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Abstract

Background: Larotrectinib, a first-in-class, highly selective tropomyosin receptor kinase (TRK) 

inhibitor, has demonstrated efficacy in adult and pediatric patients with various solid tumors 

harboring NTRK gene fusions. This subset analysis focuses on the efficacy and safety of 

larotrectinib in an expanded cohort of adult patients with TRK fusion sarcomas.

Methods: Patients (aged ≥18 years) with sarcomas harboring NTRK gene fusions were identified 

from 3 clinical trials. Patients received larotrectinib 100 mg orally twice daily. Response was 

investigator-assessed per RECIST v1.1. Data cut-off was July 20, 2021.

Results: At the data cut-off, 36 adult patients with TRK fusion sarcomas had initiated 

larotrectinib therapy: 2 (6%) patients had bone sarcomas, 4 (11%) had gastrointestinal stromal 

tumors, and 30 (83%) had soft tissue sarcomas. All patients were evaluable for response and 

demonstrated an objective response rate of 58% (95% confidence interval, 41-74). Patients 

responded well to larotrectinib regardless of number of prior lines of therapy. Adverse events 

(AEs) were mostly grade 1/2. Grade 3 treatment-emergent AEs (TEAEs) occurred in 15 (42%) 
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patients. There were no grade 4 TEAEs. Two grade 5 TEAEs were reported, neither of which were 

considered related to larotrectinib. Four (11%) patients permanently discontinued treatment due to 

TEAEs.

Conclusions: Larotrectinib demonstrated robust and durable responses, extended survival 

benefit, and a favorable safety profile in adult patients with TRK fusion sarcomas with longer 

follow-up. These results continue to demonstrate that testing for NTRK gene fusions should be 

incorporated into the clinical management of adult patients with various types of sarcomas.

PLAIN LANGUAGE SUMMARY

Tropomyosin receptor kinase (TRK) fusion proteins result from translocations involving the 

NTRK gene, and cause cancer in a range of tumor types.

Larotrectinib is an agent that specifically targets TRK fusion proteins and is approved for the 

treatment of patients with TRK fusion cancer.

This study looked at how well larotrectinib worked in adult patients with sarcomas caused by TRK 

fusion proteins.

Over half of patients had a rapid, durable response to larotrectinib, with no unexpected side 

effects.

These results show that larotrectinib is safe and effective in adult patients with TRK fusion 

sarcomas.

PRECIS

Larotrectinib, a first-in-class TRK inhibitor, demonstrated robust and durable responses, extended 

survival benefit, and a favorable safety profile in adult patients with TRK fusion sarcomas. Testing 

for NTRK gene fusions should be incorporated into the clinical management of adult patients with 

various types of sarcomas to identify those suitable for targeted therapy.

Keywords

larotrectinib; sarcoma; TRK; TRK inhibitors; NTRK gene fusion

INTRODUCTION

Neurotrophic tyrosine receptor kinase (NTRK) gene fusions arise from inter- and 

intrachromosomal rearrangements involving the 3′ region of the NTRK gene and the 5′ 
end of a partner gene. This results in the expression of a constitutively active tropomyosin 

receptor kinase (TRK) fusion protein which is the oncogenic driver in a diverse range of 

adult and pediatric tumor types.1,2 NTRK gene fusions have been reported in ≤5% of adult 

patients with sarcomas.2-5

Adult sarcomas are a heterogenous group of cancers that include bone sarcomas and 

gastrointestinal stromal tumors (GIST), as well as soft tissue sarcomas (STS) of various 

histologies.1,6,7 This heterogeneity makes management difficult, with limited treatment 

options for advanced sarcomas following failure of first-line cytotoxic chemotherapy.6 The 
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prognosis of adult patients with locally advanced or metastatic sarcoma is poor, with median 

overall survival (OS) ranging from 12 to 18 months,7-9 demonstrating the unmet need 

for effective treatment options. As NTRK gene fusions can arise in a variety of sarcoma 

subtypes, TRK fusion proteins are a potential therapeutic target in sarcomas.6

Larotrectinib is a first-in-class, highly selective, and central nervous system (CNS)-active 

TRK inhibitor.10-13 Larotrectinib has received tumor-agnostic approval for the treatment of 

adult and pediatric patients with TRK fusion solid tumors based on the robust and durable 

antitumor efficacy, regardless of patient age or tumor type, observed in a pooled analysis 

of 3 phase 1/2 trials.10,14,15 In an expanded dataset of 153 evaluable adult and pediatric 

patients with non-CNS primary TRK solid tumors, including sarcomas of various subtypes 

and histologies (data cut-off February 19, 2019), the objective response rate (ORR) was 79% 

(95% confidence interval [CI], 72-85), the median progression-free survival (PFS) was 28.3 

months (95% CI, 22.1-not estimable [NE]), and the OS was 44.4 months (95% CI, 36.5-

NE).11 In the expanded safety population of 260 patients, treatment-related adverse events 

(AEs) were predominantly grade 1 or 2. Two percent of patients discontinued treatment due 

to AEs.11 These results show that larotrectinib demonstrated significant activity in patients 

with TRK fusion cancer, regardless of tumor type, and was well-tolerated with minimal 

safety concerns. The aim of this subset analysis was to evaluate the efficacy and safety of 

larotrectinib in an expanded dataset of adult patients with TRK fusion sarcomas with longer 

follow-up from the dataset of the 3 clinical trials: NCT02122913, NCT02637687 (SCOUT), 

and NCT02576431 (NAVIGATE).

MATERIALS AND METHODS

Study Design

Adult patients aged ≥18 years were eligible for inclusion in this analysis if they had 

a sarcoma harboring an NTRK gene fusion and had participated in 1 of 3 trials of 

larotrectinib: NCT02122913, a phase 1 trial in adults, SCOUT (NCT02637687), a phase 1/2 

trial involving individuals ≤21 years, and NAVIGATE (NCT02576431), a phase 2 “basket” 

trial in individuals ≥12 years. Details of these trials have been published previously.10,11 

Protocols were approved by the institutional review board or independent ethics committee 

at each site, and all the protocols complied with the International Ethical Guidelines for 

Biomedical Research Involving Human Subjects, Good Clinical Practice guidelines, the 

1964 Declaration of Helsinki and amendments, and local laws. All patients provided written 

informed consent. The data cut-off for the current analysis was July 20, 2021, providing an 

additional 2 years of follow-up compared to the previous report.11

In brief, patients in the NCT02122913 phase 1 trial and NAVIGATE were eligible if they 

had a locally advanced or metastatic solid tumor, had received standard therapy previously 

(if available), had an Eastern Cooperative Oncology Group performance status of 0-3, and 

had adequate major organ function. Patients were eligible for inclusion in the SCOUT trial 

if they had a locally advanced or metastatic solid tumor, a Karnofsky or Lansky performance 

score of at least 50, adequate major organ function, and had relapsed, progressed, or were 

nonresponsive to available therapies. Adult patients received 100 mg larotrectinib orally 

twice daily (BID); 1 patient received 150 mg BID in the dose escalation phase. Treatment 
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beyond progression was permitted if the patient continued to derive clinical benefit in the 

opinion of the investigator.

Study Endpoints

The primary endpoint in this analysis was ORR, measured using Response Evaluation 

Criteria in Solid Tumours version 1.1 based on investigator assessment; secondary endpoints 

included duration of response (DoR), PFS (defined as the time from the date of the first 

dose to the earliest date of documented disease progression or death, based on investigator 

assessment), and OS.10,11

The occurrence of AEs, including treatment discontinuation and dose modifications, was 

also assessed.10

Study Assessments

Tumor assessments were performed using computed tomography (CT), magnetic resonance 

imaging (MRI), and clinical measurement with electronic calipers (where appropriate) in the 

case of cutaneous lesions, at baseline, and every 8 weeks for 1 year, then every 12 weeks 

thereafter until disease progression. All tumor responses were confirmed at least 4 weeks 

after the initial response.10

AEs were assessed per National Cancer Institute Common Terminology Criteria for AEs, 

version 4.03, from the date that informed consent was obtained until at least 28 days after 

the last dose of larotrectinib was administered. AEs were deemed to be treatment-related 

based on the judgement of the investigator.10

Statistical Analysis

ORR was calculated based on patients who achieved best overall responses of confirmed 

complete response (CR) or partial response (PR). Best overall response for each patient 

was derived from the time the response was first determined by the investigators, with 95% 

CIs calculated using the Clopper-Pearson method. DoR, PFS, and OS were summarized 

descriptively using the Kaplan-Meier method, with 95% CIs calculated using Clopper-

Pearson method. Median follow-up for the time-to-event endpoints was estimated based 

on the Kaplan-Meier estimate of potential follow-up. For DoR and PFS, patients were 

right-censored if they met at least 1 of the following conditions: no baseline or post-baseline 

disease assessments unless death occurred prior to the first planned assessment (in which 

case the death will be considered a PFS event); initiation of subsequent anticancer therapy 

in the absence of documented progression; death or disease progression after missing 2 or 

more consecutively scheduled disease assessment visits; and last known to be alive and 

progression-free on or before the data cut-off date (July 20, 2021). For these patients, the 

progression or censoring date was determined based on conventions described by the U.S. 

Food and Drug Administration.
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RESULTS

Patients

As of July 20, 2021, an expanded cohort of 36 adult patients with locally advanced or 

metastatic TRK fusion sarcomas were enrolled in the study and had initiated larotrectinib 

treatment, including 23 with 2 additional years of follow-up from the previous analysis. 

Patients were identified from NAVIGATE (n = 29; 81%), the adult phase 1 trial (n = 4; 

11%), and SCOUT (n = 3; 8%). Patient characteristics are shown in Table 1. Two (6%) 

patients had bone sarcomas (1 chondrosarcoma and 1 not otherwise specified), 4 (11%) had 

GIST, and 30 (83%) had STS. At enrolment, 29 (81%) patients had metastatic disease and 7 

(19%) had locally advanced disease.

NTRK gene fusions were identified locally by a variety of testing methods: DNA and 

RNA next-generation sequencing (NGS; n = 18), DNA NGS (n = 8), RNA NGS (n = 8), 

fluorescence in situ hybridization (n = 1), and unknown NGS (n = 1). NTRK1, NTRK2, 

and NTRK3 gene fusions were identified in 19 (53%), 1 (3%), and 16 (44%) patient(s), 

respectively. A total of 13 fusion partners were identified, with the most common being 

LMNA::NTRK1 and ETV6::NTRK3 detected in 9 (25%) and 8 (22%) patients each, 

respectively.

All patients were previously treated. Thirty-one (86%) had prior surgery, 21 (58%) had prior 

radiotherapy, and 25 (69%) had prior systemic therapy (Table 1). Duration on most recent 

prior systemic therapy was available for 13 of the 25 patients; median time on most recent 

prior therapy was 0.49 months (range 0.0-24.8) for these patients. Best response to prior 

therapy was CR in 1 patient, stable disease in 5, and progressive disease in 7 (Table 1).

Efficacy Outcomes

The ORR for all patients was 58% (95% CI, 41-74). Seven (19%) patients had CR, 14 

(39%) had PR, 12 (33%) had stable disease (of which 6 had stable disease for ≥24 weeks), 

2 (6%) had progressive disease, and 1 (3%) was not determined as they discontinued 

treatment without evaluable post-baseline assessments (Table 2, Fig. 1). Treatment response 

by histology is shown in Table 2. Median time to response was 1.8 months (range 0.9-3.5) 

for all patients. Of the 21 patients with a confirmed best response, 20 (95%) responded to 

treatment within 2 months. ORR for patients with 0, 1, 2, and ≥3 prior lines of therapy was 

80% (95% CI, 44-97), 33% (95% CI, 10-65), 71% (95% CI, 29-96), and 57% (95% CI, 

18-90), respectively.

Overall, treatment duration ranged from 0.10 to 55.7 months (Fig. 2). Twenty-one 

(58%) patients experienced disease progression, with 10 (28%) continuing treatment post-

progression. At data cut-off, 9 (25%) patients had treatment ongoing. Median DoRs for the 

full sarcoma cohort and patients with STS were not reliably estimable at median follow-up 

periods of 27.5 and 23.9 months. The 36-month DoR rates for all patients and patients with 

STS were 62% (95% CI, 38-86; Fig. 3A) and 75% (95% CI, 54-96; Fig. 3A), respectively. 

For the 4 patients with GIST, the median DoR was 26.3 months (95% CI, 7.6-NE) at a 

median follow-up of 50.4 months, with a 36-month DoR rate of 38% (95% CI, 0-94). The 
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median DoR for the 2 patients with bone sarcoma with a response was 7.7 months (95% CI, 

NE-NE).

Median PFS was 28.3 months (95% CI, 7.6-55.7) at a median follow-up of 20.7 months for 

the full sarcoma cohort. The 36-month PFS rate was 48% (95% CI, 28-67; Fig. 3B). For 

patients with STS, the 36-month PFS rate was 56% (95% CI, 37-75; Fig. 3B). Median OS 

was not reached for the full sarcoma cohort (median follow-up: 34.0 months) or any of the 

subtype cohorts. The 36-month OS rate was 77% (95% CI, 61-92; Fig. 3C) for all patients 

and 71% (95% CI, 53-90; Fig. 3C) for patients with STS.

Safety and Tolerability

Treatment-emergent AEs (TEAEs) that occurred in ≥10% of patients are shown in Table 

3. All patients experienced a TEAE; 30 (83%) experienced AEs that were related to 

larotrectinib. The majority of AEs were grade 1 or 2. Grade 3 TEAEs occurred in 15 

(42%) patients, with 1 (3%) considered by the investigator to be related to larotrectinib 

(increased weight). There were 2 grade 5 TEAEs (neurofibrosarcoma and malignant 

neoplasm progression), neither of which were considered related to larotrectinib. Four (11%) 

patients permanently discontinued treatment due to TEAEs not deemed to be treatment-

related by the investigators: 1 patient had gait disturbance (grade 3), 1 patient had spinal 

cord compression (grade 3), 1 patient had pain in extremity (grade 2), and 1 patient had viral 

infection (grade 3) and malignant neoplasm progression (grade 5). No patients discontinued 

treatment due to a larotrectinib-related AE. A total of 3 patients reported fractures, 2 grade 1 

and 1 grade 2, none were related to larotrectinib.

DISCUSSION

This expanded subset analysis of adult patients with TRK fusion sarcoma with longer 

follow-up demonstrates the survival benefit and favorable safety profile of larotrectinib. 

Larotrectinib demonstrated a 58% ORR in adult patients with TRK fusion sarcomas of 

various histologies. Although 21 (58%) patients experienced disease progression while on 

treatment, 10 (28%) remained on treatment post-progression because they continued to 

derive clinical benefit in the opinion of the investigator. Safety findings were consistent 

with previous reports.10,11 Although larotrectinib was generally well-tolerated, there were a 

number of AEs reported that are potentially on-target effects of TRK inhibition. Wild-type 

TRKA/B/C receptors are predominantly expressed in neuronal tissue and are essential for 

the functioning of the nervous system.1 The 1 grade 3 larotrectinib-related AE reported 

in this study was increased weight, which can be anticipated due to the role of TRKB in 

appetite regulation.16,17 Loss-of-function mutations in NTRK1 and NTRK3 may result in 

dizziness, paresthesia, headaches, and gait disturbances due to their normal functioning in 

sensory neurons.1,2,12 The AEs seen in this analysis have also been reported in previous 

studies of larotrectinib and were mostly grade 1 and 2.13,18,19 Of note, no patients 

discontinued treatment due to an AE related to larotrectinib in this study.

In adult patients with sarcomas for which surgical resection would result in unreasonable 

morbidity or those with metastatic disease, effective and tolerable therapeutic options 

are limited and include radiotherapy, isolated limb perfusion, surgery, and systemic 
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therapy. Systemic therapy options vary according to histologic subtype and include 

cytotoxic chemotherapies (doxorubicin and/or ifosfamide-based regimens), anti-angiogenic 

multikinase inhibitors (such as pazopanib, regorafenib, sunitinib, and cabozantinib), and 

multikinase inhibitors that target NTRK, ROS1, and ALK (entrectinib).3,8,20-22 Despite the 

availability of multiple treatment options, there remains an unmet need for effective targeted 

treatments. Response rates for chemotherapy in STS vary from 10% to 50% depending on 

the drugs used, patient selection, and histological subtype.7 Conventional chemotherapy with 

doxorubicin and/or ifosfamide represents the backbone of systemic treatment. However, 

no statistically significant OS benefit could be demonstrated by the addition of other 

chemotherapy to doxorubicin.8 Moreover, a recent partitioned survival modeling study that 

estimated the long-term comparative effectiveness of larotrectinib and standard of care in 

adult patients with STS showed that patients receiving larotrectinib gained 5.56 additional 

life years and 1.99 quality-adjusted life years compared with doxorubicin/ifosfamide.23 

Pazopanib, indicated for the treatment of adults with advanced STS,24 demonstrated an ORR 

of 9%, median PFS of 4.6 months, and OS of 12.5 months in a phase 3 trial.25 Regorafenib 

is indicated for locally advanced, unresectable, or metastatic GIST that has failed prior 

treatment with the tyrosine kinase inhibitors imatinib mesylate and sunitinib malate.26 In a 

phase 3 trial, ORR was 4.5% and median PFS was 7.4 months.27 Entrectinib is a multikinase 

inhibitor approved for patients aged ≥12 years with TRK fusion solid tumors or adult 

patients with ROS1-positive metastatic non-small cell lung cancer.28 In 3 phase 1/2 trials in 

patients with sarcomas treated with entrectinib, median DoR, PFS, and OS were 10.3, 11.0, 

and 16.8 months, respectively.29 In our current study, larotrectinib demonstrated an ORR of 

58%, median PFS of 28.3 months (95% CI, 7.6-55.7), and 36-month OS rate of 77% for all 

patients and 71% for patients with STS.

The prognosis of adults with advanced sarcomas has improved in the last few years but 

is still relatively poor, with a median OS of 15-18 months.7,8 There is also the possibility 

that resistance to first-generation TRK inhibitors might develop in patients.10,30-32 On-

target resistance can result from amino acid substitutions involving the solvent front, 

activation loop xDFG motif, or so-called gatekeeper residue of TRKA or TRKC.2 In 

anticipation of this, next-generation TRK inhibitors are being developed to overcome this 

resistance. Repotrectinib and taletrectinib were designed to overcome NTRK resistance 

mutations; however, data on these agents in patients with sarcoma are limited.22,32,33 

Off-target resistance can be mediated by genomic alterations that converge to activate the 

mitogen-activated protein kinase pathway. Data suggest that off-target resistance will not be 

adequately addressed by next-generation TRK inhibitors alone and combination therapy may 

be required.34

Single-arm studies such as this current analysis do not provide comparative data. However, 

in rare diseases such as TRK fusion cancer, randomized control trials are not feasible due 

to the low number of patients available for recruitment. The growth module index (GMI) 

is an intra-patient comparison that uses patients as their own control by comparing PFS on 

their current therapy against time to progression or treatment failure on their most recent 

prior therapy.35 A GMI of ≥1.33 indicates a ≥33% improvement in PFS over the previous 

line of therapy and has been proposed as a threshold of meaningful clinical activity, with the 

European Medicines Agency endorsing the use of GMI as an endpoint for truly rare tumors 
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or very narrow indications.36,37 In a cohort of 72 patients treated with larotrectinib, 65% 

of patients met this threshold, indicating they had prolonged PFS compared with the most 

recent prior therapy, irrespective of the number of prior lines of therapy received.35

The findings reported here support the guideline recommendations from the World Sarcoma 

Network that consider disease stage and histologic and molecular subtypes to facilitate 

routine testing for TRK expression and subsequent testing for NTRK gene fusions.3 This 

subset analysis demonstrates that larotrectinib achieved robust and durable responses, 

extended survival benefit consistent with prior reports of larotrectinib, and had a favorable 

safety profile in adult patients with TRK fusion sarcomas. The optimal duration of treatment 

with larotrectinib is unknown and long-term safety data remain limited. While further 

studies are needed to assess continued response and to determine the long-term safety profile 

of larotrectinib, these data continue to highlight the importance of testing for NTRK gene 

fusions in patients with sarcomas, especially in those with no canonical genomic drivers.
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Figure 1. 
Maximum change in target lesions.

GIST, gastrointestinal stromal tumors.
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Figure 2. 
Treatment duration and time to response.

GIST, gastrointestinal stromal tumors.
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Figure 3. 
Kaplan-Meier plots showing (A) DoR for the full sarcoma cohort and the STS subgroup, 

(B) PFS for the full sarcoma cohort and the STS subgroup, and (C) OS for the full sarcoma 

cohort and the STS subgroup.

DoR, duration of response; OS, overall survival; PFS, progression-free survival; STS, soft 

tissue sarcoma.
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Table 1.

Demographic and clinical characteristics

Characteristic N = 36

Age, median (range), years 41 (19-70)

Sex, n (%)

  Male 19 (53)

  Female 17 (47)

Race, n (%)

  White 20 (56)

  Asian 12 (33)

  Other 4 (11)

ECOG performance status, n (%)

  0 14 (39)

  1 17 (47)

  2 5 (14)

Disease status at enrollment, n (%)

  Locally advanced 7 (19)

  Metastatic 29 (81)

Years since initial diagnosis, median (range) 1.1 (0.0-13.0)

NTRK gene fusion, n (%)

  NTRK1 19 (53)

  NTRK2 1 (3)

  NTRK3 16 (44)

Subtype, n (%)

  Bone sarcoma

    Chondrosarcoma 1 (3)

    NOS 1 (3)

  Gastrointestinal stromal tumors 4 (11)

  Soft tissue sarcoma

    NOS 8 (22)

    Malignant peripheral nerve sheath tumor 6 (17)

    Spindle cell sarcoma 4 (11)

    Epithelioid spindle sarcoma 3 (8)

    Inflammatory myofibroblastic tumor 2 (6)

    Myopericytoma 2 (6)

    Stromal tumor 2 (6)

    Dedifferentiated liposarcoma 1 (3)

    Fibrosarcoma 1 (3)

    Synovial sarcoma 1 (3)

Prior therapies, n (%)a

   Surgery 31 (86)

   Radiotherapy 21 (58)
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Characteristic N = 36

   Systemic therapy 25 (69)

Number of prior systemic therapies, n (%)

  0 10 (28)

  1 12 (33)b

  2 7 (19)

  ≥3 7 (19)

Best response to prior therapy, n (%)

  Complete response 1 (4)

  Stable disease 5 (20)

  Progressive disease 7 (28)

  Otherc 11 (44)

ECOG, Eastern Cooperative Oncology Group; NOS, not otherwise specified; NTRK, neurotrophic tyrosine receptor kinase.

a
Patients may have received more than 1 type of prior therapy.

b
One patient who reported “No” to prior systemic therapies had the number of prior systemic therapies actually reported as “1”.

c
Other includes unknown and not evaluable.
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