
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tumor tissue samples, which were obtained using macro
dissection from formalin-fixed paraffin-embedded blocks.
The panel included the following genes: ABLI, ACVRIB,
AKTI1, AKT2, AKT3, ALK, AMERI, APC, AR, ARAF, ARIDIA,
ARIDIB, ARID2, ASXL1, ATM, ATR, ATRX, AURKA, AURKB,
AURKC, AXINI, AXIN2, B2M, BAP1, BCL2, BCL2L1, BCL6,
BCOR, BCORLI, BCR, BIRC3, BLM, BRAF, BRCAI, BRCA2,
BRIPI, BTK, CALR, CARDII, CBL, CBLB, CBLC, CCNDI,
CCND3, CCNEI, CD274, CD794, CD79B, CDC73, CDHI,
CDKI2, CDK4, CDK6, CDKN24, CDKN2B, CDKN2C, CEB-
PA, CIC, CREBBP, CRLF2, CSFIR, CSF3R, CTCF, CTNNA{,
CINNBI, CUXI, CXCR4, CYLD, DAXX, DDR2, DICERI,
DNM2, DNMT34, DOTI!L, EED, EGFR, EGLNI, EP300,
EPASI, EPHA3, EPHAS, ERBB2, ERBB3, ERBB4, ERG,
ESRI, ETV6, EXQI, EZH2, FAMI754, FAM46C, FANCA,
FANCC, FANCD2, FANCE, FANCF, FANCG, FAS, FBXW?7,
FGF4, FGF6, FGFRI, FGFR2, FGFR3, FGFR4, FH, FLCN,
FLT3, FLT4, FOXL2, FUBPI, GALNT12, GATAI, GATA2,
GATA3, GENI, GNAILI, GNAQ, GNAS, GREMI, GRIN24,
H3F34, HGF, HISTIH3B, HNFIA, HOXBI3, HRAS,
HSPY90AAI, CHEKI, CHEK2, ID3, IDHI, IDH2, IGFIR,
IKZF1, IKZF3, IL7R, INHBA, IRF4, JAKI, JAK2, JAK3,
KAT64, KDM5C, KDM6A, KDR, KEAPI, KIT, KMT24,
KMT2B, KMT2C, KMT2D, KRAS, LRPIB, MAP2KI,
MAP2K2, MAP2K4, MAP3KI, MAP3K14, MAPKI, MCLI,
MDM2, MDM4, MEDi2, MEF2B, MENI, MET, MITF,
MLHI, MPL, MREIIA, MSH2, MSI6, MTOR, MUTYH,
MYC, MYCL, MYCN, MYDS88, NFI, NF2, NFE2L.2, NFKBIA,
NKX2-1, NOTCHI, NOTCH2, NOTCH3, NPMI, NRAS,
NSDI, NTRKI, NTRK2, NITRK3, PAK3, PALB2, PAXS,
PBRMI, PDGFRA, PDGFRB, PHF6, PIK3CA, PIK3RI,
PIK3R2, PIMI1, PLCGI, PMSI1, PMS2, POLDI, POLE,
PPMID, PPP2RIA, PRDMI, PRKARIA, PRKDC, PRSSI,
PTEN, PTCHI, PTPNI1I, RACI, RAD2I, RAD50, RADS51,
RAFI, RBI, RET, RHEB, RHOA, RITI, RNF43, ROSI,
RUNXI, SC2, SDHB, SETBPI, SETD2, SF3Bi, SMAD2,
SMAD4, SMARCA4, SMARCBI, SMCIA, SMC3, SMO,
SOCS!, SOX2T, SOX9, SPOP, SRC, SRSF2, STAG2, STAT3,
STK11, SUFU, SUZI2, TALI, TCF3, TERT, TET2, TGFBR2Z,
TNFAIP3, TNFRSF14, TP53, TRAF3, TSCI, TSHR, U2AF1,
U24F2, VHL, WHSCI, WTI, XPOl, XRCC2, XRCC3,
ZNF217, and ZRSR2. DNA was isolated using the Qiagen
DNA mini kit, and 250 ng of DNA was used to construct
the library. Library was sequenced on an Illumina’s NextSeq
500, aiming at average coverage 350x after deduplication of
molecular identifiers. Variants were called using Qiagen’s pro-
prietary pipeline using following filters: synonymous SNV,
variant depth after deduplication <<6, allele frequency >0.05,
allele population frequency =0.002 in the GnomAD data set. ™
and known “benign” clinical consequence according to the
ClinVar database.® The remaining subset was checked visu-
ally, and suspected artefactual variants were excluded.

RESULTS

Clinical Findings
There were 1 male and 5 female patients, with the mean
age of 17.8 years at the diagnosis (range from 6 to 34 years),
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with 4 of the 6 patients being in the first 2 decades of life
(Table 1). Locations included lower extremities (n = 3), back
(n=1), upper lip (n = 1), and shoulder (n = 1).

The clinical presentation was a flesh-colored polypoid/
verrucous (3 cases) or dome-shaped (2 cases) nodule, whereas
I lesion was flat. Two cases (cases 3 and 5) were slightly
pigmented.

All tumors were completely excised; no lymph node
enlargement was clinically evident at the time of diagnosis.
Patients are disease-free with a mean follow-up period of 30
months. In 1 patient with the tumor on the right shoulder
(case 4), an enlarged (9 x 4 mm) lymph node was detected by
a sonography in the right axilla, but no biopsy was performed.
Otherwise, clinical investigation was negative. Six months
later, a control sonography detected a decrease in size of
the lymph node (7.3 x 3.7 mm).

Microscopic Features

All the lesions were relatively symmetrical, compound-
type melanocytic proliferations with an average Breslow
thickness of 1.76 mm (range 0.97-3 mm) and an uneven
flat base (Table 2).

Junctional nests, both vertically and horizontally arranged,
were present in all cases, with 2 lesions (cases 2 and 5)
manifesting additionally a lentiginous proliferation of melano-
cytes extending beyond the dermal component. Kamino bodies
were encountered in all but one case (case 5). The epidermis
showed irregular hyperplasia in all neoplasms. The melanocytes
were predominantly spindled with eosinophilic cytoplasm, with
only 1 case entirely composed of epithelioid cells (case 4) (Figs.
I and 2). Five cases exhibited moderate degree of pleomor-
phism, whereas a single lesion (case 2) showed severe cellular
pleomorphism. Large eosinophilic nucleoli, nuclear pseudoin-
clusions, and a variable number of multinucleated melanocytes
were also observed (Fig. 3). Small vesicle-like spaces were
noted inside and between the cells of all neoplasms (Fig. 4),
whereas a variable degree of myxoid change was noted in 5
lesions. Pigmentation was scarce; coarse intracytoplasmic mel-
anin granules confined to the upper part of the lesions were
observed in only 1 lesion (case 3), whereas in 2 neoplasms,
pigment was present in scattered melanophages (cases 2 and 5).

Lateral pagetoid spread of single melanocytes was noted
only in 1 neoplasm (case 2) located on an acral site, whereas in
2 cases, there was single-cell pagetoid spread in the central part
of the lesion (case 5). Transepidermal elimination of entire
melanocytic nests was a prominent finding in all 6 lesions
(Figs. 2C, 4A, 5B). All neoplasms featured impaired matura-
tion of melanocytes. The mitotic rate was >2 mm? in 4 cases
(cases 1, 3, 4, and 6); cases 4 and 6 showed 8 and 6 mitoses/
mm?, respectively, including atypical mitotic figures (Figs. 1C,
2C). Mitoses were confined to the upper or middle portion of
the lesion; none was observed near the base of the neoplasm.

A lymphocyte-predominant inflammatory infiltrate was
observed in 5 cases with variable intensity, being heavy in 2
lesions (cases 1 and 4) (Fig. 1C). Atypical features for each
case are listed in Table 1. There were some differences
between polypoid and dome-shaped and flat lesions (cases 2
and 5). The polypoid lesions presented with large and confluent
junctional nests of melanocytes pushing the overlying
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TABLE 1. Summary of the Main Clinical Features, Atypical Histopathological Features, and Genetic Analysis

TERT-p
Sex/ Clinical FISH FISH Hotspot Treatment/
Case  Age Location Diagnosis Atypical Features IHC plo6 ROS1 Melanoma FUSION Mutations Follow-up
1 F7 Back Spitz nevus Confluent nests + (Checkerboard + Neg, PWWP2A Neg. Excision
Atypical mitoses. Vi pattern) kosi NED 18 mo
Large eosinophilic
nueleoli
Heavy inflammatory
infiltrate
Impaired maturation
& K15 Shin Pigmented Confluent nest (focal) + {Checkerboard + 8g24 (MYC) FIPILL Neg. Excision
nevus Lateral pagetcid spread pattertt) Rosi NED 18 mo
Severe nuclear
pleomorphism
Large eosinophilic
nucleoli
Impaired maturation
3 Fi26 Thigh Intrad ermal Confluent nests + (Checkerboard + Neg PHWP2A Neg. Excision
nevus? Large eosinophilic pattern) kasi NED 3 yrs
Blue nevus? waceali
Demal mitoses 3/mm?*
Impaired maturation
4 F34 Right Granuloma Confluent nests + (Checkerboard + Neg. CAPRING- Neg. Excision
shoulder Large eosinophilic pattern) ROSI Enlarged {9 » 4 mm) LN
nucleoli in the right axilla on
sonography. Staging
negative, No LN
biopsy was not
performed
Dermal NED & mo
mitoses 8/mm*
{atypical 4mm?)
Heavy inflammatory
infiltrate
Impaiered maturation
5 Mg Foot {dorsal Nevus Size 1.1 cm + {Checkerboard + Neg, PWWP2A Neg. Excision
par) Confluent nests (focal) pattent) ROsi NED 15 mo
Large eosinophilic
nucleoli (focal)
Impaired maturation
6 Fi6 Upper lip Nevus? Confluent nests + (Checkerboard + Neg PHWP2A Neg, Excision
Pyogenic Eosinephilic pattern) kosi NED 7 yrs
granuloma? d

nueleoli (focal)
Demal mitoses 6/mm*
Impaired maturation

With respect to mitotic figures, atypical feamres included an increased mitotic mte (=2

mitotic figures.
*NED, not evidence of disease.
LN, lymph node.

mitoses/mm” for adults and =6 mitoses/mm” for children) and any number of atypical

epidermis, leading to its focal consumption. The melanocytes,
when transversally cut, showed small round nuclei in the center
of the nests and were surrounded by whorling spindled mela-
nocytes (Fig. 1B). Groups of necrotic melanocytes were seen
inside the nests in all 6 cases, usually in 2-3 nests throughout
the lesion (Fig. 2B). Polypoid lesions with a high mitotic rate
showed several groups of necrotic melanocytes within large
nests. The cases with a flat or dome-shaped silhouette showed
a broad junctional component with a shoulder formation over
the dermal component. Melanocytes inside the nests were ar-
ranged in a more discohesive fashion. Small dermal nests and
focally single melanocytes were swrrounded by retraction arti-
fact, assuming a lacunar aspect (Fig. 3B).

Immunchistochemistry and Special Stain

All cases showed strong pl6 nuclear stain with
a checkerboard pattern (Fig. 5C).
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Alcian blue was performed in 5 cases with myxoid
change, confirming the presence of mucin in both nests and
stroma in all lesions (Fig. 2D).

Fluorescence In Situ Hybridization

A break-apart probe for ROS/ confirmed the presence
of a rearrangement in all tumors.

FISH analysis for chromosomal numeric aberrations
revealed copy number gain in locus 824 (MYC) in case 2,
whereas all the remaining 5 neoplasms were negative
(Table 1).

RNA and DNA Sequencing

RNA sequencing identified 3 different 5’ fusion partner
genes for ROSI, including 2 previously unreported fusion
transcripts  FIPILI-ROSI (case 2) and CAPRINI-ROS!
(case 4).

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Summary of Histopathological Features

Feature Frequency
Thickness (mm)
Range 0.97-3 mm
Mean/median 2.21/1.55 mm
Silhouette
Polypoid 2/6 (33%)
Verrucous 1/6 (17%)
Dome-shaped 2/6 (33%)
Flat 1/6 (17%)
Epidermal changes
Epidermal hyperplasia 6/6 (100%)
Epidermal atrophy/consumption 6/6 (100%)
Ulceration 0/6
Pagetoid spread (lateral) 1/6 (17%)
Irritation 0/6
Junctional component
Junctional nests present 6/6 (100%)
Confluence of nests (focal) 6/6 (100%)
Horizontal arrangement of nests (focal) 6/6 (100%)
Kamino bodies 5/6 (83%)
Architecture and growth patterns
Plexiform (predominant) 0/6
Fascicular (focal) 0/6
Tubular/cord-like growth (focal) 0/6
Confluence of nests/sheets of 6/6 (100%)
melanocytes
Cytological features
Spindling 5/6 (83%)
Pleomorphism
Mild 0/6
Moderate 5/6 (83%)
Severe 1/6 (17%)
Nuclei with large eosinophilic 6/6 (100%)
nucleoli
Multinucleated melanocytes 5/6 (83%)
Individual or grouped necrotic 6/6 (100%)
melanocytes
Mitotic rate
<2 mitoses per 1 mm? 2/6 (33%)
=2 mitoses per | mm? 4/6 (66%)
Mitoses near base 0/6
Adnexal, vascular, or perineural
extension

Apocrine/eccrine unit involvement 2/6 (33%)

Follicular/sebaceous extension 4/6 (66%)
M. arrector pili involvement 0/6
Perineural invasion 0/6
Intravascular invasion 0/6
Other
Inflammatory response
Absent 1/6 (17%)
Scarce 2/6 (33%)
Moderate 1/6 (17%)
Heavy 2/6 (33%)
Impaired maturation 6/6 (100%)
Vascular and/or sclerotic stroma 6/6 (100%)
Myxoid change 5/6 (83%)

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

) At N 2
FIGURE 1. Case 1. Verrucous lesion composed of large and
confluent junctional and dermal nests (A). Transversally cut,
focally coalescing nests composed of spindled melanocytes
with small round nuclei. Note whorling of peripherally located
melanocytes around smaller cell in the center (arrow) (B).
Tripolar atypical mitotic figure (arrow) and a heavy inflam-
matory infiltrate in the background (C).

The remaining 3 lesions harbored PWWP2A4-ROS!
fusion (Table 3).

TERT-Promoter Mutation Analysis
TERT-p hotspot mutation analysis was negative in all
patients. In 1 case, a TERT mutation of unknown significance
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FIGURE 2. Case 4. Polypoid lesion
on the shoulder of a 34-year-old
woman showing a relatively sym-
metrical silhouette and a growth
pattern of large confluent nests (A).
Melanocytes are mostly epithelioid.
Note a group of necrotic melano-
cytes (arrow) inside a large nest (B).
Numerous mitotic figures (arrows)
are observed in the upper part of the
lesion (C). Alcian blue stain high-
lights mucin deposits both in the
stroma (predominantly) and within
melanocytic nests (D).

was identified using NGS in the coding sequence of TERT
(¢.3164C=>T p.Serl055Leu).

NGS Mutation Analysis

The mutation analysis revealed mutations in different
genes (the number of mutations ranged from 4 to 10). The
distribution of mutations and particular mutations is shown in
Table 4.

DISCUSSION
We analyzed 6 Spitz tumors harboring ROS! fusion
with the aim to identify specific histopathological features.
These were compound symmetric melanocytic neoplasms

FIGURE 3. Case 2. Slightly elevated
lesion from the shin of a 15-year-old
girl composed of relatively small
nests with only focal confluence set
in a fibrovascular stroma (A). Close-
up views showing small nests com-
posed of highly pleomorphic mela-
nocytes with surrounding cleft-like
spaces imparting a lacunar appear-
ance and a cell with prominent
nuclear pseudoinclusion (arrow) (B
and C).

6 | www.amjdermatopathology.com

with a nested pattern of growth with the confluence of whorl-
ing nests, predominant spindle-cell morphology, striking
transepidermal elimination of whole melanocytic nests, myx-
oid changes, Kamino bodies, multinucleated cells, increased
mitotic figures, and usually moderate pleomorphism. All
these features have been described in Spitz tumors, 5558 thus
permitting no recognition of histopathological features that
would be specifically linked to ROS! fusions. Some of the
detected microscopic features are still worthy of a short com-
ment. Transepidermal elimination of melano%ic nests is re-
ported between 10% and 36% of Spitz nevi and is more
common on acral sites.® In all neoplasms of our series. trans-
epidermal elimination of melanocytic nests was a constant
and prominent finding, not limited to the central part of the

Copyright © 2019 Wolters Kluwer Health, Inc. All vights reserved.
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B4 . ]
Gt Ve i, e
FIGURE 4. Case 3. Transepidermal elimination of a large nest
(A). Large confluent nests of spindled melanocytes containing

intracytoplasmic vacuoles and occasional melanin granules (B).

lesion but also involving the follicular infundibulum and
acrosyringium. Melanocytes in these nests are almost always
pyknotic and ascending large, and confluent nests with a full-
thickness breach toward the epidermal surface simulate ulcer-
ation on histology.® Lack of fibrin deposition and neutrophils
in the vicinity of the eliminated nests supports this view.

Myxoid change was another constant finding. Spitzoid
lesions with similar features have been reported as myxoid
Spitz nevi. Recently, Perron et al® have identified
a group of melanocytic spitzoid neoplasms harboring ALK
fusion, characterized by myxoid changes. These lesions were
mainly amelanotic, occurred on the extremities of young men
and presented with spindle-cell morphology and a plexiform
architecture. Although clinical and histological differences
exist between our cases and those in the aforementioned
series, our findings suggest that myxoid alterations are not
kinase-specific.

Albeit our cohort was limited to only 6 cases, it seems
that 2 main architectural patterns may be delineated in ROS/-
fused spitzoid tumors, which possibly related to the anatom-
ical sites (acral vs. nonacral). Nonacral lesions (cases 1, 3, 4,

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

and 6) seem to be polypoid to verrucous composed of large
and confluent junctional and dermal nests of melanocytes
pushing the overlying epidermis, leading to its focal con-
sumption. The melanocytes, when transversally cut, showed
small round nuclei in the center of the nests and were sur-
rounded by whorling spindled melanocytes. Groups of
necrotic melanocytes were often inside the nests, and inflam-
matory infiltrate was moderate/heavy in all but one of these
cases, and the mitotic rate was high. Acral lesions (cases 2
and 5) showed a broad junctional component forming should-
ers over the dermal component. Melanocytes inside the nests
were arranged in a more discohesive fashion. In the dermis,
small nests and single melanocytes presented retraction arti-
fact conferring a lacunar aspect and were surrounded by
a fibrovascular regression-like stromal changes. Inflammatory
infiltrate was scarce or absent, as were mitotic figures. Similar
relationship between histopathological type and location has
been reported ™ Two pattems of presentation with similar
findings were also described in BRAF-fused Spitz tumors.™

We found 3 different 5" fusion partners involving the
tyrosine kinase receptor ROSI, including 2 novel transloca-
tions. Fusion transcript PWWP2A-ROS1 with exons 1-36
was detected in 4 cases, confirming the previously published
finding that it represents the most common rearrangement for
ROS! in Spitz tumor.™ The 2 novel 5’ fusion partners were
FIPILI and CAPRINI. To the best of our knowledge, fusion
transcripts FFIP/LI-ROS1 or CAPRINI-ROSI have not been
described. Both fusions are in frame; their sequencing details
and transcript Refseq numbers are listed in Table 3. Both
novel breakpoints are predicted to be in canonical sites (in-
trons 35 and 34), which implies that ROSI kinase constitu-
tional activation is likely to occur similarly as in other
described ROS! fusions in Spitz tumors. ™ OF interest, both
FIPILI and CAPRINI are reamranged with PDGFRf in
chronic eosinophilic leukemia. ®®8 Tt has recently been pro-
posed that intracellular downstream signaling might differ
depending on the fusion partner of ROSI#® We compared the
4 neoplasms harboring PWWP24A-ROSI translocation with
the other 2 lesions harboring different 5 fusion partners and
identified no clinicopathological differences.

In the series by Wiesner et al, ™ ROS! fusion was de-
tected mainly in benign Spitz nevi (19/24) compared with
ASTs or spitzoid melanomas (5/24). In our series, all lesions
manifested at least 1 atypical feature deviating from a conven-
tional Spitz nevus (Table 1).

Many attempts have been made to establish clinical,
histological, and molecular garametzrs to stratify the risk of
progression in Spitz tumors, but none of them is uni-
formly adopted. Taking into account the clinical and histo-
logical features alone, only 1 case (case 4) in our series
had an intermediate risk of progression. The patient, a 34-
year-old woman presented with a polypoid lesion with a high
mitotic rate (& mitoses/mm?), atypical mitotic figures, and
a heavy inflammatory infiltrate. During clinical investigation,
a single enlarged lymph node (9 x 4 mm) was detected on
sonography, but a lymph node biopsy was not performed. The
patient had no evidence of the disease at a 9-month follow-up.

However, it has also been stated that the histological
diagnosis of Spitz tumors is a matter of prospective, leaving
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FIGURE 5. Case 5. Lesion on the
dorsal part of the foot of a 19-year-
old boy showing a flat symmetrical
silhouette with a broad junctional
component and shoulder formation
over the dermal component (A).
Somewhat discohesive melanocytes
forming nests separated by clefts
from the surrounding epidermis,
transepidermal migration of nests
and singles cell, multinucleated
melanocytes (arrow), and fibrovas-
cular regression-like stromal changes
in the absence of inflammatory infil-
trate are seen. (B) P16 staining with
both positive and negative nuclear
immunoreaction.

to molecular analysis the challenge to predict biological
behavior 5

Currently, several studies focused on FISH analysis in
Spitz tumors. Biallelic deletion of 9p21 has been reported to
correlate  with a potentially aggressive disease TISHESS
whereas the significance of other FISH probes such as 6p25
and 11q13 has been found to be decreased especially on the
multivariate analysis. ™ Isolated loss of 6q23 has been related
to the high frequency of sentinel node involvement but with
an overall excellent prognosis ¥ To the best of our knowl-
edge, no studies have so far been performed on numeric
chromosome aberration in ROS/-fused spitzoid lesions. In
our series, 1 lesion (case 2) showed an isolated gain of
8924, which seems a very rare event in Spitz tumors. In
a series of 75 spitzoid lesions, only 1 case showed 8q24 gain
but it was also accompanied by 11913, 6p25 gain, and bial-
lelic loss of 9p21; the patient developed distant metastasis and
died after 35 months from the diagnosis, ™ emphasizing that
not all chromosomal changes are of equal value and increas-
ing genetic complexity correlates with a more adverse
outcome, 5

8g24 gain has been observed mainly in amelanotic
nodular melanomas occurring in nonchronically sun-damaged
skin, following an aggressive clinical course. 55859 In our
series, the tumor with 8q24 gain was an amelanotic lesion
arising in nonchronically sun-damaged skin, with highly

pleomorphic melanocytes having large irregular nuclei, large
eosinophilic nucleoli, and nuclear pseudoinclusions but show-
ing no mitotic figures. To date, the patient is disease-free at 18
months of follow-up. Larger series with a longer follow-up
are needed to evaluate the prognostic significance of this iso-
lated alteration of 8q24 in atypical spitzoid lesions. Anyway,
our findings suggested that this alteration occurs also in spit-
zoid lesions and could provide a useful marker for
aneuploidy.

Recently, Lee et al™ confirmed that acquisition of bial-
lelic deletion of CDKN2A reflects tumor progression in term
of nodal metastases, but only TERT promoter mutations in
their series strongly correlated with an aggressive behavior
and patient death. None of the tumors in our series yielded
9p21 loss, and no mutation was detected in TERT-p.

We also studied pl6 expression by immunohistochem-
istry to evaluate the concordance with status of homozygous
9p21 deletion. In line with previous reports, Yazdan et al and
Harms et al ™88 3]] neoplasms in our series showed strong
positive nuclear staining with a checkerboard alteration of
pl6-positive and pl6-negative melanocytes.

One lesion in our study harbored a mutation in the
TERT gene ¢.3164C>T p.Serl055Leu. This mutation has
been labeled as of uncertain significance in the ClinVar data-
base. Apart from the aforementioned TERT mutation, the
NGS analysis revealed a pattern of different mutations in

TABLE 3. Details of Gene Fusions

Case GL Fusion Exons Reads Yo Start Sites Gene 1 Transcript
1 T4HI8 PWWP24-ROS{ 1-36 277 84 99 NM_001,130,864.1
2 T5/18 FIPILI-ROS! 10-36 25 100 13 NM_030917.3

3 9498/17 PWWP24-ROS{ 1-36 5 50 4 NM_001,130,864.1
4 9403/17 CAPRINI-ROSI 01/07/35 211 89 8

5 2264/18 PWWP24-ROSI 1-36 33 58 26 NM_001,130,864.1
6 9403/17 PWWP24-ROS/ 1-36 5 100 5 NM_001,130.864.1

Exons, number of exons involved in the fusion, respectively; reads, number of reads supporting the fusion; %, percentage of the reads supporting the fusion; start sites, number of
unique stmrt sites of reads supporting the fusion; Gene | manseript, RefSeq mRNA sequence record number; Gene2 (ROSI) Refseq number is NM_002944.2.
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TABLE 4. Mutated Genes in Particular Cases Listed Alphabetically

Gene/oase

2

AR

ARIDIA

ARIDIB

AXING

BCORLY

CDHI

CiC

CRLF2

DICER]

EGFR

EP300

ERBR2

ESRI

FANCD2

FANCE

FH

FLT3

el

GNA4S

IL7R

==

KMT24

KMT2D

LRPIR

==

MAP2K!

MEF28

MPL

MSH2

Norchuz

NOTCH3

NRAS

===

POLDY

RUNX

SETBP!

TERT

TNFRSF14

=

ZNF217

total

Green color denotes subtitutions, and red denotes indels.
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genes specific for each sample listed in Table 4. The spectrum
of affected pathways included especially the PI3K-Akt and
MAPK signaling pathways, both of which have been found
to be involved in spitzoid melanoma 8 Of note, in 2 neo-
plasms, ROS! mutations were also detected (cases 2 and 5).
One was labeled as likely pathogenic for abnormalities of
brain morphology with recessive inheritance (rs61743088);
no phenotype has been for the other variant.

In conclusion, ROS!-fused spitzoid neoplasms seem to
have no distinctive histopathological features that would
enable their recognition on conventional microscopy alone.
In our series, all neoplasms occurred in patients younger than
40 years and displayed atypical microscopic features deviat-
ing from conventional Spitz nevi and that qualifying them as
AST. They lacked homozygous 9p21 deletion or p-TERT
mutation. Our study extends the range of ROS! fusions docu-
mented in Spitz tumors by listing 2 hitherto unreported 5’
partners, namely FIPILI and CAPRINI. The neoplasms har-
bor several additional mutations in other genes in which the
role is unclear at the moment and require further studies.
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Abstract

We report a case of a polypoid atypical Spitz tumor a with prominent fibrosclerotic stromal
component, harboring a CLIP2-BRAF fusion, which has hitherto been not reported in melanocytic
lesions. The neoplasm occurred in a 78-year-old male patient and appeared microscopically as a
predominantly dermal, barely symmetrical, polypoid lesion composed mainly of epithelioid cells
showing moderate degree of nuclear pleomorphism with ample amphophilic cytoplasm arranged in
nests, fascicles or single units. The mitotic rate was 2/mm? and mitoses were confined to the upper
portion of the lesion. The Breslow thickness was 2.3 mm. The stroma contained conspicuous plumped
fibroblasts and thickened collagen bundles associated with dilated medium-sized vessels. Focally,
sclerotic areas were found. A moderately dense, lymphocyte predominant inflammatory infiltrate
scattered through the whole lesion was seen. Despite strong nuclear and cytoplasmic positivity of p16
was, FISH revealed homozygous loss in locus 9p21. A CLIP2-BRAF fusion was found by next
generation sequencing. No other genetic alterations including TERT-promoter mutation was found.
The patient is disease-free without recurrence or evidence of metastatic disease after 5 years and 2

months of follow-up.

Key words: atypical spitz tumor; melanoma; BRAF fusion; FISH
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Introduction

Spitz neoplasms represent a heterogeneous group of melanocytic lesions histologically characterized
by large epithelioid and/or spindled melanocytes with ample cytoplasm associated with specific
epidermal and stromal changes, exhibiting a range of cytological and architectural variability that
results in variable morphologic presentations (1). Thanks to the new data on the molecular alterations,
our understanding of these neoplasms and their classification is undergoing a revision (2).
Specifically, mutually exclusive genomic rearrangements involving the tyrosine kinase receptors
ALK, NTRKI, NTRK2, NTRK3, MET, RET, and ROS/ and the serine-threonine kinase BRAF are
frequently involved in Spitz lesions (3) and some of them appear to be associated with specific
histological features (4-8). Since the study by Wiesner et al. in 2010 (3), few detailed morphological
descriptions of Spitz neoplasms with BRAF fusions have been reported. A BRAF fusion is estimated
to be present in around 5% of Spitz tumors; a correlation with specific morphological changes has
not yet been clearly defined, although some studies consistently revealed a combination epithelioid
cell morphology and conspicuous sclerotic stroma (4, 9). Recently, two cases of unclassified
sclerosing malignant melanomas with an AKAP9-BRAF gene fusion have been described (10). The
illustrations of that paper suggest a spitzoid phenotype. We hereby report a case of an ambiguous
polypoid Spitz tumor with a prominent fibrosclerotic stromal component, harboring a CLIP2-BRAF

fusion that has not been reported to date in melanocytic lesions.

Case Report

A 78-year old man with no personal or family history of melanoma presented with 0.6 cm nodule on
his left/right thigh that had been present for 3 years, slowly increasing in size over time. The lesion
was surgically excised, and the histological examination showed a predominantly dermal, barely
symmetrical, polypoid melanocytic neoplasm composed mainly of epithelioid cells, with copious
amphophilic cytoplasm showing moderate degree of nuclear pleomorphism. Melanocytes with
prominent eosinophilic nucleoli were also observed. The cells were arranged in nests and fascicles,
with no or minimal confluence. Singular cells surrounded by stroma were focally seen. The mitotic
rate was 2/mm?2. The mitoses were confined to the upper dermal portion of the lesion. No atypical
mitotic figures were seen. Breslow thickness was 2.3 mm. The lesion was amelanotic and displayed

an uneven flat base, not reaching the subcutaneous tissue. Maturation was preserved. The stroma
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contained conspicuous plumped fibroblasts and thickened collagen bundles associated with dilated
medium-sized vessels. Focally, sclerotic areas were found. A moderately dense, lymphocyte
predominant inflammatory infiltrate scattered through the whole lesion was seen. The epidermis
overlying the lesion was slightly hyperplastic, with an increased number of medium-sized epithelioid
melanocytes at the dermo-epidermal junction not extending beyond the dermal component. No
junctional nests, Kamino bodies or pagetoid spread was seen. No perineural or intravascular

involvement was observed.

Immunohistochemistry showed a diffuse positivity of the neoplastic cells for S-100 protein and
tyrosinase, whereas Melan A was only focally expressed in the upper part of the lesion. Diffuse and

strong nuclear and cytoplasmic positivity of p16 was observed in almost all the melanocytes.

FISH assay for chromosomal numeric aberrations revealed homozygous loss in locus 9p2l
(CDKNZ2A), whereas no other alterations were detected, using probes targeting 6p25 (RREBI), 623
(MYB), 6p25 (RREBI), 11q13 (CCND1), and 8q24 (MYC), as described elsewhere (11).

TERT-promoter (TERT-p) hotspot mutation analysis, carried out with PCR and Sanger sequencing,

was negative (12).

The Illumina TruSight Tumor 170 (TS170) panel was used for genomic rearrangement and somatic
mutations detection as previously described (13). The TruSight Tumor 170 Panel, both DNA and
RNA parts, targets the following genes AKTI, AKT2, AKT3, ALK, APC, AR, ARIDIA, ATM, ATR,
BAPI, BARDI, BCL2, BCL6, BRAF, BRCAl, BRCA2 ,BRIP1, BTK, CARDII, CCNDI, CCND?2,
CCND3, CCNEL, CD79A, CD79B, CDHI, CDK12, CDK4, CDK6, CDKN2A, CEBPA, CREBBP,
CSFIR, CTNNBI, DDR2, DNMT3A, EGFR, EP300, ERBB2, ERBB3, ERBB4, ERCCI1, ERCC(C2,
ERG, ESRI, EZH2, FAM175A, FANCI, FANCL,FBXW7, FGF1, FGFI10, FGF14, FGF19, FGF2,
FGF23, FGF3,FGF4, FGFS5, FGF6, FGF7,FGFS8, FGF9, FGFRI, FGFR2, FGFR3, FGFR4, FLTI,
FLT3, FOXL, GENI, GNAI1l, GNAQ, GNAS, HNFIA, HRAS, CHEKI, CHEK2, IDHI, IDH2,
INPP4B, JAK2, JAK3, KDR, KIT, KRAS, LAMP1, MAP2K1, MAP2K2, MCL1, MDM?2, MDM4, MET,
MLHI, MLL, MLLT3, MPL, MRE1IA, MSH2, MSH3, MSH6, MTOR, MUTYH, MYC, MYCLI,
MYCN, MYDS8S, NBN, NFI, NOTCHI, NOTCH2, NOTCH3, NPMI, NRAS, NRGI, PALB2,
PDGFRA, PDGFRB, PIK3CA, PIK3CB, PIK3CD, PIK3CG, PIK3RI, PMS2, PPP2R2A, PTEN,
PTCHI ,PTPNI11, RAD51, RAD5IB, RADS5IC, RADSID, RAD54L, RAFI, RBI, RET, RICTOR,
ROS1, RPS6KBI, SLX4, SMAD4, SMARCBI, SMO, SRC, STK11, TERT, TET2, TFRC, TP53, TSC1,
TSC2, VHL, and XRCC?2. The quality of the extracted DNA was checked by qPCR using the lllumina
FFPE QC kit, whereas the quality of RNA was tested using Agilent RNA 6000 Nano Kit on
bioanalizer 4200 TapeStation.
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RNA sequencing identified a CLIP2-BRAF fusion. A complementary FISH study with a BRAF
break-apart probe confirmed the presence of this gene rearrangement. DNA sequencing for the

detection of somatic mutations in 153 genes commonly involved in solid tumors was negative.

Given the histological and molecular findings, a diagnosis of atypical Spitz tumor was made. No
sentinel lymph node biopsy was performed. The patient is disease-free without recurrence after 5

years and 2 months of follow-up.

Discussion

The largest series on the histopathological features of BRAF-fused spitzoid lesions reported to date
was published by Amin et al. who described 14 BRAF-fused Spitz tumors and compared their
molecular and morphological features with Spitz tumors harboring ALK and NTRK1 fusion (4). In
comparison to the other 2 groups, BRA F-positive cases were predominantly composed of epithelioid
melanocytes with moderate to high-grade nuclear atypia with a sheet-like growth pattern in the
dermis, with some cases showing single cells dispersed with a sclerotic stroma at the base. Moreover,
the dysplastic Spitz architecture was also observed only in the BRAF fusion group. These lesions
showed more likely copy number gains involving the kinase domain of the fusion protein and positive

result with the melanoma FISH assay (4).

Recently, two cases of unclassified sclerosing malignant melanoma harboring AKAP9-BRAF gene
fusion have been reported (10). The first case was a dermatofibroma-like lesion occurred in the
lumbar region of a 47-year old man that histologically mimicked a desmoplastic melanoma (DM).
The second case was a 42-year old woman presenting with an exophytic genital lesion. A biopsy
specimen exhibited a complex morphology, with junctional nests composed of large spindled cells
and a dermal component of nevoid melanocytes surrounded by a dense fibrous/sclerotic background.
Both the cases harbored numerous partial chromosomal gains and losses suggesting a diagnosis of
melanoma. To our eye, the cytological details of the two cases may be regarded as those of spitzoid
lesions. Further studies reported the presence of BRAF-fusion in spitzoid and non-spitzoid

melanocytic tumors (9. 14-17), including metastatic and lethal cases (18, 19).

The case we report further expands the molecular and morphological variations associated with
BRAF-fused Spitz neoplasms. Histologically, the tumor presented as a large polypoid lesion with
well-formed medium size vessels and a prominent fibrosclerotic stromal component, reminiscent of

previously described polypoid Spitz nevus (20). The prominent feature was the presence of fascicles
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of plumped fibroblasts alternating with nests and single cells of moderately pleomorphic epithelioid
melanocytes with brisk mitotic activity. As the lesion occurred in in a 78-year old male patient, it
raised a concern of a malignant neoplasm (21) and prompted us to perform further studies for risk
stratification to establish whether the neoplasm harbor molecular alterations associated with an
aggressive behavior, including homozygous deletion 9p21 and TERT-p mutations (22, 23). The
FISH analysis revealed homozygous loss of 9p21, which was unexpected due to strong and diffuse
nuclear staining for pl6 on immunohistochemistry (previous studies reported a good correlation
between “checkerboard nuclear pattern™ and 9p21 preservation at FISH assay) (24, 25). Although
several studies described a strong association between homozygous deletion of 9p21 and an
aggressive clinical course in Spitz tumors, (22, 23, 26, 27) its prognostic value has been questioned,
and TERT-p hotspot mutations have been proposed as a more reliable predictive marker (23). In our
neoplasm, we observed no TERT-p mutation. Moreover, DNA sequencing of 153 genes commonly
involved in solid tumors failed to identify any somatic mutation. In a previous mutational landscape
study, a low somatic mutation burden were reported in both Spitz and conventional nevi (34.41+9.42),
whereas both spitzoid (747.22+137.55) and conventional melanoma (758.03£96.76) showed a high
somatic mutation rate (28). The low mutation burden in our case can be explained by the different
methodologies used in our study and in that of Lazova et al who performed whole exome sequencing
(28) but may still be used as an additional argument against the diagnosis of spitzoid melanoma.
Correlating these molecular data with the uneventful clinical course and taking into account atypical
histological features that are not however sufficient to make the diagnosis of an overt malignancy,

we consider the lesion as atypical Spitz tumor.

TS170 RNA sequencing for the detection of fusion transcripts in 55 genes yielded a CLIP2-BRAF
fusion, extending the list of 5° fusion partner of the BRAF gene. To date, 33 different 5° fusion partner
have been described for BRAF in melanocytic tumors, including AGK, AGT7, AKAPY9, AGAP3,
ARMCI0, BAIAP2LI, BGTF21, CCDCY1,CDC27, CEPS89, CUXI, DGKI, DYNCI112, EMILA,
FCHSDI1, KCTD7, KIAA1549, LSMI14A, MADILI, MZTI1, NFIC, NUDCD3, PAPSSI, PLIN3,
RADIS8, SLCI2A7, SOX6, TAXIBPI1, TNEM178, TRIM24, ZNF767, ZKSCAN1 and ZKSCANS (3, 4,
9. 12, 14-19. 29, 30). To the best of our knowledge, the CLIP2-BRAF fusion has never been reported
in melanocytic lesions, but has been described in patients with histiocytic disorders and was
implicated in constitutive MAPK pathway activation (31, 32) A possible role of 5° fusion partner in
the determination of the biological behavior has been hypothesized in other solid tumors (33). As the
catalytic domain of the kinases is preserved in the rearrangements, the N-terminal fusion partner may

determine the function of the gene product (34).
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In conclusion, we have described a case of polypoid atypical Spitz tumor with fibrosclerotic stroma,

homozygous loss of 9p21, pl6 immunopositivity and a CLIP2-BRAF fusion that has not been

previously described in melanocytic lesions.
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10

Figure 1. A barely symmetrical, polypoid neoplasm showing a predominantly dermal growth without
subcutaneous tissue involvement, with fibrosclerotic stroma contraining dilated medium-sized vessels (A).
Small to medium size nests and short fascicles of melanocytes surrounded by fibrosclerotic stroma and
moderate lymphocytic infiltrate can be seen. (B). A close-up view of the lesion: epithelioid
melanocytes with copious amphophilic cytoplasm and moderate degree of nuclear pleomorphism
intimately associated with plumped fibroblasts and thickened collagen bundles are evident. (C).

Note mitotic figures activity (arrows) (D).

Figure 2. Schematic presentation of the CLIP2-BRAF fusion transcript as revealed by next generation
sequencing. The upper section: the scheme of joining of exon 8 of CLIP2 gene and exon 9 of BRAF
gene. The lower section: the sequencing coverage of point of fusion in grey, several unique reads in

red and blue respectively.
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CONCLUSIONS

Ph.D. thesis concludes postgraduate studies in pathology MD. Liubov Kastnerova
(previous name Kyrpychova). During the studies, the required goals were reached. With the help
of coauthors, we have documented the clinicopathological and molecular biologic characteristics
of different cutaneous epithelial and nonepithelial tumors.

The result of the four-year study is eight first-author works; all of them are related to
cutaneous neoplasms. The author also coauthored 12 publications. The results of all papers
presented in the doctoral thesis were published in various American journals with impact factor.
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