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Larotrectinib Demonstrates CNS Efficacy in TRK
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INTRODUCTION

TRK fusions are highly actionable drivers of onco-
genesis that occur in a wide variety of cancers,1 in-
cluding non–small-cell lung cancers2 (NSCLCs) and
breast carcinomas.3 Larotrectinib, a selective TRK
inhibitor, has marked and durable efficacy in TRK
fusion–positive tumors regardless of histology, with an
objective response rate of 80%,4 and is now approved
for this tumor-agnostic indication in the United States.
Disease control in the CNS is crucial because cancers
that harbor TRK fusions can present with primary or
metastatic intracranial disease. We present two cases
in which the efficacy of larotrectinib in the CNS is
highlighted.

CASE REPORT 1

A 76-year-old woman presented with a persistent
cough. Extracranial imaging revealed innumerable

bilateral pulmonary nodules; hilar and mediastinal
adenopathy; and hepatic, adrenal, and osseous me-
tastases. A magnetic resonance imaging scan of the
brain, obtained in the absence of symptoms, identified
more than 10 subcentimeter supratentorial-enhancing
brain metastases. An endobronchial biopsy showed an
adenocarcinoma consistent with a lung primary (thy-
roid transcription factor 1 positive, napsin A positive,
and cytokeratin 7 positive by immunohistochemistry;
Figs 1A and 1B).

Targeted exon sequencing of 468 genes withMemorial
Sloan Kettering Integrated Mutation Profiling of Ac-
tionable Cancer Targets (MSK-IMPACT) was negative
for known mitogenic drivers, including KRAS, EGFR,
BRAF, MET, and ERBB2 mutations and ALK, ROS1,
and RET rearrangements. To further evaluate this
apparent mitogenic driver-negative lung adenocar-
cinoma, targeted multiplex RNA sequencing (MSK
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FIG 1. Pathologic and molecular features of a TRK fusion-positive lung cancer. Photomicrographs of (A) cytology from
the patient’s lung adenocarcinoma and (B) positive immunohistochemistry results remarkable for cytoplasmic and
membranous staining using a pan-TRK antibody are shown. (C) A map of the EPS15-NTRK1 fusion protein that
resulted from an in-frame fusion between EPS15 exon 21 and NTRK1 exon 10. (D) A schematic that shows the
domains of the fusion protein depicted as possibly dimerizing at the coiled-coil region of EPS15 where that protein is
known to form homodimers.
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Solid Fusion Panel) was performed. This identified a novel
activating TRK fusion (in-frame fusion between EPS15 exon
21 and NTRK1 exon 10; Figs 1C and 1D).

The patient consented to receive larotrectinib in a bas-
ket study for TRK fusion-positive cancers (NAVIGATE;
ClinicalTrials.gov identifier: NCT02576431). No prior sys-
temic or CNS radiation therapy was administered before
trial enrollment. A brisk partial response to therapy was
achieved at 4 weeks, which was subsequently confirmed at
8 weeks (–34% by Response Evaluation Criteria in Solid
Tumors [RECIST] version 1.1; Fig 2), with regression of all
areas of disease. This included near total resolution of all
brain metastases at 8 weeks (95% reduction in aggregate
tumor volume) and subsequently, a complete intracranial
response by 16 weeks (Fig 3). She remains on larotrectinib
with ongoing disease control and no major tolerability is-
sues at more than 4 months.

CASE REPORT 2

A 43-year-old woman presented with a palpable mass in
her right-side breast. She underwent a right-sided
therapeutic mastectomy and axillary lymph node dis-
section. Pathology showed a stage IIIC (T1cN3M0)
multifocal invasive ductal carcinoma; the largest lesion
measured 1.8 cm. Immunohistochemistry was positive
for estrogen and progesterone receptors and negative for
human epidermal growth factor receptor 2. All 13 lymph
nodes examined were positive for disease. She was
treated initially with adjuvant dose-dense doxorubicin,
cyclophosphamide, plus paclitaxel and radiotherapy,
after which she received anastrozole followed by bilateral
salpingo-oophorectomy.

The patient developed recurrent, metastatic disease ap-
proximately 17 months after completing adjuvant radio-
therapy. An abdominal lymph node biopsy confirmed
recurrent, metastatic, triple-negative breast cancer that was
also positive for androgen receptor expression. She re-
ceived palbociclib and bicalutamide for 9 months, after
which she briefly received capecitabine. Sequencing of an
abdominal lymph node and a subsequently biopsied liver
metastasis using MSK-IMPACT revealed the previously
reported fusion between LMNA exons 1 and 20 andNTRK1
exons 11 and 17, which was verified using targeted mul-
tiplex RNA sequencing.

The patient consented to receive larotrectinib in the same
basket study for TRK fusion-positive cancers (NAVIGATE).
At enrollment, her disease was widely metastatic to liver,
adrenal gland, lymph nodes, and bone. Brain imaging
obtained in the absence of symptoms showed at least
three subcentimeter brain metastases (Fig 4). A brisk and
confirmed partial response by RECIST version 1.1 (−32%,
−47%, and −56% at 4, 8, and 16 weeks, respectively) was
achieved. Disease regression in the liver and adrenal
gland and decreased uptake of hypermetabolic bony

metastases were noted on serial imaging. Of note, her CNS
metastases likewise regressed at the first follow-up as-
sessment at 4 weeks, with a complete response in the CNS
at 8 weeks (Fig 4). The patient remains on larotrectinib
with good tolerability and disease control after 4 months of
treatment.
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FIG 2. Extracranial response to larotrectinib in a patient with TRK
fusion-positive lung cancer. (A) Baseline computed tomography
imaging of the chest revealed innumerable bilateral pulmonary me-
tastases that resulted in substantial dyspnea. Treatment with laro-
trectinib achieved a brisk clinical response within the first 2 weeks
as evidenced by decreased shortness of breath. This was ac-
companied by a radiologic partial response to therapy that (B) was
observed at 8 weeks and (C) was confirmed at 16 weeks. Previously
solid and semisolid confluent nodules regressed substantially.
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FIG 3. Intracranial response to larotrectinib in a patient with TRK fusion-positive lung cancer. Axial contrast-
enhanced T1-weighted images at (A) baseline (brain metastases highlighted by circles), (B) 8 weeks, and
(C) 16 weeks after treatment with larotrectinib was initiated demonstrate decreased and then resolved metastases in
the right-side insula and left-side occipital lobe. Three-dimensional models at (D) baseline and (E) post-treatment at
8 weeks and (F) post-treatment at 16 weeks confirmed decreased burden of metastatic intracranial disease
(segmented in green voxels and quantified at bottom). No residual disease was detectable at 16 weeks.

A B

C D

FIG 4. Response to larotrectinib in a patient with
a TRK fusion-positive metastatic breast cancer.
Baseline axial computed tomography imaging of
the brain was performed with the addition of
iodinated contrast that showed (A) metastatic
brain disease (circles) and after 8 weeks of
treatment with larotrectinib, (B) complete re-
sponse. Radiologic partial response was also
evident in the patient’s liver metastases at (C) 8
weeks, which continue at (D) 16 weeks. This
partial response was visualized throughout her
liver, adrenal, and bone metastases.
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DISCUSSION

To our knowledge, this report is the first to showcase the
intracranial efficacy of larotrectinib in metastatic TRK
fusion-positive cancers of any histology. We report rapid
and ultimately complete responses in previously untreated
brain metastases with larotrectinib therapy in two patients
with widely metastatic TRK fusion-positive lung and breast
cancer. These cases demonstrate that larotrectinib can
achieve clinically relevant CNS exposure, which highlights
its role in the management of TRK fusion-positive cancers
with intracranial disease.

Beyond NSCLCs and breast cancers, other TRK fusion-
positive tumors have a proclivity for brain metastases.1 The
intracranial activity featured here is consistent with prior
work that did not identify CNS metastasis as a site of
progression on larotrectinib across multiple tumor types4

and with a report that showed a response to larotrectinib in
a TRK fusion-positive glioma.5 Additional clinical experi-
ence in patients with TRK fusion-positive cancers with CNS
involvement ultimately will delineate the overall activity and
durability of larotrectinib within the CNS.

Although this article represents what is to our knowl-
edge the first report of intracranial responses to a se-
lective TRK inhibitor in patients with TRK fusion-
positive cancers and brain metastases, intracranial
disease control also has been reported with multi-
kinase TRK inhibitors. Entrectinib, a multikinase TRK,
ROS1, and ALK inhibitor, displayed activity in a patient
with a TRK fusion-positive lung cancer and brain
metastases6 and in ROS1 fusion-positive lung cancers
with intracranial disease.7 Repotrectinib, a multikinase
TRK, ROS1, and ALK inhibitor, achieved intracranial dis-
ease regression in untreated brain metastases in a patient
with a ROS1 fusion-positive NSCLC.8

Finally, this report represents the first description of
the novel EPS15-NTRK1 fusion. EPS15 has been
previously studied with regard to its role in secretion
and endocytosis, and it is known to constitutively
homodimerize at its coiled-coil region. This suggests
that ligand-independent dimerization of the chime-
ric EPS15-TRKA oncoprotein may activate TRKA
signaling.9

AFFILIATIONS
1Memorial Sloan Kettering Cancer Center, New York, NY
2Weill Cornell Medical College, New York, NY
3Columbia University, New York, NY
4Loxo Oncology, Stamford, CT

CORRESPONDING AUTHOR
Alexander Drilon, MD, Memorial Sloan Kettering Cancer Center, 300 E
66th St, BAIC 1253, New York, NY 10065; e-mail: drilona@mskcc.org.

SUPPORT
Supported by internal Memorial Sloan Kettering funding and Memorial
Sloan Kettering Clinical Scholars grant 2T32CA009512-29A1 (E.Y.R.),
a Cycle for Survival grant (D.M.H., A.D.), Noona’s Garden Foundation
(D.M.H.), and National Cancer Institute grant 1R01CA226864-
01A1 (A.D.).

AUTHOR CONTRIBUTIONS

Conception and design: Ezra Y. Rosen, Nora C. Ku, David M. Hyman,
Alexander Drilon

Administrative support: David M. Hyman
Provision of study material or patients: Robert J. Young, Mark W. Schreyer,
David M. Hyman
Collection and assembly of data: Ezra Y. Rosen, AlisonM. Schram,MarkW.
Schreyer, Catherine A. Shu, David M. Hyman, Alexander Drilon
Data analysis and interpretation: Ezra Y. Rosen, Alison M. Schram, Robert
J. Young, Jaclyn F. Hechtman, Catherine A. Shu, David M. Hyman,
Alexander Drilon

Manuscript writing: All authors
Final approval of manuscript: All authors
Accountable for all aspects of the work: All authors

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST

Larotrectinib Demonstrates CNS Efficacy in TRK Fusion-Positive Solid Tumors
The following represents disclosure information provided by authors of
this manuscript. All relationships are considered compensated.
Relationships are self-held unless noted. I = Immediate Family Member,
Inst =My Institution. Relationshipsmay not relate to the subject matter of
this manuscript. For more information about ASCO’s conflict of interest
policy, please refer to www.asco.org/rwc or ascopubs.org/po/author-
center.

Ezra Y. Rosen
Research Funding: Bayer AG

Robert J. Young
Stock and Other Ownership Interests: Agios, Alexion Pharmaceuticals,
Biogen, Celgene, Gilead Sciences, Karyopharm Therapeutics, Spark
Therapeutics, Regeneron Pharmaceuticals, Stemline Therapeutics,
Vertex
Consulting or Advisory Role: Agios, Puma Biotechnology,
NordicNeuroLab, ICON Clinical Research
Research Funding: Agios (Inst)

Jaclyn F. Hechtman
Honoraria: Medscape
Consulting or Advisory Role: Navigant Consulting, Axiom Biotechnologies
Research Funding: Bayer AG

Catherine A. Shu
Research Funding: Celgene (Inst), Genentech (Inst), Roche (Inst), Janssen
Pharmaceuticals (Inst), MedImmune (Inst)

Travel, Accommodations, Expenses: Genentech, Roche

Nora C. Ku
Employment: Loxo Oncology
Honoraria: Novartis (I), bioTheranostics (I), Pfizer (I), Amgen (I),
Genentech (I), Roche (I), AstraZeneca (I), MacroGenics (I), Peregrine
Pharmaceuticals (I), Pierian Bioscience (I), Cascadian Therapeutics (I)

Rosen et al

4 © 2019 by American Society of Clinical Oncology

mailto:drilona@mskcc.org
http://www.asco.org/rwc
https://ascopubs.org/po/author-center
https://ascopubs.org/po/author-center


Travel, Accommodations, Expenses:Novartis (I), bioTheranostics (I), Pfizer
(I), Amgen (I), Genentech (I), Roche (I), AstraZeneca (I), MacroGenics (I),
Peregrine Pharmaceuticals (I), Pierian Bioscience (I)

David M. Hyman
Consulting or Advisory Role: Atara Biotherapeutics, Chugai Pharma,
CytomX Therapeutics, Boehringer Ingelheim, AstraZeneca, Pfizer, Bayer
AG, Genentech
Research Funding: AstraZeneca, Puma Biotechnology, Loxo Oncology,
Bayer AG
Travel, Accommodations, Expenses: Genentech, Chugai Pharma

Alexander Drilon
Honoraria: Medscape, OncLive, PeerVoice, Physicians Education
Resources, Targeted Oncology, MORE Health, Research to Practice,
Foundation Medicine, PeerView

Consulting or Advisory Role: Ignyta, Loxo Oncology, TP Therapeutics,
AstraZeneca, Pfizer, Blueprint Medicines, Genentech, Roche, Helsinn
Therapeutics, BeiGene, Hengrui Therapeutics, Exelixis, Bayer AG, Tyra
Biosciences, Verastem, Takeda Pharmaceuticals, ARIAD
Pharmaceuticals, Millennium Pharmaceuticals, BerGenBio, MORE
Health

Patents, Royalties, Other Intellectual Property:Wolters Kluwer (royalties for
Pocket Oncology)

Other Relationship: Merck, GlaxoSmithKline, TEVA Pharmaceuticals
Industries, Taiho Pharmaceutical

No other potential conflicts of interest were reported.

REFERENCES
1. Cocco E, Scaltriti M, Drilon A: NTRK fusion-positive cancers and TRK inhibitor therapy. Nat Rev Clin Oncol 15:731-747, 2018

2. Farago AF, Taylor MS, Doebele RC, et al: Clinicopathologic features of non-small-cell lung cancer harboring an NTRK gene fusion. JCO Precis Oncol 10.1200/
PO.18.00037

3. Gatalica Z, Xiu J, Swensen J, et al: Molecular characterization of cancers with NTRK gene fusions. Mod Pathol 32:147-153, 2019

4. Drilon A, Laetsch TW, Kummar S: Efficacy of larotrectinib in TRK fusion-positive adult and children. N Engl J Med 378:731-739, 2018

5. Ziegler DS, Wong M, Mayoh C, et al: Brief report: Potent clinical and radiological response to larotrectinib in TRK fusion-driven high-grade glioma. Br J Cancer
119:693-696, 2018

6. Drilon A, Siena S, Ou S-HI, et al: Safety and antitumor activity of the multi-targeted pan-TRK, ROS1, and ALK inhibitor entrectinib (RXDX-101): Combined results
from two phase 1 trials (ALKA-372-001 and STARTRK-1). Cancer Discov 7:400-409, 2017

7. Doebele R, Ahn M, Siena S, et al: OA02.01: Efficacy and safety of entrectinib in locally advanced or metastatic ROS1 fusion-positive non-small cell lung cancer
(NSCLC). J Thorac Oncol 13:S321-S322, 2018

8. Drilon A, Ou SI, Cho BC, et al: Repotrectinib (Tpx-0005) is a next-generation ROS1/TRK/ALK inhibitor that potently inhibits ROS1/TRK/ALK solvent-front
mutations. Cancer Discov 8:1227-1236, 2018

9. Tebar F, Confalonieri S, Carter RE, et al: Eps15 is constitutively oligomerized due to homophilic interaction of its coiled-coil region. J Biol Chem
272:15413-15418, 1997

n n n

CNS Efficacy of Larotrectinib in TRK Fusion-Positive Solid Tumors

JCO Precision Oncology 5

http://ascopubs.org/doi/full/10.1200/PO.18.00037
http://ascopubs.org/doi/full/10.1200/PO.18.00037

	Larotrectinib Demonstrates CNS Efficacy in TRK Fusion
	INTRODUCTION
	CASE REPORT 1
	CASE REPORT 2
	DISCUSSION
	REFERENCES


