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Abstract
Undifferentiated high-grade pleomorphic sarcoma (UPS) is a rare soft tissue sarcoma (STS) of
mesenchymal origin, particularly the extremities and retroperitoneum, meanwhile it has been reported in
almost all parts of the body. UPS is highly invasive and has a poor prognosis due to its clinical
manifestations of painless mass and deep tumor site, which are usually found at an advanced stage.
Patients with UPS tend to have a lower 5-year survival rate than patients with other types of STS.
Recently, NTRK fusions were detected in many cancer types, such as thyroid cancer, colorectal cancer,
non-small cell lung cancer, soft tissue tumors, uterine sarcomas, and melanomas. However, the mutation
frequency of NTRK fusion in all cancers is only 0.1-1%. Targeted therapy with NTRK inhibitors, such as
Larotrectinib and Entrectinib, leads to a response in most patients with NTRK1/2/3 gene fusion-positive
tumors. Herein, we present a 68-years old man diagnosed with stage IIIA (T2N0M0G3) UPS. Next-
generation sequencing (NGS) revealed a novel TMTC2-NTRK3 fusion. The NTRK3 positivity was also
detected by immunohistochemistry (IHC) and �uorescence in situ hybridization (FISH). He had a
response to Larotrectinib. This report broadens the spectrum of NTRK fusions in UPS and highlights a
new target for treatment.

Background
Undifferentiated high-grade pleomorphic sarcoma (UPS), originated from connective tissue, is a rare
tumor, accounting for 2–5% of all primary malignant soft tissue sarcomas (STS) [1, 2]. UPS occurs most
commonly in the extremities and retroperitoneum and has also been reported in other sites, such as in the
left chest wall [3]. Metastasis occurs most frequently in the lung, bone, and liver. It often presents itself as
a painless, enlarging, soft-tissue mass. Treatment consists of surgical excision and radiation.

The neurotrophic receptor tyrosine kinase (NTRK) genes, including NTRK1 (chromosome 1q21-q22),
NTRK2 (chromosome 9q22), and NTRK3 (chromosome 15q25), encode a family of transmembrane
receptor tyrosine kinase proteins, TrkA, TrkB, and TrkC. Trk respectively. These proteins are expressed in
neuronal tissue and are involved in the development and maturation of the human central and peripheral
nervous systems [4]. Molecular alterations (predominantly gene fusions) and aberrant activation of NTRK
genes have been reported in multiple tumor types. Larotrectinib is the �rst highly selective oral
tropomyosin receptor kinase (TRK) inhibitor approved by the Food and Drug Administration (FDA) for the
treatment of adult and pediatric patients with advanced solid tumors harboring the NTRK gene fusion [5–
7]. There are several ongoing clinical trials, which cover various types of malignancies, including UPS.
Here, we �rst report a novel NTRK3 fusion of a UPS patient with a response of Larotrectinib. And we will
review the works of literature associated with the UPS and clinical trials of NTRKs.

Case Presentation
A 69-year-old male patient presented to the hospital in May 2019 with a mass nodule on the left chest
wall. Ultrasonography revealed the hypoechoic nodule measured 4.9cm*1.5cm in the subcutaneous
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muscle layer of the left chest wall. The postoperative pathological diagnosis was T2N0M0G3 (IIIA)
Undifferentiated high-grade pleomorphic sarcoma (UHPS). Positron emission tomography-computed
tomography (PET/CT) revealed several high metabolic lymph nodes in mediastinal station 3P. The
patient received four cycles of postoperative radiotherapy (RT) of volumetric-modulated arc therapy
(VMAT). After radiotherapy, the patient did not feel nausea, vomiting, abdominal pain, diarrhea, fever,
exertion and leave the hospital. CT scans revealed multiple metastases in the lungs seven months after
hospital discharge.

Next-generation sequencing (NGS) analysis based on a pan-cancer 539-gene panel was performed to
discover potential therapeutic regimens. A novel TMTC2-NTRK3 fusion was detected in surgical tissue.
The fusion contained exon1-exon9 of TMTC2 and exon15-exon36 of NTRK3 (Fig. 1a, b). Pan-TRK
immunostaining and NTRK3 break-apart FISH demonstrated a strong positive in this case (Fig. 1c).

The patient was treated with Larotrectinib in July 2020. After three months of Larotrectinib therapy, no
noticeable adverse reactions took place. Six months later of the Larotrectinib treatment, the patient had a
stable disease though metastases in both lungs were enlarged than before (Fig. 2). Then the patient
stopped Larotrectinib treatment.

Discussion
Undifferentiated pleomorphic sarcoma (UPS) was �rst described in 1961 by Kauffman as a histiocytic
tumor with storiform growth in children [8]. UPS occurs most frequently in patients between 50 and 70
years [9], accounting for 28% of all soft-tissue sarcomas [10]. The major locations of UPS are the lower
(49%), upper extremities (19%), while tumors of the abdominal cavity and retroperitoneum account for
16%, and those of the trunk accounts for 9% [11]. UPS includes four histological types: storiform-
pleomorphic, giant cell, myxoid, and in�ammatory subtypes. The UPS histological morphology varies;
however, the classic form comprises spindle-shaped and round histiocytes arranged in a storiform
pattern. A majority of UPS patients do not have typical clinical manifestations; so they present to the
hospital late because of the relative absence of early clinical symptoms. If symptomatic, patients often
suffer from abdominal discomfort, altered bowel motions, hard nodules, and occasionally weight loss,
and so on. The tumor is often large at presentation since it usually does not pay attention for a long time.

The primary treatment of UPS is en-bloc resection of the tumor with free margins. However, the prognosis
of UPS is extremely poor. Molecular studies suggest that biomarkers such as p-STAT3, SOCS3, MET, and
KIT may be prognostic factors for UPS, correlated with different prognoses [12, 13]. There are no effective
chemotherapy options at present. The addition of RT to wide surgical excision for UPS has improved
local control rates compared with surgery alone [14].

Recently clinical trial data and the subsequent accelerated FDA approval of the selective NTRK inhibitor,
Larotrectinib, for treating adult and pediatric patients with solid tumors with NTRK fusion [15, 16].
Larotrectinib has shown a dramatic and durable activity against locally advanced and metastatic solid
tumors with NTRK fusions [17]. It is worth noting that this remarkable activity was seen regardless of



Page 4/8

tumor site of origin, histologic classi�cation, or NTRK fusion type. Previous studies suggested that some
cancer types, such as thyroid carcinoma, salivary gland carcinoma, infantile �brosarcoma, are highly
enriched for NTRK fusions [18, 19]. NTRK fusions can be detected in 5% non-GIST soft-tissue sarcomas.
A retrospective analysis of 38,095 samples from 33,997 patients identi�ed 87 patients with oncogenic
NTRK1-3 fusions. NTRK fusions are seen in 0.68% of sarcoma and are seen in 17.7% of in�ammatory
myo�broblastic tumors [20]. Although most NTRK-fusion sarcomas occur in pediatric populations, they
also affect a smaller number of adults. Thus far, some researchers have studied the incidence of NTRK3
fusion proteins in sarcoma; all of them are ETV6-NTRK3. In Ramamoorthy Nagasubramanian’s paper
which �rst reported an infantile �brosarcoma patient with ETV6-NTRK3 fusion successfully treated with
the tropomyosin-related kinase inhibitor LOXO-101 [21]. In the second study, Kenneth J. Caldwell reported
that a newborn with ETV6-NTRK3 fusion-positive infantile �brosarcoma was successfully treated with
Larotrectinib [22]. While in the third paper [23], the patient was a child with ETV6-NTRK3 fusion-positive
undifferentiated embryonal sarcoma of the kidney, successfully treated with adjuvant maintenance
Larotrectinib therapy. However, the frequency of NTRK fusions, especially NTRK3 in UPS, and especially
in Chinese UPS patients is not clear. So, it is the �rst time reported another NTRK3 fusion type, and it is a
little different in the clinical response of Larotrectinib, which in our patient only got a stable disease (SD)
result. Unresponsiveness to an NTRK inhibitor may be due either to the lack of an NTRK fusion or to the
development of a resistance mechanism [24], such as acquired mutations in the kinase domain of the
NTRK genes [25], including a mutation in NTRK3 that changes amino acid 623 in TRKC from glycine to
arginine (G623R) or a similar mutation in the paralogous residue, G595R of NTRK1/TRKA. In the 2020
ASCO case report [26], they had discussed response and mechanisms of resistance to Larotrectinib and
Selitrectinib in metastatic undifferentiated sarcoma harboring an oncogenic fusion of NTRK1, and they
discovered the NTRK1 solvent-front mutation, which facilitates the tumor initially developed resistance to
Larotrectinib. The gain-of-function KRAS G12V mutation was identi�ed as a second mutation that might
alter the immune microenvironment and affected TRK-inhibitor's function. However, our patient was
detected with NTRK3 fusion and expressed NTRK3 kinase domain protein, and it is still not a good result
when treated with Larotrectinib. We will focus on the patient’s gained mutation in the future.

In our case, we identi�ed a novel TMTC2-NTRK3 fusion-positive tumor in a Chinese UPS patient by DNA-
Seq, IHC, and FISH, which expanded the NTRK fusion spectrum and re�ected our clinical practice.

Abbreviations
UPS = Undifferentiated high-grade pleomorphic sarcoma, PET/CT = positron emission tomography-
computed tomography, VMAT = volumetric-modulated arc therapy, FISH = �uorescence in situ
hybridization, IHC = immunohistochemistry, SMA = smooth muscle actin, STS = soft tissue sarcoma.
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Figure 1

TMTC2-NTRK3 fusion analysis. a Schematic diagram of detailed fusion site of TMTC2 and NTRK3. b
NGS results showed a breakpoint of fusion. c TMTC2-NTRK3 fusion was con�rmed by FISH and
immunohistochemistry of the tumor tissue sample. (Left) Immunohistochemistry staining indicated a
strong NTRK3 protein expression. (Right) A split signal was observed in situ hybridization image.
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Figure 2

Representative lung and chest imaging data of the patient until Nov 2020. a Pre-treatment lung CT image.
b Lung CT after one month of larotectinib therapy. c,d A Follow-up CT image shows metastases were
continuously enlarged than before.


