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Abstract

While neurotrophic tropomyosin receptor kinase (NTRK) fusions represent rare oncogen-
ic drivers (<1% of solid cancers), the recent approval of NTRK inhibitors (larotrectinib and en-
trectinib) led to dramatic responses in patients with NTRK fusion+ tumors. Both drugs have
phase | data, demonstrating efficacy in the central nervous system (CNS), including both pri-
mary brain tumors and brain metastases. We present a 29-year-old woman who was diag-
nosed with NTRK3-SPECCIL fusion+ undifferentiated uterine sarcoma and underwent resec-
tion, chemotherapy, and radiotherapy. Two years later, lung metastases were discovered. She
was started on larotrectinib with complete response. She remained stable on larotrectinib
until she presented with altered mental status and seizures. MRl demonstrated leptomenin-
geal enhancement, but because leptomeningeal progression from sarcoma is exceedingly
rare and her symptoms improved dramatically with antiepileptics, these findings were initial-
ly attributed to seizures. After 2 unrevealing lumbar punctures and stable systemic imaging,
a brain biopsy demonstrated metastatic sarcoma, still showing NTRK positivity. She underwent
whole brain radiotherapy and was switched to entrectinib, but had clinical progression 1 month
later and transitioned to hospice. This case demonstrates the efficacy of NTRK inhibitors in rare
and aggressive cancer but highlights that these patients can develop isolated CNS progres-
sion even in the setting of CNS-penetrant drugs. CNS progression can occur if there is incom-
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plete CNS drug penetration, discordance in molecular profiles between CNS and systemic
disease, or acquired NTRK inhibitor resistance. In this case, CNS disease maintained the NTRK
fusion status, but either inadequate CNS penetration or development of a resistance gene
may explain the isolated CNS progression.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Neurotrophic tropomyosin receptor kinase (NTRK) is a family of genes (NTRK1, NTRK2,
and NTRK3) that, respectively, encode proteins TrkA, B, and C, which play roles in cell
signaling. Fusion events involving one of these genes may result in constitutive tyrosine
kinase activity, leading to the downstream activation of several pathways (RAS/RAF/MAPK,
PI3K/Akt/mTOR, and PLC/PKC) involved in cellular growth and proliferation [1]. Through
this mechanism, NTRK-fusion proteins act as primary oncogenic drivers. NTRK was first
implicated as an oncogene in colorectal cancer in the 1980s but has since been described
in a variety of tumor types including nonsmall-cell lung carcinomas, salivary gland carci-
nomas, thyroid carcinomas, and gliomas [2]. With the advent of targeted therapy in oncology,
an emphasis was placed on developing tissue-agnostic treatment (meaning a cancer medi-
cation that targets a driver mutation rather than the cancer’s subtype or primary location)
for NTRK. Larotrectinib is a tyrosine kinase inhibitor that blocks the ATP-binding domain
of Trk, demonstrating considerable selectivity and potency against all 3 Trk proteins [3]. In
a pooled analysis of clinical trials, larotrectinib was found to have a 79% overall response
rate with minimal occurrence of adverse events [4]. In 2018, larotrectinib became the
second tissue-agnostic cancer drug to be approved by the FDA and the first targeted therapy
for NTRK cancers.

Uterine sarcomas represent a heterogeneous group of rare tumors, accounting for <3%
of all female genital tract malignancies [5]. Molecular sequencing performed in sarcoma
samples found underlying NTRK fusions in 0.68% of all cases [6]. Furthermore, sarcoma only
rarely metastasizes to the brain, with a large prospective trial finding an incidence rate of
<1% [7]. Here, we report the first described case of a patient diagnosed with uterine sarcoma
with NTRK rearrangement who developed isolated leptomeningeal progression while on an
NTRK inhibitor.

Case Presentation

In 2015, a 29-year-old woman developed heavy menstrual bleeding with clinical exam
and imaging, demonstrating a 15 x 10-cm mass involving the cervix. Biopsy and subsequent
hysterectomy demonstrated an intermediate grade sarcoma with no definite immuno-
phenotypic pattern of differentiation. Additional molecular testing demonstrated NTRK3-
SPECC1L chimeric rearrangement. She then underwent 5 cycles of adriamycin/ifosfamide
with adjuvant radiation (45 Gy in 25 fractions). In 2016, she was found to have lung metas-
tases and underwent 2 cycles of gemcitabine/docetaxel. After continued disease progression,
in 2017, she was enrolled in the LOXO-TRK-15002 phase 1 clinical trial, receiving larotrec-
tinib 100 mg twice daily. This led to an impressive stabilization of her disease and dramatic
improvement in lung metastases without significant side effects. She remained on this
medication after the trial ended and showed no radiographic or clinical progression for
3 years.
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Fig. 1. MRI brain. MRI of the brain with and without contrast showing T2/FLAIR sequence demonstrating a
large focal area of T2 signal abnormality in the left occipital region (a), axial T1 BRAVO with contrast sequence
demonstrating patchy areas of subcortical and leptomeningeal enhancement (b), Tmax sequence demon-
strating prolonged Tmax on color maps within the posterior/superior parietal lobes bilaterally (c), right more
than left, locations that correspond with areas of signal abnormality described above.

In 2020, she developed increasing confusion at home over the course of a week. After being
found down and incoherent, she was brought to a local hospital and was found to be in status
epilepticus. She required levetiracetam, lacosamide, and lamotrigine for seizure stabilization.
Her MRI demonstrated multifocal patchy areas of T2 hyperintensities with posterior predom-
inance (Fig. 1). Alow-volume lumbar puncture during this admission revealed WBC <1, RBC 31,
glucose 50, protein 66, and no atypical cells. Her seizures resolved, her mental status slowly
improved, and she was discharged.

She then presented to our neuro-oncology clinic, appearing generally well from a neuro-
logical perspective, with mild difficulty giving a linear history (which improved with repeat
visits) and otherwise nonfocal neurological exam. At our institution, she underwent a repeat
lumbar puncture, which revealed a similar profile to the first and similarly had unremarkable
cytology. Repeat brain MRI was stable compared to prior. The specific etiology of her intra-
cranial pathology remained unclear. Leptomeningeal disease (LMD) was considered but felt
to be less likely, given the rarity of LMD in sarcoma, especially in the context of stable systemic
disease, clinical improvement with antiepileptic therapy, and negative cerebral spinal fluid (CSF)
cytology on 2 occasions. The differential for her radiographic findings included MRI changes
due to prolonged status epilepticus, multifocal ischemia, and infectious/inflammatory menin-
goencephalitis (although the CSF profile was bland and infectious panels negative, making
this etiology less likely). Since larotrectinib had only been recently approved, side effects from
this medication, such as posteriorreversible encephalopathy syndrome, were also considered.
However, to our knowledge, there are no reported cases of posterior reversible encephalopathy
syndrome associated with larotrectinib.

Given her initial clinical improvement, no treatment changes were made. Unfortunately,
over the course of 6-8 weeks, confusion became a much more prominent problem. She was
reluctant to undergo more invasive diagnostic workup, but after hospital admission for confusion,
she and her family agreed to a brain/meningeal biopsy which revealed metastatic sarcoma to
the leptomeninges (Fig. 2). With the diagnosis confirmed, she underwent a course of whole
brain radiation therapy (30 Gy in 10 fractions). After multidisciplinary discussion, she was
switched from larotrectinib to entrectinib. Next-generation sequencing performed on the
meningeal tissue did notidentify any knownresistance mutations (i.e., NTRK3p.G696A, BRAFv600e,
or KRASp.G12D) or gene amplifications associated with drug resistance. A month after starting
entrectinib, she began experiencing increasing lethargy and confusion, and was found to have
further progression of LMD. She ultimately transitioned to hospice.
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Fig. 2. Tissue pathology from brain/meningeal biopsy showing H&E stain demonstrating tissue histology (a),
positive PanTRK stain indicating that the tissue expresses Trk (b), S100 cytoplasmic immunoreactivity (c),
CD34 immunoreactivity (d). H&E, hematoxylin and eosin.

Discussion

This patient was one of the first to receive larotrectinib therapeutically via the LOXO-
TRK-15002 phase I trial. Despite chemotherapy and radiotherapy, the patient had rapidly
progressing disease with lung metastases. Considering the poor prognosis of undifferentiated
uterine sarcoma (shown to have a progression-free survival of 7.9 months and overall survival
of 26.8 months [8]), the initiation of larotrectinib resulted in an impressive and sustained
response for 3 years.

From a clinical perspective, this case represents a diagnostic dilemma. The patientinitially
presented to our clinic after an episode of status epilepticus with unusual MRI findings and a
bland CSF profile without tumor cells. While metastatic progression was considered, the
negative workup and initial improvement in symptoms without intervention made it less
likely. However, with subsequent worsening confusion and recurrent seizures captured
on EEG, we feltitwas reasonable to consider ameningeal biopsy, which ultimately confirmed
leptomeningeal spread of uterine sarcoma. This case underscores the limitations of diag-
nosing LMD with CSF analysis. CSF cytology has modest sensitivity of 71% and 86% for initial
and second lumbar puncture, respectively [9]. Higher volumes can increase diagnostic yield,
but this was limited in the current patient due to a Chiari malformation. Using tests for CSF
circulating tumor cells is also felt to increase the sensitivity of lumbar puncture [10], but our
lab does not regularly perform these in-house, and at the time, commercial testing was not
available. Additionally, it is not clear that sarcoma cells would be well captured by current
commercial testing. Specifically, Veridex uses epithelial cell adhesion molecule, but not all
sarcomas express this protein. Biocept is not CLIA approved for sarcoma. Next-generation
sequencing panels for cell-free DNA may also be useful in increasing the diagnostic sensitivity
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of lumbar puncture, but fusions can be particularly difficult to detect with the currently
available techniques [11].

Metastatic disease to the central nervous system (CNS) despite the presence of an NTRK
inhibitor canresultfrom several different mechanisms. Inadequate CNS penetration for targeted
molecules often contributes to inadequate CNS response in brain metastases/LMD [12]. To
overcome this possible mechanism, our team switched to entrectinib, as there is some in
vivo/in vitro data to support higher CNS exposure with this NTRK inhibitor [13]. The lack of
disease response even after the switch may imply that the CNS penetration between these 2
first-generation NTRK inhibitors is not clinically significant (unless this switch was made too
late in the progression to take effect). However, other mechanisms may have played a larger
role. Brain metastases can often gain additional mutations, distinct from the somatic primary [14].
However, it would be theoretically feasible but quite unusual to lose an initial driver mutation
(in this case, immunohistochemistry of the leptomeningeal tumor showed expression of
PanTRK, arguing against loss of NTRK expression). Resistance to targeted therapy has also
been documented in NTRK fusion cancers. In 1 study, primary resistance to NTRK inhibition
was demonstrated in 11% of patients, and acquired resistance was found in 18% [15]. In our
patient, next-generation sequencing of the leptomeningeal metastases was unrevealing for a
known resistance gene or amplification although it is possible that disease progression was
due to a yet-unidentified resistance mechanism. Several second-generation NTRK inhibitors
are currently under investigation that preliminarily demonstrate efficacy in NTRK fusion
cancers with resistance mutations. In the current case, pursuing compassionate use for seli-
trectinib was considered, but the patient had opted for hospice.

The main limitation of this case report is its sample size which limits the ability to draw
definitive conclusions. However, given the rarity of undifferentiated uterine sarcomas, NTRK
fusion cancers, and sarcoma progression to the CNS, this unique presentation provides
valuable insight for future clinical management and therapeutic development in this disease
entity.

Conclusion

This case reportillustrates several important learning points: a presentation of a rare
tumor type with a unique presentation, a demonstration of a complicated neuro-onco-
logical workup, and insight into isolated CNS progression while on a recently approved
medication.
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