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2018 WHO KLASIFIKACIJA MELANOMA

Table 2.01 Classification of melanoma

Pathway I Low-CSD melanoma/superficial spreading melanoma

Melanomas arising in

sun-exposed skin Pathway Il.  High-CSD melanoma/lentigo maligna melanoma

Pathway lll: Desmoplastic melanoma

\ Pathway IV. Malignant Spitz tumour (Spitz melanoma)

low

Pathway V. Acral melanoma
Melanomas arising at

sun-shielded sites or Pathway VI: Mucosal melanoma

without known etiological

associations with UV Pathway VII: Melanoma arising in congenital naevus
radiation exposure

Pathway VIIl: Melanoma arising in blue naevus

Pathway IX: Uveal melanoma

Low/high-CSD melanoma, melanoma in skin with a low/high degree of cumulative sun damage.
Various: Nodular, naevoid, and metastatic melanomas.



GENETSKO OZADJE MELANOCITNIH
PROLIFERACIJ

Table 2,06 Classification of melanomas and precursor lesions on the basis of epidemiological, clinical, pathological, and genomic attributes

Low UV radiation exposure/CSD High UV radiation exposure/CSD
Pathway | ([ 1]
High-CSD Desmoplastic
Endpaint of pathway Low-CSD melanoma/SSM melanoma/LMM mela
k ? ?
Benign neoplasms (naevi) Naevus IMP IMP
Intermediate/low-grade dysplasias Low-grade BIN | OPN ? ?
and melanocytomas dysplasia ‘ |AMP/dysplasia |AMP/dysplasia
" BAP1-inactivated | Dszep penetrating
d l"'t: ;i': ::l:\';el:\:llg:og:rat?mas d ng's?s:;s melanocytoma/ melanocytoma/ | PEM/MELTUMP Lerm?;"r;)ahgna MIS
ysp Y ysp MELTUMP MELTUMP
Low-CSD : ; . .
Melanoma in BIN Melanoma in Melanoma in Desmoplastic
Malignant neoplasms melar(isr(t;\;;SSM (rare) DPN (rare) PEM (rate) LMM (VGP) IR LI
!
Common mutations®® | BRAFpVGOOE | BRAForNRAS | BRAF MAP2K1, BRAF + NRAS; BRAF NF1;
or NRAS + or NRAS PRKAR1TA {non-p VGOOE); 5
‘ BAP1 + or KIT. 7"
CTNNB1 or APC PRKCA or NF1
TERT: TERT: TERT, NFKBIE;
CDKNZA; TPS3, CDKN2A; TP53, NRAS; PIK3CA;
PTEN TEN: PTPN11
RACT

BIN, BAP1-inactivated naevus; BN, biue naevus; CBN, cellutar blue naevus: CN, congenital naevus; CSD, cumulative sun damage; DPN, deep penetrating naevus;
IAMP, intraepidermal atypical melanocytic proliferation; IAMPUS. intraepidermal atypical melanocytic praliferation of uncertain significance; IMP, intraepidermal melano-
cytic proliferation without atypia; LMM, lentigo maligna melanoma; low ! high-CSD melaroma, melanoma in skin with @ low! high degree of cumulative sun damage,
MELTUMP, melanocytic tumour of uncertain malignant potential; MIS, melanoma in situ; PEM, pigmented epithelioid metanocytoma. SSM, superficial spreading melanoma;
STUMP, spitzoid tumour of uncertain malignant potential; UV, ultraviolet, VGP, vertical growth phase (tumorigenic and/or mitogenic melanomay. :
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Low to no (or variablel/incidental) UV radiation exposure/CSD

v

Malignant Spitz tumour/
Spitz melanoma

Spitz naevus

Atypical Spitz tumour
(melanocytoma)

STUMP/MELTUMP

Malignant Spitz tumour/
Spitz melanoma
(tumorigenic)

HRAS;
ALK; ROST; RET, NTRKT,
NTRK3; BRAF; or MET

CDKNZA

v
Acral melanoma

2
Acral naevus

IAMP /dysplasia

Acral MIS

Acral melanoma (VGP)

KIT: NRAS; BRAF,
HRAS, KRAS,;
NTRK3. ALK;

or NF1

CDKN2A,
TERT,

vi

Mucosal melanoma

?
Melanosis

Atypical melanosis/
dysplasia/IAMPUS

Mucosal MIS

Mucosal lentiginous
melanoma (VGP)

KIT, NRAS, KRAS,

or
BRAF

NF1,
CDKNZA;
SF381.

vil

Melanoma in CN

CN

Nodule in CN
{melanocyioma)

MIS in CN

Melanoma in CN
(tumorigenic)

NRAS;
BRAF p.V600E
{small lesions);

or BRAF

vin

Melanoma in BN

Blue naevus

(Atypical) CBN
(melanocytoma)

Atypical CBN

Melanoma in blue naevus
(tumorigenic)

GNAQ,
GNA1T,
or CYSLTR2

BAPT,
EIFTAX. SF3B1

IX

Uveal melanoma

Naevus

Uveal melanoma

GNAQ, GNATT,
CYSLTR2,
or PLCB4

BAPT,
SF381; EIF1AX

Definitions: Melanocytoma is a tumorigenic neoplasm of melanocytes that generally has increased cellularity and/or atypia (compared with a common naevus) and an
increased (although generally still low) probability of neoplastic progression; tumorigenic means forming a mass of neaplastic cells.

* Common mutations in each pathway are listed; mutations already identified in benign or borderline low lesions are shown in bold.
b Blue, loss-of-function mutation; red, gain-of-function mutation; green, change-of-function mutation;

grey, pramoter mutation.

: purple, rearrangement;
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Low to no (or variablel/incidental) UV radiation exposure/CSD

Malignant Spitz tumour/
Spitz melanoma

v

Acral melanoma

vi

Mucosal melanoma

2

vil

Melanoma in CN

vin

Melanoma in BN

IX

Uveal melanoma

Spitz naevus e Molanosia CN Blue naevus Naevus
Atypical Spitz tumour IAMP/ dysplasia Alyplcal_ melanosis/ Nodule in CN (Atypical) CBN 2
(melanocytoma) dysplasia/IAMPUS (melanocytoma) (melanocytoma)
STUMP /MELTUMP Acral MIS Mucosal MIS MIS in CN Atypical CBN ?

Malignant Spitz tumour/
Spitz melanoma

Acral melanoma (VGP)

Mucosal lentiginous

Melanoma in CN

Melanoma in blue naevus

Uveal melanoma

(tumorigenic) melanoma (VGP) (tumorigenic) (tumorigenic)
HRAS; KIT, NRAS; BRAF, KIT, NRAS, KRAS, NRAS; GNAQ, GNAQ, GNATT,
ALK; ROST. RET, NTRKT, HRAS; KRAS; ar BRAF p.V60OE GNA1T, CYSLTR2,
NTRK3; BRAF; or MET NTRK3: ALK; BRAF {small lesions); or CYSLTR2 or PLCB4
or NF1 or BRAF
CDKNZA CDKN2A, NF1; BAPT, BAPT;
TERT, CDKNZ2A; EIF1AX, SF3B1 SF3B1, EIF1AX

SF381.

Definitions: Melanocytoma is a tumorigenic neoplasm of melanocytes that generally has increased cellularity and/or atypia (compared with a common naevus) and an
increased (although generally still low) probability of neoplastic progression; tumorigenic means forming a mass of neaplastic cells.

* Common mutations in each pathway are listed; mutations already identified in benign or borderline low lesions are shown in bold.
b Blue, loss-of-function mutation; red, gain-of-function mutation; green, change-of-function mutation;

grey, pramoter mutation.

: purple, rearrangement;
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SPITZ MELANOCITNE PROLIFERACHE IN KINAZNE FUZIJE
- INCIDENCA-

‘ ROS: 17%

‘ NTRK: 16%

.‘ ALK: 10%
‘.
/ BRAF: 5%
: 3%

Wiesner T et al. Nat Commun 2014; 5: 3116.
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TIP TUMORIA (n=140) (%)

SPITZ NEVUS (n=75) 55
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~
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Wiesner T et al. Nat Commun 2014; 5: 3116.
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Kinase fusions are frequent in Spitz tumours
and spitzoid melanomas
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FUZIJE NTRK SO PRISOTNE V MANJ
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NTRK3 kinase fusions in Spitz tumours
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Abstract

Oncogenic fusions in TRK family receptor tyrosine kinases have been identified in several cancers and can
serve as therapeutic targets. We identified ETVE-NTRK3, MYDSA-NTRK3 and MYH2-NTRK3 fusions in Spitz
tumours, and demonstrated that NTRK3 fusions constitutively activate the mitogen-activated protein kinase,
phosphoinositide 3-kinase and phospholipase Cy1 pathways in melanocytes. This signalling was inhibited by
DS-6051a, a small-molecule inhibitor of NTRK1/2/3 and ROS1. NTRK3 fusions expand the range of oncogenic
kinase fusions in melanocytic neoplasms and offer targets for a small subset of melanomas for which no targeted
options currently exist.

Copyright © 2016 Pathological Society of Great Britain and Ireland. Published by John Wiley & Sons, Ltd.
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SPITZ TUMORIJI — PARTNERSKI GENI PRI NTRK3 FUZIJAH

NTRK3 kinase fusions in Spitz tumours 285
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Figure 1. Structural details of NTRK3 fusions. The protein domain structure of NTRK3 is shown at the top with the N-terminal portion to
the left and the transmembrane (TM, green) and tyrosine kinase (purple) domains highlighted. Below, the protein domain structures of the
NTRK3 fusions identified are shown. Red arrows denote the fusion junctions. The blue backbone denotes the contribution from NTRK3,
and the grey backbone denotes the contribution from the N-terminal partner. The domains contributed by the N-terminal partners that
mediate dimerization of the native proteins [coiled-coil (CC) and sterile alpha motif) are coloured orange. The red backbone in MYH3-NTRK3
represents the novel sequence contributed by NTRK3 intron 13.

YEH | ET AL. J PATHOL 2016; 240: 282-290.




MELANOCITNE PROLIFERACIJA S FUZIJAMI NTRK3
- KLINICNO PATOLOSKE ZNACILNOSTI -
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YEH | ET AL. J PATHOL 2016; 240: 282-290.
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Spitz Tumors: Comparison of © The Audort) 2016

. o . N . eprints and permissions:
Histological Features in Relationship sagepub comfournlsPermisionsrav
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to Immunohistochemical Staining ©SAGE

for ALK and NTRKI

Maija Kiuru, MD, PhD'?, Achim Jungbluth, MD?, Heinz Kutzner, MD?,
Thomas Wiesner, MDz, and Klaus ). Busam, MD?

Abstract

Spitz tumors are a group of melanocytic neoplasms with distinct morphological features that tend to affect young
individuals. Distinguishing benign from malignant Spitz tumors can be challenging, but cytogenetic and molecular tests
have contributed to improvements in diagnostic accuracy. Spitz tumors harbor diverse genetic alterations, including
mutations in HRAS, loss of BAPI, or kinase fusions in ROSI, NTRK/, ALK, BRAF, and RET genes. Limited data exist on the
correlation between histopathological features and kinase fusions. Here, we describe the histopathological features of
|05 Spitz tumors (Spitz nevi and atypical Spitz tumors), comparing lesions according to their immunoreactivity for ALK
or NTRKI. Intersecting fascicular growth of fusiform melanocytes was seen in all but one ALK-positive tumor (27 of 28
or 96.4%), whereas it was infrequent in NTRK | -positive tumors (5 of 20 or 25.0%) and tumors negative for both ALK and
NTRKI (96.4% vs 25.0% vs 8.7%, P < .0027). There was a trend toward ALK-positive tumors being amelanotic compared
with NTRK | -positive tumors and combined ALK-/NTRK-negative tumors (89.3% vs 45% vs 47.4%, respectively, P =
.1023) and lacking epithelioid cell morphology (0% vs 45.0% vs 41%, respectively, P = .6985). In conclusion, this study
confirms that although not specific, the growth pattern of intersecting fascicles of amelanotic fusiform melanocytes is
strongly associated with ALK expression.
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105 SPITZ NEVUSOV IN ATIPICNIH SPITZ
TUMORIEV

IMUNOHISTOKEMIJA
e HOMOGENO IN MOCNO BARVANJE

ALK (26,7%, 28/105)

NTRK1 (19%, 20/105)

ALK IN NTRK1 SE MEDSEBOJNO
1IZKLJUCUJETA

KIURU M ET AL. INT J SURG PATHOL 2016; 24: 200-206.




MELANOCITNE PROLIFERACIJA S FUZIJAMI NTRK3
- KLINICNO PATOLOSKE ZNACILNOSTI -

Figure 2. NTRK-positive Spitz nevus: A. Silhouette of a raised papule of a compound epithelioid melanocytic proliferation
(hematoxylin and eosin). B. Immunohistochemistry for NTRK highlights a plaque-like growth of dense sheet-like aggregates of
melanocytes in the superficial dermis. C. The lesion is predominantly composed of large amelanotic epithelioid melanocytes. Scattered
lymphocytic aggregates are present. D. Fluorescence in situ hybridization for NTRK | documents rearrangement (break-apart probe).

KIURU M ET AL. INT J SURG PATHOL 2016; 24: 200-206.




SPITZ PROLIFERACIJE Z NTRK1 FUZIJO
- HISTOLOSKE ZNACILNOST] -

A Comparison of Morphologic and Molecular Features
of BRAF, ALK, and NTRK1 Fusion Spitzoid Neoplasms

Sapna M. Amin, MD* Alexandra M. Haugh, BA* Christina Y. Lee, BA* Bin Zhang, MS*
Jeffrey A. Bubley, BA* Emily A. Merkel BA* Anna Elisa Verzi, MD*
and Pedram Gerami, MD*

Abstract: Recent studies have identified translocations involving
the kinase domains of ALK, NTRKI, BRAF. RET.and ROS in
spitzoid neoplisms. Subsequent studies have also characterized
morphologc features corresponding to ALK and NTRK!
translocations. In this study, we sought to further compare
morphologic features across a range of 49 genetically defined
spitzoid neoplasms with ALK, NTRKI, BRAF, or RET lfusions
to determine discriminating features. We also compared them
with a group of 22 spitzoid ncoplasms, which were confirmed to
be negative for fusions in ALK, NTRKI. BRAF. and RET.
Features with the highest discriminatory value included dia-
meter of the lesion. dermal architecture, and certain cytomor-
phologic features. Spedifically, cases with a large diameter
(=9mm) and wedge-shaped, plexiform dermal architecture of
nests of large, spindk-shaped cells were most likely to have an
ALK fusion. NTRKI-fused cases were mast likely of the fusions
to have Kamino bodies and were typically arranged in smaller
nests with smaller predominantly spindke-shaped cells, occa-
sionally forming roscttes. BRAF fusion cases were the only fu-
sion subtype to have a predominance of epithelioid cells, were
less organzed in nests, and commonly had a sheet-like growth
pattern or dysplastic Spitz architecture. BRAF fusion cascs were
most likely to have high-grade nuclear atypia, to be diagnosed as
spitzoid melanoma, to have a positive result by melanoma flu-
orescence in situ hybridization assay, and to develop copy
number gains in the kinase domain of the fusion protein. On the
basis of experience from this cohort, B8R4 F-fused cases appear
most likely to progress to melanoma.

Key Words: 4IK, NTRKI, BRAF, RET. ROS, Spitz tumors,
melanoma, spitzoid melanoma, Spitz nevi, FISH

(Am J Swrg Pathol 2017,41:491-498)

he initiating genomic evenl for a significant pro-

portion of spizoid neoplasms has now been de-
scribed. This includes gene mutations and/or copy
number gains involving //RAS.! and, more recently, a
number of translocations involving either BRAF, RET,
ROS. ALK, or NTRKI have been descnibed. The trans-
locations in these cases result in loss of the normal reg-
ulatory domain of these proteins and ultimately
activation of the kinase domain.? There have been a
number of studies describing the morphologic features of
spitzoid neoplasms with /IRAS mutations, ALK trans-
locations, and NTRK/ translocations.!™ However, the
overall data are relatively limited, particularly with regard
to studying the morphologic features of the BRAF-
translocated, RET-translocated, and ROS-translocated
spitzoid neoplasms.

The above translocations have been described in
Spitz nevi, Spitz tumors, and spitzoid melanoma. Yet
there is relatively sparse information regarding whether
any of these translocation subgroups of spitzoid neo-
plasms is at a higher risk of transforming © melanoma
and what results to expect when assessing these cases by
fluorescence in situ hybridization (FISH) or comparative
genomic hybridization (CGH). For example, using the
ALK break-apart probe. our group recently noted copy
number gains involving the ALK kinase domain of 4 LK-
translocated spitzoid tumors that lack sufficient mor-
pholo%ic and molecular criteria of a diagnosis of mela-
noma.”® In the current study, we describe a series of 17
ALK-translocated  spizoid neoplasms, 17 NTRKI-
translocated spitzoid neoplasms, 14 BRA Ftranslocated
neoplasms—13 of which were spitzoid and | of which had
balloon cell morphology—1 RET-translocated spitzoid
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AMIN SM ET AL. AM J SURG PATHOL 2017; 41: 491-498.
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HISTOLOSKE ZNACILNOST!I
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[

r FIGURE 2. A NTRK1 fusion Spitz tumor organized in relatively smaller sized nests (H&E), B, Within the nests, there are smaller-

sized spitzoid melanocytes with a predominance of spindie-shaped cytomorphology (HEE). C, A rosettedke pattern of the nuche:
can o<casionally be seen (H&E). D, The last panel shows H5H with a break-apart probe targeting the kinase domain of NTRKT with
the yellow fluorachrome nd the regulatory domain with the green fluorochrome (ASH). There are cells with separation of the

yeliow and green signals as well as cells with the yellow signal with no accompanying green signal, suggestive of an NTRX] fusion
M E LA N OC ITN E ROZ ETE H&E indicates hematoxylin and eosin

AMIN SM ET AL. AM J SURG PATHOL 2017; 41: 491-498.




Filigree-like Rete Ridges, Lobulated Nests, Rosette-like
Structures, and Exaggerated Maturation Characterize Spitz
Tumors With NTRKT Fusion

Iwei Yeh, MD, PhD,* Klaus J. Busam, MD,7 Timothy H. McCalmont, MD,*
Philip E. LeBoit, MD,* Daniel Pissaloux, PhD,j Laurent Alberti, PhD,}
Arnaud de la Fouchardiére, MD, PhD,}§ and Boris C. Bastian, MD, PhD*

Abstract: Activating NTRKI fusions have been desaibed as
oncogenic events across the spectrum of Spitz tumors. Herein we
report a series of 38 Spitz tumors with NTRK! fusion. These
Spitz tumors have distinctive histopathologic features charac-
terized by filigree-like rete ridges which are elongated, thin and
branched, dermal melanocytes arranged in a rosette-like config-
uration, and marked diminishment of mdanocyte size with de-
scent into the dermis. These features are distinct from those of
other genetically defined subtypes of Spitz tumors and can aid in
microscopic diagnosis and help prioritize in case selection for
molecular testing in the rare patients that need targeted therapy.

Key Words: Spitz nevus, Spitz tumor, Spitz melanoma, NTRKI,
kinase fusion

(Am J Surg Pathol 2019:43:737-746)

pending on the presence or absence of features worrisome
for melanoma, tumors are classified as benign (Spitz ne-
vus), intermediate (atypical Spitz tumor or melanocytic
tumor of unknown potential [ MELTUMP]), or malignant
(malignant Spitz tumor or spltzmd melanoma depending
on their genetic characteristics).” There is considerable
uncertainty and interobserver variation in categorizing
Spitz tumors into these 3 subcategories.*> Although some
atypical Spitz tumors metastasize to reglondl lymph nodes
they rarely cause distant metastases,® mdxcatmg that
bona fide Spitz melanomas are rare. Most Spitz nevi occur
during childhood, adolescence, or early adult life® and
their incidence decreases with age, a pattern opposite to
that of cutaneous melanoma.

Sp'tz nevi lack BRAF or NRAS mutations which are
found i a mutually exclusive pattemn in the majority of com-
mon and cmgemlal nevi and cutaneous melanomas. 01013
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FIGURE 4. Lobulated nests in Spitz tumors with NTRKT fusion. A large lobulated nest from case 7 (A), accompanied by a diagram
highlighting the internal small nests within (B).
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FIGURE 5. Rosette-like structures in Spitz tumors with NTRKT fusion. From left to right: case 30, case 37, case 14.
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Genomic Fusions in Pigmented Spindle Cell Nevus of Reed

Timothy VandenBoom, MD,* Victor L. Quan, BA* Bin Zhang MS* Erin M. Garfield BS*
Betty Y. Kong MD, PhD,* Maria C. Isales, MD, MPH* Elnaz Panah, MD,* Catherine Igartua, PhD,j
Timothy Taxter, MD, 7 Nike Beaubier, MD,7 Kevin White, PhD,7 and Pedram Gerami MD*

Abstract: Recent molecular studies of spitzoid neoplasms have
identified mutually exclusive kinase fusions mvolving ROS1, ALK,
RET, BRAF, NTRK1, MET, and NTRK3 as carly initiating
genomic events. Pigmented spindle cell nevus (PSCN) of Reed is a
morphologic variant of Spitz and may be very diagnostically
challenging, having histologic features concerning for melanoma.
Their occurrence in younger patients, lack of association to sun
exposure, and rapid early growth phase similar to Spitz nevi sug-
gest fusions may also play a sgnificant role in these lesions.
However, to date, there is little data in the literature focused on the
molecular characterization of PSCN of Reed with next-generation
sequenang. We analyzed a total of 129 melanocytic neoplasms
with RNA sequencing including 67 spitzoid neoplasms (10 Spitz
nevi, 44 atypical Spitz tumors, 13 spitzoid melanomas) and 23
PSCN of Reed. Although only 2 of 67 (3.0%) of spitzoid lesions
had NTRK3 fusons, 13 of 23 (57%) of PSCN of Reed harbored
NTRK3 fusions with 5’ partners ETV6 (12pl3) in 2 cases and
MYOSA (15g21)in 11 cases. NTRK3 fusions were confimned with
a fluorescent in situ hybndization break-apart probe. The presence
of a NTRK3 fusion comrelated with younger age (P=0.021) and
adnexal extension (P=0.001). Other minor fusions identified in
PSCN of Reed included MYOSA-MERTK (2). MYOSA-ROSI,
MYOSA-RET, and ETV6-PITX3 leading to a total of 78% with
fusions. Our study suggests that the majority of PSCN of Reed are
the result of genomic fusions, and the most frequent and charac-
teristic genomic aberration is an NTRK3 fusion.

Key Words: pigmented spindle cell nevus, Reed nevus, NTRK3,
kinase fusions, melanocytic nevus, melanoma, spitz nevus, spitz
tumor

(Am J Surg Pathol 2018:42:1042-1051)

he diagnosis of Spitz and Reed nevi can be highly chal-
lenging and these neoplasms can be easily misdiagnosed
as melanoma."* Integration of genomic findings with mor-
phology may assist in more precise classification of these le-
sions with better ability to predict chinical behavior. Recent
studies have described specific, mutually exclusive kinase fu-
sions that occur in roughly 50% of spitzoid neoplasms in-
cluding ROSI, ALK, RET, BRAF, NTRKI, MET, and
more recently NTRK3. Some of these fusions yield charac-
teristic morphologic features. Rearrangement to a variable
partner results in constitutive activation of the kinase and
subsequent activation of downstream signaling pathways
with effects on factors such as cell size, proliferation, and
survival.>® Kinase fusions are present across the spectrum of
benign to intermediate grade to malignant spitzoid lesions and
are therefore likely early mitiating genomic events.
Pigmented spindle cell nevus (PSCN) of Reed was
first described in 1975 by Reed et al® as a distinct entity of
melanocytic nevus but is now regarded as a heavily pig-
mented and spindle cell variant of Spitz nevus. Like Spitz
nevi, Reed nevi may morphologically show confluent and
expansile junctional nesting, pagetoid dispersion, and cy-
tologic atypia raising concern for melanoma. As in many
Spitz nevi, PSCN of Reed often occurs in younger pa-
tients, occurs in a distribution independent of sun ex-
posure, and may have a rapid early growth phase followed
by senescence suggesting a high likelihood that fusions
play a role in their development. While there have been
numerous recent studies focused on the genetic charac-
terization of the different morphologic variants of Spitz
nevus,'"'? only minimal data is available in the literature
regarding the genetic characterization of PSCN of Reed
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FIGURE 3. NTRK3 fusion PSCN of Reed (hematoxylin and eosin). A, Low-power view showing a well-circumscribed melanocytic lesion
encased by epidermal hyperplasia. B, Expansile, heavily pigmented nests with prominent clefting from the adjacent epidermis. C, Highly
spindled, heavily pigmented melanocytes without significant nuclear atypia. D, NTRK3 FISH break-apart probe showing separation of green
and red signals, confirming NTRK3 fusion status. The white box highlights a representative cell showing separation of 5' and 3' ends of NTRK3.
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TABLE 1. Clinical and Histopathologic Characteristics of PSCN of Reed and NTRK3-positive Melanocytic Neoplasms

Cytologic
Case Diagnosis  Age (v) Sex Location Fusion Silhouette Cell Size Atypia
1 Tumor of Reed 2 M Canthus, left lateral MY O5A-NTRK3 Dome-shaped Large: Moderate

epithelioid component
2 PSCN of Reed 30 F Arm, right upper MY OSA-NTRK3 Plague-like Small Moderate
3 PSCN of Reed 35 M I'high, left posterior MY OSA-NTRK3 Plague-like Small Mild
- PSCN of Reed 8 M Leg, night lower MY OSA-NTRK3 Plague-like Large Moderate
5 PSCN of Reed 27 F Thigh, nght MY OSA-NTRK3 Plague-like Large Moderate
6 PSCN of Reed 3 F Thigh, right MY OSA-NTRK3 Plague-like Large Moderate
7 PSCN of Reed 9 F Knee, left MY O5A-NTRK3 Plaque-like Large Moderate
8 PSCN of Reed 6 F Thigh, left MY OSA-NTRK3 Plague-like Large Moderate
9 PSCN of Reed 17 F Trunk, left MY OSA-NTRK3 Plague-like Small Moderate
10 PSCN of Reed 26 M Shoulder, MY OSA-NTRK3 Plague-like Large Moderate
right anterior

11 PSCN of Reed 2 M Helix, right MY OSA-NTRK3 Plague-like Large Moderate
12 PSCN of Reed 13 F Neck, right ETV6-NTRK3 Plague-like Large Moderate
13 PSCN of Reed 28 M Back, mid ETV6-NTRK3 Plague-like Small Mild
14 PSCN of Reed 34 M Back, left lower MYOSA-MERTK Plague-like Small Moderate
15 PSCN of Reed 29 F Arm, right upper MYOSA-MERTK Plague-like Large Moderate
16 PSCN of Reed 30 F Arm, left MY O5A-ROSI Plague-like Large Moderate
17 PSCN of Reed 62 F Thigh, night lateral MY OSA-RET Plague-like Small Mild
18 PSCN of Reed 27 F Elbow, left ETV6-PITX3 Plague-like Large Moderate
19 PSCN of Reed 39 F Arm, left upper lateral Plague-like Large Moderate
20 PSCN of Reed 33 3 Arm, left upper Plague-like Large Moderate
21 PSCN of Reed 23 F Wrist, nght - Plague-like Large Moderate
22 PSCN of Reed 33 F Foreamm, left Plague-like Large Severe
23 PSCN of Reed 26 F Hip, right Plague-like Large Moderate
24 Spitz mumor 18 M Mandible, right MY O5A-NTRK3 Plague-like Small Moderate
25 Spitz nevus 41 F Thigh, left MY OSA-NTRK3 Dome-shaped Small Mild

F indicates female; M, mak.

VAN DEN BOOM T ET AL. AM J SURG PATHOL 2018; 42: 1042-1051.







Primary and Metastatic Melanoma With NTRK [Fusions

Cecilia Lezcano, MD,* Alexander N. Shoushtari MD,7 Charlotte Ariyan, MD,}
Travis J. Hollmann, MD, PhD.* and Klaus J. Busam MD*

Abstract: A number of oncogenic driver mutations have been
identified in melanocytic nevi and melanoma, but translocations
also play a role in tumorigeness and provide potential therapeutic
targets for malignant lesions. Various translocations, such as those
involving the anaplastic lymphoma kinase (4LK), neurotrophic
tropomyosin receptor kinase 1 (NVTRKI), and NTRK3 have been
reported in spitzoid melanocytic neoplasms leading to kinase-fusion
proteins that result in immunohistochemically detectable ALK or
NTRK expression. We have previously reported that ALK ex-
pression can be found in nonspitzoid primary and metastatic cu-
tancous melanomas. In this study we report that nonspitzoid
metastasizing melanomas of adults may also harbor NTRK fusions
and that NTRK expression can be immunohistochemically de-
tected in these tumors. Of 751 melanomas analyzed by next-gen-
eration sequencing, 4 metastatic melanomas were identified with
NTRK fusions, 3 involving NTRKI, 1 involving NTRK2. They
occurred in 3 women and 1 man. Two of the corresponding pri-
mary tumors were from the trunk, 1 from an extremity and 1 tumor
arose in anal skin. One primary tumor displayed features of su-
perficial spreading melanoma and 3 were nodular melanomas. All
tumors were cytologically characterized by the presence of large
epithelioid melanocytes. All tumors were immunoreactive with anti-
Trk antibody. Next-generation sequencing documented that the
NTRKI fusion partners included TRIM63, DDR2, and GON4L.
One tumor harbored an NTRK2-TRAF2 fusion. Thus, our findings
document that NTRK kinase fusions can occur in nonspitzoid
metastasiang melanomas of adults. The presence of an NTRK
family fusion in these tumors may provide a therapeutic oppor-
tunity in a small subset of patients with metastatic melanoma.

Key Words: NTRK, immunohistochemistry, melanoma, pathology
(Am J Surg Pathol 2018;42:1052-1058)

for cutaneous melanoma: mutant BRAF, RAS, NFI, and
triple wild-type tumors.! The latter group encompasses mel-
anomas with molecular aberrations that are infrequent, such
as mutations of KIT,>? GNA11* and GNAQ,* or genomic
rearrangements of BRAF3® and RAF1.7 Aside from muta-
tions, the pathogenesis of melanoma is also influenced by
other events, including, but not limited to DNA copy number
changes ® ! translocations,'>!3 DNA methylation,'® and al-
temative transcriptional mitiation (ATD."

With regard to genomic rearrangements in melano-
cytic tumors, much has been learned from the study of
spitzoid neoplasms.'®!® The most common type of aber-
rations in this subclass of melanocytic tumors involve
various receptor-tyrosine kinases, including anaplastic
lymphoma kinase (4LK), ROSI, neurotrophic tropo-
myosin receptor kinase 1 (NTRKI), NTRK3. RET, or
MET, and the serine-threonine kinases BRAF.'>'92% The
rearrangements link the kinase domain of these signaling
proteins to a wide range of fusion partners, leading to
highly expressed and kinase-active proteins. The resulting
chimeric proteins stimulate multiple oncogenic signalin
pathways and promote tumor initiation and progression. '

Recent searches for possible similar genomic re-
arrangements in melanomas led to the discovery of a novel
ALK isoform."” This transcript is expressed from a de
novo ATI site in ALK intron 19, and was accordingly
named ALK?"!. Melanomas with ALK*™ expression
show ?osilive staining by ALK immunohistochemistry
(IHC)."” In a large set of primary and metastatic mela-
nomas ALK immunoreactivity was found only rarely, and
il present, was not assoclated with 4LK translocations,
but with the truncated ALK*™ isoform.2! Nonetheless,
for the few patients whose tumors express ALK, it may
provide a unique therapeutic opportunity.
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TABLE 1. Clinical, Pathologic, and Molecular Findings of
Melanomas With NTRK Fusions

Case 1 Case 2 Case 3 Case 4
Age (y) 63 47 55 36
Sex Male Female Female Female
Site of primary Shin Perianal Umbilical Back
Breslow (mm) 23 28 45 6.2
Ulceration No No No Present
Tumor mitotic 11 8 4 27
rate (/mm?)
I'vpe Nodular  Superficial Nodular Nodular
spreading
pattern
Cytology Large Large Large Large
epithelioid epithelioid epithelioid  epithelioid
Melanin Absent Present Absent Absent
Age at 65 47 58 39
metastasis (y)
Site of metastasis Skin, Lymph node Colon Duodenum
lymph
node
NTRKI1 fusion NTRKI1- NTRK2- NTRKI- NTRKI-
TRIM63 TRAF2 DDR2 GON4L
Other dnver None None NF1 NRAS
mutations truncaton; Q61L
RAC1 p295

LEZCANO C ET AL. AM J SURG PATHOL 2018; 42: 1052-1058.
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FIGURE 1. Metastatic melanoma in dermis (case 1). A, Amelanotic tumor is present in the dermis. B, The tumor is composed of
epithelioid melanocytes. C, The tumor cells are immunoreactive for NTRK.

LEZCANO C ET AL. AM J SURG PATHOL 2018; 42: 1052-1058.
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FIGURE 2. Metastatic melanoma in lymph node (case 2). A, Amelanotic melanoma is located predominantly at the periphery of

the node. B, The tumor cells display epithelioid cell features. C, The tumor cells are immunoreactive for NTRK. D, The epithelioid
melanoma cells are immunoreactive for NTRK.
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