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NTRK3-EMI4-rearranged spindle cell tumor with co-
expression of S100 and CD34: an unusual mesenchymal
tumor in the spectrum of the bland-looking spindle cell
lesions of the oral cavity
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Sabina Barresi, PhD, Rita Alaggio, MD, PhD.““ and Gaetano Magro, MD, PhD*

Check for
updates

A novel category of spindle cell tumors characterized by Neurotrophic Tyrosine Receptor Kinase (NTRK) rearrangements with a
dual immunoreactivity for S-100 and CD34 has emerged in the last years as a distinct entity among soft tissue neoplasms. These
genetic alterations lead to the continuous activation of NTRK genes, driving tumorigenesis and offering a unique prospect for tar-
geted therapy. We herein present a rare case of NTRK3-rearranged spindle cell tumor with a hitherto unreported gene fusion
involving the exon 14 of NTRK3 with the exon 2 of Echinoderm Microtubule-Associated Protein-Like 4, arising in the head and
neck region. Tumor occurred in a 45-year-old patient who presented with a painful nodule in the oral mucosa. Due to the possi-
bility of personalizing the treatment strategy for such tumors, pathologists should be aware of this emerging group of spindle cell
tumors to promptly recognize them even when they occur in uncommon locations, including the oral cavity. (Oral Surg Oral

Med Oral Pathol Oral Radiol 2024;138:635—640)

Neurotrophic Tyrosine Receptor Kinase (NTRK)
rearrangements have gained significant attention in
recent years due to their implications for tumor diagno-
sis and treatment. ' Accurate diagnosis of NTRK
fusion-positive tumors relies on comprehensive molec-
ular profiling techniques, including fluorescence in situ
hybridization (FISH), reverse transcriptase-polymerase
chain reaction (RT-PCR), and next-generation
sequencing (NGS).**

Fusion events involving kinase genes, leading to the
oncogenic activation of various kinase proteins, have
been increasingly recognized in mesenchymal tumors.’
The histologic spectrum of kinase fusion-positive mes-
enchymal tumors has expanded to encompass several
emerging entities, including lipofibromatosis-like neu-
ral tumors (LPFNTSs), infantile fibrosarcoma (IFS)-like,
inflammatory myofibroblastic tumor (IMT)-like as well
as malignant peripheral nerve sheath tumor (MPNST)-
like.® It is crucial to be aware of the wide
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morphological spectrum of these tumors to confirm the
diagnosis by means of immunohistochemical and
molecular tests.” The detection of the underlying
fusions can be potentially exploitable for targeted ther-
apy using various kinase inhibitors.”

Most of these lesions exhibit a monotonous prolifer-
ation of bland-looking spindle cells, often arranged in a
patternless or vaguely fascicular pattern, with deposi-
tion of stromal and perivascular keloid-like collagen
fibers; occasionally scattered pleomorphic and/or mul-
tinucleated cells can be seen.'”'" Most cases show low
cellularity, low mitotic count and absence of tumor
necrosis. Although some cases may exhibit an overlap-
ping morphology with LPFNTS, others display distinc-
tive hyalinization and overt malignant histologic
features, such as high cellularity, fascicular growth pat-
tern, brisk mitotic activity and a primitive
appearance.'”'" Immunohistochemically, many of
these tumors, regardless of the kinase fusion type,
exhibit focal to diffuse co-expression of S100 and
CD34, while SOX10 is consistently negative.'” Recog-
nizing the wide histologic spectrum of these tumors is
crucial to ask for appropriate immunohistochemistry
and molecular testing for detecting the underlying gene
rearrangements.” '~ We herein present a rare case of
NTRK3-Echinoderm Microtubule-Associated Protein-
Like 4 (EMLA4)-rearranged spindle cell tumor occurring
in the oral mucosa of a 54-year-old patient. The patho-
logic features and differential diagnoses are empha-
sized and discussed.

CASE PRESENTATION

A 54-year-old male presented to the Ear Nose and
Throat Clinic of our hospital with a history of a slow-
growing, painless, sessile mass arising from the maxil-
lary left posterior gingiva (Figure 1A) and measuring
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Fig. 1. (A) A slow-growing, painless nodule extending through the vestibule to the buccal mucosa is seen. (B) Low-power magni-
fication showing a monotonous proliferation of bland-looking spindle-shaped cells arranged haphazardly and in short intersecting
fascicles (hematoxylin and eosin; original magnification 100x). (C) Neoplastic proliferation is interrupted by numerous thick,
keloid-like collagen bands. Perivascular hyalinization is also seen (hematoxylin and eosin; original magnification 200x). Note
the mild nuclear atypia of neoplastic cells at higher magnification (insert; original magnification 400x) (D) Diffuse infiltration of
the surrounding striated muscle and adipose tissue is shown (hematoxylin and eosin; original magnification 50x).

about 3 cm in its greatest dimension, that had been
present for 10 months. The lesion extended from the
maxillary gingiva through the vestibule and also
involved the buccal mucosa. No history of previous
local trauma was reported. The patient had a noncon-
tributory medical and social history. Clinically, the
lesion presented as a whitish and infiltrative nodule
and firm in consistency. No evidence of bleeding or
exudates was seen. Routine panoral radiography
showed the lack of bone resorption. Magnetic reso-
nance imaging studies revealed extensive infiltration of
the surrounding musculature and adipose tissue.
Accordingly, an excisional biopsy was performed
under local anesthesia.

Grossly, the surgical sample consisted of a brown-
ish-white mass of approximately 3 x 2.5 x 1.5 cm in
size. The cut surface of the lesion appeared yellowish-
white in color and firm in consistency. Tissue speci-
mens were formalin-fixed, paraffin-embedded, cut to 4
microns, and stained with hematoxylin and eosin.
Immunohistochemical analyses were performed with
the labeled streptavidin-biotin peroxidase detection
system using the Ventana automated immunostainer
(Ventana Medical Systems, Tucson, AZ, USA). The
following antibodies were tested: CD34 (1:50), S100,
vimentin (1:100); a-smooth muscle actin (1:200); des-
min (1:100); cytokeratin (CK) AE1/AE3 (1:50); SOX-
10 (1:100); MELAN-A (1:200); HMB-45 (1:150);
ALK protein (1:50); STAT-6 (1:200); ERG (1:200);
CD10 (1:100); EMA (1:200); trimethylated histone 3
at lysine residue 27 (H3K27me3) (1:500); INI-1 (:
200); CD99 (1:100) and HHV-8 (1:50); all from Dako,
Glostrup, Denmark.

Histologic examination revealed a monotonous pro-
liferation of bland-looking spindle cells arranged hap-
hazardly (patternless) or in short intersecting fascicles
(Figure 1B). This growth pattern was interrupted by
several thick keloid-like collagen bands (Figure 1B).
Although mild nuclear pleomorphism was focally seen,
mitotic count was very low (<1/50 HPFs), and tumor
necrosis was absent. The tumor exhibited diffuse infil-
tration into the surrounding striated muscle and adipose
tissue (Figure 1B). Immunohistochemically, neoplastic
cells were diffusely and strongly stained with CD34
(Figure 2A), vimentin and S-100 protein (Figure 2B),
while no immunoreactivity for SOX-10 (Figure 2C),
MELAN-A, HMB-45, a-smooth muscle actin, desmin,
ALK protein, STAT-6, ERG, CKAE1/AE3, CDI0,
EMA, CD99 and HHV-8 was found. Notably, the neo-
plastic cells retained INI-1 and H3K27me3 expression.

Differential diagnosis mainly revolved around pri-
mary/metastatic melanoma, spindle cell MPNST,
reparative keloid tissue, dermatofibroma, myoepithe-
lioma, leiomyoma, and schwannoma. Melanoma was
ruled out on the basis of the clinical history of the
patient, which was unremarkable for previous melano-
mas, along with the diffuse CD34 immunoreactivity
and the absence of the expression of melanocytic
markers (SOX-10, HMB45, Melan A). Unlike the case
herein presented, MPNSTs (85%-90% cases) are usu-
ally high-grade spindle cell sarcomas with diffuse mod-
erate-to-severe cytological atypia, high mitotic activity,
and tumor necrosis. The typical features consisting of
hypercellular areas arranged in densely cellular fas-
cicles, often alternating and interdigitating with more
hypocellular and myxoid areas, were lacking in our
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Fig. 2. Neoplastic cells are diffusely and strongly stained with CD34 (A) and S100 protein (B), while they are consistently nega-
tive for SOX10 (C) (immunoperoxidase; original magnifications 200x ). (D) Illustrative representation of the chimeric transcript
between the exon 14 of NTRK3 gene and the exon 2 of EML4 gene, found by next-generation sequencing.

case. In addition, immunohistochemical analyses were
helpful in the differential diagnosis in that MPNST
does not show diffuse S100 immunoreactivity (with
very rare exceptions) while, unlike in our case, there is
the loss of H3K27me3 expression.”” The lack of previ-
ous local trauma allowed us to exclude the possibility
of reparative keloid tissue. Dermatofibroma was
excluded on the basis of CD34 and S100 expressions,
as both markers are usually lacked in this lesion. In
addition, although myoepithelioma may be usually
S100-positive, it is also frequently positive for epithe-
lial markers (CKs, EMA) and negative for CD34.
Lastly, leiomyoma was ruled out on the basis of the
absent expression of myogenic markers (c-smooth
muscle actin and desmin), while schwannoma was
excluded because the tumor herein presented lacked a
fibrous capsule, and it was diffusely positive for CD34.

Being aware of the existence of a novel group of
spindle cell tumors exhibiting co-expression of S100
and CD34 and characterized by fusion events involving
various tyrosine kinases, including NTRKI-3, RAFI
and BRAF, molecular analyses were conducted to iden-
tify potential genetic alterations. NGS was performed
using a DNA panel for the identification of point muta-
tions, INDEL and copy number variations, and an
RNA panel for the detection of gene fusions. The RNA
sequencing revealed a quite unusual fusion rearrange-
ment involving the exon 14 of NTRK3 gene with the
exon 2 of EMLA4 gene (Figure 2D). Based on the mor-
phological, immunohistochemical, and molecular fea-
tures, a diagnosis of NTRK3-EML4-rearranged spindle
cell tumor with co-expression of S100 and CD34 was
rendered. The lesion focally reached the surgical resec-
tion margins but no residual tumor was found on the
subsequent surgical enlargement. Neither distant meta-
static disease nor other lesions were detected on full-

body computed tomography scans. Patient is now
healthy with neither evidence of local recurrence nor
distant metastases after a 48-month follow-up.

DISCUSSION

NTRK rearrangements represent a recently described
and relatively rare group of molecular drivers observed
in a wide range of tumors from various anatomical
locations, including the central nervous system, soft tis-
sues and salivary glands.'” These rearrangements
mainly consist of fusions of NTRK gene family, most
commonly NTRKI, NTRK?2 or NTRK3, with other part-
ner genes.”'? This fusion results in the constitutive
activation of the NTRK kinase domain, leading to the
initiation of downstream signaling pathways, including
the MAPK and PI3K-AKT pathways. This activation
promotes cell proliferation and survival, leading to the
recognition of NTRK fusion-positive tumors as distinct
and potentially targetable entities.'*

NTRK fusions are clinically actionable with first-
generation NTRK tyrosine kinase inhibitors such as lar-
otrectinib or entrectinib showing responses in both
adult and pediatric patients with NTRK fusion-positive
tumors.' The identification of NTRK-fused neoplasms
often requires molecular profiling since histological
features alone may not be specific. Techniques for
identification include FISH, RT-PCR, and NGS.’

The EMIA4 gene encodes a protein involved in
microtubule stabilization, which is crucial for main-
taining cell shape and function.'” In oncology, the
EMIA4 gene has gained significant interest in that it
undergoes genetic events in some tumors including
nonsmall cell lung cancer (NSCLC), in which it is fre-
quently fused with ALK gene.'” NTRK3-EMIA4 rear-
rangements are quite unusual and have been described
in cases of NSCLC, cervicovaginal sarcomas, osseous
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sarcomas, gangliogliomas, IFSs, congenital mesoblas-
tic nephromas and dermatofibrosarcoma protuber-
anS.lS_l()

In the 5th edition of the World Health Organization
classification of soft tissue and bone tumors, NTRK
fusion-related spindle cell tumors have been recognized
as an emerging entity.”>' This category encompasses a
spectrum of tumors exhibiting various morphologies,
including bland-looking to high-grade tumors, with a
variable clinical behavior. Tumors in this group include
LPENTs, spindle cell tumors with the co-expression of
S100 and CD34 resembling MPNSTs, IFSs, adult-type
fibrosarcoma, IFS-like lesions with related fusion kin-
ases and spindle cell sarcomas with hemangiopericy-
toma or myopericytoma-like pattern.”'”

Histologically, most NTRK-fused mesenchymal
tumors are characterized by a monotonous proliferation
of bland-looking spindle cells with an infiltrative
growth pattern and frequent dual expression of S100
and CD34, along with the lack of SOX-10
immunoreactivity.”'> Although this immunoprofile is
helpful for the diagnosis, it should be emphasized that
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it is not specific to NTRK-rearranged tumors, as over-
lapping morphological and immunohistochemical fea-
tures can be detected in other tumors harboring
alternative protein kinase fusions, particularly those
involving RET, RAF1, and BRAF. The main differen-
tial diagnoses include primary/metastatic melanoma
and MPNST. Both these tumors can be confidentially
ruled out by means of immunohistochemistry. Apart
from S100, melanoma typically exhibits diffuse and
strong positivity for SOX10, Melan A, and HMB45
while MPNST frequently shows the complete loss of
H3K27me3 expression.”' >

Although mesenchymal tumors with kinase rear-
rangements were initially described in superficial soft
tissues, they have been reported in multiple deep ana-
tomic locations, including thorax, gastrointestinal, and
gynecologic tract.””> We are aware of only 24 cases
reported in the head and neck region to date, mostly in
the form of single case reports or small case
series™!#?*2°2 (Table ). The most frequent kinase
genes involved in descending order were: NTRKI (13
cases), NTRK3 (6 cases), BRAF (2 cases), RET (2

Table I. Clinico-pathologic and molecular features of the previously reported cases of mesenchymal tumors with

kinase fusions in the head and neck region

Authors Cases (n) Gender Age  Anatomic site Morphology Gene Fusion Outcome
fusion  partner (follow-up time)
Kao et al.’ 2 F 38y  Scalp (dermis/subcutis) LPENT NTRKI NA NA
M 30y  Scalp (dermis/subcutis) LPFNT NTRKI NA NA
Kang et al.”® 1 M 3y Forehead (dermis/subcutis) IFS-like NTRKI LMNA NED (0.8 y)
Agaram et al.”’ 1 F 38y  Scalp (dermis/subcutis) LPENT NTRKI NA NA
Suurmeijeretal.'”> 2 M 4y Mandible (bone/soft tissues) LPENT NTRKI LMNA NED (144 m)
M 13y  Maxilla (bone) MPNST-like  NTRKI LMNA NED (648 m)
Bréié et al.”® 1 M 50y  Neck (subcutis) LPENT NTRKI LMNA NED (20 m)
Al-Ibraheemi et al.>’ 2 M 11m Neck (soft tissues) LPENT FNI EGF NA
M 7m Neck (soft tissues) LPENT RET VCL NA
Xu et al.>* 15 F 0m Face/neck (dermis/subcutis) IFS-like NTRK3 ETV6 AWD (21 m)
F 0Om Neck (soft tissues) IFS-like NTRK3 ETV6 NA
M Om  Submandibular (salivary IFS-like NTRK6 ETV6 NA
F Om gland) IFS-like MET RBPMS NA
M 4y Face (soft tissues) LPENT NTRKI LMN4 NED (142 m)
F 38y  Mandible (bone/soft tissues) LPENT NTRKI NA NA
M 14y  Scalp (dermis/subcutis) LPFNT BRAF  NA NA
M 13y  Frontal sinus (sinonasal tract) MPNST-like  NTRKI LMNA NED (648 m)
M 18y  Maxilla (bone) MPNST-like  NTRKI TPM3 NA
M 30y  Nasal cavity (sinonasal tract) MPNST-like  NTRKI NA AWD (7 m)
F 2y Scalp (dermis/subcutis) Adult-type NTRKI TPR NA
F 22y  Scalp (dermis/subcutis) FS-like BRAF  KIAAI549 NA
Parotid (salivary gland) Adult-type
M Om FS-like NTRK3 ETV6 NA
Skull base (bone and soft tis-
M 15y sues) IMT-like RET KIF5B NA
F 63y NTRK3 NA NA
Skull base (bone) Myxoma-like
Oral cavity (upper gingiva) MPNST-like
Present case 1 M 54y  Oral cavity (upper gingiva) MPNST-like ~ NTRK3 EMLA4 NED (48 m)

M, male; F, female; m, months; y, years; NA, not available; NED, no evidence of disease; AWD, alive with disease; LPFNT, lipofibromatosis-like
neural tumor; /FS, infantile fibrosarcoma; /M7, inflammatory myofibroblastic tumor; MPNST, malignant peripheral nerve sheath tumor; FS, fibro-

sarcoma.
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cases) and MET (1 cas.e).24 Xuetal.”* reported the larg-
est cohort of cases in the head and neck region,
including 15 patients with a median age of 13 years
(age range: 0-63) with tumor located in all tissue
plans: skin (4/15), bone (4/15), major salivary glands
(2/15), sinonasal tract (2/15), mucosa of the upper
gingival (1/15) and soft tissue of face or neck (2/15).
The histologic spectrum ranged from tumors resem-
bling MPNST, fibrosarcoma, LPFNT, IMT-like, and
a previously unreported myxoma-like morphology.”*
Perivascular hyalinization and keloid/amianthoid-
like thick collagen bands were most commonly
exhibited by MPNST-like and LPFNT-like lesions.”*
In addition to morphology, also histologic grade
ranged from low-grade (13/15) to high-grade (2/15)
tumors.”* The data already present in the literature
further reinforce the peculiarity of the present case,
as it represents the second case of kinase-fused mes-
enchymal tumor arising from the oral mucosa and it
exhibits a hitherto unreported gene fusion among
these neoplasms, involving the exon 14 of NTRK3
with the exon 2 of EML4. We would like to empha-
size that, despite its bland morphology, we have clas-
sified the tumor herein presented as malignant based
on the detection of focal nuclear pleomorphism and
frank infiltration into the surrounding adipose and
striated muscle tissues. Among the morphological
subtypes described within the broad spectrum of this
emerging entity, we believe that the present case
could be placed among those exhibiting an MPNST-
like morphology.

CONCLUSIONS

In summary, the present case emphasizes that patholo-
gists must be aware of mesenchymal tumors with
kinase fusions, especially when dealing with a monoto-
nous proliferation of bland-looking spindle cells with
perivascular hyalinization and keloid-like thick colla-
gen bands, fat infiltration (LPFNT-like), hypercellular
solid areas (MPNST-like or fibrosarcoma-like) and co-
expression of S100 and CD34. The recognition is cru-
cial to promptly perform molecular analyses. It must
be also kept in mind that these neoplasms may arise
from both superficial and deep soft tissue and may also
occur in unusual anatomic sites such as the oral cavity.
Although there is still little evidence from the literature
that anything beyond surgical removal and follow-up is
necessary for the management of these tumors in the
head and neck region, it may be crucial to distinguish
them from other potential mimickers, as patients with
kinase fusion-positive spindle cell tumors may poten-
tially benefit from targeted therapies with kinase inhib-
itors, especially in the context of recurrent and/or
metastatic disease.
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