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Background

NTRK (neurotrophic tyrosine receptor kinase)-rearranged spindle cell neoplasms are a new group of tumors included in the new 5th edition of the World Health Organization (WHO) classification of soft Tissue and Bone Sarcomas. These tumors are characterized by NTRK gene fusions and show a wide spectrum of histologies and clinical behavior. Several targeted therapies have recently been approved for tumors harboring NTRK fusions, including STS.



Case Presentation

A 26-year-old male with advanced, pretreated NTRK rearranged spindle cell neoplasm and liver, lung and bone metastases was treated with larotrectinib on a continuous 28-day schedule, at a dose of 100 mg twice daily. An 18FDG-PET/CT scan performed after 7 days of treatment showed tumor shrinkage in both visceral and bone lesions. There was no drug-related toxicity. Subsequent evaluations confirmed continued tumor regression in disease sites. The patient is well and continues treatment.



Conclusion

The clinical and radiological response of our patient with an uncommon TPM4 (exon 7)-NTRK1 (exon 12) gene fusion tumor treated with a first-generation TRK inhibitor could contribute to a better understanding of the biology of this new STS entity and help to improve patient management.
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Introduction

Gene fusions corresponding to chromosomal rearrangements are believed to be involved in the pathogenetic mechanisms associated with various cancer types, including soft tissue sarcoma (STS) and bone sarcomas. Among sarcoma histotypes characterized by specific gene fusions, new clinical pathologic entities have emerged with specific histological and immunophenotypic features (1). NTRK (neurotrophic tyrosine receptor kinase)-rearranged spindle cell neoplasms represent novel rare STS recently included in the 5th edition of the World Health Organization (WHO) Classification of Soft Tissue and Bone Sarcomas. These neoplasms, characterized by morphological and molecular features resembling lipofibromatosis-like neural tumors and peripheral nerve sheath tumors (PNSTs), show wide-ranging histologic grade, age at diagnosis, anatomic location and clinical behavior (2). The presence of NTRK fusion genes has been identified as the main oncogenic driver alteration leading to tumor pathogenesis in this new STS group.

Tropomyosin-related kinase (TRK) is a receptor tyrosine kinase family of neurotrophin receptors (NTs) expressed in human neuronal tissue (3). The TRK protooncogene family includes three proteins (TRKA, TRKB, and TRKC receptors) encoded by NTRK genes, including NTRK1, NTRK2 and NTRK3 genes, respectively. The correct regulation and activation TRK receptors are essential for normal cell function, and alterations of the TRK pathway may be involved in the pathogenesis of many cancer types. NTRK gene fusions are oncogenic drivers occurring across various adult and pediatric tumor histologies and have emerged as targets for cancer therapy (4–7).

A higher frequency of NTRK gene fusions has been reported in mammary analog secretory carcinoma, secretory breast carcinoma, infantile fibrosarcoma and congenital mesoblastic nephroma, occurring in > 90% of selected series (7–12). In other solid tumors, NTRK fusions are found at much lower frequencies, in particular about 0.2% in head and neck cancer, 0.2%-3.3% in lung cancer, 0.7%-1.5% in colorectal cancer, 0.3% in cutaneous melanoma 0.3% and 1% in sarcoma (13–15). Novel compounds have been developed to inhibit molecular alterations involving the TRK pathway, including larotrectinib (16–21). We report our “real life” experience of the clinical management of a young adult with metastatic pretreated NTRK-rearranged spindle cell neoplasm and high tumor burden who obtained a rapid response with larotrectinib, without side-effects and maintaining a good quality of life.



Case Description

In 2007, a 14-year-old male underwent excision of an abdominal cutaneous lesion and was diagnosed with abdominal dermatofibrosarcoma protuberans (2 cm) with infiltrated surgical margins. The family history of the patient was unremarkable. The disease was limited to the abdomen. Radical resection was performed, with no evidence of residual disease. Further information about the surgery is lacking because the patient underwent diagnosis and treatment in another center. Eight years later, in January 2015, an ultrasound of the chest wall revealed a subcutaneous nodule of almost 5 cm. The lesion was radically excised, and histology revealed a metastasis compatible with dermatofibrosarcoma protuberans. Radiotherapy of the thorax was performed (60 Gy in 30 fractions) and follow-up was negative for one year. In 2016, a CT scan detected the presence of multiple bilateral nodules in the lung and two nodules in the liver, all suspicious for metastases. An 18FDG-PET/CT (18-fluorodeoxy-glucose positron emission tomography-computed tomography) scan showed areas of increased uptake in the 7th and 8th hepatic lobes and in 3 lung nodules. The patient began imatinib 400 mg/bid, decreased to 600 mg/die because of myelotoxicity. Disease progression was confirmed after 3 cycles and second-line treatment with anthracycline-based chemotherapy was proposed, which the patient refused. In 2017 the patient stopped all antitumor treatments and has since refused further clinical and imaging evaluations.

In August 2019, the patient at the age of 26, was referred to our cancer institute from the Emergency Room of a local hospital following a diagnosis of bone metastases in the left acetabulum, with pathological fracture. A 18FDG-PET/CT scan revealed multiple bone metastases in the hip bone, bilateral ribs and left femur, multiple bilateral lung lesions, multiple liver metastases, muscle metastases, and one lesion in the left kidney suspicious for metastasis (Figure 1A). Radiotherapy was performed for the bone pathological fracture (20 Gy).




Figure 1 | Response to therapy with larotrectinib: 18FDG-PET/CT scan evaluation. (A) Baseline FDG PET/CT study showing coronal fused PET/CT image with abnormal FDG uptake in multiple liver metastases, left rib and left femor. (B) Progressive metabolic response to larotrectinib after 7 days, four months, eight months and after almost one year of treatment. (C) Maximum intensity projection (MIP) PET/CT images: pre-therapy PET/CT scan again showed FDG-avid metastases occupying virtually the entire liver, left rib and left femor, all demonstrating high FDG avidity. (D) Seven days after the start of larotrectinib, PET/CT scan showed early tumor shrinkage with a reduction in FDG avidity in all previously described lesions.



The recurrence in the thoracic wall was composed of spindle cells characterized by low-grade morphology showing a mitotic rate of <5/10 high-power fields (HPFs) and low-to-moderate cellularity with focal vascular invasion (Figure 2A). Following a multidisciplinary evaluation of the case, a biopsy of the hepatic metastasis was performed, revealing the presence of spindle cells arranged in a clearly fascicular pattern (Figure 2B). The sections of the tumor were incubated with antibodies (22–24) and analyzed, revealing the expression of CD34, S100 and p53 at immunohistochemistry (IHC), Ki-67 1% (Figures 2C–F). These features were initially considered as confirmation of metastases form dermatofibrosarcoma protuberans.




Figure 2 | Histological features of NTRK rearranged spindle cell neoplasm. (A) Hematoxylin & Eosin (H&E) staining of the surgically resected recurrence tumor of the thoracic wall. (B) H&E staining of the surgically resected liver metastasis. (C) p53 positivity by immunohistochemistry (IHC) in the surgically resected liver metastasis. (D) S100 positivity by IHC in the surgically resected liver metastasis. (E) CD34 positivity by IHC in the surgically resected liver metastasis. (F) Ki-67 by IHC in the surgically resected liver metastasis (1% positivity).



Next generation sequencing (NGS) analysis was performed with the Oncomine Focus Assay on the histologic slides of the 2015 surgery to remove the subcutaneous nodule, highlighting the presence of the TPM4 (exon 7)-NTRK1 (exon 12) fusion gene (Figure 3). Microsatellite instability status (MSI) was also evaluated, but microsatellite stability was confirmed (Figure 4). Given the molecular findings, natural history of the disease and resistance to previous treatment, and after re-evaluation of the histological and immunohistochemical features of the case with an expert pathologist, it was concluded that the final diagnosis was compatible with the new entity of STS, NTRK-rearranged spindle cell neoplasm.




Figure 3 | Representative graphical output of next-generation sequencing analysis using Oncomine Focus Assay showing TPM4-NTRK1 rearrangement in the liver metastasis.






Figure 4 | Microsatellite instability analysis. Representative melt curves of target gene analyzed for microsatellite instability status in patient tumor sample (Pt, red curve) compared to stable positive control (C-, blue curve).



In November 2019, the patient started treatment with larotrectinib provided by Bayer as part of an early access program. Larotrectinib was administered orally in capsules on a continuous 28-day schedule, at a dose of 100 mg twice daily (Figure 1B). An 18FDG-PET/CT scan performed 7 days after the start of larotrectinib, considered as a baseline evaluation, showed early tumor shrinkage in both visceral and bone disease. The patient did not experience drug-related toxicity. Subsequent evaluations confirmed tumor regression in disease sites (Figures 1C, D). The last follow up of the patient was on October 2021 showing the confirmed metabolic response. The patient continues treatment, with no drug-related adverse events, and in good clinical conditions.



Discussion

Soft tissue sarcomas (STS) are a heterogeneous group of mesenchymal tumors encompassing more than 80 histologic subtypes (1, 2). The clinical management of patients with STS should be decided by a multidisciplinary team and the histological diagnosis confirmed by an expert pathologist. The optimal therapeutic approach for advanced STS is still a much-debated issue, especially with regard to the best sequential treatments, mainly because of the high heterogeneity of these tumors (25) and the lack of clinical trials focusing on specific histotypes. The 5th edition of the WHO classification of Soft Tissue and Bone Sarcomas, published in early 2020, describes novel STS types, emphasizing the central role of morphology and selected genetic alterations in diagnostic and therapeutic approaches (2). NTRK-rearranged spindle cell neoplasms are included in this classification and represent an emerging group of STS characterized by a variety of morphologies and histological grades with wide-ranging clinical aggressiveness. These tumors occur mainly in the first two decades of life and are usually localized in the extremities or trunk. The recently described lipofibromatosis-like neural tumor (LPF-NT) and tumors resembling malignant peripheral nerve sheath tumors (MPNST) (11, 26, 27). From a histological point of view, NTRK-fusion cancers can be composed of spindle cells characterized by monomorphic spindle cell proliferation, an infiltrative pattern of growth, and frequent positivity for both S100 and CD34 proteins (28–30). Actually NTRK-fusion neoplasms show a high variety of morphologic patterns, including those similar to dermatofibrosarcoma protuberans-like.

In our case the first diagnosis was dermatofibrosarcoma protuberans but then the pathologist revised in NTRK-rearranged spindle cell neoplasm as the morphological, molecular features and clinical course of the disease.

NTRK1, NTRK2 and NTRK3 gene fusions are oncogenic drivers that represent a potential therapeutic target. NTRK fusions have been described in STS, which are morphologically distinct from infantile fibrosarcoma (IF), a locally aggressive mesenchymal tumor that rarely metastasizes and is typically characterized by ETV6-NTRK3 fusion. Several other NTRK fusion partners have also been identified (6, 7). NTRK1 rearrangement represents one of the most common genetic alterations in the group of NTRK-rearranged spindle cell neoplasms, showing more fusion partners than NTRK2 and NTRK3 genes (31). One of the most common NTRK fusions often involves LMNA gene, encoding nuclear envelope protein lamin A/C, and NTRK1, encoding neurotrophic receptor tyrosine kinase 1 in the MAP kinase signal pathway. The fusion results in a protein that activates the tyrosine kinase domain of the NTRK1 protein (1, 30). Other NTRK gene fusions involve tropomyosin 3 (TPM3) and translocated promoter region (TPR).

In our clinical case, we observed the presence of unusual NTRK fusion gene partners, i.e., TPM4-NTRK1. To the best of our knowledge, this is a very rare chromosomal translocation in STS. Although NTRK3 fusion gene neoplasms are usually high grade and clinically aggressive, our patient’s tumor was characterized by low-grade morphology and a low mitotic rate over the course of several years, despite the appearance of metastatic disease (visceral and bone lesions). We can thus hypothesize a correlation with this uncommon NTRK gene fusion.

Several small-molecule targeted inhibitors of TRK tyrosine kinases are emerging on the therapeutic scenario, including larotrectinib. Data from case reports and phase 1 and 2 clinical studies have demonstrated the antitumor activity of this drug in TRK fusion-positive cancer, regardless of patient age and tumor type. Larotrectinib is an orally administrated, small-molecule inhibitor of all three TRK proteins. It was approved by the U.S. Food and Drug Administration and European Medicines Agency in 2018 for the so-called tumor-agnostic treatment of adult and pediatric patients with NTRK gene fusion solid tumors (16–21). The results from a recent pooled analysis of three phase 1/2 clinical trials enrolling adult and pediatric patients with metastatic TRK fusion-positive solid tumors confirmed that larotrectinib was highly active and safe in this setting (31).

We evaluated microsatellite instability (MSI) status to explore the potential presence of additional genetic mechanisms in this rare entity. MSI plays a role in some tumor types as a prognostic and predictive biomarker of response to immunotherapy (32–34) and results from an impaired DNA mismatch repair (MMR) system, whose job is to recognize and repair damage to DNA. The results from studies on the involvement of MSI in the STS tumorigenesis are somewhat contradictory, highlighting the need for further investigation (35–38). Our patient’s tumor showed microsatellite stability, suggesting that this specific molecular mechanism was not involved in his disease.

The disease evaluation at 18FDG-PET/CT showed an early tumor shrinkage that can be allocated in the category of partial response using RECIST criteria.

The rapid regression of the visceral and bone metastases seen in this uncommon case of TPM4-NTRK1 fusion-positive tumor provides important information on the clinical behavior of this new STS entity and contributes to establishing a new paradigm for the management of patients with NTRK-fusion cancers.

In conclusion, further preclinical research is warranted into this new entity because, in our opinion, primary cultures are the best strategy to understand the tumor biology of STS (22, 39–41).
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