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Abstract
Fusions involving NTRK1, NTRK2, and NTRK3 are oncogenic drivers occurring in a spectrum of mesenchymal neoplasms
ranging from benign to highly malignant tumors. To gain further insights into the staining profile with the pan-TRK assay,
we analyzed a large number of soft tissue sarcomas and correlated our findings with molecular testing. Additionally, we
expand the spectrum of NTRK-fusion tumors by reporting a mesenchymal lesion in the lung as well as a mesenchymal skin
lesion in the spectrum of benign fibrous histiocytoma with NTRK—fusion. We retrospectively reviewed soft tissue sarcomas
diagnosed at the Diagnostic and Research Institute of Pathology, Medical University of Graz, between 1999 and 2019, and
cases from the consultation files of one of the authors (BLA). In total, 494 cases were analyzed immunohistochemically with
pan-TRK antibody (clone EPR17341, RTU, Roche/Ventana) and positive cases (defined as any cytoplasmic/nuclear staining
in more than 1% of tumor cells) underwent next-generation sequencing (NGS). Immunohistochemical staining was observed
in 16 (3.2%) cases. Eleven cases with focal weak and moderate cytoplasmic/membranous or focal moderate to strong nuclear
staining did not harbor an NTRK-fusion (three synovial sarcomas, three leiomyosarcomas, two extraskeletal myxoid
chondrosarcomas, and one each: dedifferentiated liposarcoma, pleomorphic liposarcoma, and myxofibrosarcoma). Four
cases showed strong diffuse nuclear and/or cytoplasmatic staining, and one case showed diffuse, but weak cytoplasmic
staining. All these cases demonstrated an NTRK-fusion (LMNA-NTRK1, IRF2BP2-NTRK1, TMB3-NTRK1, ETV6-NTRK3,
RBPMS-NTRK3). Pan-TRK assay (clone EPR17341, RTU, Roche, Ventana) immunohistochemistry serves as a reliable
diagnostic marker that can also be expressed in non-NTRK-rearranged mesenchymal neoplasms. It can be used as a surrogate
marker for identification of NTRK fusion, nevertheless, an RNA-based NGS for detection of the specific fusion should be
performed to confirm the rearrangement, if patients are undergoing targeted therapy. Additionally, we identified NTRK-
fusion-positive, primary mesenchymal tumors of the lung and the skin.
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Introduction

The tropomyosin-related/receptor kinase (Trk) family
includes three transmembrane neurotrophin receptors TrkA
(NTRK1), TrkB (NTRK2) and TrkC (NTRK3). They are
encoded by NTRK genes (NTRK1, NTRK2, and NTRK3)
located on human chromosomes 1q23.1, 9q21.33, and
15q25.3, respectively [1]. Oncogenic gene fusions invol-
ving NTRK1-3 genes lead to a constitutive activation or
overexpression of Trk receptors [2, 3]. The presence of
NTRK1-3 fusions has been identified as an agnostic marker
for treatment response with a selective small-molecule
inhibitor of the TRK kinases (TKI) in solid tumors. The
ETV6-NTRK3 gene fusion has been described in sporadic
solid tumors, including congenital infantile fibrosarcoma
(IFS), congenital “cellular” mesoblastic nephroma, secre-
tory breast carcinoma, and carcinoma of the salivary gland
(mammary analog secretory carcinoma) in more than 90%
of cases and fusion detection has been used as diagnostic
confirmation [4–11]. Treating these patients with small TKI
demonstrated tremendous treatment responses [12–18].

Over the last years, new tumor entities, especially in the
already very heterogenous group of soft tissue tumors, were
described harboring NTRK fusions [6, 8, 19–21]. In addi-
tion, NTRK fusions were detected in other more common
cancer types, such as papillary thyroid carcinoma, gastro-
intestinal stromal tumor (GIST), gliomas, non-small cell
lung cancer (NSCLC), colorectal carcinoma (most fre-
quently found in MSI-high carcinoma associated with
MLH1 promoter hypermethylation), as well as malignant
melanomas, uterine sarcomas, and pancreatic adenocarci-
nomas, however in less than 1% of all solid tumors overall
[3, 6, 22–35].

Targeted therapy with a kinase inhibitor leads to a
response in a majority of patients with NTRK1/2/3 gene
fusion-positive cancers [12, 13, 18, 36] and because limited
treatment options are available for the vast majority of soft
tissue sarcomas detection of tumors harboring NTRK1-3
fusions results in a tremendous treatment benefit. Therefore,
it is necessary to find reliable and cost-effective techniques to
select patients that likely will respond to these expensive
treatment options. At the moment, RNA-based NGS
screening approaches are the most reliable method to detect
NTRK1-3 fusions also with unknown partners. However, this
technique is not universally available. Other screening
methods for the detection of NTRK-fusion include immuno-
histochemistry (IHC) and different molecular assays (fluor-
escence in situ hybridization (FISH), reverse transcription-
polymerase chain reaction (RT-PCR), combined DNA- and
RNA-based next-generation sequencing (NGS)).

IHC is the least expensive and widely available method
that can be used as a screening tool to search for TRK fusion
protein expression in all tumor types. However, standardized

interpretation scores are not available for pan-TRK IHC
[29, 37–39]. IHC has its limitations by detecting the
expression of the pan-TRK fusion protein as well as wild
type protein, and the staining pattern is variable in intensity
and localization of the identified pan-TRK protein
[29, 38, 39]. Studies reported so far used different dilutions
(1:300, 1:500) of the clone EPR17341 from Abcam, an
antibody that needs to be evaluated individually in each
laboratory.

All available antibodies detect the wild-type protein that
has been demonstrated in smooth muscle, testis, and neural
tissue resulting in a positive IHC expression, especially in a
subset of tumors with neuronal and smooth muscle differ-
entiation without identifiable fusion [29, 33, 39, 40].
Therefore, positive IHC results need to be evaluated by an
RNA-based NGS method to confirm or exclude an NTRK1/
2/3 fusion. To get further insights into the staining profile
with the pan-TRK rabbit monoclonal antibody (clone
EPR17341, RTU, Assay, Roche/Ventana), we performed
analysis on a large number of soft tissue sarcomas and
correlated our IHC results with molecular testing.

Material and methods

Patients and tumor characteristics

We retrospectively analyzed 487 soft tissue sarcomas
diagnosed at the Diagnostic and Research Institute of
Pathology, Medical University of Graz, from 1999 until
2019. In addition, selected consultation cases of one of the
authors (BLA) diagnosed from 2017 until 2019 were
reviewed. Hematoxylin and eosin (H&E)-stained whole-
tissue sections of all cases were reviewed by two soft tissue
pathologists (IB and BLA) to confirm the diagnosis and
select appropriate, viable tumor tissue areas for tissue
microarrays (TMA) construction. Immunohistochemistry of
all cases were reviewed by three pathologists (IB, TMG,
and BLA). Institutional ethical approval was obtained from
the Institution Review Board. Majority of samples used for
this project have been provided by Biobank, Graz, Austria

Specimens included in the study comprised whole tumor
sections of five consultation cases (all NTRK-rearranged sar-
comas) and TMAs conducted at the Diagnostic and Research
Institute of Pathology including a collection of various sar-
coma types, including (total n= 489): myxofibrosarcomas
(n= 116), soft tissue and uterine leiomyosarcomas (n= 82),
undifferentiated pleomorphic sarcomas (UPS) (n= 55),
synovial sarcomas (n= 45), myxoid liposarcomas (n= 37),
atypical lipomatous tumors/well-differentiated liposarcomas
(n= 34), dedifferentiated liposarcomas (n= 34), dermatofi-
brosarcoma protuberans (n= 19), low-grade fibromyxoid
sarcomas (LGFMS) (n= 12), angiosarcomas (n= 10), SFT
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(n= 8), spindle cell sarcomas (n= 6), myxoinflammatory
fibroblastic sarcoma (n= 5), pleomorphic liposarcoma (n=
4), alveolar soft part sarcomas (n= 4), spindle cell/pleo-
morphic sarcoma (n= 3), clear cell sarcoma (n= 3), extra-
skeletal myxoid chondrosarcomas (n= 2), embryonal
rhabdomyosarcoma (n= 2), sclerosing epithelioid fibro-
sarcoma (n= 2), epithelioid sarcoma (n= 1), mesenchymal
chondrosarcoma (n= 1), malignant peripheral nerve sheath
tumor (MPNST) (n= 1), pleomorphic rhabdomyosarcoma
(n= 1), malignant melanotic schwannoma (n= 1), and
myoepithelioma (n= 1).

In addition, we re-analyzed the collective of spindle cell
sarcomas (n= 6) and UPS (n= 55) in relation to the
patients age, morphologic patterns and IHC profiles
described in NTRK-fusion tumors. All HE stained slides and
IHC were re-reviewed by two soft tissue pathologists (IB
and BLA).

Tissue microarray construction

TMA was constructed using a manual tissue microarray
apparatus (Beechers Instruments, Sun Prairie, WI, USA).
Four 0.6 mm cores were taken from each of the collected
formalin-fixed, paraffin-embedded (FFPE) samples and
embedded in a paraffin block. TMAs were constructed in
duplicates. H&E-stained, 4 μm TMA sections were used to
verify all samples.

Immunohistochemical and molecular analysis

FFPE TMA blocks were cut in 4 µm-thick sections and
placed on slides. IHC staining for pan-TRK expression was
performed on the Benchmark Ultra platform (Ventana
Medical Systems, Tucson, AZ) with iVIEW DAB Detection
Kit (Ventana Medical Systems, Tucson, AZ), using a
commercially available pan-TRK assay (rabbit monoclonal
antibody, clone EPR17341, Assay, RTU, Roche, Ventana).
Normal appendix and brain tissues were used as positive
controls. The immunohistochemical evaluation included (i)
location (membranous, cytoplasmic, nuclear, mixed), (ii)
intensity (strong, moderate, weak, and negative) and (iii) the
extent (percentage of positive tumor cells) of the IHC
staining. Membranous, cytoplasmic, and nuclear staining
patterns were considered positive if ≥1% of tumor cells
exhibited positivity at any intensity above background [29].
Diffuse staining was defined as moderate to strong
expression in ≥50% of tumor cells [39].

RNA workflow

IHC positive cases with available FFPE material were sent
for RNA-based analysis with Archer FusionPlex Sarcoma

Panel to assess specific NTRK1, NTRK2, and NTRK3 rear-
rangements for the production of NTRK fusion transcripts.
For each sample, 5–8 × 10 μm FFPE sections were cut from
a representative block, and macro dissection was performed
with a scalpel to enrich for tumor content. According to the
manufacturer’s instructions, RNA was isolated using the
Maxwell RSC RNA FFPE kit.

Targeted next-generation sequencing

RNA was quantified by ribogreen fluorescence, and 250 ng
total RNA was used for the Archer Fusionplex Sarcoma Kit.
NGS libraries were sequenced on Ion Torrent Proton using
the Ion PI Hi-Q Sequencing 200 kit (Thermo Fischer,
Waltham, MA). The analysis was performed with
ArcherDX Analysis software Version 5.1.3.

Results

Tumors with immunohistochemical positive pan-
TRK staining

From 494 tumors analyzed, 16 (3.2%) tumors stained
positive, including 5 tumors with diffuse staining (further
discussed in detail in the next paragraph) and 11 tumors
with focal (in <50% of tumor cells) cytoplasmic/mem-
branous or nuclear pan-TRK staining. The latter included
3/45 (6.7%) synovial sarcomas, 3/82 (6.7%) leiomyo-
sarcoma (one uterine), 2/2 (100%) extraskeletal myxoid
chondrosarcomas, 1/34 (2.9%) dedifferentiated lipo-
sarcoma, 1/4 (25%) pleomorphic liposarcoma, and 1/116
(0.9%) myxofibrosarcomas (Fig. 1). Patterns of staining
included: (i) weak cytoplasmic/membranous expression
in the extraskeletal myxoid chondrosarcoma, myxofi-
brosarcoma, dedifferentiated liposarcoma, pleomorphic
liposarcoma, and synovial sarcoma; (ii) moderate to
strong staining with dot-like aggregates or nuclear
staining in leiomyosarcomas. Additionally, NGS was
performed, and none of these 11 tumors harbored an
NTRK fusion.

UPS and spindle cell sarcoma subgroup

Within this patients collective of 55 UPS and 6 spindle cell
sarcomas, the mean patients’ age was 70 years. Only 4
patients were under the age of 55 (the youngest patient was
50 years old). Among UPSs, only 8 cases showed partly a
spindle cell morphology (in the age range 65–70 years). By
immunohistochemstry, none of these cases demonstrated
CD34 and S100 expression by IHC. In addition, pan-TRK
IHC on whole-tissue slides was performed on all 16 cases
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and were negative, confirming the TMA results. Taking into
account that some very rare cases of NTRK-fusion tumors
were described to lack pan-TRK positivity by IHC, we
additionally performed RNA-sequencing on all 4 patients
under the age of 55, as the NTRK-fusion tumors most fre-
quently occur in the younger age group. None of the cases
showed a NTRK-fusion.

Soft tissue tumors with diffuse pan-TRK protein
expression by IHC and NTRK1-3 fusions by NGS

Clinical findings

The NTRK-rearranged sarcomas included five cases: one
IFS, one lipofibromatosis-like neural tumor (LFLNT), one
low-grade spindle cell sarcoma, one fibrohistiocytic pro-
liferation of the skin (with unusual morphology for a benign
fibrous histiocytoma) and one high-grade spindle cell sar-
coma. The clinicopathological data are summarized in
Table 1. In short, three patients were female (60%), and two
patient was male (40%), with a median age of 20 years (age
range 8 months to 48 years). Two tumors were located in

the lower leg, and the remaining three were found in the
forearm, lung, and skin (dermis).

Morphological, immunohistochemical and molecular
findings

The morphologic spectrum of the NTRK fusion tumors was
heterogeneous.

1. IFS was characterized by monomorphic spindled to
ovoid cells with small hyperchromatic nuclei arranged
in sheets and intersecting fascicles with high mitotic
activity (Fig. 2a–c). Immunohistochemical stains for
SMA, desmin, CD34, ERG, S100, SOX10, EMA,
pan-Keratin were negative. Pan-TRK showed diffuse
strong nuclear and cytoplasmic staining in all tumor
cells. The diagnosis of IFS was confirmed by the
presence of a typical ETV6-NTRK3 fusion.

2. LFLNT was a subcutaneous lesion on the neck
composed of spindle cells with mild nuclear atypia
and pale eosinophilic cytoplasm arranged in streaming
fascicles infiltrating the adjacent adipose tissue

Fig. 1 Pan-TRK expression
patterns in non-NTRK fusion
sarcomas. Focal weak
cytoplasmic/membranous
expression in the extraskeletal
myxoid chondrosarcoma (a),
myxofibrosarcoma (b),
pleomorphic liposarcoma (c)
and synovial sarcoma (d). Focal,
moderate to strong pan-TRK
expression with dot-like
aggregates (e) and nuclear (f)
staining in two different
leiomyosarcomas.
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Fig. 2 Morphological and
immunohistochemical findings
in cases 1 and 2. a, b Infantile
fibrosarcoma composed of
spindle cells with small
hyperchromatic nuclei arranged
in sheets and intersecting
fascicles. c Pan-TRK staining
shows diffuse strong nuclear
and cytoplasmic staining in
the tumor cells.
d, e Lipofibromatosis-like neural
tumor composed of spindle cells
with mild nuclear atypia and
pale eosinophilic cytoplasm
arranged in streaming fascicles
infiltrating the adipose tissue.
f Pan-TRK staining shows
diffuse strong cytoplasmic
staining. Tumor cells show
diffuse co-expression of
CD34 (g) and S100 (h).

Table 1 Summary of clinical, immunohistochemical, and molecular data.

Pts Age Sex Diagnosis Location Fusion Immunohistochemical
staining

Intensity Pattern

1 8 mo f Infantile fibrosarcoma Forearm ETV6-NTRK3 Strong Nuclear

2 50 years m Lipofibromatosis-like neural tumor Neck LMNA-NTRK1 Strong Cytoplasmic

3 15 years m Low-grade spindle cell sarcoma Lung RBPMS - NTRK3 Weak Cytoplasmic

4 48 years f Fibrohistyocitic proliferation Lower leg (dermis) IRF2BP2 -NTRK1 Strong Cytoplasmic

5 26 years f High-grade spindle cell sarcoma Lower leg TMB3-NTRK1 Strong Cytoplasmic

f female, m male, mo months.
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(Fig. 2d–h). Mitotic activity was low. The tumor
showed co-expression of S100 and CD34. With the
pan-TRK antibody, a strong diffuse cytoplasmic
staining pattern was observed. NGS revealed an
LMNA-NTRK1 fusion (Fig. 3).

3. Skin fibrohistiocytic tumor was a dermal lesion
composed of epithelioid and spindle tumor cells
resembling an unusual benign fibrous histiocytoma
like lesion composed of cells with mild nuclear atypia
and eosinophilic cytoplasm with low mitotic activity
(Fig. 4a–c). IHC showed diffuse strong cytoplasmic
staining with pan-TRK. Staining for ALK, CD68 and
CD163 were observed, whereas CD34, EMA, SMA,
S100, and SOX10 were negative. Based on the
unusual morphology for benign fibrous histiocytoma,
the ALK expression by IHC and the fact that
“epithelioid fibrous histiocytoma (EFH)” commonly
demonstrate ALK fusions [41–43], NGS testing was
performed and revealed IRF2BP2-NTRK1 fusion
(Fig. 3).

4. The lung case presented as a low-grade spindle cell
sarcoma composed of monomorphic spindle cells
arranged in a pattern-less pattern, partly reminiscent of
SFT with prominent stromal and perivascular hyali-
nization and co-expression of S100 and CD34
(Fig. 4d–h). However, IHC for STAT6 was negative.

Staining with pan-TRK was diffuse weak cytoplas-
mic. In this case, an RBPMS - NTRK3 fusion was
found (Fig. 3).

5. High-grade spindle cell sarcoma was composed of
cellular fascicles of atypical monotonous spindle cells
having an MPNST-like appearance (Fig. 5). Mitoses
were abundant (15/20HPF), and focal areas of necrosis
were found. Immunohistochemically, tumor cells
showed a strong diffuse cytoplasmic staining with
pan-TRK. Focal staining with CD34 was observed,
whereas the tumor was negative for S100 and SOX10.
H3K27me expression was retained. Molecular analysis
showed TMB3-NTRK1 fusion (Fig. 3).

Treatment and follow-up

The patient with IFS received four months of chemotherapy
(the combination of vincristine and actinomycin D) fol-
lowed by a TRK inhibitor (Entrectinib) for over 12 months
and has achieved a complete response with no sign of active
disease on the last PET-CT and MRI scans at 16 months of
follow-up. LFLNT, low-grade spindle cell lung sarcoma,
and skin fibrohistiocytic lesion were resected in toto with
negative margins. On their last follow-up, all patients were
alive without recurrence after 20, 4, and 5 months,

Fig. 3 Visualization of the
different NTRK fusions
analyzed by NGS. Images show
the genes and exons involved in
the translocation event as well as
the genomic location of each of
the five different NTRK fusion.
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respectively. Lastly, the patient with high-grade sarcoma
received total resection with adjuvant treatment, including
irradiation and chemotherapy with Epirubicin/Ifosfamide
and was free of the disease after 10 months follow-up.

Discussion

A growing body of evidence recognizes the oncogenic role
of chromosomal translocations involving NTRK genes
found infrequently across a wide range of solid neoplasms.
NTRK-rearranged mesenchymal neoplasms are an

expanding group of tumors commonly arising in children or
young adults. The tumors show morphologic heterogeneity
and a range from benign to low and high-grade lesions [19–
21]. They commonly recapitulate the morphology of
infantile fibrosarcoma [8, 21, 39]. However, morphologies
similar to inflammatory myofibroblastic tumor (IMT)
[8, 39], solitary fibrous tumor (SFT) or MPNST can be seen
[8, 39]. Recently, the locally aggressive LFLNT has been
described, a tumor entity habouring NTRK-fusions, with
similar morphology as dermatofibrosarcoma protuberans
and co-expression of CD34, S100 and pan-TRK [8, 20, 39].
In this setting, a pan-TRK IHC can be used as a diagnostic

Fig. 4 Morphological and
immunohistochemical
findings in cases 3 and 4.
a, b Fibrohistiocytic skin tumor
showed a monomorphic
proliferation of spindle and
epithelioid cells with mild
nuclear atypia and eosinophilic
cytoplasm with low mitotic
activity. c Tumor cells showed
diffuse strong cytoplasmatic
pan-TRK staining. d, e Low-
grade spindle cell lung sarcoma
composed of monomorphic
spindle cells arranged in a
pattern-less pattern with
prominent stromal and
perivascular hyalinization.
Tumor shows weak cytoplasmic
pan-TRK staining (f) and diffuse
strong co-expression of CD34
(g) and S100 (h).
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tool. Of note, up to 90% of NTRK-rearranged mesenchymal
tumors demonstrate more than one morphological pattern, a
feature that can be a helpful clue in tumor recognition. In
addition, most of the described tumors with NTRK-fusion
show a consistent immunophenotype, namely: at least focal
co-expression of S100, CD34, and pan-TRK, with negative
SOX10 and H3K27me expression [19, 20, 29, 38, 39].
Tumors with overlapping morphology and IHC to NTRK-
fusion tumors have been recently described to show RET- or
BRAF fusions, also potential therapeutic targets [19, 44].

In our study, two cases (IFS and fibrohistiocytic dermal
tumor) were S100 and CD34 negative. Two cases (LFLNT
and low-grade spindle cell lung tumor) showed at least focal
S100, and CD34 staining, and one case (high-grade spindle
cell tumor) was only focally positive for CD34. In all cases,
SOX10 and H3K27me were negative.

The principal mechanism of NTRK1/2/3 gene fusions
includes a fusion of the 3´ region of the NTRK gene con-
taining the NTRK kinase domain with the critical tyrosine
docking site with a 5´ fusion partner gene which is highly
variable. NTRK- fusions lead to an active fusion protein that
can be detected using IHC. Various molecular assays can

detect NTRK rearrangements. As the detection of unknown
and highly variable 5’ fusion partners is challenging, current
recommendations suggest to use RNA-based NGS tech-
nologies, whereas RT-PCR or FISH should only be per-
formed in tumors with a high frequency of recurrent NTRK
fusions [37, 45]. By performing targeted RNA-sequencing
approaches a spectrum of targetable oncogenic drivers can
be simultaneously analyzed [6, 33, 37, 45, 46].

Unfortunately, due to expenses, NGS can not routinely
be performed in every institution. Recently, it has been
suggested that pan-TRK IHC should be used as a screening
tool in institutions without available sequencing platform as
an inexpensive, time- and tissue- efficient, surrogate method
to screen for a potential NTRK gene fusion [37]. Positive
IHC expression with a cut off of 1% should lead to an
RNA-based NGS for detection/confirmation of the specific
fusion in the appropriate clinical setting [30].

The monoclonal antibodies commercially available (none
of them FDA approved) include rabbit TrkA (clone
ab76291, Abcam), rabbit TrkB (clone J.977.7, Thermo
Fisher and clone EPR17805-146, AbCam) and rabbit pan-
TRK (clone EPR17341 from Abcam and Roche/Ventana).

Fig. 5 Morphological and
immunohistochemical findings
in case 5. a High-grade spindle
cell sarcoma shows
hypercellular and myxoid areas
with focal necrosis. Tumor is
composed of cellular fascicles
of an atypical monotonous
spindle (b) and epithelioid
(c) cells with abundant
mitotic activity (d).
Immunohistochemically,
tumor cells showed a strong
diffuse cytoplasmic staining
with pan-TRK (e), and focal
staining with CD34 (f), while
S100 was negative (f inset).
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Even though the latter is available in two variants of the
same clone, the pan-TRK antibody from Roche is, in con-
trast to Abcams´ antibody, a ready to use assay with fix
procedure performed automatically. This should lead to
results that are easy to reproduce and compare between
different studies.

An overwhelming majority of studies used TrkA and
pan-TRK (Abcam), the latter reacting with a C-terminus of
TrkA, TrkB, and TrkC showing high specificity and sen-
sitivity [6, 29, 30, 38, 39, 47]. Nevertheless, IHC evaluation
may be challenging in tissue samples where TRK proteins
are physiologically expressed, namely in neural and smooth
muscle tissue. Moreover, as shown in the recently published
studies, the staining patterns of the pan-TRK antibody (all
studies used clone EPR17341 from Abcam) can vary in
intensity and localization. Tumors harboring NTRK1 rear-
rangements usually show strong, diffuse cytoplasmic
staining. Nuclear staining (at least focal) has been described
in tumors harboring NTRK3 fusions and may be used as a
surrogate of the presence of NTRK3 fusions, however, the
staining in these tumors can be weak [6, 29, 39]. Other
patterns include cellular membrane staining, cytoplasmic
staining, and nuclear expression with accentuation of the
nuclear envelope [6, 29, 33, 39]. By comparing our TMA
staining patterns with whole-tissue sections, a uniform
staining pattern was observed. Recently, rare tumors with
NTRK fusion were reported to lack TRK protein expression
by IHC [29, 38]. By testing four of IHC negative cases
where patients demographics might suggest a potential
false-negative panTRK staining (younger age, spindle cell
morphology) none of the cases showed an NTRK- fusion.
Our study supports previous findings that false-negative
cases seem to occur rarely [29, 38]. However, this cohort of
nearly 500 soft tissue tumors has not entirely been screened
by RNA-sequencing. Therefore, the sensitivity for this IHC
assay cannot be accurately determined. False-positive
staining with TRK antibodys can occur in non-NTRK
fused tumors, mainly tumors with neural and smooth
muscle differentiation, and some others namely: GIST,
leiomyosarcoma, glioblastoma, neuroblastoma, a primitive
myxoid mesenchymal tumor of infancy, synovial sarcoma,
Ewing sarcoma, and fibrous hamartoma of infancy, SFT,

soft tissue round cell sarcomas with YWHAE rearrange-
ments, BCOR internal tandem duplications (ITD) and
BCOR-CCNB3 fusions and clear cell sarcomas of the kid-
ney (another BCOR family tumor) as well as ossifying
fibromyxoid tumors with ZC3H7B-BCOR fusion
[29, 33, 38–40, 47].

In our study, we are first to describe the use of a pan-
TRK antibody (clone EPR17341, Assay, Roche, Ventana),
an immunohistochemical assay performed automatically on
Benchmark Ultra platform, in a large group of different soft
tissue sarcomas and show similar results to previously
published data using a different pan-TRK antibody (clone
EPR17341, Abcam) [6, 29, 30, 38, 39]. In this study, weak
focal cytoplasmic/membranous pan-TRK IHC staining
occurd in extraskeletal myxoid chondrosarcomas, dediffer-
entiated liposarcoma, pleomorphic liposarcoma, and myx-
ofibrosarcoma. In contrast, focal moderate to strong nuclear
staining was found in synovial sarcoma and leiomyo-
sarcoma. The latter also showed staining with dot-like
aggregates. All these tumors underwent NGS, and none of
them harbored an NTRK fusion. This result confirms data in
the literature that NTRK-fusions, if present, are driver
genomic alterations and that co-occurrence with additional
driver genomic alteration is very limited [48]. To the best of
our knowledge, NTRK-fusions in sarcomas with known
genomic driver alterations e.g., in synovial sarcoma or
extraskeletal myxoid chondrosarcomas are not reported.
Moreover, we analyzed eight SFTs and none of them
showed any pattern of staining. Of note, in our routine
practice, we observed that GIST and plexiform fibromyx-
oma of the stomach can express diffuse moderate to strong
cytoplasmic pan-TRK staining (Fig. 6) without demon-
strating an NTRK-fusion by RNA sequencing.

To date, most of the fusions described in mesenchymal
neoplasms involve NTRK1 and NTRK3 genes and include
different fusion partner genes, most common being ETV6,
LMNA, and TPM3 [8, 29, 30, 36, 38, 49, 50]. In our cohort,
two NTRK3-fusion-positive tumors are described: one with
an ETV6 fusion partner and one with RBPMS. The latter
arose in the lung and showed only diffuse weak cytoplasmic
pan-TRK staining, and an IHC pattern also demonstrated in
mesenchymal tumors lacking NTRK-fusions. Nevertheless,

Fig. 6 Pan-TRK
immunohistochemical staining
in gastrointestinal non-NTRK
fusion tumors. Diffuse
cytoplasmic/membranous
pan-TRK expression in
(a) gastrointestinal stromal
tumor and (b) plexiform
fibromyxoma of the stomach.
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the morphologic SFT-like pattern with the co-expression of
CD34 and S100, as well as the lack of staining for STAT6
and SOX10, prompted us to perform RNA sequencing. The
three NTRK1-fusion-positive tumors include TMB3, LMNA,
and IRF2BP2 as fusion partners. In all of these cases, dif-
fuse strong cytoplasmic pan-TRK staining was observed.

Interestingly, we were able to detect an NTRK-fusion-
positive skin lesion indicating that there is a spectrum of
unusual benign histiocytic lesions in the skin demonstrating
NTRK- fusions. We speculate that, similar to the “epithe-
lioid fibrous histiocytoma” that harbors ALK-fusions in a
high percentage of cases, there might also be a group of
currently classified fibrohistiocytic lesions in the skin that
will be shown to harbor NTRK-fusions. Further studies with
a larger number of cases are needed to reveal whether a
small subset of histiocytic/fibrohistiocytic lesions of the
skin (e.g., EFH) [41–43] should be reclassified into
mesenchymal tumors with NTRK-fusions.

The behavior of NTRK-rearranged tumors varies from
benign to highly malignant. The benign neoplasm can be
resected without further therapy, whereas malignant tumors
may require treatment with TKI with an excellent response
[12–18]. In our cohort, the patient with IFS was treated
with TRK inhibitors and showed no sign of disease
after 16 months. Patients with benign and low-grade tumors
(#2–4) did not receive any further treatment after
complete resection, and were free of disease after 20, 4, and
5 months. In the last case, after total resection of the high-
grade sarcoma, the patient received adjuvant treatment
(irradiation and chemotherapy) and was free of disease after
10 months.

In conclusion, NTRK rearranged mesenchymal neo-
plasms show variable morphologic patterns including
LFLNT, SFT-like, IMT-like, IFS, DFSP-like, and MPNST
like-spindle cell neoplasms and various histologic grades
from low to high grade as well as benign forms. Primary
NTRK -fusion tumors with mesenchymal origin can be seen
also in the lung, and our data suggests that there might be a
group of fibrohistiocytic tumors of the skin that might be
placed in the group of NTRK-fusion tumors in the near
future. The pan-TRK (clone EPR17341, RTU, Assay,
Roche, Ventana) IHC is a reliable diagnostic marker that
can be used as a surrogate marker for identification of
NTRK fusion in the appropriate setting (young age, mor-
phology) to help discover these rare tumors. Expensive
RNA-based NGS for the detection/confirmation of specific
fusions needs to be performed if patients are candidates for
undergoing targeted therapy.
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