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Abstract
In patients with non-small cell lung cancer (NSCLC) harboring a fusion of the neurotrophic
receptor kinase (NTRK) gene 1 or 3, treatment with tropomyosin kinase (TRK) inhibitors have
shown promising results, however so far no data on efficacy of these agents in patients with
NSCLC and NTRK2 fusion are available. We present a case of a female patient with NTRK2-
positive NSCLC with a complete ongoing response on therapy with larotrectinib, suggesting
efficacy of first-generation TRK inhibitors also in NTRK2-positive NSCLC.

© 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

The introduction of targeted therapy and immunotherapy has significantly improved
outcomes of patients with metastatic non-small cell lung cancer (NSCLC) [1–4]. With a better
understanding of the tumor biology and identification of various genetic alterations, the field
of targeted therapies has evolved rapidly with several new therapeutic options for patients
with oncogene-driven NSCLC [5, 6]. In this context, NTRK mutations represent a rare on-
cogenic driver with a strong therapeutic potential [2, 5, 6]. The NTRK family consists of
NTRK1, NTRK2, and NTRK3 and encodes for 3 transmembrane proteins TRKA, TRKB, and
TRKC [7]. The tropomyosin kinase (TRK)-mediated signaling plays an important role in
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survival and proliferation in human nervous tissue [8]. NTRK gene fusions have been reported
to be rare oncogenic drivers in different cancer types, identified in about 0.3% of all solid
tumors and in about 0.1–1% of NSCLC [9–11]. By ligand-independent activation of the kinase
function, TRK fusion proteins promote downstream signaling such as the MAPK and PI3K
pathways leading to cell proliferation, differentiation, and survival [7, 10, 12].

Data from pooled analyses of phase 1/2 trials have led to the histology-agnostic approval
of the two TRK inhibitors larotrectinib [13, 14] and entrectinib [15] in patients with tumors
harboring NTRK fusions. In both analyses, a total of 36 NSCLC patients harboring NTRK1 and
3 fusions were included with documented treatment response (26 treated with larotrectinib
and 10 treated with entrectinib), however none of these patients harbored a NTRK2 fusion
[16]. In our case report, we present a patient with NTRK2 fusion-positive NSCLC with an
ongoing complete response (CR) after treatment with larotrectinib.

Case Presentation

A 51-year-old female never-smoker patient presented with progressive shortness of breath
and new left-sided pleural effusion in September 2022 (shown in Fig. 1). Cytological examination
of the pleural effusion showed TTF-1-positive adenocarcinoma cells; however, no pulmonary
primary tumor or other distantmetastases could be identified by computed tomography scan and
MRI of the brain (clinical staging cT0, cN0, cM1a). Next-generation sequencing of the tumor cells
(TSO500 DNA and RNA) revealed a SQSTM1(exon 4)-NTRK2(exon 16) in-frame fusion (NM
003900, NM006180). No additional targetable alterationswere identified (shown in Table 1) and
immunohistochemical staining of tumor cells for PD-L1 was 15%.

A talc pleurodesis was performed and pleural drainagewas set. In October 2022, first-line
therapywith larotrectinib 200mg daily orally was initiated. After 9weeks of therapy, computed
tomography scan showed CR with no evidence of the pleural effusion or any other tumor
manifestation. After 10 weeks of treatment, the pleural drain could be removed due to minimal
flow rate (1 mL per week). From week 9 to week 18, therapy had to be interrupted due to a
grade 3 elevation of transaminases (ALT > AST). The serum bilirubin level and a coagulation
test were normal. Hepatopathy screening revealed no evidence of viral or autoimmune etiology
with signs of mild hepatic steatosis on ultrasound and normal FibroScan. After a 2-month
treatment break, recovery to grade 1 hepatitis was observed. Re-exposure to larotrectinib at
50% dosage at week 18 resulted in a recurrence of grade 3 hepatitis within 9 days. As a result,
the therapy had to be interrupted again (shown in Fig. 2) and even after renewed start with
20% of dose, a consecutive ALT increase occurred; therefore, treatment was permanently
discontinued and a trial of treatment with entrectinib was instead initiated. The CARE Checklist
has been completed by the authors for this case report, attached as online supplementary
material (for all online suppl. material, see https://doi.org/10.1159/000533572).

Discussion

Results of early phase 1/2 trials including patients with different cancer types harboring
NTRK1, NTRK2, or NTRK3 gene fusions have led to the histology-agnostic approval of the two
oral TRK inhibitors larotrectinib and entrectinib [13–15]. In our case, we describe ongoing
complete remission in a patient with NSCLC harboring a NTRK2 fusion treated with laro-
trectinib. So far, no data on treatment with NTRK inhibitors in patients with NTRK2-positive
NSCLC have been reported, as patients included in the respective trials with NSCLC all had
either NTRK1 or NTRK3 fusions.
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An interim analysis of three phase I/II trials exploring the activity of larotrectinib in the
first 55 pediatric and adult patients with different cancer types with NTRK1, NTRK2, or
NTRK3 fusions including 4 patients with NSCLC showed an overall response rate (ORR) of
75% (95% CI 61–85%) including 13% with CR [13]. In this overall analysis, only 4 patients
with NTRK2 fusions were included, none with NSCLC histology. Comparable results were
shown with entrectinib in the pooled analyses of three phase 1/2 trials including a total of
54 NTRK-positive solid tumor patients (10 with NSCLC). Again, only 1 patient with NTRK2
fusion was included [15]. More recently, findings from an interim analysis of two ongoing
phase 1/2 trials confirmed the efficacy of larotrectinib in 26 patients with lung cancer.
Seventeen out of 23 evaluable patients had a partial response and 2 patients had a CR with an
ORR of 83% (95% CI, 61–95%); median duration of response was not reached [16]. With a
median follow-up of 14.6 months, median progression-free survival was not reached.
Whereas 21 patients with a NTRK1 gene fusion and 5 patients with a NTRK3 gene fusion have
been included, no patients harboring a NTRK2 fusion were included.

The lack of NTRK2 fusion in previous studies reflects the reported distribution of NTRK
fusions in NSCLC, with NTRK1 and NTRK3 occurring more frequently than NTRK2 [11, 17]. A
recent review reported a prevalence of 0.07–3.3% for NTRK1, 0.02% for NTRK2, and 0.08%
for NTRK3 in patients with NSCLC [17]; similarly, NTRK1 and NTRK3 fusions are more
common than NTRK2 fusions in the majority of other tumor entities [11, 12, 17, 18]. In
contrast, NTRK2 fusions are significantly more common than NTRK1 and NTRK3 fusions in
NTRK-positive CNS tumors [12, 19, 20]. In a study by Perreault et al. [20], 38 patients with an
NTRK+ CNS tumor (mostly gliomas) were treated with larotrectinib, with 28/38 patients
(74%) harboring an NTRK2 fusion. With an ORR of 30% (95% CI, 16–47%) and a median
progression-free survival of 16 months (95% CI, 6.7 months – not estimable), the authors
confirmed the efficacy of larotrectinib in a predominantly NTRK2+ cohort [20].

In an interim analysis, the authors specified the fusion partners of 33 of these patients (24
NTRK2+). The most common fusion found in these patients was BCR-NTRK2 [20], but in-
terestingly, the fusion SQSTM1-NTRK2 identified in our case was not included in this cohort of
NTRK2+ CNS tumors and therefore no insight on efficacy of larotrectinib for this specific
fusion can be extrapolated from this cohort. However, SQSTM1-NTRK2 has been documented
as rare fusion in patients with NSCLC [21]. Westphalen et al. [10] identified 88 different NTRK
fusion partners in a group of 889 patients with NTRK fusion. The most frequent fusion
partners in this larger mixed tumor type cohort were ETV6:NTRK3 (27.2%), TMP3:NTRK1
(21.5%), and LMNA:NTRK1 (9.5%) depending on tumor location. Other fusion partners were
represented only in very small numbers (N = 1–4) and themajority of 88 fusion partners were
identified only once. The fusion partner SQSTM1 reported in our case was detected in only 3
of 295 patients with known fusion partners (one each for NTRK1, NTRK2, NTRK3).

a b c

Fig. 1. Radiological response to treatment with larotrectinib. a Pretherapeutic CT image demonstrating
pleural effusion left. b CT scan shows CR after 8 weeks with pleural drainage in situ (red arrow). c CT
scan shows persistent CR after 14 weeks. CT, computed tomography.
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Interestingly, in the setting of other driver alterations such as anaplastic lymphoma
kinase (ALK) fusion-positive NSCLC, the type of fusion partner has been shown to have a
major impact on the development of resistance mechanisms and clinical outcome [6, 22, 23].
To date, several mechanisms of resistance have been described under therapy with 1st
generation TRK inhibitors in NTRK1 and NTRK3 fusion positive cancers [17]: on-target
mechanisms involving secondary mutations at the kinase domain of the TRK gene as well as
off-target mechanisms involving bypass signaling [24, 25]. Second-generation TRK inhibitors
such as selitrectinib, repotrectinib, and taletrectinib are currently being investigated to
overcome resistance mutations acquired during treatment with first-generation TRK-TKI
[17]. Due to the overall rarity of NTRK fusions, the different distribution of type of NTRK
fusion across cancer types, as well as the large heterogeneity of fusion partners, prediction of
treatment efficacy of TRK inhibitors such as larotrectinib in rare NTRK fusions remains a

Table 1. NGS TSO500 DNA and RNA (hybrid capture-based next-generation sequencing assay targeting
523 tumor-associated genes and assessing tumor mutational burden and microsatellite instability)

Gene Variant

SQSTM1-NTRK2 SQSTM1(exon 4)-NTRK2(exon 16) 397 reads

TP53 p.R248Q (c.743G>A) 6.0% VAF

NFE2L2 p.E79Q (c.235G>C) 7.1% VAF

NOTCH3 p.N778K (c.2334C>A) 44.1% VAF

KDR p.I915V (c.2743A>G) 50.4% VAF

DAXX p.R230L (c.689G>T) 47.9% VAF

CCND3 p.S259A (c.774_775delinsTG) 52.8% VAF

ABL1 p.R764Q (c.2291G>A) 56.0% VAF

Fig. 2. Clinical course. CT, computed tomography; CR, complete response (CT scan); wk, week.
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challenge. Furthermore, mechanisms of resistance may depend on the type of fusion partner
and therefore better understanding in different NTRK fusion variants will facilitate devel-
opment of next-generation TRK inhibitors [21]. Collection of further fusion-specific data in
clinical trials as well as description of individual cases may enhance our understanding of the
biology of these rare cancers and will help us predict treatment efficacy and outcomes more
accurately in specific fusion variants in the future.

In general, NTRK inhibitors are well tolerated with few CTCAE grade 3 or higher adverse
events reported in previous studies [13–15]. Elevated aminotransferase levels in serum to
grade 1 or 2 occur frequently but are usually well manageable by treatment interruption and
dose reduction [26]. However, in our case, therapy with larotrectinib had to be interrupted
several times due to recurrent grade 3 hepatitis and the fact that the patient did not tolerate
even the manufacturer’s lowest recommended dose of 2 times 50 mg daily. In response to the
relatively small body size of our patient, we performed an off-label low-dose regimen based
on the use of larotrectinib in the pediatric setting. However, even these low doses did result in
subsequent ALT increase, leading to the decision to switchwithin the drug class to entrectinib.
Even though hepatotoxicity is a typical adverse event of both drugs and known class effect, as
with other TKIs such as ALK-, EGFR-, or MET inhibitor treatment, tolerability with another
drugwithin the same drug class sometimes can be better and is therefore the preferred option
before abandoning targeted therapy in oncogene-addicted NSCLC [27–31].

In conclusion, multiple targeted treatment options for patients with oncogene-addicted
NSCLC have emerged leading to significant improvement in outcomes in these patients [2, 32].
To the best of our knowledge, we report the first case of effective treatment with larotrectinib
in NTRK2 fusion-positive NSCLC with a CR within 8 weeks of treatment, underlining the value
of targeted therapy in patients with metastatic oncogene-addicted NSCLC. Better under-
standing and overcoming of treatment resistance as well as implementation of targeted
treatment also in earlier disease stages may further improve survival in patients with
oncogene-addicted NSCLC [2, 32, 33].
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