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The past decade has witnessed a paradigm shift in the
treatment of cancer, moving from ‘one size fits all’ to
a more precision medicine-based approach owing to
the development of molecular diagnostic technologies
capable of identifying an increasing number of actionable
genomic alterations in the tumor tissue and circulating
tumor DNA. Tyrosine kinase inhibitors (TKIs) targeting
epidermal growth factor receptor (EGFR) mutation and
anaplastic lymphoma kinase (ALK) gene rearrangement in
advanced non-small cell lung cancer are notable examples
of successful molecularly targeted therapies in oncology
(1,2). These therapies have not only proven to improve
overall survival compared to standard chemotherapy, but
are also remarkably well tolerated leading to an enormous
impact on maintaining a good quality of life for patients
with advanced or metastatic cancer. Historically, the role of
oncogene rearrangements in tumorigenesis was considered
negligible because of its very low prevalence compared
with DNA sequencing alterations or amplifications.
However, the discovery of therapeutic agents targeting gene
rearrangements involving ALK, ROS1, and RET have now
established gene fusion as one of the important therapeutic
targets (3). One such gene fusion that has gained an
increasing amount of interest in recent years is neurotrophic
receptor tyrosine kinase (NTRK).
NTRK1, NTRK2, and NTRK3 genes encode for three
transmembrane proteins, TRK A, B, and C receptors
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respectively, that belong to the tropomyosin receptor
kinase (TRK) family. These receptor tyrosine kinases
are normally expressed in human neuronal tissue, and
are essential for the development and function of the
nervous system (4,5). All three TRK receptors consist
of an extracellular domain, a transmembrane domain,
and an intracellular domain with a kinase function. The
binding of the ligand to the extracellular domain triggers
the oligomerization of the receptors and phosphorylation
of tyrosine residues in the intracellular kinase domain.
This event results in the activation of signal transduction
pathways leading to proliferation, differentiation, and
survival in normal and neoplastic cells. The upregulation
of TRK receptors has been reported in several central
nervous system-related disorders including epilepsy and
depression (4,6). The fusion events involving the 3’ region
of the NTRK gene and 5’ region of various partner genes by
an intrachromosomal or interchromosomal rearrangement
lead to overexpression of the chimeric protein, resulting
in constitutively active, ligand-independent downstream
signaling (2,4). These fusions lead to oncogene addiction
and have been implicated in up to 1% of all solid tumors (7).
Since the first report of identification of NTRK1 gene
fusion in colon cancer in 1986, there have been a number of
studies reporting the presence of NTRK family gene fusions
in other tumor types and the signaling pathways associated
with it (3,8). However, the clinical utility of this genomic
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alteration in the treatment of patients was largely unknown
until recently.
The first major clinical breakthrough in the treatment of
NTRK fusion harboring tumors was reported in early 2018.
The article published by Drilon et al. in the New England
Journal of Medicine reported the integrated safety and
efficacy analysis of the first age- and tumor-agnostic NTRK
directed therapy in three clinical studies—a phase 1 study
involving adults, a phase 1–2 study involving children, and
a phase 2 basket trial involving adolescents and adults (2).
The eligible patients had locally advanced or metastatic
non-central nervous system tumors harboring TRK fusion
determined by next-generation sequencing or fluorescent
in situ hybridization (FISH), had disease progression on
available standard therapies, had an ECOG performance
status of 0–3, and had not received prior anti-TRK therapy
except for one patient who was enrolled prior to this
eligibility criterion was added to the protocol. The patients
received larotrectinib, a potent and highly selective oral
small molecule inhibitor of all three TRK proteins, until
disease progression or development of unacceptable side
effects. The primary endpoint was overall response rate
(ORR) assessed by independent radiology review committee
utilizing RECIST 1.1 criteria, and the secondary endpoints
included ORR according to investigator’s assessment,
duration of response (DoR), progression free survival (PFS),
and safety. The reported analysis included 55 patients,
ranging from 4 months to 76 years of age, with 17 different
tumor types. The most common tumor types were salivary
gland tumors (22%), soft tissue sarcoma (20%), infantile
fibrosarcoma (13%), and thyroid cancer (9%). The most
common gene fusion was NTRK3 (53%) followed by
NTRK1 (45%) and NTRK2 (2%).
At the data cut-off time, ORR was 75% (95% CI,
61–85%) according to the independent radiology review,
including 13% complete responses, 62% partial responses,
and 13% stable disease. The ORR was 80% (95% CI,
67–90%) per investigator’s assessment. The example of
remarkable responses included two pediatric patients with
locally advanced infantile fibrosarcoma who were eventually
able to undergo limb sparing surgery with a curative intent
and remained disease free without larotrectinib after 4.8
and 6 months of follow-up. In addition to a high response
rate, larotrectinib resulted in durable responses with
median DoR not reached at the median follow-up time of
8.3 months (range, 0.03–24.9 months). Response duration
was 6 months or longer for 73%, 9 months or longer
for 63%, and 12 months or longer for 39% of patients
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including a patient who had been receiving the treatment
for 27 months at the time of data cut-off. Similarly, median
PFS was not reached at the median follow-up time of
9.9 months (range, 0.7–25.9 months). The responses were
independent of the tumor-type, patient age, and the type of
NTRK gene fusion. The majority of the treatment related
adverse events (TRAEs) were grade 1 or 2. Twelve patients
experienced grade 3 TRAEs, including anemia, increase in
AST/ALT, weight gain, and neutropenia. No grade 4 or 5
TRAEs were observed. While eight of the total 55 patients
required dose reduction because of TRAEs, none of the
patients discontinued treatment because of the side effects.
Based on these data, the US FDA approved larotrectinib
in November 2018 for treatment of tumors harboring
NTRK gene fusion that are either metastatic or where
surgical resection is likely to result in severe morbidity,
and who have progressed following standard treatment.
This is the second tumor-agnostic FDA approval for the
treatment of cancer, following approval of PD-1 inhibitor
pembrolizumab for tumors with microsatellite instability,
regardless of the tumor histology.
Despite the impressive results of larotrectinib in this
molecularly selected subset of patients, resistance to
larotrectinib, either primary or acquired, remains an
invariable challenge. Given the small number of patients
with primary resistance to larotrectinib on this study, the
underlying mechanisms remain largely unknown except for
the possibility of either a false positive result while testing
for NTRK fusion, or the lack of protein-level expression
of the molecularly identified fusion. The mechanism of
acquired resistance is somewhat better understood with
kinase domain mutations comprising of substitutions
in the solvent front position (NTRK1 G959R, NTRK3
G623R), the gatekeeper position (NTRK1 F589L), and
the xDFG position (NTRK1 G667S, NTRK3 G696A).
These resistance mutations lead to structural changes in
the kinase domain that interfere with the binding of the
drug. A few patients had more than one acquired resistance
mutations. Another first-generation NTRK inhibitor,
entrectinib (RXDX-101), has also been reported to have a
remarkable efficacy in tumors harboring TRK fusions as
well as ROS1 and ALK rearrangements, with the suggestion
of clinically meaningful intracranial activity and similar side
effect profile as larotrectinib (9). However, development
of resistance mutations in the kinase domain leading to
resistance to entrectinib was again an inevitable occurrence.
The emergence of resistance mutations is analogous to
the phenomenon observed in other molecularly targeted
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Table 1 Clinical trials utilizing NTRK inhibitors
Agent

Trial design

Patient population

Tumor types

Clinicaltrials.gov identifier

Larotrectinib

Phase 1

Adult

Any solid tumor

NCT02122913
(LOXO-TRK-14001)

Phase 1/2

Pediatric

Any solid tumor including
primary CNS tumors

NCT02637687 (SCOUT)

Phase 2

Adult and pediatric

Any solid tumor

NCT02576431 (NAVIGATE)

Phase 1

Adult

Any solid tumor

NCT02097810 (STARTRK-1) (10)

Phase 2

Adult

Any solid tumor and anaplastic NCT02568267 (STARTRK-2) (11)
large cell lymphoma

Phase 1

Pediatric

Any solid tumor including
primary CNS tumors

Phase 1/2

Adult and pediatric

Any solid tumor including
NCT03215511
previously treated patients with
and NTRK inhibitor

Expanded access

Adult and pediatric

Any solid tumor

NCT03206931

Phase 1/2

Adult

Any solid tumor including
primary CNS tumors

NCT03093116 (TRIDENT-1)

Entrectinib

LOXO-195

TPX-0005 (repotrectinib)

NCT02650401 (STARTRK-NG)
(12)

NTRK, neurotrophic receptor tyrosine kinase.

therapies utilizing TKIs.
While the beginning of the story of NTRK directed
therapy may seem very similar to other targeted therapies
that are already approved, the most striking and rather
distinctive attribute of this therapy is it’s tumor agnostic
efficacy, including in rare adult and pediatric tumors that
are resistant to chemotherapy such as thyroid cancer, GIST,
infantile fibrosarcoma, and melanoma. Additionally, the
responses are remarkable as well as durable. The advent
of the therapy targeting NTRK fusion is of paramount
importance because of the limited therapeutic options
available for the relatively rare tumor types that are known
to be enriched for TRK fusions. Nevertheless, larotrectinib
and entrectinib certainly represent the first step in a
uniquely long journey. Presence of primary resistance
and development of acquired resistance are among the
major challenges. Longer follow-up of these patients is
unquestionably necessary to assess the patterns of disease
progression and various resistance mechanisms other than
the identified mutations. Another unanswered question
is the efficacy of larotrectinib in treating brain metastasis
and leptomeningeal disease considering the fact that there
was only one patient with brain metastasis included on
the study. It is also imperative to have a longer follow up
of the patients, especially the pediatric patients, to assess
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whether the therapy leads to any developmental and/or
neurologic impairment since TRK plays an essential role
in the development and function of human neuronal tissue.
To overcome some of the challenges associated with the
first generation NTRK inhibitors, several second generation
NTRK inhibitors with activity in tumors harboring
resistance mutations are being explored in various stages
of clinical development. The most notable ones are
LOXO-195 and TPX-0005 (repotrectinib). As more data
become available on the safety and efficacy profile of the
newer NTRK inhibitors, the sequencing of these agents and
its impact on overall survival of the patients will be an area
of growing interest. Table 1 summarizes the completed and
ongoing clinical trials utilizing various NTRK inhibitors.
In conclusion, the advent of tumor- and age-agnostic
therapy for TRK fusion harboring tumors, a number
of which are rare tumor types with limited treatment
options and dismal prognosis, has expanded the horizons
of precision medicine-driven cancer treatment. While this
newer target has brought about a monumental change in
the treatment of the select subset of patients, there remain
a number of unanswered questions ahead of us including
the best strategy to prevent and overcome the emergence
of resistance mutations, sequencing of various NTRK
inhibitors, and the development and implementation of
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cost-effective and time-efficient tests to identify NTRK
fusions. Finally, this data further supports the importance
of genomic analysis in patients with advanced solid organ
malignancies.
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