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abstract

PURPOSE Larotrectinib is a highly selective and CNS-active tropomyosin receptor kinase (TRK) inhibitor that has
demonstrated efficacy across TRK fusion–positive cancers, regardless of the tumor type. The aim of this study
was to assess the efficacy and safety of larotrectinib in patients with TRK fusion–positive lung cancers.

MATERIALS AND METHODS Data from two global, multicenter, registrational clinical trials of patients treated with
larotrectinib were analyzed: a phase II adult and young adult basket trial (NCT02576431) and a phase I adult
trial (NCT02122913). The primary end point was objective response rate (ORR).

RESULTS By July 20, 2020, 20 patients with TRK fusion–positive lung cancer had been treated. The ORR by
investigator assessment among 15 evaluable patients was 73% (95% CI, 45 to 92); one (7%) patient had a
complete response, 10 (67%) had a partial response, three (20%) had stable disease, and one (7%) had
progressive disease as best response. The median duration of response, progression-free survival, and overall
survival were 33.9 months (95% CI, 5.6 to 33.9), 35.4 months (95% CI, 5.3 to 35.4), and 40.7 months (95% CI,
17.2 to not estimable), respectively. Among patients with baseline CNSmetastases, the ORR was 63% (95% CI,
25 to 91). Adverse events were mainly grade 1 or 2.

CONCLUSION Larotrectinib is highly active with rapid and durable responses, extended survival benefit, and a
favorable long-term safety profile in patients with advanced lung cancer harboringNTRK gene fusions, including
those with CNS metastases. These findings support routine testing for NTRK fusions in patients with lung cancer.
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INTRODUCTION

The neurotrophic tyrosine receptor kinase genes
(NTRK) NTRK1, NTRK2, and NTRK3 encode the
tropomyosin receptor kinase (TRK) proteins TRKA,
TRKB, and TRKC, respectively. TRK proteins play an
important role in neurodevelopment and post-
developmental physiologic processes such as balance
maintenance, appetite control, and pain perception.1,2

Fusions involving NTRK1, NTRK2, or NTRK3 are on-
cogenic drivers that are found in a variety of adult and
pediatric tumor types, including, 1%of non–small-cell
lung cancers (NSCLCs).3,4 Structurally, these fusions
are characterized by a 3′ end containing one of the
three NTRK genes, including the full kinase domain,
and an upstream partner gene in the 5′ position.5 In-
frame activating fusions result in constitutive activation
of the TRK kinase and uninterrupted downstream
signaling that drives tumor development.2 In NSCLC,
similar to ALK, ROS1, and RET fusions, TRK fusions
are associated with adenocarcinomas from younger
patients with a minimal or no history of cigarette

smoking, although these fusions have been observed
across a range of tumor histologies, ages, and
smoking histories.3

Larotrectinib is a first-in-class, highly selective, and
CNS-active TRK inhibitor.6-8 Larotrectinib received
tumor-agnostic approval for the treatment of adult and
pediatric patients with TRK fusion–positive cancers in
20189 on the basis of the robust and durable antitumor
efficacy observed in a pooled analysis of three phase
I and II trials.6 This efficacy was sustained after fur-
ther follow-up with an expanded patient population.7

Larotrectinib showed a favorable safety profile; only
8% and 2% of patients required a dose reduction or
permanent treatment discontinuation, respectively,
because of an adverse event (AE).7

To date, however, the prospective efficacy and
safety of larotrectinib solely in patients with TRK
fusion–positive lung cancers have not been published.
The aim of this analysis was to provide data on these
outcomes in patients treated on this registrational
program.
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MATERIALS AND METHODS

Study Design

Patients were eligible for inclusion in this analysis if they
had advanced lung cancer harboring an NTRK fusion and
participated in one of two global, multicenter trials of laro-
trectinib: a phase II basket trial in adult and pediatric patients
age ≥ 12 years (NAVIGATE, NCT02576431) and a phase I
trial in adults age ≥ 18 years (NCT02122913). Complete
methodologies for these studies have been described in a
previous publication.6

Briefly, patients were eligible for inclusion in the NAVIGATE
trial if they had a locally advanced or metastatic solid tumor,
had an Eastern Cooperative Oncology Group (ECOG)
performance status of 0-3, had adequate major organ
function, and had received prior standard therapy appro-
priate for their tumor type and stage of disease or in the
opinion of the investigator would be unlikely to tolerate or
derive clinically meaningful benefit from appropriate
standard-of-care therapy. Patients must have received a
platinum-based doublet with or without maintenance
therapy (continuation or switch maintenance), unless they
declined chemotherapy.

Patients were eligible for inclusion in the phase I study if
they had a locally advanced or metastatic solid tumor that
had progressed or was nonresponsive to available thera-
pies, were considered unfit for standard chemotherapy,
or had a tumor for which no standard or available curative
therapy exists, and had an ECOG performance status of
0-2. Patients with asymptomatic CNS metastases were
eligible. Patients also had to have at least one measurable
lesion as defined by RECIST version 1.1.6

In patients included from both studies, treatment consisted
of single-agent larotrectinib administered at 100 mg twice
daily in continuous 28-day cycles. Treatment beyond
progression was permitted if the patient continued to
benefit. TRK fusion status was determined by molecular
testing in Clinical Laboratory Improvement Amend-
ments–certified or similarly accredited laboratories. All
study protocols were approved by the institutional review

board or independent ethics committees and complied
with the International Ethical Guidelines for Biomedical
Research Involving Human Subjects, Good Clinical Prac-
tice guidelines, the Declaration of Helsinki, and local laws.
All patients, or guardians for patients younger than age 18
years, provided written informed consent. The data cutoff
for the current analysis was July 20, 2020.

Study End Points

The primary end point for the combined analysis was
objective response rate (ORR) on the basis of RECIST
version 1.1. Secondary end points included the duration of
response (DoR), progression-free survival (PFS), and
overall survival (OS), on the basis of investigator assess-
ment. The occurrence of AEs, including treatment dis-
continuation and dose modifications, was also assessed
per National Cancer Institute Common Terminology Criteria
for AEs, version 4.03.

Study Assessments

Tumor assessment was conducted using computed to-
mography, magnetic resonance imaging, and clinical
measurement. Tumors were assessed at baseline, every
8 weeks for 12 months, and then every 12 weeks thereafter
until disease progression. Additional imaging was allowed
at the investigator’s discretion.

Statistical Analysis

DoR, PFS, and OS were estimated using Kaplan-Meier
analysis. 95% CIs were calculated using the Clopper-
Pearson method. These events were measured as previ-
ously described.7

RESULTS

Patient Population

A total of 20 patients with lung cancers harboring an NTRK
fusion were included in this analysis. Baseline patient
characteristics are shown in Table 1. The median age was
48.5 years (range, 25.0-76.0 years), and 18 (90%) patients
had an ECOG performance status of 0 or 1. Tumor histology
was adenocarcinoma in 19 (95%) patients and neuroen-
docrine carcinoma in one (5%) patient. Half of the patients

CONTEXT

Key Objective
To our knowledge, we report the first analysis of the efficacy and safety of larotrectinib exclusively in patients with tropomyosin

receptor kinase (TRK) fusion–positive lung cancer from a registrational data set.
Knowledge Generated
Larotrectinib was highly active in patients with TRK fusion–positive lung cancer, producing rapid, marked, and durable

responses, including in patients with brain metastases. Larotrectinib had a favorable safety profile and was well tolerated.
Relevance
These findings validate TRK fusions as key therapeutic targets and underscore the need to include NTRK fusion testing as

part of comprehensive molecular profiling in patients with lung cancer.
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had baseline CNSmetastases, two of whomwere previously
treated with brain radiotherapy (Data Supplement).

NTRK fusions were identified by RNA-based sequencing
in seven (35%) patients (four by anchored multiplex po-
lymerase chain reaction, two by targeted next-generation
sequencing [NGS], and one by whole transcriptome se-
quencing) and by targeted DNA-based NGS in 13 (65%)
patients. Sixteen (80%) patients had fusions involving
NTRK1 (fusion partners: TPM3 [n = 6], EPS15 [n = 2],
IRF2BP2 [n = 2], NOS1AP [n = 1], SQSTM1 [n = 1], TPR
[n = 1], CD74 [n = 1], CLIP1 [n = 1], and PRDX1 [n = 1]),
and four (20%) patients had fusions involving NTRK3
(fusion partners: SQSTM1 [n = 2] and ETV6 [n = 2]; Data
Supplement).

Patients were heavily pretreated. The median number of
prior lines of systemic therapy was three (range, 0-6), and
10 (50%) patients had received three or more prior sys-
temic treatments (Data Supplement). Six (30%) patients
had received prior immune checkpoint inhibitors.

Efficacy

The investigator-assessed ORR among 15 evaluable pa-
tients was 73% (95% CI, 45 to 92); one (7%) patient had a
complete response, 10 (67%) patients had a partial re-
sponse, three (20%) patients had stable disease, and one
(7%) had progressive disease (extracranial nontarget le-
sion) as the best response (Fig 1). The ORR by independent
review committee assessment was consistent with the
investigator-assessed results. The activity of larotrectinib in
an exemplary responder is shown in Figure 2. Responses
were achieved regardless of ECOG performance status, and
a reduction in target tumor size was observed in all patients
with measurable disease. Five of the 20 patients overall
were not evaluable for response because they had not yet
had a postbaseline tumor assessment.

The duration of treatment ranged from 0.03+ to
51.5+months. By the data cutoff, treatment was ongoing in
11 (55%) patients (Data Supplement). Among patients with
an objective response (n = 11), the median time to response
was 1.8 months (range, 1.6-1.9 months; Fig 3), corre-
sponding to the first follow-up imaging examination on trial.

The median DoR was 33.9 months (95% CI, 5.6 to 33.9) at
a median follow-up of 17.4months; the DoR rates at 12 and
24 months were 81% and 65%, respectively. At a median
follow-up of 16.6 months, the median PFS was
35.4 months (95% CI, 5.3 to 35.4). The 12- and 24-month
PFS rates were 65% and 55%, respectively. Among 19
patients who had prior systemic therapy, 11 (58%)
had. 2-fold longer PFS on larotrectinib compared with the
time to progression or treatment failure on their most recent
prior therapy (Data Supplement). Of the eight patients
with, 2-fold longer PFS, seven were still on treatment and
censored at the data cutoff. The median OS was
40.7 months (95% CI, 17.2 to not estimable) at a median

TABLE 1. Clinicopathologic Features
Clinicopathologic Feature N = 20

Age, median (range), years 48.5 (25.0-76.0)

Sex, No. (%)

Male 10 (50)

Female 10 (50)

Race, No. (%)

White 9 (45)

Asian 8 (40)

Others 2 (10)

American Indian or Alaska Native 1 (5)

ECOG performance status, No. (%)

0 8 (40)

1 10 (50)

2 1 (5)

3 1 (5)

Histology, No. (%)

Adenocarcinoma 19 (95)

Neuroendocrine carcinoma 1 (5)a

CNS metastases, No. (%)

No 10 (50)

Yes 10 (50)

Previously treated with radiotherapy 2 (10)

NTRK gene fusion, No. (%)

NTRK1 16 (80)

NTRK2 0

NTRK3 4 (20)

Prior therapies,b No. (%)

Surgery 10 (50)

Radiotherapy 9 (45)

Systemic therapyc 19 (95)

No. of prior systemic therapies, No. (%)

0 1 (5)

1 6 (30)

2 3 (15)

≥ 3 10 (50)

Best response to most recent prior systemic therapy, No. (%)

PR 3 (15)

SD 5 (25)

PD 5 (25)

Othersd 7 (35)

Abbreviations: ECOG, Eastern Cooperative Oncology Group;NTRK, neurotrophic
tyrosine receptor kinase; PD, progressive disease; PR, partial response; SD, stable
disease.

aThis patient was originally diagnosed with a small-cell lung cancer that was
subsequently reassessed as neuroendocrine carcinoma.

bPatients may be counted in more than one category.
cMost recent prior systemic regimens were as follows: cisplatin plus etoposide;

docetaxel; dostarlimab; entrectinib (discontinued because of toxicity); nivolumab
plus erlotinib (in the absence of a known activating EGFR mutation); gemcitabine;
osimertinib (in the absence of a known activating EGFRmutation); carboplatin plus
pemetrexed; gemcitabine plus pemetrexed; sitravatinib; gemcitabine plus
lobaplatin; cisplatin plus pemetrexed plus bevacizumab; sindelizumab plus
pemetrexed; pemetrexed plus nedaplatin; pemetrexed plus bevacizumab;
paclitaxel plus gemcitabine plus bevacizumab.

dIncluding unknown, not evaluable, and not applicable.
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follow-up of 16.2 months; the 12- and 24-month OS rates
were 86% and 75%, respectively (Fig 4).

CNS Efficacy

All eight evaluable patients with CNS metastases at
baseline had reductions in overall (systemic) target lesions,
ranging from 18% to 88%. The ORR by investigator as-
sessment was 63% (95% CI, 25 to 91); five (63%) patients
had a partial response, two (25%) had stable disease, and
one (13%) had progressive disease (Fig 1). Although in-
tracranial response was not a study end point, CNS me-
tastases were included as target lesions for two patients,
with measured reductions in the CNS metastases of 59%
and 100% by cycle 4, respectively. Neither of these pa-
tients previously received brain radiotherapy.

The duration of treatment among all 10 patients with CNS
metastases ranged from 0.03+ to 20.2 months, with three
patients still on treatment at the data cutoff. Five patients
continued to receive treatment after extracranial-only
progression with maintained disease control in the CNS
(Fig 3).

Safety

Treatment-related AEs were reported by 16 (80%) patients.
AEs that occurred in ≥ 15% of patients are shown in
Table 2; AEs were mostly grade 1 or 2, and there were no
unexpected or new safety signals. Eight (40%) patients
experienced a grade 3 treatment-emergent AE. Two (10%)
patients experienced grade 3 AEs considered related to

larotrectinib (hypersensitivity, increased weight, and my-
algia). There was one grade 5 AE (cardiac arrest) that was
not considered related to larotrectinib.
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FIG 1. Response to larotrectinib. A waterfall plot of the maximum change in the target lesion size (investigator
assessment) with larotrectinib treatment is shown for 15 evaluable patients whose lung cancers harbored a TRK
fusion. aTwo patients had CNS metastases included as target lesions with a 100% and 59% reduction observed by
cycle 4, respectively. Each patient number refers to the same patient across all tables and figures. CR, complete
response; INV, investigator; IRC, independent review committee; ORR, objective response rate; PD, progressive
disease; PR, partial response; SD, stable disease; TRK, tropomyosin receptor kinase.

Baseline 19 months on larotrectinib

FIG 2. Response to larotrectinib. A 46-year-old man diagnosed with
stage IV (T4N0M1) non–small-cell lung cancer previously progressed
on first-line platinum-based chemotherapy (after 9 months) and on the
PD-1 inhibitor dostarlimab (after 2 months). A TPM3-NTRK1 fusion
was identified on molecular profiling, and larotrectinib was initiated on
trial. A brisk partial response was achieved at 1.8 months, which was
subsequently confirmed; the patient discontinued treatment because
of progressive disease after a durable 39months of disease control.NTRK,
neurotrophic tyrosine receptor kinase; PD-1, programmed cell death-1.
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Two (14%) patients required dose reductions because of
AEs: grade 2 ALT and grade 2 AST increase in one patient
(see the case report below), and grade 2 neutrophil count
decrease in the other patient (all considered related to
larotrectinib). Three (15%) patients had dose interruptions
because of treatment-related AEs: grade 2 neutrophil count
decrease in one patient, grade 2 AST and ALT increase in
one patient, and grade 3 hypersensitivity in one patient. No
patients experienced an AE that resulted in permanent
discontinuation of larotrectinib.

DISCUSSION

In this global, multicenter, registrational data set,
larotrectinib was found to be highly active in patients with
TRK fusion–positive lung cancers. The drug resulted in
rapid, marked, and durable responses. The ORR by in-
vestigator assessment was 73%, and the median DoR,
PFS, and OS were 33.9, 35.4, and 40.7 months, respec-
tively. Furthermore, activity in the CNSwas achieved. These
results exceed the same outcome measures reported
historically for chemotherapy10 and immunotherapy in
NSCLCs. For example, first-line chemoimmunotherapy reg-
imens have demonstrated amedian PFS of 5.1-10.3months
and a median OS of 17.1-30.0 months.11-17

These data support the recommendation that a TRK in-
hibitor is the preferred up-front systemic therapy for

advanced lung cancers that harbor a TRK fusion regardless
of programmed cell death-ligand 1 expression levels, in line
with current clinical practice guidelines. International ex-
pert consensus recommendations from the Japan Society
of Clinical Oncology, European Society for Medical On-
cology, ASCO, and the Taiwan Oncology Society strongly
recommend the use of a TRK inhibitor during the course of
therapy for any TRK fusion–positive cancer. Should a TRK
fusion be discovered while a patient is already on another
systemic therapy, switching to a TRK inhibitor on pro-
gression is recommended and can be considered if the
response to the current systemic therapy is suboptimal.18

Similar to lung cancers in general,19 oncogene-driven lung
cancers have a propensity for CNS metastasis. A multi-
center registry previously reported that 36% of patients with
TRK fusion–positive lung cancer had brain metastases,3

and prospective clinical trial data sets including this one
have reported an incidence of 50%-69%.20 Larotrectinib
demonstrated rapid and durable responses in patients with
baseline brain metastases, consistent with previous find-
ings from all larotrectinib-treated TRK fusion–positive
cancers with baseline brain metastases where the ORR
was 75%.7 In the latter data set, larotrectinib demonstrated
intracranial activity in three patients with evaluable intra-
cranial disease: complete intracranial disease resolution in a
patient with NSCLC and intracranial tumor reductions of 14%
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TRK, tropomyosin receptor kinase.

Larotrectinib for TRK Fusion–Positive Lung Cancer

JCO Precision Oncology 5



and 46% in two patients with thyroid cancer.7 These findings
support the use of larotrectinib in TRK fusion–positive can-
cers with brain metastases.

Another approved therapy for patients with TRK fusion–positive
cancers is the multikinase inhibitor entrectinib, which
showed an ORR of 69% in 13 patients with lung cancer and
amedian PFS and OS of 14.9months at a median follow-up
of 14.2 months.20

Larotrectinib was well tolerated in this series, and no new or
unexpected safety signals were observed compared with the
larger data set of all larotrectinib-treated TRK fusion–positive
cancers,7 making the drug amenable to long-term use. As
with any potent TRK inhibitor, occasional unique on-target

AEs can occur; these include dizziness, weight gain, par-
esthesias, and TRK inhibitor withdrawal pain that providers
should monitor in the clinic.21 Also consistent with the larger
larotrectinib data set, local therapy extended the duration of
disease control in TRK fusion–positive lung cancers with
oligoprogression or solitary site progression. This is in line
with guidelines for other oncogene-driven NSCLCs, which
recommend targeted therapy continuation after local therapy
for disease progression.22

The identification of numerous actionable drivers in lung
cancer supports the use of appropriately designed, com-
prehensive NGS panels for molecular profiling. Clinical
practice guidelines recommend routine testing for EGFR
mutations, ALK fusions, and ROS1 alterations23-25 and the
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inclusion of NTRK1–3, ERBB2, MET, BRAF, KRAS, and
RET in NGS panels.25 Our analysis demonstrates that patients
with TRK fusion–positive lung cancers had better outcomes
on larotrectinib compared with prior systemic therapy, sup-
porting early testing. Orthogonal confirmatory assays including
pan-TRK immunohistochemistry are available,26 particularly
in practice environments without payer coverage for NGS.27

Furthermore, the fact that DNA-based NGSmay not detect all
fusions28 supports the use of complementary RNA-based
NGS to maximize the likelihood of identifying NTRK (in ad-
dition to ALK, ROS1, and RET) fusions.

Acquired resistance to TRK inhibitors may occur through
on-target or off-target mechanisms. On-target resistance
involves the development of TRK kinase domain mutations,

which sterically restrict the binding of first-generation TRK
inhibitors. Next-generation TRK inhibitors with activity
against TRK kinase domain resistance mutations are in
clinical development.8,29 Off-target resistance mechanisms
involve bypass signaling activation because of genomic
alterations in other oncogenic drivers, and these alterations
may often be targetable with existing agents.30

In summary, the highly selective TRK inhibitor larotrectinib
is active and well tolerated in patients with TRK
fusion–positive lung cancers, including those with CNS
metastases. These findings validate TRK fusions as key
therapeutic targets and underscore the need for TRK
fusion–inclusive early molecular testing strategies in pa-
tients with lung cancer.

TABLE 2. AEs That Occurred in ≥ 15% of Patients

AE

All Treatment-Emergent AEs, No. (%) Treatment-Related AEs, No. (%)

Grade 1 or 2 Grade 3 Grade 4 Any grade Grade 3 Grade 4 Any grade

Myalgia 9 (45) 1 (5) 0 10 (50) 1 (5) 0 6 (30)

Constipation 8 (40) 0 0 8 (40) 0 0 3 (15)

Cough 7 (35) 1 (5) 0 8 (40) — — —

Dizziness 8 (40) 0 0 8 (40) 0 0 4 (20)

Arthralgia 7 (35) 0 0 7 (35) 0 0 1 (5)

Diarrhea 6 (30) 0 0 6 (30) 0 0 1 (5)

Nausea 6 (30) 0 0 6 (30) 0 0 3 (15)

AST increased 5 (25) 0 0 5 (25) 0 0 3 (15)

Dyspnea 3 (15) 2 (10) 0 5 (25) — — —

Fatigue 5 (25) 0 0 5 (25) 0 0 1 (5)

Vomiting 5 (25) 0 0 5 (25) 0 0 2 (10)

ALT increased 4 (20) 0 0 4 (20) 0 0 4 (20)

Anemia 3 (15) 1 (5) 0 4 (20) — — —

Back pain 4 (20) 0 0 4 (20) — — —

Muscular weakness 4 (20) 0 0 4 (20) — — —

Peripheral edema 3 (15) 1 (5) 0 4 (20) 0 0 1 (5)

Pyrexia 4 (20) 0 0 4 (20) 0 0 1 (5)

Upper respiratory tract infection 4 (20) 0 0 4 (20) — — —

Weight increased 3 (15) 1 (5) 0 4 (20) 1 (5) 0 3 (15)

Dry skin 3 (15) 0 0 3 (15) 0 0 1 (5)

Hypotension 2 (10) 1 (5) 0 3 (15) 0 0 1 (5)

Leukocyte count decreased 3 (15) 0 0 3 (15) 0 0 2 (10)

Muscle spasms 3 (15) 0 0 3 (15) — — —

Pain in extremity 3 (15) 0 0 3 (15) — — —

Pneumonia 2 (10) 1 (5) 0 3 (15) — — —

Pruritus 3 (15) 0 0 3 (15) — — —

Rash 3 (15) 0 0 3 (15) 0 0 2 (10)

Urinary tract infection 3 (15) 0 0 3 (15) — — —

Abbreviation: AE, adverse event.
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