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NTRK-rearranged spindle cell neoplasms are ubiquitous tumours of myofibroblastic lineage

with a distinct methylation class

Aims: NTRK gene fusions have been described in a wide
variety of central nervous system (CNS) and soft tissue
tumours, including the provisional tumour type ‘spindle cell
neoplasm, NTRK-rearranged’ (SCN-NTRK), added to the
2020 World Health Organisation Classification of Soft Tis-
sue Tumours. Because of histopathological and molecular
overlaps with other soft tissue entities, controversy remains
concerning the lineage and terminology of SCN-NTRK.

Methods and results: This study included 16 mes-
enchymal tumours displaying kinase gene fusions
(NTRK fusions and one MET fusion) initially diagnosed
as infantile fibrosarcomas (IFS), SCN-NTRK and adult-
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type fibrosarcomas from the soft tissue, viscera and CNS.
We used immunohistochemistry, DNA methylation pro-
filing, whole RNA-sequencing and ultrastructural analy-
sis to characterise them. Unsupervised t-distributed
stochastic neighbour embedding analysis showed that 11
cases (two CNS tumours and nine extra-CNS) formed a
unique and new methylation cluster, while all tumours
but one, initially diagnosed as IFS, clustered in a distinct
methylation class. All the tumours except one formed a
single cluster within the hierarchical clustering of whole
RNA-sequencing data. Tumours from the novel methyla-
tion class co-expressed CD34 and S100, had variable
histopathological grades and frequently displayed a
CDKN2A deletion. Ultrastructural analyses evidenced a
myofibroblastic differentiation.

Conclusions: Our findings confirm that SCN-NTRK
share similar features in adults and children and in
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all locations combine an infiltrative pattern, distinct
epigenetic and transcriptomic profiles, and ultrastruc-
tural evidence of a myofibroblastic lineage. Further

studies may support the use of new terminology to
better describe their myofibroblastic nature.

Keywords: central nervous system, DNA methylation profile, myofibroblastic, NTRK, soft tissue

Introduction

NTRK1/2/3 gene fusions are involved in a wide variety
of tumour types in different organs.' There is a striking
diversity in soft tissue, as NTRK fusions have been
reported in inflammatory muyofibroblastic tumours
(IMT),? infantile fibrosarcomas (IFS)° and the ‘spindle cell
neoplasm with NTRK fusion’ (SCN-NTRK).* This provi-
sional category, included in the 2020 World Health
Organisation (WHO) Classification of Soft Tissue
Tumours, is associated with a wide morphological spec-
trum [IFS, IMT, lipofibromatosis-like neural tumour and
malignant peripheral nerve sheath tumour (MPNST)].*
SCN-NTRK harbour mainly NTRK1/2/3 gene fusions
(75 reported cases to date).” 7 Alternative fusions (impli-
cating ALK, BRAF, MET, RAF1, RET and ROS1 genes)
have also been reported, and their exact relationship to
SCN-NTRK remains unknown.*'*2” The histological
lineage of these ubiquitous tumours [mainly located in
soft tissue, but also in viscera and even in the central ner-
vous system (CNS)] has not been elucidated to date.'**°
While the WHO Classification of soft tissue tumours has
classified them within tumours of uncertain differentia-
tion, SCN-NTRK were listed within the myofibroblas-
tic/fibroblastic category in the 2022 WHO classification
of paediatric tumours.”®?” Recently, the 2021 WHO
classification of CNS tumours has been enriched with a
wide variety of new tumour types identified thanks to
DNA-methylation profiling,”® > representing a combina-
tion of both somatically acquired DNA methylation
changes and a signature reflecting the cell of origin.>'>*
A DNA-methylation based classifier has been created for
sarcomas but does not yet cover SCN-NTRK.>* To iden-
tify the lineage of SCN-NTRK and further characterise
their histopathological/molecular features, we analysed a
cohort of NTRK-fused mesenchymal tumours using
histopathology, ultrastructural analyses, whole RNA-
sequencing and DNA-methylation profiling.

Materials and methods
SAMPLE COLLECTION AND CLINICAL DATA

Tumour samples were provided by the consultation
archive database (1982-2021) from the Department

of Neuropathology at Sainte-Anne Hospital, NetSarc+
and Institut Bergonie. Fifteen mesenchymal tumours
with a proven NTRK fusion were selected for this
study. Additionally, one CNS case suspected to be
SCN-NTRK harbouring a TFG::MET fusion was also
included. Patient characteristics and clinical data
were retrieved from hospital records and included
sex, age at presentation and medical history.

Parents/guardians gave written informed consent
for the retrospective analysis of clinical data accord-
ing to the Institutional Review Board and before
inclusion into ongoing protocols. All soft tissue cases
are recorded in the database of the French expert sar-
coma network (RRePS/Netsarc+), which is approved
by the National Committee for Protection of Personal
Data (CNIL, no. 910390). The study was also
approved by the research board of Institut Bergonie.
The analyses of tissue were performed in accordance
with local ethics regulations. Parents/guardians gave
written informed consent for the retrospective analy-
sis of clinical data according to the Institutional
Review Board and before inclusion into ongoing pro-
tocols. The data supporting the findings of this study
are available from the corresponding author upon
reasonable request.

HISTOPATHOLOGICAL REVIEW AND
IMMUNOHISTOCHEMISTRY

The central pathology review was performed con-
jointly by two neuropathologists (ATE and PV) and
soft tissue pathologists (FLL, MLQ). A representative
paraffin block was selected for each case. Unstained
3-um-thick slides of formalin-fixed, paraffin-embedded
(FFPE) tissues were obtained and submitted for
immunostaining (the list of antibodies is detailed in
Supporting information, Table S1). External positive
and negative controls were used for all antibodies.

WHOLE RNA-SEQUENCING AND BIOINFORMATIC
ANALYSIS

Total RNA was extracted from the FFPE blocks and
library prepared using the TruSeq RNA Access
Library Prep Kit (Illumina, San Diego, CA, USA) and

© 2022 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 596—607.
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sequenced with an Illumina NextSeq 500 automat
(Illumina), as previously described.’* Gene expression
was measured using counts of sequencing reads with
the software HtSeq version 0.6.0.>> Gene count
data were normalised using the VOOM method.*®
Unsupervised clustering was performed using agglom-
erative hierarchical clustering with distance criteria
(1-Pearson_correlation) and linkage criteria using the
function hclust available in R.?” Consensus clustering
was performed with the package ConsensusCluster-
ingPlus from BioConductor.’® The fusion and cluster
analyses were performed as previously described.’* To
achieve clustering, we used a set of control samples
that encompassed similar histotypes to those included
in the methylation analysis: undifferentiated pleomor-
phic sarcomas (n = 12), MPNST (four), atypical neu-
rofiboromatous neoplasms of uncertain biological
potential (two), meningiomas (five), dermatofibrosar-
coma protuberans (nine), infantile hemispheric glioma
with BRAF fusion (one), IFS (one), solitary fibrous
tumour (SFT) (three), low-grade fibromyxoid sarcomas
(four), fibromatosis with CTNNB1 mutations (seven)
and angiomatoid fibrous histiocytomas (AFH) (four)
(Supporting information, Table S1).

DNA METHYLATION ARRAY PROCESSING AND
COPY NUMBER PROFILING

Genomic DNA was extracted from fresh-frozen or
FFPE tissue samples. DNA methylation profiling for
all samples was performed using the Infinium Methy-
lationEPIC (850 k) BeadChip (Illumina) or Infinium
HumanMethylation450 (450 k) BeadChip array (Illu-
mina), as previously described.?® The resulting matrix
was used as input for a t-SNE analysis (t-distributed
stochastic neighbour embedding; Rtsne package version
0.15) with a perplexity set to 10, maximum iteration to
500, resulting in two more easily interpretable dimen-
sions (using a control set of 241 well-characterised ref-
erence tumours representing a wide variety of tumour
types from the Brain Tumour and Sarcoma Classifiers of
Heidelberg).>%*3

ULTRASTRUCTURAL ANALYSES

A representative section was first selected for each
case from FFPE tissues stained with haematoxylin
phloxin saffron (HPS). Then, tissues were deparaf-
finised and fixed for 1 h in glutaraldehyde. After the
dehydration processing, the tissues were embedded in
Epon. Semi-thin sections (1-pm-thick slides) were
stained with toluidine blue. Ultrathin sections (90 nm)
were stained with lead citrate and uranyl acetate, then

observed under an electronic microscope (JEOL JEM
1400 Flash). Analysis was performed at the Pathology
Department of Limoges University Hospital by one
neuropathologist (MD).

Results
HISTOPATHOLOGICAL FINDINGS

Histopathological results are detailed in Supporting
information, Table S1. Considering the age of
patients, the central histopathological review classi-
fied the 16 tumours as SCN-NTRK (n = 8), IFS
(n = 5) and adult-type fibrosarcomas (n = 3). SCN-—
NTRK were highly infiltrative, whatever the organ
concerned (Figure 1A,B). The tumours were com-
posed of spindle cells arranged in intersecting fasci-
cles, with a variable cellular density (low to high,
Figure 1C,D and Supporting information, Table S1).
The tumour cells presented a pale scant cytoplasm
with indistinct cell borders and fusiform nuclei with
inconspicuous nucleoli (Figure 1C,D). Focally, we
observed nuclear atypia with hyperchromasia and
pleomorphism and an elevated mitotic index (up to
37 mitoses per 1.7 mm?) in some cases (Figure 1E).
Necrosis was only observed in one recurrent case
(Figure 1F). All cases presented areas of fibrous
stroma and five of eight (62%) exhibited a perivascu-
lar hyalinisation forming collagen rings (Figure 1G).
A myxoid stroma was present in four of eight cases
(50%). Three cases (37%) presented inflammatory
infiltrates composed as foci of lymphocytes and
plasma cells. Immunohistochemical analysis showed
that all tumours co-expressed S100 and CD34 (Fig-
ure 1H,JI), ranging from focal to diffuse staining.
Smooth muscle actin was only focally expressed in
two of eight cases (25%). SOX10 was not expressed.
The proliferation index (Ki67) ranged from 1 to 50%,
with a median of 2.5%. For one case (case 16), paired
samples of the first surgery and the recurrence were
available (see below for details): the first tumour pre-
sented a low cellular density, without necrosis and
low mitotic and proliferative indexes, whereas the
recurrence exhibited signs of malignancy (necrosis,
elevated mitotic and proliferative indices and aniso-
karyosis).

All IFS cases affected infants (all aged less than
1 year) and displayed a fascicular architecture.
Tumour cells harboured monotonous medium-sized
nuclei with clear chromatin along with a pale eosino-
philic cytoplasm. The accompanying stroma was lim-
ited to small fibrous foci in all cases. Large dilated
vessels with haemorrhage were seen in three cases

© 2022 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 596—607.
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Figure 1. Histopathological and ultrastructural features of tumours from the new methylation class. (A) Infiltration of skeletal muscle by
tumour cells (case 13, HPS). (B) Meningothelial cells (arrowheads) included in the proliferation (case 1, HPS). (C) Spindle cell proliferation
associated with an abundant myxoid stroma (case 1, HPS). (D) Another area showing tumour cells densely arranged in fascicles (case 1,
HPS). (E) Cellular proliferation of spindle and epithelioid cells showing a brisk mitotic activity (arrowheads) (case 16, HPS). (F) Area of
necrosis (case 16). (G) Perivascular collagen rings (case 1). (H) Strong expression of S100 (case 16). (I) Diffuse expression of CD34 (case
16). Scale bars represent 100 pm (A,B) and 50 pm (C-I). HPS, haematoxylin phloxin saffron.

(three of five). Tumours expressed CD34 in one of
four cases.

Adult-type fibrosarcomas affected adults with a
mean age of 55 years (ages ranged from 48 to
66 years). All cases displayed a fascicular architec-
ture. Tumour cells were arranged in densely cellular
fascicles. Large vessels with haemorrhage were pre-
sent in all cases. Tumour cells harboured ovoid nuclei
and a majority of nuclei were monotonous, but aniso-
karyosis was also present focally in all cases taking
the form of hyperchromatism and/or larger multilob-
ulated nuclei. The stroma was heterogeneous and
absent in some areas or collagenous in some foci.
The mean mitotic index was 10/10 high-power fields.

WHOLE RNA-SEQUENCING FINDINGS

In eight cases, NTRK1 was fused with the following
5’ partners: TPM3 (four of eight), IRF2BP2 (two of
eight) and LMNA and TPR (one case each). NTRK3
was only found fused in 5’ with ETV6 (seven of
seven). One case was associated with a TFG::MET

fusion. Unsupervised RNA-sequencing cluster analysis
showed that 15 of the 16 cases clustered together,
independently of their location and their histopatho-
logical subtype (Figure 2). Based on this clustering,
these 15 cases were subdivided into three subgroups:
one of four tumours clustering with IFS; two of two
tumours with a TPM3::NTRK1 fusion and three of
nine tumours harbouring NTRK1/3 fusions (eight)
and the case MET-fused. The last case (no. 15), pre-
senting an ETV6::NTRK3 fusion, segregated with an
ALK-fused IMT (Figure 2).

DNA METHYLATION FINDINGS

Using DNA methylation-based brain tumour and sar-
coma classifiers (latest versions: 12.5/12.2, which
include more than 96 000 samples), nine of 16 were
significantly classified (calibrated scores for DNA
methylation class > 0.9) as sarcoma (MPNST-like)
(six) and IFS (three). Then, on t-SNE analysis per-
formed in order to visualise actual distances and simi-
larities between the different tumours, our cohort

© 2022 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 596-607.
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Figure 2. Unsupervised RNA-sequencing clustering analysis. The control cohort included: ALK-fused inflammatory myofibroblastic tumours
(IMT), angiomatoid fibrous histiocytomas (AFH), desmoid-type fibromatosis, undifferentiated pleomorphic sarcomas (UPS), dermatofibrosar-
coma protuberans (DFSP), low-grade fibromyxoid sarcomas (LGFMS), meningiomas, solitary fibrous tumours (SFT), malignant peripheral
nerve sheath tumours (MPNST) and atypical neurofibromatous neoplasms of uncertain biological potential (ANNUBP).

segregated into three different groups (Figure 3A).
The largest fraction (11 of 16, 69%) of tumours
formed a novel cluster clearly distinct from the refer-
ence entities. Four tumours (four of 16, 25%) were
classified within the IFS cluster. The last tumour
(case 15) was classified among AFH (one of 16, 6%).
In light of the copy number data, we identified a
CDKN2A deletion in six of 11 (55%) tumours
belonging the new methylation class (MC). Interest-
ingly, no other tumour from our cohort presented
this alteration. This deletion was confirmed by a
FISH (fluorescence in-situ hybridisation) analysis
of the CDKN2A locus showing a homozygous
deletion (Figure 3B). No NF1 deletion was seen
(none of 16).

INTEGRATED DIAGNOSES

Accordingly, eight cases, which included adult cases
and one infant (cases 1, 4, 6, 8, 11, 13, 14 and 16),
were classified as SCN-NTRK by histopathology and
clustered together using DNA-methylation profiling
and RNA-sequencing. They presented as infiltrative
spindle cells with a coexpression of S100 protein and
CD34 and harboured NTRK1 (seven) or a MET (one)
fusion. Accordingly, four cases, all infants (cases 2, 3,
7 and 10) were classified as IFS by histopathology
and clustered together using DNA-methylation profil-
ing and RNA-sequencing. They presented typical
histopathological features of IFS and harboured the
classical ETV6::NTRK3 fusion. The three cases (cases

© 2022 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 596—607.
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Figure 3. Epigenetic and copy number variation features. (A) t-Distributed stochastic neighbour embedding (t-SNE) analysis of DNA methyla-
tion profiles from the 16 investigated tumours alongside selected reference samples. Reference DNA methylation diagnoses: five angiomatoid
fibrous histiocytomas, five atypical fibroxanthomas, 36 dermatofibrosarcomas protuberans, 13 desmoid-type fibromatoses, 14 infantile
fibrosarcomas, nine infantile hemispheric gliomas, seven inflammatory myofibroblastic tumours, eight low-grade fibromyxoid sarcomas, 25
malignant peripheral nerve sheath tumours, 67 meningiomas, seven MPNST-like, nine pleomorphic dermal sarcomas, six sclerosing epithe-
lioid sarcomas, 26 solitary fibrous tumours, nine solitary fibrous tumours/haemangiopericytomas. (B) Illustrative copy number variation of
case 1 showing a 9p deletion confirmed by FISH analysis of CDKN2A locus showing a homozygous deletion (no orange signal with green
signals representing the control centromeric of the chromosome 9). FISH, fluorescence in-situ hybridisation.
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5, 9 and 12) initially diagnosed as adult-type fibrosar-
comas clustered with the subgroup of SCN-NTRK by
DNA-methylation profiling and RNA-sequencing
despite histopathological features of malignancy. They
presented coexpression of S100 and CD34, and were
associated with NTRK3 (two) and NTRKI (one)
fusions. The last case (case 15) concerned an infantile
tumour classified as IFS by histopathology with the
classical ETV6::NTRK3 fusion, but clustered with
AFH (by RNA-sequencing) and IMT (by DNA-
methylation profiling). Based on the WHO classifica-
tion and Dbecause of discrepancies between
histopathology, transcriptomic and epigenetic results,
no integrated diagnosis was made.

ULTRASTRUCTRAL FINDINGS

Ultrastructural analyses were interpretable in 11 cases
(Supporting information, Table S1). All tumours,
including those from the new MC, harboured features
suggestive of a myofibroblastic differentiation; namely,
indentation of nuclei (Figure 4A), presence of
abundant myofilament bundles with core densities
within the cytoplasm (Figure 4B), either with a

subplasmalemmal location or loosely arranged in the
cytoplasm, and the rough endoplasmic reticulum (Fig-
ure 4A,C). However, their exact location could not be
determined due to artefacts related to the FFPE pre-
analytical conditions of the samples. Finally, extracel-
lular collagen was present in the matrix (Figure 4D).

CORRELATION WITH CLINICAL DATA AND
PATIENTS  OUTCOME

The patients’ clinical data are summarised in Table 1.
Tumour locations of the new MC were ubiquitous,
including the following anatomical sites: soft tissue
(six), viscera (three) and CNS (two). The median age
at diagnosis was 30.5 years (ranging from 1 to 66)
with a female predominance (82%, nine of 11). Out-
come data were available for nine of 11 patients (me-
dian follow-up of 21 months); two died of their
disease (24 and 49 months after the initial diagnosis).
Interestingly, one case (case 16) associated with a
TFG::MET fusion had initially benefited from a tar-
geted therapy with crizotinib, until drug toxicity led
to the interruption of the treatment (Figure 5).
Despite other treatments, the subsequent imaging

Figure 4. Ultrastructural features of tumours from the new methylation class. (A) Presence of indented nucleus, intracytoplasmic myofila-
ments with core densities (MF) and rough endoplasmic reticulum (*) in tumour cells. (B) Presence of rough endoplasmic reticulum (*) and
intracytoplasmic subplasmalemmal bundles of myofilaments (arrow) whose plasma membrane can be estimated (arrowheads). (C) Intracyto-
plasmic myofilaments with core densities (MF) and rough endoplasmic reticulum (*) in tumour cells. (D) Presence of collagen fibres.
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Table 1. Clinical and molecular data of cases from our cohort
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DNA methylation

Fusion classification with the
transcript/RNA-  sarcoma classifier t-SNE analysis
Age  Histological sequencing v12.2 version methylation Chr. 9p
Case Sex (years) diagnosis Location cluster (calibrated score) cluster status FO
2 M 0 Infantile Chest wall ETV6(ex5)- Infantile fibrosarcoma Infantile Balanced ANED
fibrosarcoma (soft tissue)  NTRK3(ex15)/ (0.99) fibrosarcoma (84 months)
infantile
fibrosarcoma
3 M 0 Infantile Presacral ETV6(ex5)- Infantile fibrosarcoma Infantile Balanced ANED
fibrosarcoma (soft tissue) NTRK3(ex14)/ (0.99) fibrosarcoma (14 months)
infantile
fibrosarcoma
7 F 1 Infantile Paravertebral ETV6(ex5)- Infantile fibrosarcoma Infantile Balanced NA
fibrosarcoma (soft tissue) NTRK3(ex15)/ (0.99) fibrosarcoma
infantile
fibrosarcoma
10 F 0 Infantile Pelvis (soft ETV6(ex5)- Infantile fibrosarcoma Infantile Balanced ANED
fibrosarcoma tissue) NTRK3(ex15)/ (0.85) fibrosarcoma (65 months)
infantile
fibrosarcoma
1 M 17 Spindle cell Brain TPM3(ex7)- Sarcoma (MPNST- New Balanced AWD
neoplasm NTRK1(ex12)/ like) (0.72) methylation (13 months)
with NTRK new cluster class
fusion
4 F 29 Spindle cell Uterus TPM3(e3)- Sarcoma (MPNST- New Balanced ANED
neoplasm NTRK1(e10)/ like) (0.99) methylation (11 months)
with NTRK new cluster class
fusion
5 F 48 Adult type Pancreas ETV6(ex4)- Infantile fibrosarcoma New Deleted ANED
fibrosarcoma NTRK3(ex13)/ (0.39) methylation (12 months)
new cluster class
6 F 56 Spindle cell Finger TPM3(ex9,7,8)-  Sarcoma (MPNST- New Balanced ANED
neoplasm (cutaneous)  NTRK1 like) (0.99) methylation (21 months)
with NTRK (ex9,10)/new class
fusion cluster
8 F 36 Spindle cell Foot sole TPR(ex21)- Sarcoma (MPNST- New Balanced ANED
neoplasm (cutaneous)  NTRK1(ex3,2)/ like) (0.26) methylation (50 months)
with NTRK new cluster class
fusion
9 F 66 Adult type Ankle IRF2BP2(ex2)- Sarcoma (MPNST- New Deleted DOD
fibrosarcoma  (cutaneous)  NTRK1(ex9,10) like) (0.99) methylation (24 months)
/new cluster class
1M1 M 27 Spindle cell Neck (fascia) TPM3(ex8,7)- Sarcoma (MPNST- New Balanced ANED
neoplasm NTRK1 like) (0.90) methylation (34 months)
with NTRK (ex9,10)/new class
fusion cluster
12 F 50 Adult type Stomach ETV6(ex4)- Sarcoma (MPNST- New Deleted AWD
fibrosarcoma NTRK3(ex13)/ like) (0.81) methylation (12 months)
new cluster class
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Table 1. (Continued)

DNA methylation

Fusion classification with the
transcript/RNA-  sarcoma classifier t-SNE analysis
Age  Histological sequencing v12.2 version methylation Chr. 9p
Case Sex (years) diagnosis Location cluster (calibrated score) cluster status FO
13 F 32 Spindle cell Palm (soft IRF2BP2(ex1)- Sarcoma (MPNST- New Deleted NA
neoplasm tissue) NTRK1(ex9)/ like) (0.99) methylation
with NTRK new cluster class
fusion
14 F 21 Spindle cell Thorax (soft LMNA(ex2)- Sarcoma (MPNST- New Deleted NA
neoplasm tissue) NTRK1(ex11)/  like) (0.95) methylation
with NTRK new cluster class
fusion
16 F 1 Spindle cell Meninge TFG(ex4)-MET  Dermatofibrosarcoma New Deleted DOD
neoplasm (ex15) /new protuberans (0.83) methylation (49 months)
with NTRK cluster class
fusion
15 F 1 Infantile Axillary ETV6(ex5)- Angiomatoid fibrous  Inflammatory Balanced ANED
fibrosarcoma region (soft ~ NTRK3(ex14)/ histiocytoma (0.74) myofibroblastic (108 months)
tissue) angiomatoid tumour
fibrous

histiocytoma

ANED, Alive with no evidence of disease; AWD, Alive with disease; Chr., Chromosome; DOD, Died of disease; F, Female; FO, Follow-
up; M, Male; MPNST, Malignant peripheral nerve sheath tumour; #SNE, ¢distributed stochastic neighbour embedding; NA, Not

applicable.

revealed a local and metastatic progression, and the
patient died 49 months after the initial diagnosis.

Discussion

As per the last WHO classification of soft issue
tumours, the lineage of SCN-NTRK remains unknown.
Because of their S100 immunoexpression and spindle
cell pattern, a potential neural differentiation was ini-
tially suggested.>®810:13-15:21.2239 1y thig study, we
show that SCN-NTRK share a common DNA-
methylation profile known to be correlated with a dis-
tinct cell of origin. According to t-SNE analysis, they
were distinct from ‘MPNST-like sarcomas’. ‘MPNST-
like sarcomas’ have only been described in the DNA-
methylation classifier under DKFZ (as para-spinal
tumours occurring in adults aged 50 years, with
NF1 alteration and no NTRK fusion, but retained
H3K27me3) and are different from NTRK-fused
tumours.* Our results are in line with the literature
data suggesting a fibroblastic/myofibroblastic differenti-
ation in SCN-NTRK.*'** Presence of intercellular col-
lagen and rough endoplasmic reticulum and actin
myofilaments were observed in the subplasmalemmal
area (in a minority of cases) or arranged in a more

loosely attributed pattern (possibly due to the pre-
analytical conditions of FFPE samples and because
those tumours may not necessarily retain the charac-
teristics of a mature non-tumoral myofibroblast).***
Similarly to other myofibroblastic tumours,®”***7
myogenic markers (particularly smooth muscle actin
and desmin) are heterogeneously expressed in SCN—
NTRK,®9-1113-15.18.20.21.23.25 gON_NTRK may be con-
fused with other entities due to the diversity of mor-
phologies. Infantile forms of SCN-NTRK (20% of
reported cases®”'1!729722) may share histopathologi-
cal and genetic features (ETV6::NTRK3 fusion, as in
two current cases, or ALK fusions’*?) with IFS and
IMT. Reciprocally, few cases of IFS and IMT have been
reported with NTRK fusions.*®>! Herein, SCN-NTRK
form a MC clearly distinct from IMT and IFS, showing
the interest of DNA-methylation profiling in difficult
cases. However, a grey zone emerges with one case
from our series (case 15) presenting histopathologi-
cally and genetically (ETV6::NTRK3 fusion) as an IFS,
but did not classify within this MC or as SCN-NTRK
when analysed by DNA-methylation profiling. This
case was classified as an AFH, despite being clinically
and morphologically typical of IFS and despite har-
bouring the typical ETV6::NTRK3 fusion of IFS. This
result could not be explained and illustrates the
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Figure 5. Radiological and histopathological features of case 16. (A) Axial T2-weighted image showing a voluminous frontotemporal mass
with a solid component and central hyperintense areas suggestive of cystic—necrotic changes and without peritumoral oedema. (B) Axial T2-
weighted coronal contrast-enhanced T1-weighted MR image showing a local relapse with enhancing nodules (arrows). (C) Sagittal contrast-
enhanced T1-weighted image of the spinal cord showing a spinal metastasis at the level of the medullary cone (arrowhead). (D) Histopathol-
ogy of the primary tumour showing a low cellular proliferation composed of spindle cells without atypia (HPS). (E) Histopathology of the
recurrent tumour showing a high cellular proliferation with frequent areas of necrosis (HPS). (F) The tumour was composed of spindle cells
with marked atypia and several mitoses (arrowheads) (HPS). (G) Time-line of the tumour progression and treatment choices as shown (LP,
local progression; M, metastases). Scale bars represent 250 um (E) and 50 um (D,F). HPS, haematoxylin phloxin saffron.

limitations of molecular classification that may occa-
sionally further complicate the matter rather than
solving it. Additional series are needed to characterise
in detail the histomolecular landscape of infantile mes-
enchymal tumours with NTRK fusions. In doubtful
cases, perivascular collagen rings is a common feature
of these tumours,'® reminiscent of a NTRK-fusion in
this morphological setting. Additionally, the presence
of a CDKN2A deletion also seems common in SCN-
NTRK, as 9p deletions were previously found in 33%
of cases (two of six) in a precedent series.’> The DNA-
methylation profiling correlates more with the cell ori-
gin than the tumours’ genotype, as was evidenced in

CNS tumours with, for example, tumours sharing
MAPK alterations or ROS1 fusions, and were clearly
distinct by epigenetic profiles.>®>> The two current
CNS cases were clearly distinct from infantile hemi-
spheric gliomas sharing NTRK fusions. Our isolated
case with MET fusion clustered among NTRK-fused
tumours, which may suggest the representation of a
genetic variant of the same entity or may emerge later
with additional cases as a distinct entity. TFG::MET
fusion has been previously described in two cases of
the soft tissue and the retroperitoneum presenting sim-
ilar clinical (infants) and histopathological features
(spindle cell tumours infiltrating the surrounding tissue
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with a high mitotic index for one of them).>'** Fur-
ther studies are needed to confirm that other kinase
fusions (ALK, BRAF, RAF1, ROS1) are part of the
same MC of SCN-NTRK. In the CNS, SCN-NTRK is
probably underdiagnosed, and further cases of CNS
SCN-NTRK are needed to confirm or not their place in
the next WHO Classification of CNS tumours. The out-
come of extra-CNS SCN-NTRK seems to be favourable,
with a median follow-up of 24 months (ranging from
1 month to 54 years).”>%13:15:16.18:2021.25 Rocyrrences
are relatively frequent (35% of cases) and mostly
local,>!316172225 1yt distant metastases have been
reported.'®17%? However, only 5% of patients'®?" die
from their disease (median overall survival of 24 months).
As illustrated here, targeted therapy (with crizotinib or
entrectinib) may be an interesting alternative therapeutic
option (for patients with unresectable or recurring
tumours).®*°

In summary, our study confirms that SCN-NTRK
have a common myofibroblastic differentiation
throughout the many affected organs and represent a
new MC distinct from their differential histomolecular
diagnoses, including IFS. Further series are needed to
confirm these data and suggest a consensual nosology.
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