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1 Executive Summary

Product Introduction
On March 26, 2018, Loxo Oncology, Inc. (Loxo Oncology) submitted the final components of the
original New Drug Applications (NDA) 210861 (larotrectinib capsules) and NDA 211710
(larotrectinib oral solution) under Section 505(b)(1) of the Federal Food, Drug, and Cosmetic Act
(FDCA) seeking approval of Vitrakvi (larotrectinib) for the treatment of pediatric and adult
patients with locally advanced or metastatic solid tumors harboring an NTRK gene fusion.
Larotrectinib (previously called LOXO-101) is a kinase inhibitor that inhibits the kinase activities
of the tropomyosin receptor kinases TRKA, TRKB, and TRKC. Larotrectinib sulfate is the active
pharmaceutical ingredient in Vitrakvi.
The molecular formula for larotrectinib sulfate is C21H24F2N6O6S and the molecular weight is
526.51 g/mol for the sulfate salt and 428.44 g/mol for the free base. The chemical name is (3S)N-{5-[(2R)-2-(2,5-difluorophenyl)-1-pyrrolidinyl]pyrazolo[1,5-a]pyrimidin-3-yl}-3-hydroxy-1pyrrolidinecarboxamide sulfate. Larotrectinib sulfate has the following chemical structure:

Vitrakvi (larotrectinib) capsules and solution are for oral use. Vitrakvi is supplied as 25 mg and
100 mg larotrectinib free base capsules and as a 20 mg larotrectinib free base/mL solution; both
dosage forms are for oral administration.
The proposed dosage regimen for larotrectinib is 100 mg orally twice daily for adults and
100mg/m2 twice daily (with a maximum of 100mg twice a day) for pediatric patients.
Vitrakvi is a new molecular entity and has not been previously marketed.
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Conclusions on the Substantial Evidence of Effectiveness
The clinical, clinical pharmacology, nonclinical, and statistical review teams unanimously agree
that the applications for larotrectinib capsules and oral solution use meet the statutory
standards for approval under 21 CFR 314, Subpart H (accelerated approval) for the following
indication:
VITRAKVI is indicated for the treatment of adult and pediatric patients with solid tumors that:
•

have a neurotrophic receptor tyrosine kinase (NTRK) gene fusion without a known acquired
resistance mutation,

•

are metastatic or where surgical resection is likely to result in severe morbidity, and

•

have no satisfactory alternative treatments or that have progressed following treatment.

This indication is approved under accelerated approval based on overall response rate and
duration of response. Continued approval for this indication may be contingent upon verification
and description of clinical benefit in confirmatory trials.
This approval recommendation is primarily based on pooled safety and efficacy results of the
first 55 patients with solid tumors harboring an NTRK fusion enrolled across the following three
single-arm clinical trials:
• LOXO-TRK-14001, entitled “A Phase 1 Study of the Oral TRK Inhibitor LOXO-101 in Adult
Patients with Solid Tumors”,
• LOXO-TRK 15002, entitled “A Phase 2 Basket Study of the Oral TRK Inhibitor LOXO-101 in
Subjects with NTRK Fusion-Positive Tumors”, and
• LOXO-TRK 15003, entitled “A Phase 1/2 Study of the Oral TRK Inhibitor LOXO-101 in
Pediatric Patients with Advanced Solid or Primary Central Nervous System Tumors”.
The safety of larotrectinib is also supported by data from an additional 121 patients treated
with larotrectinib for solid tumors with NTRK fusions or for other indications in the above trials.
Larotrectinib demonstrated a large and clinically meaningful overall response rate in patients
with NTRK fusion-positive solid tumors. These responses were also durable. In the first 55
patients with NTRK fusion-positive solid tumors enrolled in the 3 trials the estimated overall
response rate (ORR) was 75% (95% confidence interval: 61%, 85%). At the time of data cutoff
(February 19, 2018), the median duration of response (DOR) was not reached; 30 out of 41
(73%) responders had at least 6 months’ DOR and 16 out of 41 (39%) responders had at least 12
months’ DOR at the time of the analysis. Due to the small sample size, there is a degree of
uncertainty regarding the magnitude of the treatment effect of larotrectinib in any single
histologic subtype of solid tumors with an activating NTRK fusion. Loxo Oncology has agreed to
a postmarketing requirement to conduct studies that will provide additional data to verify and
confirm the clinical benefit of larotrectinib, particularly in histologic tumor types such as colon
cancer and lung cancer for which the ORR is not well characterized.
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Benefit-Risk Assessment
Benefit-Risk Summary and Assessment
It is estimated that approximately 1.7 million patients will be diagnosed with cancer and that over 600,000 people will die of cancer in the
United States in 2018 [American Cancer Society Cancer Facts and Figures 2018]. Solid tumors with an activating neurotrophic receptor tyrosine
kinase (NTRK) rearrangement are a heterogenous group of cancers. Although there is insufficient information to fully characterize the incidence
of patients with solid tumors harboring an activating NTRK fusion, the annual incidence of NTRK fusion-driven tumors is estimated to be 15005000 cases in the United States (U.S.) [Kheder 2018]. Although either pathognomonic or common in some very rare cancers such as mammary
analogue secretory carcinoma (MASC), secretory breast carcinoma (SBC), or infantile fibrosarcoma (IFS), the incidence of NTRK fusions is below
1% for most common cancers such as lung, prostate, and colon cancer. There are limited data regarding outcomes of patients with solid
tumors with an NTRK fusions. Nevertheless, at least for the more common tumors that harbor NTRK fusions, compelling evidence does not
exist that the presence of an NTRK fusion confers a favorable prognosis in the unresectable locally advanced or metastatic setting.
There are no drugs approved specifically for patients with solid tumors harboring an NTRK fusion; when metastatic or unresectable, solid
tumors are rarely curable and generally convey a poor prognosis. Although there are approved treatments for many common adult cancers
that rarely have an NTRK fusion, such as lung, prostate, and colon cancer, this indication is limited to such patients who have progressed on
approved treatments for adult solid tumors. Additionally, there are no approved treatments for mammary analogue secretory carcinoma, SBC,
and IFS, which frequently harbor NTRK fusions. Moreover, in some cases where resection is a potentially curative approach, surgery can result
in unacceptable morbidity such as limb amputation (e.g., in some patients with IFS).
The efficacy of larotrectinib in pediatric and adult patients with NTRK fusion-positive solid tumors was demonstrated by the pooled results from
the first 55 pediatric and adult patients with unresectable or metastatic solid tumors with an NTRK gene fusion enrolled in one of three
multicenter, open-label, single-arm clinical trials (Study LOXO-TRK-14001 [NCT02122913], SCOUT [NCT02637687], and NAVIGATE
[NCT02576431]). All patients were required to have progressed following effective systemic therapy for their disease, if available, or would
have required surgery with significant morbidity for locally advanced disease. Eighty-two percent of patients had metastatic disease and 18%
had locally advanced, unresectable disease. Ninety-eight percent of patients had received prior treatment for their cancer, including surgery,
radiotherapy, or systemic anti-neoplastic therapy. Of these, 82% (n = 45) received prior systemic therapy, with a median of two prior systemic
regimens and 35% (n = 19) received three or more prior systemic regimens. The most common cancers were salivary gland tumors (22%), soft
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tissue sarcoma (20%), IFS (13%), and thyroid cancer (9%). A total of 50 patients had NTRK gene fusions detected by next-generation sequencing
(NGS) and 5 patients had NTRK gene fusions detected by fluorescence in situ hybridization (FISH).
Among these 55 patients, the overall response rate (ORR) was 75% (95: CI: 61%, 85%), including 22% of patients with a complete response (CR)
and 53% of patients with a partial response (PR) to larotrectinib. Responses were durable. Among the 41 responding patients, 73% had a
duration of response (DOR) of at least 6 months and 39% had a DOR of over a year. At the time of the analysis, the median DOR had not been
reached, and response duration ranged from 1.6 to 33.2 months.
Safety data supporting these applications reflected exposure to larotrectinib in 176 patients, including 70 (40%) patients exposed for greater
than 6 months and 35 (20%) patients exposed for greater than 1 year. The safety of VITRAKVI was studied in one adult dose-finding trial
[LOXO-TRK-14001 (n = 70)], one pediatric dose-finding trial [SCOUT (n = 43)], and one single arm trial [NAVIGATE (n = 63)]. All patients had an
unresectable or metastatic solid tumor and no satisfactory alternative treatment options or disease progression following treatment. Most
adults (80%) received larotrectinib 100 mg orally twice daily and 68% of pediatrics (18 years or younger) received larotrectinib 100 mg/m2 twice
daily up to a maximum dose of 100 mg twice daily. The dose ranged from 50 mg daily to 200 mg twice daily in adults and 9.6 mg/m 2 twice daily
to 120 mg/m2 twice daily in pediatrics.
Although assessment of a causal relationship between larotrectinib and adverse events was somewhat limited in the context of the single arm
design of trials providing safety data, adverse events (AEs) observed in patients treated with larotrectinib were largely consistent with the
mechanism of action and toxicities observed in preclinical studies with larotrectinib. The most common adverse reactions (≥ 20%) in order of
decreasing frequency were fatigue, nausea, dizziness, vomiting, anemia, increased AST, cough, increased ALT, constipation, and diarrhea.
The primary serious risks of larotrectinib are hepatotoxicity and neurotoxicity; these adverse reactions largely appear manageable and
reversible with dose modification or discontinuation of larotrectinib. Among the 176 patients who received larotrectinib, increased
transaminases of any grade occurred in 45%, including Grade 3 increased AST or ALT in 6% of patients. One patient (0.6%) experienced a Grade
4 increase in ALT. Increased AST or ALT led to permanent discontinuation of larotrectinib in 2% of patients. Neurologic adverse reactions of any
grade occurred in 53% of patients, including Grade 3 and Grade 4 neurologic adverse reactions in 6% and 0.6% of patients, respectively.
An additional risk related to the approval of this application involves the possibility that larotrectinib could be ineffective for a specific tumor
type despite the presence of an NTRK fusion due to de novo resistance mutations or the presence of other oncogenic mutations; however,
based on the strong biologic rationale, preclinical data, and magnitude and consistency of response observed across multiple tumor types
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harboring a variety of NTRK fusion partners, this risk is expected to be low. This risk is acceptable because larotrectinib is approved for the
treatment of patients who have no satisfactory alternative treatment options or whose cancer has progressed following treatment; therefore,
patients will not be forgoing effective therapies when treated with larotrectinib. As a postmarketing requirement, Loxo Oncology will conduct a
study to obtain additional data to verify and confirm the clinical benefit of larotrectinib through more precise estimation of ORR and response
duration in a variety of tumor types (such as NTRK-fusion colorectal cancer, non-small cell lung cancer (NSCLC), and central nervous system
(CNS) tumors) that are not well represented in the efficacy population supporting these applications.
The safety database for larotrectinib included 44 pediatric patients who received larotrectinib. Of these 44 patients, 27% were 1 month to < 2
years (n = 12), 43% were 2 years to < 12 years (n = 19), and 30% were 12 years to < 18 years (n = 13); 43% had metastatic disease and 57% had
locally advanced disease; and 91% had received prior treatment for their cancer, including surgery, radiotherapy, or systemic therapy. The most
common cancers were IFS (32%), soft tissue sarcoma (25%), primary CNS tumors (20%), and thyroid cancer (9%). The median duration of
exposure was 5.4 months (range: 9 days to 1.9 years). Due to the small number of pediatric and adult patients, the single arm design of clinical
studies, and confounding factors such as differences in susceptibility to infections between pediatric and adult patients, it is not possible to
determine whether differences in the incidence of adverse reactions to larotrectinib between adult and pediatric patients are related to patient
age or other factors. Adverse reactions and laboratory abnormalities of Grade 3 or 4 severity occurring more frequently (at least a 5% increase
in per-patient incidence) in pediatric patients compared to adult patients were increased weight (11% vs. 2%) and neutropenia (20% vs. 2%).
One of the 44 pediatric patients discontinued larotrectinib due to an adverse reaction (Grade 3 increased ALT). In order to better characterize
the safety of larotrectinib in pediatric patients, some of whom may receive larotrectinib for months to years, Loxo Oncology is required to
conduct a study to assess whether larotrectinib has adverse long-term effects on pediatric growth and development.
Overall, the toxicity profile of larotrectinib is considered acceptable when balancing the anti-tumor effects (i.e., durable responses) across
different cancer types in patients with limited or no effective treatment options. Physicians and patients will need to individually assess the
risk-benefit profile of larotrectinib to determine if treatment is appropriate for each patient. Consistent with other drugs intended for the
treatment of patients with advanced cancer, risk will be managed through labeling. A Risk Evaluation and Mitigation Strategy (REMS) is not
needed to ensure that the benefits of larotrectinib outweigh its risks.
FDA generally considers ORR of a sufficient magnitude and duration to be a surrogate endpoint reasonably likely to predict clinical benefit in
patients with refractory solid tumors. Although standard treatment regimens exist for most patients with unresectable locally advanced or
metastatic solid tumors, such treatment generally is not curative and additional treatment is needed. In settings where no treatment is
available or where available treatment would result in significant morbidity, based upon the response rate and durability of responses observed
with larotrectinib, an argument can clearly be made that treatment with larotrectinib provides an advantage over available therapy for patients
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with NTRK-fusion solid tumors. Based upon the demonstrated durability of responses, such an argument could also be made in settings where
the clinical effects of available therapy are modest. A review of the data in the NDAs submitted by Loxo Oncology indicated that patients had
received appropriate therapy prior to enrolling into larotrectinib clinical trials; thus, the effects on ORR were demonstrated in the clinical
setting for which the drug will be indicated.
The review team acknowledges that ORR and DOR may not fully capture the clinical benefit of larotrectinib. In addition to partial shrinkage of
tumors, some patients have experienced complete radiographic disappearance of their cancers. These patients, as long as tumor is
undetectable, would no longer be expected to be symptomatic (or become symptomatic) due to tumors affecting nerves or other vital organs.
For example, one pediatric patient with IFS achieved a partial response to larotrectinib and subsequently underwent complete surgical
resection of her tumor; the patient remained free of disease for over 6 months at the time of data cutoff. Larotrectinib was administered to five
patients with IFS who later were able to undergo surgery for limb sparing procedures.
The risk-benefit assessment for larotrectinib is favorable for the treatment of adult and pediatric patients with unresectable locally advanced or
metastatic solid tumors with an activating NTRK rearrangement who have no satisfactory alternative treatment options or whose cancer has
progressed following treatment. This patient population, with serious, life-threatening, and rare cancers, has a high unmet medical need. In this
population, treatment with larotrectinib resulted in a clinically meaningful ORR; moreover, responses are durable and remain ongoing in the
majority of patients who respond to larotrectinib (71% of patients were continuing to have a response as of the 60-day data cut off (February
19, 2018)). The major safety risks of larotrectinib are toxicities that oncologists typically manage and are acceptable for a population with a
serious and life-threatening condition in the context of the observed efficacy.
The tissue agnostic approach to drug approval is a new paradigm; the only previous drug to be approved in this setting is pembrolizumab,
which is indicated for the treatment of adult and pediatric patients with unresectable or metastatic, microsatellite instability-high (MSI-H) or
mismatch repair deficient (MMRD) solid tumors that have progressed following prior treatment and who have no satisfactory alternative
treatment options, or for MSI-H colorectal cancer that has progressed following treatment with fluoropyrimidine, oxaliplatin, and irinotecan.
This review had similar challenges to those encountered during the review of pembrolizumab in that there were limited numbers of patients
comprising the efficacy population (N=55 in larotrectinib vs N=149 for pembrolizumab) who were sequentially enrolled on multiple single arm
trials; however, unlike pembrolizumab, the safety population supporting the NDAs for larotrectinib is relatively small (N=176) due to the rarity
of NTRK-fusion solid tumors and because larotrectinib is a new molecular entity (NME).
The tissue agnostic pathway draws from the strength of scientific evidence that a biomarker identifies a population with common
characteristics (e.g., serves as primary oncogenic driver when present) regardless of tumor histology and location, the strength of evidence that
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drug has the same pharmacologic effects on the biomarker across tumor types in nonclinical and clinical studies, and the ability to reliably
identify the biomarker across tumor types, where the biomarker-defined population is a subset of a specific tumor type. For larotrectinib, there
was a strong scientific rationale that the inhibition of TRK would cause shrinkage of tumors with NTRK fusions. There was also strong nonclinical support of the antitumor activity of larotrectinib across multiple cells lines and NTRK-fusion partners, and clinically, durable tumor
shrinkage occurred in a consistent fashion in patients with a variety of tumors harboring a diverse array of NTRK fusions. In light of these
factors, the FDA review teams concluded that pooling of results from patients with NTRK fusion-solid tumors was warranted and supported a
tissue agnostic indication.
Although the ORR for larotrectinib is clearly high among certain tumor types such as NTRK fusion-positive IFS and salivary gland cancers, the
treatment effects of larotrectinib in some of the less well represented tumor types for which NTRK fusions are extremely rare (such as lung
cancer and colon cancer) are less well characterized. However, in the context of the acceptable safety profile observed in a limited number of
patients (176 patients), this degree of uncertainty is acceptable in patients with NTRK fusion-positive solid tumors that are metastatic or who
would otherwise undergo a morbid or life-threatening surgical procedure and who have no remaining satisfactory treatment options.
Accelerated approval offers the ability to make safe and effective new drugs available to the public earlier and is granted if the drug provides a
meaningful advantage over available therapy and demonstrates an effect on a surrogate endpoint that is reasonably likely to predict clinical
benefit or on a clinical endpoint that can be measured earlier than irreversible morbidity or mortality (IMM) that is reasonably likely to predict
an effect on IMM or other clinical benefit (i.e. an intermediate clinical endpoint). A recently published review by the FDA illustrated that in
certain circumstances, particularly in rare cancer subsets when the drug has demonstrated safety and efficacy in other settings, ORR and DOR
have been used for regular approval (Blumenthal, 2017). The applications highlighted in this review were supported by a clinically meaningful
ORR with durable responses (including CRs) in rare subpopulations of patients with a specific histologic type of cancer. Although ORR, an
endpoint that is “other than survival or irreversible morbidity”, may support regular approval depending on the effect size and duration, FDA
determined that additional data are needed to verify and describe the clinical benefit of larotrectinib given numerous histologic subtypes of
cancer included in this indication and the relatively small efficacy database supporting these applications. Granting accelerated approval allows
for residual uncertainty to be addressed regarding the biomarker-driven indication, regardless of histology. Given the totality of data (scientific
and clinical) submitted, the review teams determined that such an approach is appropriate rather than requiring a large number of additional
patients to be enrolled in the pre-approval setting. Data submitted post-approval will allow for increased confidence in efficacy of larotrectinib
across multiple tumor types, some of which may not have yet been studied.
As a condition of the accelerated approval, Loxo Oncology must provide additional data under a postmarketing requirement to verify and
further describe the clinical benefit of larotrectinib. Randomized trials would be challenging to conduct in the tissue-agnostic setting due to the
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extreme rarity of NTRK-fusion cancers. Furthermore, given the large number of primary tumor types that have different natural histories, it
may not be scientifically appropriate to “lump” these tumor types together into a single randomized trial. Due to limited numbers of patients
with NTRK-fusion-positive solid tumors, lack of equipoise in settings without available therapies, and expectations for patient cross-over (if a
randomized clinical trial were conducted) it does not appear feasible or appropriate to conduct a randomized trial of larotrectinib to
demonstrate that larotrectinib improves the overall survival (OS) in patients with NTRK fusion-positive solid tumors.
On July 11, 2016, larotrectinib received breakthrough therapy designation for the treatment of unresectable or metastatic solid tumors with
NTRK-fusion proteins in adult and pediatric patients who require systemic therapy and who have either progressed following prior treatment or
who have no acceptable alternative treatments. Breakthrough therapy designation conferred to larotrectinib resulted in increased and
enhanced interactions with an experienced multidisciplinary review team including upper level management, in addition to rolling review of
these applications.
Dimension

Analysis of
Condition

Current
Treatment
Options

Evidence and Uncertainties
• Solid tumors with NTRK fusions are a heterogenous group of tumors
and the incidence of NTRK fusions is not fully characterized but rare.
• There are no approved drugs specifically for treatment of patients
with solid tumors with an NTRK fusion.
• When metastatic or unresectable, solid tumors are rarely curable and
generally convey a poor prognosis. According to the American Cancer
Society, the estimated 5-year survival rates for metastatic breast,
colon, lung, and melanoma are 22%, 12%, 1%, and 15-20%,
respectively. The likelihood of achieving a response to second-line or
greater therapy is less than 50%; in the case of colon and NSCLC,
much less than 50%. There is no information regarding the effects of
NTRK gene fusions on prognosis, either favorable or unfavorable.
• Treatment options are limited for adult and pediatric patients with
unresectable locally advanced or metastatic solid tumors who have no
satisfactory alternative treatment options or whose cancer has
progressed following treatment.
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NTRK fusion-positive solid tumors that are
refractory to available therapy or that have no
satisfactory treatment options are lifethreatening. The majority of such patients are
expected to die in less than 5 years.

Although standard treatment regimens exist
for most patients with locally advanced or
metastatic solid tumor malignancies, such
treatment generally is not curative and
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Dimension

Benefit

Evidence and Uncertainties
• For patients with IFS, when resectable, surgery can be disfiguring or
result in significant morbidity.
• There are limited treatment options for the tumors with the highest
incidence that were enrolled on the 3 pivotal studies: salivary gland
cancer, soft tissue sarcoma, IFS, and thyroid cancer.
• There are no FDA-approved treatments for rare cancers that
commonly harbor NTRK fusions, such as mammary analogue secretory
carcinoma, SBC, and IFS (treatment is limited by significantly
disfiguring and morbid surgery).
• The patient population studied had a variety of metastatic or
unresectable NTRK-fusion solid tumors, encompassing 12 different
types of cancers that either progressed following standard therapy or
did not have satisfactory treatment.
• The efficacy of larotrectinib in pediatric and adult patients with NTRKfusion solid tumors was demonstrated by pooled data from the first
55 pediatric and adult patients with unresectable or metastatic solid
tumors with a NTRK gene fusion enrolled in one of three multicenter,
open-label, single-arm clinical trials (Study LOXO-TRK-14001
[NCT02122913], SCOUT [NCT02637687], and NAVIGATE
[NCT02576431]). All patients were required to have progressed
following systemic therapy for their disease, if available, or would
have required surgery with significant morbidity for locally advanced
disease.
• The ORR following treatment with larotrectinib was 75% (95: CI: 61%,
85%), including 22% of patients with a CR and 53% of patients with a
PR to larotrectinib.
• Responses were observed across a variety of tumor types and
appeared consistent across NTRK-fusion partners.
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additional treatment options are needed.
There is an unmet medical need for patients
with metastatic or unresectable NTRK-fusion
solid tumors that have no satisfactory
treatment options or progressed following
treatment.

The magnitude and duration of responses
observed in patients with NTRK fusion-positive
solid tumors who have progressed following
standard treatment or who had no available
treatment options was large and clinically
meaningful. The submitted evidence meets the
statutory evidentiary standard for accelerated
approval.
Loxo Oncology will conduct additional studies
to verify and confirm the clinical benefit of
larotrectinib in patients with NTRK-fusion solid
tumors
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Dimension

Evidence and Uncertainties

• Median DOR was not reached at the time of the analysis and response
duration ranged from 1.6 months to 33.2 months.
• Among the 41 responding patients, 73% had a DOR of at least 6
months, and 39% had a DOR of over a year.
• Limb sparing surgery can be achieved with administration of
larotrectinib in some cases.
• The safety population included 176 patients, including 70 (40%)
patients exposed for greater than 6 months and 35 (20%) patients
exposed for greater than 1 year.
• Neurotoxicity and hepatotoxicity are the primary safety risks
identified for larotrectinib.
• The most common adverse reactions (≥ 20%) in order of decreasing
frequency were fatigue, nausea, dizziness, vomiting, anemia,
increased AST, cough, increased ALT, constipation, and diarrhea.
• Grade 3 or 4 adverse reactions occurred in 51% of patients
• The most common serious adverse reactions (≥ 2%) were pyrexia,
Risk and Risk
diarrhea, sepsis, abdominal pain, dehydration, cellulitis, and vomiting.
Management • Adverse reactions leading to dose interruption or reduction occurred
in 37% of patients and 13% permanently discontinued VITRAKVI for
adverse reactions.
• The most common adverse reactions (≥ 3%) resulting in dose
modification (interruption or reduction) were increased ALT (6%),
increased AST (6%), and dizziness (3%). Most (82%) adverse reactions
leading to dose modification occurred during the first three months of
exposure.
• Larotrectinib is not expected to be effective in patients with solid
tumors that do not harbor an NTRK-fusion, although additional
studies may explore whether other alterations in NTRK may confer
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The observed safety profile is acceptable when
assessed in the context of the treatment of a
life-threatening disease. The majority of
adverse reactions to larotrectinib were
manageable with dose modifications. The
significant and serious adverse reactions of
neurotoxicity and hepatotoxicity are
adequately addressed in the Warnings and
Precautions section and the dose modification
recommendations included in product labeling.
There were no significant safety concerns
identified during the review of the application
requiring risk management beyond labeling or
warranting consideration for a Risk Evaluation
and Mitigation Strategy(REMS).
Loxo Oncology has agreed to a postmarketing
requirement to conduct a study to assess the
long-term safety of larotrectinib in pediatric
patients.
Additionally, Loxo Oncology has agreed to a
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Dimension

Evidence and Uncertainties
susceptibility to treatment with larotrectinib. Most patients (91%)
were enrolled on the larotrectinib trials based upon documentation of
an NTRK fusion by NGS testing test, and the Center for Devices and
Radiological Health (CDRH) has been actively participating in
discussions regarding development of a companion diagnostic test for
detection of NTRK-fusions in patients with solid tumors

Conclusions and Reasons
postmarketing commitment to conduct studies
needed to analytically and clinically validate an
in vitro diagnostic device for use in selection of
patients with NTRK-solid tumors for whom
larotrectinib is safe and effective and has
expressed a commitment to seek a premarket
approval application (PMA) for this device.

Patient Experience Data
Patient Experience Data Relevant to this Application (check all that apply)
□

The patient experience data that was submitted as part of the application, include:

Section where discussed, if
applicable

X

Section 8.1, Efficacy Results –
Secondary or exploratory COA (PRO)
endpoints
Note: limited data were collected

Clinical outcome assessment (COA) data, such as

X

Patient reported outcome (PRO)

□

Observer reported outcome (ObsRO)

□

Clinician reported outcome (ClinRO)

□

Performance outcome (PerfO)

□

Qualitative studies (e.g., individual patient/caregiver interviews, focus group interviews, expert
interviews, Delphi Panel, etc.)

□

Patient-focused drug development or other stakeholder meeting summary reports

□

Observational survey studies designed to capture patient experience data
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□

□

Natural history studies

□

Patient preference studies (e.g., submitted studies or scientific publications)

□

Other: (Please specify)

Patient experience data that was not submitted in the application, but was
considered in this review.

X
Martha Donoghue
Cross-Disciplinary Team Leader
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2 Therapeutic Context
FDA received the last module for New Drug Application (NDA) 210861 and NDA 211710 from
Loxo Oncology on March 26, 2018 requesting approval of larotrectinib (VITRAKVI) for the
treatment of adult and pediatric patients with locally advanced or metastatic solid tumors
harboring an NTRK gene fusion. The applications were supported by data obtained in three
larotrectinib clinical trials.
Approval of NDA 210861 and 211710 will mark the second approval for a treatment indicated
for use in patients independent of histological cancer type and based instead on identification
of a biomarker within that patient’s tumor (i.e., a “tissue agnostic” indication). The only
previous drug to be approved in this setting is pembrolizumab, which is indicated for the
treatment of adult and pediatric patients with unresectable or metastatic, microsatellite
instability-high (MSI-H) or mismatch repair deficient (MMRD) solid tumors that have progressed
following prior treatment and who have no satisfactory alternative treatment options.
Larotrectinib is the first drug to be approved for the treatment of patients with solid tumors
with an activating NTRK rearrangement.
Following approval of larotrectinib, it is anticipated that testing for an NTRK rearrangement is
likely to occur routinely in patients with solid tumors that are refractory to standard treatments
(and potentially at diagnosis).

Analysis of Condition
Solid tumors harboring NTRK gene fusions are a heterogenous group of tumors; the incidence
of solid tumors with NTRK fusions is not well characterized. Although there is insufficient
information to fully characterize the incidence of patients with solid tumors harboring an
activating NTRK fusion, the annual incidence of NTRK fusion-driven tumors is estimated to be
1500-5000 cases in the United States (U.S.) [Kheder 2018]. Although very frequent in some
extremely rare cancers (see Table 1), the incidence of NTRK fusions is below 1% for most
common cancer types such as lung, prostate, and colon cancer (see Table 2).
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Table 1: Estimated Frequency of NTRK Fusions Based on Published Literature
Sample
size

Frequency of
NTRK fusions

MASC (salivary glands)

15

100%

Rare disease, ~ 100 cases reported in
the literature

Secretory breast carcinoma

12

91.7%

< 0.15% of breast CA is secretory

Infantile fibrosarcoma

11

90.9%

5/1.000.000 infants

Congenital mesoblastic nephroma

28

60.7%

8/1.000.000 < 15 years old

Disease

Papillary thyroid
(pre-post radiation)

33-62

12.1%-14.5%

58

10.3%

GIST, NSCLC (adenocarcinoma),
astrocytoma, DIPG,
cholangiocarcinoma

31-151

2-3.7%

Sarcoma, lung – NET, GBM

60-162

1%-1.7%

3741072

<1%

Non-brainstem high grade glioma

Low grade glioma, colon, breast,
melanoma, HNSCC

Comments

(all thyroid) 3.6% of all new cancer
cases; papillary is one of the most
frequent subsets; however, most
patients cured without need for
systemic therapy
(all high-grade gliomas incidence; nonbrainstem is a subset) 5/100,000

Source: modified from the table Loxo Oncology submitted in Breakthrough Therapy meeting briefing package.
MASC=mammillary analogue secretory carcinoma, NSCLC=non-small-cell lung cancer, NET=neuroendocrine
tumor, GBM=glioblastoma multiforme, HNSCC=head, neck, squamous cell carcinoma

Table 2: Incidence of NTRK Fusions in Different Tumor Types – Foundation Medicine Data
Disease
Sarcoma
Lung
Salivary
Thyroid
CNS
Biliary
Colorectal
Other

NOS
adenocarcinoma
squamous
NOS
Salivary gland carcinoma (NOS)
Thyroid Cancer (NOS)
glioblastoma
(liver) Cholangiocarcinoma
Colorectal adenocarcinoma
Breast Cancer (NOS)

Sample size
2667
7616
1271
1740
523
545
1968
968
5034
7053

NTRK fusions
0.56%
0.09%
0%
0.11%
1.72%
0.92%
0.05%
0.10%
0.12%
0.07%
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Disease
melanoma
bile duct adenocarcinoma
Gastro-esophageal junction
adenocarcinoma
Gastrointestinal Stromal Tumor
Unknown primary adenocarcinoma
Unknown primary NOS
Uterine carcinoma

Sample size
472
167

NTRK fusions
0%
0.6%

983

0.10%

78
1971
401
1019

1.28%
0.10%
0.25%
0.10%

Source: modified from NDA submission, original data from Foundation Medicine
NOS=not otherwise specified

The types of NTRK fusions also vary among tumor types, as described in Table 3.
Table 3: Reported NTRK Fusions in Solid Tumors
Gene fusion
LMNA-NTRK1

Colorectal

Authors (year)
Sartore-Bianchi et al. (2016)

Soft tissue sarcoma
Spitzoid melanomas
AYA sarcoma

Doebele et al. (2015)
Wiesner et al. (2014)
Morosini et al. (2015)

Congenital infantile fibrosarcoma

Wong et al. (2015)

Colorectal

Glioblastoma

Lee et al. (2015), Créancier et al. (2015),
Ardini et al. (2014)
Bongarzone et al. (1989), Butti et al.
(1995)
Wu et al. (2014)

SQSTM1-NTRK1

NSCLC

Farago et al. (2015)

NTRK1-SQSTM1

NSCLC

Siena et al. (2015)

NFASC-NTRK1

Glioblastoma multiforme

Frattini et al. (2013), Kim et al. (2014)

BCAN-NTRK1

Glioblastoma multiforme

Kim et al. (2014), Frattini et al. (2013)

PPL-NTRK1

Thyroid carcinoma

Farago et al. (2015)

RFWD2-NTRK1
CD74-NTRK1

Large cell neuroendocrine tumor
(lung)
Lung adenocarcinomas

MPRIP-NTRK1

Lung adenocarcinomas

Vaishnavi et al. (2013)

RABGAP1L-NTRK1

ICC

Ross et al. (2014)

TFG-NTRK1

Thyroid carcinomas

Greco et al. (1995)

TPM3-NTRK1

Cancer type

Papillary thyroid carcinomas

Fernandez-Cuesta et al. (2014)
Vaishnavi et al. (2013)
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Gene fusion
TP53-NTRK1

Cancer type
Spitzoid melanomas

Authors (year)
Wiesner et al. (2014)

Unknown-NTRK1

Appendiceal adenocarcinoma

Braghiroli et al. (2016)

AFAP1-NTRK2

Low-grade glioma

Stransky et al. (2014)

AGBL4-NTRK2

Glioblastoma

Wu et al. (2014)

NACC2-NTRK2

Pilocytic astrocytomas

Jones et al. (2013)

PAN3-NTRK2

Head and neck squamous cell
carcinoma

Wu et al. (2014)

QKI-NTRK2

Pilocytic astrocytomas

Jones et al. (2013)

TRIM24-NTRK2

Lung adenocarcinoma

Wu et al. (2014)

VCL-NTRK2

Glioblastoma

Wu et al. (2014)

Glioblastoma

Zhang et al. (2013)

Glioblastoma

Wu et al. (2014)

MASC

Tognon et al. (2002), Ito et al. (2015),
Del Castillo et al. (2015)

ETV6-NTRK3

Ductal carcinoma

Fibrosarcoma
Congenital mesoblastic nephroma

BTBD1-NTRK3

Makretsov et al. (2004), Arce et al.
(2005), Lagree et al. (2011)
Pinto et al. (2014)
Morerio et al. (2004), Punnett et al.
Watanabe et al. (2002)

Radiation-associated thyroid cancer

Leeman-Neill et al. (2014)

AML
GIST

Kralik et al. (2011), Eguchi et al. (1999),
Brenca et al. (2015)

MASC of salivary gland

Urano et al. (2015), Skàlovà et al. (2015)

Papillary thyroid cancer
Colorectal

Leeman-Neill et al. (2014), Seungbok Lee
et al. (2014)
Hechtman et al. (2015)

Glioblastoma

Wu et al. (2014)

Source: Amatu et al., 2016.
Key: AFAP1, actin filament-associated protein 1; AGBL4, ATP/GTP-binding protein-like 4; AML, acute
myeloid leukemia; AYA, adolescents and young adults; BCAN, brevican; BTBD1, BTB (POZ) domain
containing 1; CD74, CD74 molecule; ETV6, ets variant 6; GIST, gastrointestinal stromal tumor; ICC,
intrahepatic cholangiocarcinoma; LMNA, lamin A/C; MASC, mammary secretory breast carcinoma;
MPRIP, myosin phosphatase Rho interacting protein; NACC2, NACC family member 2, BEN and BTB
(POZ) domain containing; NFASC, neurofascin; NSCLC, non-small cell lung cancer; PAN3, PAN3
poly(A) specific ribonuclease subunit; PPL, periplakin; QKI, KH domain containing RNA binding;
RABGAP1L, RAB GTPase activating protein 1-like; RFWD2, ring finger and WD repeat domain 2, E3
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ubiquitin protein ligase; SQSTM1, sequestosome 1; TFG, TRK-fused gene; TP53, tumour protein p53;
TPM3, tropomyosin 3; TRIM24, tripartite motif containing 24; VCL, vinculin.

The assessment of the efficacy of larotrectinib for the treatment of patients with solid
tumors with an NTRK fusion is complicated by the rarity of NTRK fusions in most solid
tumors, the heterogeneity of tumor types harboring an NTRK fusion, and the diversity of
NTRK gene fusion partners.

Analysis of Current Treatment Options
There are no drugs approved specifically for the treatment of patients with solid tumors
with an NTRK fusion. Due to the heterogeneity of solid tumors that can harbor an NTRK
fusion, the information below focuses on providing a summary of the treatment options for
the more common tumors that harbor NTRK fusions.
Clinical reviewer note: The indication recommended for approval by FDA is restricted to
those patients with solid tumors harboring an NTRK fusion without a known acquired
resistance mutation in which the solid tumor is metastatic or where surgical resection is
likely to result in severe morbidity and that have no satisfactory alternative treatment
options or whose cancer has progressed following such treatment.
Salivary Gland Cancer
Mammary analogue secretory carcinoma (MASC) is an unusual and rare malignant salivary
gland tumor first described in 2010. ETV6-NTRK3 fusion is detected in 100% of MASC cases
(Bishop 2013). It shares histologic, immunohistochemical, and genetic features with
secretory carcinoma of the breast. The clinical behavior of MASC ranges from slowly
growing tumors that infrequently recur after surgical resection to aggressive tumors that
cause widespread metastasis and death (Sethi 2014). The accepted initial treatment for lowgrade malignant salivary gland tumors is radical surgical resection with post-operative
radiation reserved for incomplete resection. Radiation may also be administered for
unresectable disease or palliation of metastatic disease. There are no FDA-approved drugs
for its treatment.
Secretory Breast Cancer
This is a rare but distinct subtype of infiltrating ductal carcinoma that was originally
described in children and adolescents but is now known to occur in adults. In 2002, Tognon
et al. reported the ETV6-NTRK3 gene fusion t(12;15)(p12;q26.1) as a pathognomonic
genetic feature of this rare carcinoma. ETV6-NTRK3 fusion is detected in 92% of SBC cases.
The primary treatment option for secretory carcinoma is surgery (Aktepe 2016) as there are
no FDA-approved drugs for its treatment.
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Sarcoma (Soft Tissue Sarcoma, Gastrointestinal Stromal Tumor, Infantile Fibrosarcoma)
Sarcomas represent a wide spectrum of uncommon tumors. In a study published by Drilon
et al. (2018), which included 17 different NTRK fusion-positive tumor types detected by FISH
or NGS, 21/55 (38%) patients were diagnosed with sarcoma including three patients with
gastrointestinal tumor (GIST). Drilon et al. showed that sarcomas including soft tissue, IFS
and GIST comprise the largest cohort of cancer patients to harbor NTRK fusions in their
study. Overall, the estimated prevalence rate of NTRK fusions in sarcomas ranges from 1%
in adult sarcomas to 92% in patients with congenital fibrosarcoma (Drilon 2018, Stransky
2014).
Treatment for soft tissue sarcomas (STS) depend on tumor histology and are a combination
of neoadjuvant chemotherapy and surgery, and radiation. Stage 4 are rarely curable as they
are metastatic. The chemotherapy drugs doxorubicin and ifosfamide are often the first
choice — either together or along with other drugs. If doxorubicin is used, it might be given
along with FDA-approved olaratumab which is FDA-approved in combination for the
treatment of adult patients with STS with a histologic subtype for which an anthracyclinecontaining regimen is appropriate and which is not amenable to curative treatment with
radiotherapy or surgery (prescribing information for olaratumab). Gemcitabine and
docetaxel may be given alternatively as treatment (American Cancer Society website
accessed 1 Aug 2018).
GIST that are unresectable or metastatic require systemic therapy with imatinib which is
FDA-approved for patients with Kit (CD117) positive unresectable and/or metastatic
malignant GIST and adjuvant treatment of adult patients following resection of Kit (CD117)
GIST (prescribing information for imatinib). Sunitinib malate is FDA-approved for the
treatment of patients with GIST after disease progression or who are intolerant to imatinib
mesylate (prescribing information for sunitinib). Regorafenib is FDA-approved for the
treatment of patients with locally advanced, unresectable or metastatic GIST who have
been previously treated with imatinib mesylate and sunitinib malate (prescribing
information for regorafenib). Pazopanib is FDA-approved for the treatment of patients with
advanced soft tissue sarcoma who have received prior chemotherapy (prescribing
information for pazopanib).
Although IFS is a rare tumor, it is the most common soft tissue sarcoma in children less than
1 year of age. Local recurrence may occur after initial conservative surgery (17–43%), the
latter being the mainstay of treatment, aiming for a total resection. However, IFS may
present with locally advanced disease and surgery may be mutilating or cause functional
damage (Orbach 2016). There are no FDA-approved systemic therapies for IFS, although IFS
is typically treated with vincristine-actinomycin-D chemotherapy and has shown good
responses in children older than 3 months (Orbach 2016).
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Thyroid Carcinoma
In 1989, Bongarzone et al. (1989) described an oncogenic version of NTRK1 in papillary
thyroid cancer (PTC). According to Greco et al., the estimated prevalence of NTRK fusions in
patients with PTC does not exceed 12%, and varies among study populations according to
geographical distribution and methods of detection. NTRK fusion oncogenes were also
detected in seven of 27 (26%) pediatric patients with PTC (Wajjwalku 1992). Patients having
NTRK-rearranged PTC can present with extensive disease and may have a worse prognosis
than those with BRAF mutations (Prasad 2016). While ETV6 (ETS Variant 6)-NTRK3 is a rare
somatic gene fusion in sporadic thyroid cancers, it was found to be more common in
radiation-related tumors (Leeman 2014).
Current treatment of papillary carcinoma consists of radioiodine treatment, a kinase
inhibitor, or external beam radiation therapy (EBRT). Sorafenib is FDA-approved for
treatment of locally recurrent or metastatic, progressive, differentiated thyroid carcinoma
(DTC) that is refractory to radioactive iodine treatment. Lenvatinib is also FDA-approved for
the treatment of patients with locally recurrent or metastatic, progressive, radioactive
iodine-refractory DTC (prescribing information for lenvatinib). Trametinib is FDA-approved
for the treatment of patients with locally advanced or metastatic BRAF V600E mutationpositive anaplastic thyroid cancer (ATC) who have no satisfactory locoregional treatment
options.
Colorectal Cancer
The first published report of a NTRK rearrangement in colorectal cancer (CRC) dates back to
1986 (Martin-Zanca et al., 1986) when a TPM3-NTRK1 translocation was detected in a
tumor biopsy, and thereafter very little has been reported about these gene defects in CRC.
According to Table 2, Foundation Medicine incidence of NTRK-rearrangement or mutation
in patients with CRC is 0.12%. Ardini et al. (2013) characterized the TPM3-NTRK1 gene
rearrangement as a recurring, although rare, event in CRC, and also described nonclinical
studies of entrectinib (RXDX-101) indicating that entrectinib suppressed TPM3-TRKA
phosphorylation and downstream signaling in KM12 cells and showed antitumor activity in
mice bearing KM12 tumors. In 2015, Créancier et al. reported the 0.5% prevalence of NTRK
fusions in 408 CRC clinical samples, including a TPM3-NTRK1 (TRK-T2 fusion). Recently, in
the molecular screening for the first-in-human study of entrectinib, abnormal expression of
the TrkA protein was identified in tumor and liver metastases of a patient with CRC
refractory to standard therapy, and molecular characterization documented a LMNA-NTRK1
rearrangement within chromosome 1 that had oncogenic potential (Créancier et al., 2015).
Outcomes data are available in unselected (for NTRK status) patients with metastatic CRC
who received prior oxaliplatin, irinotecan, fluoropyrimidine, anti-VEGF antibody, and antiEGFR antibody (if RAS wild-type). In a randomized clinical trial of patients receiving TAS-102,
patients in the TAS-102 arm lived for a median of 7.1 months versus 5.3 months in patients
who received placebo (HR 0.68; 95% CI, 0.58 to 0.81; p < 0.001) (Marcus 2017; Mayer 2015).
Median estimated progression-free survival (PFS) was 2 months and the ORR was 1.5% for
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patients in the TAS-102 arm. Efficacy results were similar in the randomized clinical trial
supporting the approval of regorafenib. Median OS was 6.4 months in the regorafenib arm
versus 5.0 months in the placebo arm. Median estimated PFS was 2.0 months in the
regorafenib arm and the ORR was 1% (HR 0.77; 95% CI, 0.64, 0.94; p = 0.0102) (prescribing
information for regorafenib, Grothey 2013).
Overall survival was assessed in a randomized non-inferiority clinical trial comparing the
two anti-EGFR antibodies (cetuximab and panitumumab) in patients with KRAS exon 2 wildtype metastatic CRC who received prior irinotecan, oxaliplatin, and a fluoropyrimidine.
Approximately 25% of the population received prior bevacizumab. Median estimated
survival was 10.4 months for patients who received cetuximab versus 10 months in patients
who received panitumumab. Response rates across both arms were approximately 20%
(prescribing information for panitumumab); however, DOR in both arms was less than 6
months (3.8 months for panitumumab versus 5.4 months for cetuximab) (Price 2014).
In summary, available data suggest that patients with metastatic CRC who have received
irinotecan, fluoropyrimidine, and oxaliplatin-based chemotherapy have a poor prognosis
irrespective of NTRK status, and that response rates are low with TAS-102 and regorafenib
(standard available therapies). Although anti-EGFR antibodies (in patients who had not
received prior anti-EGFR antibody therapy) resulted in higher response rates in patients
with RAS wild-type tumors, durability of response was limited. Based on these data and the
data supporting the use of larotrectinib (generally in the third or greater-line settings) in
patients with metastatic CRC (see section on efficacy below), it is appropriate to approve
larotrectinib in patients who have received prior irinotecan, fluoropyrimidine, and
oxaliplatin-based chemotherapy. The response rates (and data on response duration) in this
group of patients with solid tumors with an activating NTRK rearrangement or non-resistant
mutation support a conclusion that larotrectinib confers a meaningful advantage over
available therapy.
Lung
In 2013, the pivotal study with Vaishnavi et al. described two different gene fusions
involving the NTRK1 gene that lead to constitutive TrkA TK domain activation. Platinumbased combination chemotherapy is the standard first-line treatment for subjects with
Stage IV NSCLC without genetic tumor alterations. The patients with NSCLC harboring an
EGFR mutation, rearrangement of the anaplastic lymphoma kinase (ALK) gene, or ROS1
mutation undergo a different medical treatment paradigm involving tyrosine kinase
inhibitors. Crizotinib is FDA-approved treatment for patients with metastatic NSCLC whose
tumors are ALK or ROS1-positive as detected by an FDA-approved test (prescribing
information for crizotinib) while alectinib and ceritinib is FDA-approved for the first-line
treatment of patients with ALK-positive metastatic NSCLC as detected by an FDA-approved
test (prescribing information for ceritinib). Additionally, the anti-PD-(L)1 monoclonal
antibodies, nivolumab, pembrolizumab, and atezolizumab are approved for treatment of
metastatic NSCLC following prior treatment (nivolumab, pembrolizumab, atezolizumab) as
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single agents or in combination with platinum-based chemotherapy as first-line treatment
(pembrolizumab) or as a single agent for first-line treatment of PD-L1 strongly positive
NSCLC (pembrolizumab). Additionally, nivolumab is approved for treatment of small cell
lung cancer following prior treatment.
Glioblastoma
The principles of therapy for primary CNS tumors are multimodality therapy as initiation
treatment (temozolomide, radiation, and surgery) for glioblastoma multiforme; treatment
varies according to tumor histology and location for other primary CNS tumors. In 2014, Wu
et al. applied a whole genome, whole exome and/or transcriptome sequencing to 127
samples of pediatric high-grade glioma (HGG), identifying recurrent fusions involving the
neurotrophin receptor genes NTRK1, 2, or 3 in 40% of non-brainstem HGG (versus 3% in
adults [Kheder 2018]).
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3 Regulatory Background
U.S. Regulatory Actions and Marketing History
VITRAKVI (larotrectinib) is an NME and is not lawfully marketed in any country.

Summary of Presubmission/Submission Regulatory Activity
Significant regulatory activities relevant to the development program for larotrectinib are
summarized in the table below.
Date

Summary of Regulatory Activity

February 28, 2014

IND 121211 was submitted for the evaluation of larotrectinib for
the treatment of patients with solid tumors. Included Protocol
LOXO-TRK-14001.

June 29, 2015

New clinical protocol LOXO-TRK-15002 was submitted to IND
121211.

August 31, 2015

Larotrectinib was granted orphan drug designation for the
treatment of soft tissue sarcoma.
(b) (4)

November 20, 2015

February 23, 2016

Type B meeting held. FDA recommended that Loxo Oncology
expand the eligibility criteria for Study LOXO-TRK-15002 to
permit enrollment of patients with tumors harboring an NTRK
mutation.

July 11, 2016

Larotrectinib was granted Breakthrough Therapy Designation
for the treatment of unresectable or metastatic solid tumors
with NTRK fusion proteins in adults and pediatric patients who
require systemic therapy and who have either progressed
following prior treatment or who have no acceptable alternative
treatments.

June 16, 2016

Larotrectinib was granted rare pediatric disease designation for
treatment of infantile sarcoma.
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May 9, 2017

Larotrectinib granted orphan drug designation for treatment of
solid tumors with NTRK-fusion proteins.

May 18, 2017

FDA issued an Initial Pediatric Study Plan (iPSP) Agreement letter
for larotrectinib

December 11, 2017

Type B, pre-NDA meeting was held to discuss the adequacy of
the safety and efficacy data obtained in LOXO-TRK-14001,
-15002, and -15003, and reach agreement on the content and
format for the planned NDAs. Discussion included consideration
of the accelerated approval pathway as appropriate for the
proposed NDA. Additional post-marketing studies would be
required to verify and further characterize the clinical benefit of
larotrectinib in pediatric and adult patients with unresectable or
metastatic solid tumors with NTRK-fusion proteins. FDA stated
that if larotrectinib is approved, the indication, including
qualifications regarding prior therapy and whether any specific
tumor histology is excluded from the indication, would be
determined during the review of the NDA. FDA also stated that
during the review of the NDA, FDA will also consider the data
necessary to support regular approval (e.g., additional follow-up
and broader clinical experience). FDA did not agree that
larotrectinib would qualify for a rare pediatric disease priority
review voucher based on the proposed NDA for adult and
pediatric patients with NTRK-fusion solid tumors because the
serious or life-threatening manifestations of NTRK-fusion solid
tumors do not primarily affect individuals aged from birth to 18
years of age.
Rolling review of planned NDAs granted.

March 26, 2018

The final components for the NDAs for larotrectinib capsules and
oral solution were received.

May 25, 2018

FDA issued filing communication outlining filing review issues
identified and notifying Loxo Oncology that the NDA applications
would be granted priority review.

April 3, 2018

Proposed proprietary name, VITRAKVI, conditionally accepted.

November 17, 2017
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June 28, 2018

Mid-cycle communication meeting held with Loxo Oncology.
Issues discussed included product labeling, configuration of the
oral solution container, postmarketing requirement to determine
an appropriate dose of larotrectinib in patients with renal
impairment, postmarketing requirements for verification of
clinical benefit and assessment of long-term safety in pediatric
patients.

September 21, 2018

Late cycle meeting held with Loxo Oncology. Key review issues
discussed included substantive review issues relating to product
quality and manufacturing process, including data needed to
bridge the clinical trial lots to the proposed commercial drug
product, the BCC detection method for evaluation of
microbiological controls, and information to demonstrate control
over visible particulates observed in the oral solution drug
product manufactured at the commercial manufacturing site.
Issues relating to VITRAKVI labeling, and postmarketing
requirements and commitments were also discussed.
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4 Significant Issues from Other Review Disciplines Pertinent to Clinical
Conclusions on Efficacy and Safety
Office of Scientific Investigations (OSI)
The Division of Oncology Products 2 (DOP2) consulted the Office of Scientific Investigations
(OSI) to perform an audit of two clinical trial sites (Site #101: Dr. Alexander Drilon and
Site #104: Dr. David Hong), Loxo Oncology, and the contract research organization (CRO) that
(b) (4)
performed blinded central review of imaging
to identify any issues that
could affect the quality and interpretation of the data submitted with these applications
regarding the clinical trials, LOXO-TRK-14001, LOXO-TRK-15002, and LOXO-TRK-15003. DOP2, in
consultation with OSI, selected clinical sites for inspection based on enrollment characteristics,
patterns of protocol violations reported for the sites, patterns of efficacy reporting, and
patterns of serious adverse event (SAE) reporting. Specifically, the sites were selected based on
high enrollment and treatment efficacy, and the fact that they had not been inspected by FDA
recently. The final compliance classification for these inspections is No Action Indicated (NAI).
OSI concluded that the data submitted by Loxo Oncology to support NDA 210861 and NDA
211710 appear reliable based on information from the inspections.

Product Quality
The Office of Pharmaceutical Quality (OPQ) did not identify any product quality issues that
would preclude approval of larotrectinib capsules or larotrectinib oral solution under NDAs
210861 and NDA 211710, respectively.
Larotrectinib is a chiral, non-hygroscopic, off-white to yellow to pinkish yellow crystalline solid
freely soluble in water at low pH, but sparingly soluble at high pH.
Figure 1: Larotrectinib Structure and Chemical Name
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The drug substance is manufactured in 4 steps:

(b) (4)
(b) (4)

(b) (4)
OPQ found the
controls and
specifications for the intermediates adequate. Designation of the starting materials were also
found to be acceptable and consistent with ICH Q11.
(b) (4)

Loxo Oncology provided a list of impurities (related substances, residual solvents, and
elemental impurities). All the related substance impurities are controlled as per ICH Q3A. The
product quality reviewer requested clarification about the adequacy of the toxicological
(b) (4)
characterization of two drug substance impurities:
. Both
impurities were adequately qualified in the GLP toxicology studies at levels sufficient to cover
the requested specifications. The specifications and the analytical methods for the drug
substance were found to be adequate to ensure adequate drug substance quality.
The drug substance is packaged

(b) (4)

. The batch analysis
and stability data were found to be acceptable. OPQ determined that based on the data
presented in the application, a retest period of (b)
months for the drug substance when stored
(4)
(b) (4)
may be granted, as proposed by Loxo Oncology.
(b) (4)

Drug Product (capsules)
Larotrectinib capsules consist of the larotrectinib sulfate drug substance filled into hard gelatin
capsules with no excipients. The capsules are supplied in 25 mg and 100 mg strengths
(expressed as free base).
Commercial scale of the drug product is

(b) (4)
(b) (4)

manufacturing process consists of

The
(b) (4)
(b) (4)

. OPQ did not identify any quality-critical attributes
that are likely to lead to a product quality failure; however, per FDA request, Loxo Oncology
established specifications for the particle size distribution of the drug substance. OPQ
determined that the analytical methods and developmental data are adequate to assure
identity, strength, quality, purity, potency, bioavailability, and stability as required under 21 CFR
314.50(d)(1)(ii)(a). BSE/TSE certificates from the vendors for the hard gelatin capsule shells
were also provided.
(b) (4)

During a teleconference with FDA on October 15, 2018, per FDA’s recommendation, Loxo
Oncology agreed to use the proposed dissolution method [using 0.01N HCl; USP Apparatus 1
(b)
(basket) at 75 rpm; 900 mL] and the revised acceptance criterion (Q = (4)% at 45 minutes) for
QC testing of the drug product on an interim basis. Loxo Oncology will then collect dissolution
data at release and stability with the FDA recommended method using 0.1N HCl and will
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(b) (4)

implement an acceptance criterion of Q = % at 15 minutes. Loxo Oncology agreed to submit
a prior approval supplement (PAS) within a year of the NDA action date proposing the changes
to the dissolution.
Loxo Oncology provided batch data for 3 registration batches of the capsule for each strength.
No out of specification (OOS) data were reported.
The 25 mg capsules (60 count) are packaged in (b) (4) HDPE bottles and 100 mg capsules (60
count) capsules are packed in (b) (4) HDPE bottles. Both the bottles are closed with a (b) (4)
(b) (4)
(b) (4)
cap along with
seal. Loxo Oncology attested that all the
components comply with FDA requirements for use as indirect food additives and provided
USP<661> and USP<671> testing results. OPQ determined that expiration dating period of 36
months for both the strengths, as proposed by Loxo Oncology, is appropriate when stored
under the USP controlled room temperature conditions of 20°C - 25°C with excursions allowed
from 15°C - 30°C.
The drug substance and drug product manufacturing, packaging, and testing facilities were
evaluated and found to be acceptable based on inspectional history. OPQ recommended a
post-approval inspection for the drug product manufacturing facility,
(b) (4)
(b) (4)
to evaluate the continued performance of the
equipment and
corrective actions from a previous inspection.

(b) (4)

Drug Product (larotrectinib oral solution)
The larotrectinib oral solution drug product consists of 100 mL solution of 20 mg/mL
(b) (4)
larotrectinib oral solution filled in a 100 mL (b) (4) bottle,
and
(b) (4)
(b) (4)
(b) (4)
capped with
child resistant
closure
.
(b) (4)
The oral solution contains several
excipients.
The main focuses of product development were excipient compatibility with the drug
substance, confirming the amounts of excipients in the formulation had been used in other
(b) (4)
FDA-approved products
. OPQ
determined that the drug substance stability under long term, accelerated, and stress stability
conditions translated into robust drug product stability data. OPQ also concluded that the
analytical methods and developmental data are adequate to assure identity, strength, quality,
purity, potency, bioavailability, and stability of the drug product as required under 21 CFR
(b) (4)
314.50(d)(ii)(a). OPQ also noted that
was demonstrated through clinical
studies showing patient dosing compliance.

One labeling issue arose regarding the 100 mL fill volume of the drug product for pediatric
patients. For adults receiving a dose of larotrectinib of 100 mg orally twice daily, each bottle
would provide approximately a 10-day supply of larotrectinib (5 mL twice daily); however,
because larotrectinib dosing is based on body surface area for pediatric patients, each bottle
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could conceivably last more than (b)
days for infants and young children. The original NDA
(4)
submission provided results for a 30-day in use period. The data supported chemical stability of
the drug substance and antimicrobial effectiveness testing for (b)
days, Loxo Oncology was
(4)
asked to provide justification or data to mitigate in-use periods beyond (b)
days. Toward the
(4)
end of the review cycle, Loxo Oncology provided data demonstrating in-use periods beyond (b)
(4)
days are low risk and the review team concluded that labeling could provide instructions for
discarding larotrectinib oral solution after 90 days from opening of the bottle.
) is responsible for oral solution drug
product manufacturing, packaging, labeling, release and stability testing. Deviations (b) (4)
(b) (4)
(b) (4)
and an investigation into
drug
(b) (4)
product were reviewed. On July 20, 2018 Loxo Oncology informed FDA that
(b) (4)
. Following registration batch
(b) (4)
manufacture
(b) (4)

(b) (4)
(b) (4)

implemented
MBR version 3.0 excerpt above.

additional facility controls were
(b) (4)
which can be seen in the
(b) (4)

and
so the manufacturing process was revised
. Two commercial
scale (b) (4) were made with the revised process and were acceptable. OPQ determined that the
(b) (4)
(b) (4)
has been satisfactorily resolved by implementing
controls
(b) (4)
and revising the manufacturing process
. As
such, OPQ determined that the facility was acceptable for the proposed manufacturing
operations; however, OPQ recommended a post-approval inspection be performed.
(b) (4)

(b) (4)

Environmental Assessment
Pursuant to 21 CFR 25.31(b), Loxo Oncology submitted a Request for Categorical Exclusion from
the preparation of an environmental assessment for larotrectinib and submitted environmental
assessment data to support this request. OPQ determined that this request could be granted,
as the estimated concentration of the drug substance at the point of entry into the aquatic
environment (EIC) is projected to be (b) (4) parts per billion (ppb), less than the 1 ppb limit that
allows an exclusion to be granted.

Clinical Microbiology
The applications were reviewed by the OPQ’s Division of Microbiology Assessment. The
reviewers did not identify any issues that would preclude approval of larotrectinib capsules or
larotrectinib oral solution. Larotrectinib solution should be stored in the refrigerator (2-8⁰ C).

Devices and Companion Diagnostic Issues
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Test for activating NTRK rearrangements
Several challenges remain for NTRK fusion testing. For example, the most popular commercially
available DNA next-generation sequencing (NGS panels, such as FoundationOne CDx, may not
detect certain NTRK gene fusions (Kheder et al. 2018). However, the addition of RNAseq to NGS
testing has resulted in high sensitivity and specificity rates, 93% and 100% respectively, in
detecting clinically actionable gene fusions. In addition, RNAseq requires no prior knowledge of
fusion partners or intronic/exonic break points.
Kheder et al. (2018) stated that while FISH is considered the gold standard for detecting gene
fusions, it can only detect a single target at a time. For instance, commonly used break-apart
FISH probe scans detect gene fusions but not the fusion partner. In addition, designing multiple
probes for detecting NTRK fusion partners is cost ineffective and time consuming, making it not
amenable for high-throughput screening.
Hechtman et al. (2017) reported that a pan-TRK fusion immunohistochemistry (IHC) test had
sensitivity and specificity rates of 95.2% and 100%, respectively. However, researchers at MD
Anderson Cancer Center were not able to replicate these findings. A two-step diagnostic
method incorporating rapid IHC screening that uses a cocktail of antibodies including anti-panTrk antibodies, followed by anchored multiplex PCR (AMP) showed that IHC screening had a
100% negative predictive value for excluding samples devoid of gene rearrangements.
For the 55 patients enrolled on larotrectinib studies LOXO-TRK-14001, LOXO-TRK-15002 and
LOXO-TRK-15003 comprising the efficacy population supporting these applications, 55
molecular pathology reports of 13 unique tests performed at 13 different labs documented the
presence of an NTRK fusion for determination of patient eligibility. Most of the tests performed
were NGS-based (91%), while the minority were FISH-based (9%).
Loxo Oncology did not submit a premarket approval application (PMA) for an in vitro
companion diagnostic device contemporaneously with these NDAs. Therefore, approved
(b) (4)
labeling will state that
(b) (4)
. DOP2 consulted the Center for Devices and Radiologic
Health (CDRH) regarding use of local tests for determination of NTRK fusion status. Given the
efficacy of larotrectinib in patients with NTRK gene fusions in unresectable or metastatic solid
tumor specimens and the availability of non-companion diagnostic testing for NTRK fusions in
solid tumors, the clinical review team and CDRH agreed that it is in the best interest of U.S.
patients to approve larotrectinib before one or more companion diagnostic assays are ready for
a PMA submission. Loxo Oncology has agreed to a postmarketing commitment to work with
diagnostic developers to develop an analytically and clinically validated companion diagnostic
test for selection of patients with NTRK fusion-positive solid tumors for whom larotrectinib is
safe and effective.
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5 Nonclinical Pharmacology/Toxicology
Executive Summary
Larotrectinib is a kinase inhibitor with reversible activity against tropomysin receptor kinase
(Trk) proteins, TrkA, TrkB, and TrkC. TrkA, B, and C, are encoded by the NTRK1, NTRK2, and
NTRK3 genes and are activated by binding of ligands to their extracellular domains, leading to
receptor dimerization, phosphorylation and signaling via the Ras/MEK/ERK, PI3K/AKT, and PLCγ pathways. Initially identified as regulators of neuronal development, dysregulation of Trk
signaling in adult cells – either through overexpression or constitutive activation - is associated
with tumorigenesis. Constitutive activation can occur through multiple mechanisms, such as
deletion of a regulatory element, or chromosomal rearrangements resulting in fusions between
NTRK genes and other gene sequences. Because Trk-family proteins also have widespread
expression in a variety of non-neuronal tissues, dysregulated signaling is implicated in the
formation of neural as well as a variety of non-neural cancers, including lung, pancreas, breast,
prostate, bladder, colorectal, hematologic, thyroid, and skin cancers (Vaishnavi et al. 2015).
Loxo Oncology performed studies to demonstrate the activity of larotrectinib against wildtype
Trk proteins and oncogenic NTRK fusions. In biochemical assays, larotrectinib inhibited the
activity of all three wildtype Trk kinases at concentrations of between 5-11 nM (2.1-4.7 ng/mL).
In transfected cells that overexpressed wildtype Trk proteins or expressed either chimeric
fusion proteins or the constitutively-active TrkAΔIg2 protein, larotrectinib inhibited
proliferation at concentrations of between 6-25 nM (2.5-11.7 ng/mL). Peak plasma
concentrations achieved in patients who received the recommended clinical dose of 100 mg
twice daily (BID) were ~914 ng/mL. In secondary pharmacology screens, larotrectinib was found
to have minimal off-target activity. The only non-Trk target of larotrectinib inhibited in Loxo
Oncology’s screening studies was TNK2/ACK1 (IC50 ~1200 nM), a non-receptor tyrosine kinase,
the physiological and toxicological implications of which are not clearly known. In other
Applicant-generated data, larotrectinib showed limited activity against Trk proteins with point
mutations in the kinase domain, including some mutations identified as larotrectinib resistance
mutations in clinical trials (for example G595R and G667C). There were no unique human
metabolites. The pharmacological activity of the major human and animal O-glucuronide
metabolite, M14, was not characterized but its presence in animal toxicology models was
adequate to support its safety.
Loxo Oncology evaluated larotrectinib in murine models harboring Trk-expressing tumors
(constitutively active proteins due to chimeric gene fusions or deletion of the regulatory
domain as well as overexpression of wild Trk). Maximal anti-tumor activity in these models
occurred at oral doses of 200 mg/kg (administered either once-daily or as a twice-daily divideddose), which corresponded to plasma concentrations of approximately 30 µg/mL and tumor
concentrations of approximately 3 µg/mL and was associated with suppression of intratumoral
pTrk, pAKT, and pERK.
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Loxo Oncology evaluated the effects of larotrectinib on vital organ function in a panel of in vitro
and in vivo safety pharmacology studies. Larotrectinib was a weak hERG inhibitor (IC50 of 147
µM), and there was no effect on ECG interval durations (including QT) or waveform
morphologies in monkeys following administration of a single oral dose of 100 mg/kg. There
were also no clear effects on respiratory endpoints in rats at an oral dose of 100 mg/kg.
Larotrectinib appeared to increase GI motility in the rat following administration of a single oral
dose of ≥10 mg/kg. This corresponded to an increase in gastric secretion at a dose of 100
mg/kg, but there was no evidence that larotrectinib irritated the gastric mucosa.
Larotrectinib had limited brain distribution (< 2% of plasma concentrations) in rats when
administered at an IV dose of 1 mg/kg or an oral dose of 100 mg/kg; in the quantitative whole
body radiography study performed with larotrectinib, no CNS distribution was observed.
Consistent with this finding, there were no clear effects of larotrectinib on CNS function in a
stand-alone single dose in vivo safety pharmacology study in rats at doses up to 100 mg/kg.
Behavioral observations suggestive of CNS effects did, however, occur in longer-term rat
toxicology studies. These behaviors included decreased elicited responses and increased
findings of appearance-related changes (barbered fur, lacrimation, salivation, exophthalmos),
abnormal gait, decreased reactivity to handling, decreased activity, and atypical posture in the
adult study. In a juvenile rat toxicology, signs suggestive of CNS effects were more pronounced
and included head-tilt, impaired equilibrium, head flick, circling, and tremors as well as signs
consistent with stereotypic behaviors, such as excessive grooming resulting in scabs and hair
loss. Neurotoxicity has been observed clinically, as well.
Loxo Oncology evaluated the safety of larotrectinib in toxicology studies of up to 13 weeks
duration in the rat and the monkey. In the rat, preterm deaths attributable to skin lesions
occurred primarily at the high-dose of 150/100/75 mg/kg/Day (8.4-times the clinical AUC of
4351 ng*hr/mL at the 100 mg twice-daily dose) in males and 150/100/40 mg/kg/Day in females
(3.4-times the clinical AUC). These findings were observed in Trk-deficient mice and
hypothesized to result from deficits in nociception (Smeyne, et al., 1994). In a shorter-term
study in the rat, findings of decreased corpora lutea and uterine atrophy were also observed at
twice-daily doses of 100 mg/kg/Day. Other than the skin, there were no clear toxicological
target organs identified. Increased body weight, which correlated with increased feed
consumption, occurred in this and other animal studies in multiple species, particularly in
females. These increases in feed consumption are consistent with the observed effects of Trk
inhibition in animals and humans with deficiencies in TrkB signaling. Mice hemizygous for brainderived neurotrophic factor (BDNF, the ligand for TrkB) developed hyperphagia and obesity, a
finding that parallels observations in humans that carry a single copy of the missense mutation,
Y722C, a mutation of NTRK2 (encoding TrkB), that is associated with hyperphagic obesity,
memory impairment, and decreased learning and nociception (Yeo, et al., 2004).
In the 13-week monkey study, there were no preterm deaths and there was no evidence of
significant target organ toxicity at doses of up to 100 mg/kg/Day. Based on AUC, exposures in
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this study were approximately 12-22 times higher on Day 91 than those achieved at the twicedaily clinical dose of 100 mg. Adverse clinical signs were limited to GI findings (emesis and
discolored/liquid/ mucoid feces).
Although not generally warranted for the treatment of children with advanced cancer, Loxo
Oncology also performed a study to evaluate the effect of larotrectinib administration in
juvenile rats. Animals received larotrectinib between postnatal days (PNDs) 7-70, corresponding
to the neonatal through young adult stages, and were evaluated for growth, attainment of
sexual maturity, reproductive fitness, learning and memory, and sensory and neurobehavioral
effects. Several preterm deaths occurred (13 high-dose, 2 mid-dose, 2 low-dose, and 1 control),
most which were of undetermined causality. In addition to the CNS-related clinical signs
described above, there were decreases in hindlimb grip strength and foot splay in mid- and
high-dose animals, decreased motor activity, and, in the Biel water maze swim trial, high-dose
females displayed an increase in the number of errors. This observed memory deficiency in
female mice is also consistent with known effects of TrkA signaling deficiencies in humans
associated with the rare recessive disorder, congenital insensitivity to pain and anhidrosis
(CIPA; Indo, et al., 1996). Other findings included a transient decrease in the rate of growth (as
measured by tibia length) in high-dose animals and a delay in markers of sexual maturity in
mid- and high-dose males and high-dose females. The delay in sexual maturation correlated
with a decrease in pregnancies in the mid- and high-dose groups; however, no effects were
observed on pre-coital intervals and no effects were noted in estrous cyclicity. No effects were
observed in sperm quality or in cesarean section data. Exposures achieved in this study were
approximately 4 times higher at the high dose of 70 mg/kg/Day than those at the 100 mg twice
daily clinical dose.
Carcinogenicity studies were not conducted or required to support the use of larotrectinib in
the proposed indication. Larotrectinib was negative for induction of genetic mutations in
bacteria and in the mouse lymphoma assay, and for induction of micronucleated polychromatic
erythrocytes in the bone marrow of mice.
Dedicated fertility studies were not conducted and are not warranted to support the
development of a drug intended for the treatment of advanced cancer; however, Loxo
Oncology included an assessment of male reproductive function in the 13-week rat toxicology
study. At exposures of up to 8.4 times higher than those achieved at the clinical dose of 100 mg
twice-daily there were no histological changes in spermatogenesis and no decreases in sperm
quality parameters. In the 1-month toxicology studies in females, there was a dose-dependent
decrease in corpora lutea at daily doses ≥ 60 mg/kg/day (~10 times the clinical AUC) and
uterine atrophy at 200 mg/kg/day. In addition, a dose-dependent reduction in the number of
gravid dams following confirmed mating, occurred in the juvenile toxicology study at doses of
12 and 45 mg/kg/day (0.58-4-fold higher than the clinical AUC at the 100 mg twice daily dose).
Because both sexes were treated prior to mating, clear attribution of these effects by sex is not
possible; however, because of the observed reproductive histological findings in females and
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the absence of histologically-defined gonadal effects males, a statement regarding potential
effects on female fertility is warranted.
Administration of larotrectinib to pregnant rats during the period between implantation and
closure of the hard palate (Gestation Days (GDs) 6-17) was associated with maternal toxicity.
Three high-dose dams (240 mg/kg/Day; 120 mg/kg twice-daily) were euthanized in moribund
condition during GDs 12-17. Preterminal clinical signs included rales, labored respiration, and
gasping. While there was no evidence of embryolethality in rats, there was equivocal evidence
that larotrectinib induced malformations and/or variations in developing fetuses: one fetus
from a mid-dose dam (80 mg/kg/day; ~11 times the exposure at the 100 mg BID clinical dose)
had the rare malformation of anasarca, and another fetus from a mid-dose dam had lobular
dysgenesis of the lungs. The frequency of both malformations exceeded the laboratory’s
maximum historical frequency on a percent-per-litter basis.
In the rabbit, administration of larotrectinib during GDs 7-20 was associated with maternal
mortality in two high-dose dams (150 mg/kg/day administered as a divided dose; ~20-times the
human AUC at the clinical dose of 100 mg twice daily). These animals exhibited preterminal
clinical signs of ataxia and prostration. There was no evidence of embryolethality, but an
increase in omphalocele (4 fetuses in 2 litters) was observed at the low-dose of 30 mg/kg/day
(~0.7 times the clinical AUC). The incidence of this malformation exceeded the laboratory’s
maximum historical control rate.
Though the developmental findings in the animal embryo-fetal development studies were not
clearly dose-dependent, the malformations that did occur were outside of the range of
historical controls and are relatively rare. Consultation with additional
pharmacology/toxicology staff with reproductive expertise suggests that these types of rare
findings are not expected to show clear dose-dependency and should be reported as potentially
related to the test-article. In addition, there are unresolved concerns about the use of
larotrectinib during pregnancy due to the established role of Trk proteins in neuronal
development (Tucker et al., 2001; Smeyne, R. et al., 1994). Published reports of congenital
somatic mutations in TRK proteins or their ligands suggest a relationship between deficient Trk
signaling and development of schizophrenia, mood disorders, obesity, and peripheral sensory
and motor disorders (Krantz, T., 2015; Otnaess, M., et al., 2009; Knable, M. 1999; Lewis, D., et
al., 2005; Indo, Y. et al., 1996; Yeo, at al., 2004). While embryo-fetal development studies can
detect malformations in brain structure, they are not designed to assess motor development or
psychiatric function. Although a pre- and postnatal development study may be capable of
evaluating some endpoints of concern, these studies are not typically required for a drug
intended to treat patients with advanced cancer. The observation that CNS findings in the
juvenile animal study were more pronounced than those in older animals suggests that
developing animals are at increased risk for neurological effects with larotrectinib. Given the
published literature on the importance of Trk signaling in neural development, including human
syndromes, the limitations of the embryo-fetal development studies to assess the toxicities of
particular concern following disruption of this pathway, and the available animal data there is a
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potential for severe neurocognitive effects in children exposed to larotrectinib during prenatal
development; therefore, a warning for embryo-fetal risk is warranted. In addition, the label
includes lactation and contraception recommendations of one week following the last dose of
VITRAKVI, based on its half-life and consistent with current labeling recommendations for nongenotoxic compounds with embryofetal risk.
There are no outstanding issues from a nonclinical perspective that would prevent approval of
larotrectinib for the treatment of adult and pediatric patients with solid tumors that have a
NTRK gene fusion without a known acquired resistance mutation, are metastatic or where
surgical resection is likely to result in severe morbidity, and have no satisfactory alternative
treatment options or whose cancer has progressed following treatment.

Referenced NDAs, BLAs, DMFs
NDA 211710

Pharmacology
Primary Pharmacology
Loxo Oncology evaluated the activity of larotrectinib against recombinant human TrkA, B, and C
proteins, and oncogenic Trk mutants in biochemical assays, cultured cells, and murine tumor
models. Loxo Oncology evaluated the selectivity of larotrectinib binding in a panel of 227
kinases Only TrkA, TrkB, and TNK2 were significantly inhibited at a concentration of 1μM. TrkC
was not included in this panel; however, Loxo Oncology conducted additional biochemical
studies of the Trk family and TNK2. In the first assay, cytoplasmic domains were incubated with
a fluorescent tracer that binds to the kinase binding site, a biotinylated anti-His antibody, and
europium-labeled streptavidin. Juxtaposition of the AlexaFluor tracer and the europium-tagged
streptavidin elicits a FRET signal; displacement of the tracer by larotrectinib attenuates the
signal. In these experiments larotrectinib inhibited binding with IC50s of between 5 and 12 nM.
Loxo Oncology also evaluated the activity of larotrectinib against TNK2 and found that
larotrectinib was about 100-fold less active against TNK2 than against its intended targets
(Study: LOXO-101-pharm-001).
Table 4: Summary of Kinase Inhibition Results with Larotrectinib
Target
TrkA
TrkB
TrkC
TNK2*

IC50
11.5±7.0 nM
5.3±2.6 nM
6.4±3.6 nM
1,188 nM

*Data obtained in a separate study

Loxo Oncology assessed inhibition of Trk signaling in cultured CHO-K1 cells that overexpressed
TrkA, B, or C, and in NIH3T3 cells that overexpressed the constitutively-active deletion mutant
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TrkAΔIg2, which lacks the IgG2 domain leading to ligand-independent dimerization. Detection
of phospho-Trk (pTrk; indicating activation) was assessed using ELISA. Cells were evaluated in
the presence and absence of ligand-stimulation (i.e., nerve growth factor (NGF; TrkA), brainderived growth factor (BDGF; TrkB), or neutrotropin 3 (NT-3 TrkC)). As shown in Table 5,
larotrectinib exhibited nanomolar activity against both mutant and wildtype Trk proteins
(Study: LOXO-101-pharm-002).
Table 5: Summary of pTrk Inhibition in Cells Overexpressing Mutant or Wildtype Trk Proteins
Target
TrkA
TrkB
TrkC
TrkAΔIg2

IC50
9.8 nM
25 nM
21.5 nM
6.4 nM

The activity of larotrectinib was evaluated in mice harboring TrkAΔIg2 mutant fibroblastic
tumors. NIH3T3 cells stably transfected with TrkAΔIg2 were implanted into female nude mice
(nu/nu NCr mice). Tumors were allowed grow to a mean volume of 500 mm3 prior to initiation
of treatment, after which animals received a single oral dose of 30 or 100 mg/kg larotrectinib.
Blood and tumor samples were collected at 1, 4 or 12 hours post-dose for analysis of pTrkA by
ELISA and larotrectinib levels by LC-MS. As shown in Figure 2, treatment with larotrectinib
inhibited pTrk to a similar extent at the 30 and 100 mg/kg dose-levels; however, the effect of
treatment appeared to persist longer at the higher dose-level. The magnitude of the effect on
pTrkA was similar to that observed at 4 hours with the control multi-kinase inhibitor, AR695.
Following oral administration, peak exposures in this study were observed at 1 hour, though
substantial activity was retained at the 12-hour post-dose timepoint when most of the drug had
been cleared from the circulation.
Figure 2: Tumor pTrk Expression and Larotrectinib Concentrations in Plasma (top) and Tumor
(bottom) in Murine Allografts
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(Compiled from Applicant Study LOXO-101-pharm-003)
Loxo Oncology evaluated pharmacokinetics (PK) and anti-tumor activities of larotrectinib in
immunodeficient mice harboring tumors that expressed ΔAML-TRKA, a constitutively-active
deletion mutant, which lacked the Ig2 domain (amino acids 303-377) of TrkA (Study: LOXO-101pharm-0025). After tumors developed to a volume of 690±56 mm3, animals received a single
oral dose of 10, 20, 60, or 200 mg/kg larotrectinib. Blood and tumor samples were harvested at
Cmax (~ 2 hours post-dose) for PK analysis. As shown in Figure 3, pTrkA, pERK, and pAkt were all
suppressed in tumors of mice treated with larotrectinib. pTrkA and pERK were inhibited in a
dose- and concentration-dependent fashion, whereas, pAkt was generally similar at all doses.
Exposure increased in a dose-dependent fashion and concentrations in tumors were generally
consistent with concurrent plasma levels.
Figure 3: Inhibition of pTrkA (top left), pERK (top right), and pAkt (bottom) by Larotrectinib in
Nude Mice Harboring ΔIg2-mutant TrkA

(Compiled from Applicant Study LOXO-101-pharm-025)
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Loxo Oncology also examined the effect of larotrectinib in an NTRK2-overexpressing
neuroblastoma model (Study: LOXO-101-pharm-0026). Immunodeficient mice received 107
tumor cells subcutaneously into the right flank, and tumors grew to a volume of 0.2 cm3 prior to
randomization and initiation of treatment (oral doses of 0, 100 mg/kg BID, or 200 mg/kg QD)
for 2 weeks. Another group received CEP701 (lestaurtinib, a TRKA inhibitor) at a dose of 20
mg/kg BID X5 days by SC injection.
Treatment with 100 mg/kg larotrectinib BID or 20 mg/kg CEP701 prolonged the survival of mice
in this study. Treatment with 200 mg/kg larotrectinib QD was less effective in this model (Figure
4).
Figure 4: Effect of Larotrectinib on the Survival of Mice Harboring Subcutaneously-implanted
NTRK2-overexpressing Neuroblastoma Tumors

(Excerpted from Study LOXO-101-pharm-0026)

Loxo Oncology demonstrated the activity of larotrectinib in cultured cells and subcutaneously
implanted tumors bearing a variety of oncogenic NTRK-fusions (Study LOXO-101-pharm-0029).
As shown in Table 6, half-maximal larotrectinib activity was generally in the range of 10-100 nM
in cultured cells. Loxo Oncology confirmed the effect of larotrectinib in NTRK1 (TrkA)- and
NTRK3 (TrkC) fusion-positive tumors and demonstrated tumor growth inhibition at both the 60
and 200 mg/kg/Day dose levels (maximal suppression occurred at 200 mg/kg QD). Loxo
Oncology did not provide in vivo data on the effect of larotrectinib on NTRK2 (TrkB)-fusions in
mice.
Table 6: Summary of Activity in Cell Lines and/or Murine Tumor Models Harboring NTRK
Fusions
Line

Origin
Mouse pro-B cell

BA/F3
KM12

Human colon
carcinoma

Mutation
TRIM24-NTRK2
(Transfection)

IC50

IC90

Activity in
Xenografts*

~30 nM

~100 nM

N/A

TPM3-NTRK1

< 10 nM

~30 nM

60-200 mg/kg
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Activity in
Mutation
IC50
IC90
Xenografts*
MPRIP-NTRK1
BA/F3
(transfection)
~35 nM
~125 nM
N/A
Human lung
MPRIP-NTRK1
CUTO-3.29
adenocarcinoma
(Transfection)
~ 100 nM
N/A
60-200 mg/kg
Human AML
MO-91
ETV6-NTRK3
< 10 nM
~7 nM
60-200 mg/kg
N/A = not assessed; *Maximal activity at 200 mg/kg in all models. Doses were administered by
once daily oral gavage for 14 days. AUC: 14,053 and 62,696 ng*hr/mL for the 60 and 200 mg/kg
dose, respectively; Cmax 1,085 and 4,824 ng/mL for the 60 and 200 mg/kg doses, respectively.
Line

Origin
Mouse pro-B cell

Secondary Pharmacology
In a panel of over 50 receptor targets (Study LOXO-101-Pharm-019), no significant radioligand
displacement was observed. The potential for off-target larotrectinib activity was also
evaluated against a panel of neurological receptors and transporters, including dopamine (D2S,
D2L), muscarinic (M1, M2, M3), sigma (σ1 or σ2), or neurokinin (NK1) receptors, the Pregnane X
receptor (PXR), and the dopamine transporter. There was no activity against any of the targets
in this panel at concentrations of up to 10 µM (Study: LOXO-101-pharm-020).
Safety Pharmacology
Loxo Oncology evaluated the ability of larotrectinib to inhibit the hERG channel using whole cell
patch clamp in stably-transfected HEK293 cells (Study: LOXO-101-spharm-001). The IC50
identified in this assay was 147 µM.
A cardiovascular safety study was also performed in the monkey. Surgically-telemetered male
monkeys received escalating doses of 0, 3, 10, 30, and 100 mg/kg larotrectinib by nasogastric
gavage. Doses were separated by a 5-7-day washout. There was no evidence of drug-related
changes on mean ECG interval durations, waveform morphologies, or blood pressure
measurements. A small decrease in heart rate was observed in high-dose animals; however,
because all animals received all doses, the effect cannot be separated from the effect of
procedural acclimatization, particularly since even in the pre-dose monitoring period, animals
at the 30 and 100 mg/kg dose interval appeared to have lower mean heart rates than the same
animals exhibited in earlier dosing intervals.
The effect of larotrectinib on the rate of GI propulsion was evaluated in a single dose study in
the rat (Study: LOXO-101-spharm-008). Rats received a single dose of vehicle (Labrafac®
Lipophil WL1349), larotrectinib, or morphine (20 mg/kg SC; reference item) and at 45 minutes
post-dose, were administered 2.5 mL of a 10% charcoal suspension in 5% gum Arabic. When
animals were euthanized 20 minutes later, the distance between the pylorus to the carbon
bolus was measured. The transit rate was calculated as a percentage of the total intestinal tract
length between pylorus and cecum. As shown in Figure 5, treatment with larotrectinib resulted
in mild dose-dependent increases in GI transit rate in this study.
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Figure 5: Effect of Larotrectinib on GI Transit in the Rat

In a separate study (Study: LOXO-101-spharm-009), Loxo Oncology evaluated gastric irritation
following administration of a single oral dose and found no effect of larotrectinib on the gastric
mucosa (data not shown). There was, however, an effect on gastric secretion (Study: LOXO-101spharm-010) following oral administration of larotrectinib in the rat. As shown in Figure 6,
larotrectinib increased gastric secretion volume, but had no effect on gastric pH.
Figure 6: Effect of Larotrectinib on Gastric Secretion Volume (L) and pH (R)

(Compiled from Applicant Study LOXO-101-spharm-010)

Loxo Oncology evaluated the effect of larotrectinib on respiratory function following
administration of a single oral dose in the rat (Study: LOXO-101-spharm-011). Male SD rats
received 0, 10, 30, or 100 mg/kg larotrectinib or 35 mg/kg sodium pentobarbital (positive
control, administered intraperitoneally) and respiratory rate and minute volumes were
monitored by whole body plethysmography for 240 minutes post-dose.
There were minor variations in mean tidal volume relative to baseline measurements in animals
treated with larotrectinib; however, the magnitude of the effect lacked a relationship to dose.
There were no effects on inspiratory or expiratory rates. The effect was observed intermittently
primarily in the low- and mid-dose group. No statistically-significant changes were observed at
the high-dose level. As expected, administration of sodium pentobarbital significantly
decreased respiratory rate and tidal and minute volumes compared with baseline
measurements, as well as peak inspiratory and expiratory flow rates, and no effect on Penh (an
indicator of bronchoconstriction).
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The effects of larotrectinib on CNS function were evaluated following administration of a single
oral dose in rats. Animals received a single dose of 0 (vehicle), 0 (naïve), 10, 30, or 100 mg/kg
larotrectinib and were observed at 0 (predose), 0.5, 1, 2, 5, and 24 hours post-dose. Endpoints
evaluated included a functional observational battery, and monitoring of physiological
parameters, such as pupil dilation and body temperature.
There was a decrease in mean postural scores in animals treated with larotrectinib at between
1-5 hours post-dose compared with naïve or vehicle control groups. The finding was not
considered adverse, but the magnitude of the effect was dose-related at 1 hour post-dose.
There were no other meaningful changes observed; minor fluctuations in some endpoints were
observed compared with naïve- or vehicle-control groups; however, they lacked a relationship
to dose, and/or were comparable to one of the two negative control groups.

ADME/PK
Type of Study

Major Conclusions
Protein Binding

Assessment of Reversible
Protein Binding of ARRY-470
in Mouse, Rat, Dog, Monkey
and Human Plasma by
Equilibrium Dialysis (Study:
LOXO-101-dmpk-008)

There were no significant differences in protein binding between
monkeys, rats, and humans. Protein binding in dogs was about
10% lower than that observed in humans.
0.1 µM
72.0
67.2
59.9
59.9
63.1

Human
Monkey
Dog
Rat
Mouse

1 µM
69.4
68.4
60.6
65.1
61.8

10 µM
68.3
65.6
61.4
63.9
56.3

Absorption
Single-dose
pharmacokinetics of
larotrectinib in rats (Study:
LOXO-101-DMPK-016)
Single-dose
pharmacokinetics of
larotrectinib in monkeys
(Study: LOXO-101-DMPK018)

A single-dose absolute bioavailability PK study was performed in
the rat using an oral dose of 30 or 100 mg/kg in 20% solutol and
an IV dose of 1 mg/kg in PEG400/20% EtOH/40% Saline.
Bioavailability in the rat was apparently dose-related and
approached 80%.

30 mg/kg PO
100 mg/kg PO

Cmax
(µg/mL)
0.85
5.17

AUCt
(µg*hr/mL)
6.83
34.7

%F
48.6
79.2

A single-dose absolute bioavailability PK study was performed in
the monkey at an oral dose of 20 mg/kg in 20% solutol,
compared with an IV dose of 1 mg/kg in PEG400/20% EtOH/40%
saline. The absolute bioavailablility in the monkey approached
100%
Cmax
(µg/mL)

AUC∞
(µg*hr/mL)
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Type of Study

Major Conclusions
1 mg/kg IV
20 mg/kg PO

Brain and liver tissue
distribution of larotrectinib
in rats (Study: LOXO-101dmpk-019)

0.98
1.43

0.546
8.13

N/A
100

Distribution
A single-dose distribution study of larotrectinib following
administration of an IV dose of 1 mg/kg and an oral dose of 100
mg/kg in male rats. Brain exposure was very low (0.2-1.5%) in
this study following IV and oral exposures.
Regimen
1 mg/kg IV
100 mg/kg PO

Brain : Plasma
0.002
0.015

Liver : Plasma
0.73
1.18

Brain and liver tissue
distribution of larotrectinib
in MDR1A and
MDR1A/MDR1B/BCRP
knockout mice (Study:
LOXO-101-dmpk-020)

A study to evaluate the effect of the transporters,
Mdr1a/Mdr1b/Bcrp, on brain distribution in the mouse following
a single IV larotrectinib dose of 1 mg/kg. Brain penetration was
increased at Cmax by about 10% in the mdr1 knockout (KO) mice
relative to WT mice. Although distribution to the brain was
relatively minor in both KO and WT animals, he half-life was
much longer in the brain than in the plasma.

Evaluation of the free drug
concentration of
larotrectinib in Rat
striatum and blood using
MetaQuant microdialysis
(Study: LOXO-101-dmpk035)

Larotrectinib distribution to the striatum was evaluated by
microdialysis following administration of a single oral dose of 50
mg/kg in rats. Plasma and tissue concentrations were evaluated
for up to 240 minutes post-dose. Concentrations in the striatum
continued to rise for up to 4 hours following oral administration,
suggesting that the half-life is longer in the CNS compartment
than in the blood. (right – squares = total concentration; circles =
free drug).
larotrectinib brain (L) and plasma (R) distribution in the rat
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Type of Study

Major Conclusions

Quantitative Whole-Body
Autoradiography in Male
Long Evans Rats After a
Single Oral Administration
of [14C] LOXO-101 (LOXO101-dmpk-042)

Tissue distribution was evaluated in the rat following
administration of a single 10 mg/kg oral dose of [14C]larotrectinib
(21.0 µCi/mg). Quantitative whole body radiography was
evaluated for up to 672 hours (4 weeks) post-dose.

Identification of
larotrectinib and
Metabolites in Selected
Human, Rat, and Monkey
Samples (LOXO-101-dmpk032)

[3H] ARRY-470 excretion and
mass balance of
radioactivity in intact and
bile-duct cannulated
cynomolgus monkeys
following a single oral dose
(Study: 1140-064)

The highest concentrations were observed in the excretory
organs (bile, urine, kidneys, small intestine). There was no
specific binding to pigmented tissues. Except for the thyroid and
liver, where persistent, low-concentrations were detectable at
672 hours post-dose, the majority of the dose was eliminated by
24 hours. No CNS distribution was observed.
Metabolism
Larotrectinib metabolism profiles were characterized in repeatdose toxicology and clinical studies in rats, monkeys, and
humans.
Of the 23 metabolites identified, only one metabolite (M14) was
considered a major human metabolite (i.e. comprised ≥10% of
parental AUC). There were no unique human metabolites, and
quantitative toxicological coverage was obtained in at least one
species for all but one metabolite (M23); however, given the
metabolite’s low clinical exposure (~1% of parent AUC) further
toxicological assessment is not warranted for use in patients
with advanced cancer.
Excretion
The purpose of this study was to evaluate the major routes of
elimination of larotrectinib in intact and bile duct-cannulated
(BDC) monkeys (3/group) following administration of a single
oral dose of 27.22 in intact monkeys and 25.1 mg/kg in BDC
monkeys. Blood was collected at 0.5, 2, 4, and 8 hours postdose. Bile (from BDC animals), urine and feces were collected for
up to 120 hours post-dose. In intact animals, the majority of the
radioactive dose was eliminated in the feces (54-87%), and
approximately 27% was eliminated in the urine. In BDC animals,
most the radioactive dose was eliminated in the bile (46.81%);
feces and urine contained approximately 20% and 25%,
respectively, of the eliminated dose. Via the biliary and urinary
routes, elimination was complete by 24 hours post-dose. Via the
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Type of Study

Major Conclusions
fecal route, elimination was complete by 72 hours post-dose.

Toxicology
General Toxicology
Study title: A 13-Week Twice Daily Oral Gavage Toxicity and Toxicokinetic Study with
LOXO-101 in Rats followed by a 28-Day Recovery Phase (Study: 8309211)
Key Study Findings
• Eight preterm deaths occurred, associated with skin lesions. A cause of death was not
determined for 2 of the preterm decedents.
• Key target organ was the skin
• Other potential target organs included the kidney, pancreas, and liver.
(b) (4)

Conducting laboratory and location:

GLP compliance:
Methods
Dose and frequency of dosing:

Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Age:
Satellite groups/ unique design:
Deviation from study protocol
affecting interpretation of results:

Yes

Male: 0, 15, 50/35*, 150/100/75† mg/kg/Day
Female: 0, 15/10§, 50/20**, 150/100/40‡
mg/kg/Day
Oral Gavage
Corn Oil
Rattus norvegicus; Sprague Dawley Crl:CD(SD);
(b) (4)
source:
15/Sex
10-11 weeks
Toxicokinetics (9/Sex)
Yes. Blood collection from recovery males was
not collected on Day 92, as animals were
inadvertently fed prior to blood collection.
Although recovery animals were evaluated within
24 hours (Day 93) of the final necropsy, there
were no terminal samples available in main study
males with which to assess evaluate
histopathological findings.

§Dose reduced from 15 to 10 mg/kg/Day on Day 42
*Dose reduced from 50 to 35 mg/kg/Day on Day 53
**Dose reduced from 50 to 20 mg/kg/Day on Day 42
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†Dose reduced from 150 to 100 mg/kg/Day on Day 29 and from 100 to 75 mg/kg/Day on Day 75
‡Dose reduced from 150 to 100 mg/kg/Day, on Day 27 following a dose-holiday from Days 23-26, and
then from 100 to 40 mg/kg/Day on Day 42

Observations and Results: changes from control
Parameters
Mortality

Major findings

Clinical Signs

Serious skin lesions were observed that necessitated dose-holidays and/or dose-reductions of
all treatment groups. Oral discharge, skin scabs, oozing skin lesions, alopecia, and haircoat
discoloration were described in mid- and high-dose males and females. Scabs, alopecia, and
haircoat discolorations continued at a reduced frequency during the recovery phase.
There was an increase in mean body weights in mid- and high-dose males (Left) and high-dose
females (right) during the dosing and recovery intervals. This correlated with increased feed
consumption. Because the effect had been observed in previous studies, the feed rations of
treated animals were restricted to 120±5% of the ration consumed by control animals on the
previous day.

Body Weights

Ophthalmoscopy
Hematology and
Coagulation

Animal
R0301
R0313
R0314
R0315
R0515
R0613
R0707
R0709
R0710
R0715

Group
4M
4M
4M
4M
3F
3F
4F
4F
4F
4F

Day
61
51
81
71
29
49
66
49
49
20

Cause of Death
Found dead/undetermined
Found dead/undetermined
Moribund/skin lesion
Moribund/skin lesion
Accidental
Moribund/skin lesion
Moribund/skin lesion
Moribund/skin lesion
Moribund/skin lesion
Accidental

Unremarkable
% Change vs. Concurrent Controls
Males*
Parameter

RBC

ANEUT

Day
36
92
93
121
36
92
93
121

15
-5.7
-2.0
-7.1
-3.5
-16.9
-22.8
-13.4
-25.1

50//35
-5.4
-4.3
-4.3
-3.3
45.1
38.3
41.2
2.3

Females*
150/100/75
-10.3
-7.4
-10.4
-7.8
49.3
-11.7
52.1
-20.0

15/10
-4.0
-1.8
**
1.1
67.6
5.9
**
76.3
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50/20
-15.3
-3.1
**
-0.1
309.5
110.8
**
-30.9

150/100/40
-9.2
-4.5
**
1.1
151.4
196.1
**
27.8
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AMONO

36
92
93
121

-26.9
-7.4
-19.2
0.0

23.1
40.7
15.4
34.6

34.6
14.8
30.8
15.4

57.1
0.0
**
9.5

250.0
50.0
**
-23.8

157.1
50.0
**
-14.3

Red = p < 0.05; ** = data not available
*BID doses expressed as total daily dose in mg/kg/Day
Clinical Chemistry

The data suggest that larotrectinib administration is associated with transient, non-doserelated renal-function. Transient increases in cholesterol and triglycerides were also observed.
Males*
Parameter

UN

CREA

CHOL

TRIG

Day
36.0
92.0
93.0
121.0
36.0
92.0
93.0
121.0
36.0
92.0
93.0
121.0
36.0
92.0
93.0
121.0

15
11.1
18.2
8.3
7.7
0.0
14.3
16.7
14.3
12.5
15.7
6.0
-15.7
24.0
0.0
-30.2
10.8

50/35
33.3
36.4
0.0
-7.7
14.3
14.3
0.0
0.0
29.5
18.0
12.0
-19.6
89.3
47.1
-15.1
30.1

Females*
150/100/75
22.2
27.3
-8.3
-7.7
14.3
14.3
16.7
0.0
36.4
47.2
44.0
7.8
60.0
8.2
-33.0
-6.0

15/10
21.4
7.7
**
27.3
14.3
14.3
**
0.0
0.0
1.0
**
-9.2
-3.7
-9.8
**
-34.2

50/20
21.4
15.4
**
18.2
14.3
14.3
**
0.0
-4.1
5.8
**
-25.5
11.1
-14.8
**
-54.1

150/100/40
7.1
7.7
**
18.2
14.3
14.3
**
0.0
29.9
9.6
**
-28.1
70.4
3.3
**
-47.7

Red = p < 0.05; ** = data not available
*BID doses expressed as total daily dose in mg/kg/Day
Urinalysis
Gross Pathology
Organ Weights

Histopathology
Adequate battery:
Yes

Functional Observational
Battery

Unremarkable
Skin scabs
Treatment with larotrectinib was associated with an increase in absolute and brain-weight
relative liver, thymus, and spleen weights, and a decrease in absolute and brain-weight relative
brain and kidney weights. These changes are relatively small in magnitude and of equivocal
relationship to treatment. In recovery cohort animals, decreased (~15-20%) absolute and brain
weight-normalized adrenal weights were observed in treated males (data not shown). No
effects were observed in females.
See (Table 7) for a Summary of major findings. The key histological target organ was the skin.
Other target organs included the joints, mammary glands, kidneys, liver, pancreas, and
lymphoid organs. Extramedullary hematopoiesis of the liver and spleen correlates with clinical
pathology findings of suppressed RBC indices. Pigment deposition in the pancreas may also
correlate with suppressed RBC indices and likely correlates with the low-level hemorrhage
observed in the pancreas
Functional observational batteries (FOBs) were performed predose and once during weeks 13
(toxicology animals) and 17 (recovery cohort animals). Parameters assessed included handheld observations, open field observations, and elicited behaviors (sensory activity to stimuli).
Treatment-related effects in mid- and/or high-dose males and females included: decreased
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Locomotor Activity

Staging of
Spermatogenesis
Male Reproductive
Assessment

Toxicokinetics

elicited responses and increased findings of appearance-related changes (barbered fur,
lacrimation, salivation, exophthalmos), abnormal gait, decreased reactivity to handling,
decreased activity, and atypical posture. These changes were not completely reversible
following the 4-week post-dose recovery period.
Assessment of locomotor activity was performed predose and once during weeks 13
(toxicology animals) and 17 (recovery cohort animals). Parameters assessed included basic
movement, xy ambulation, fine movement, and rearing.
There were no clear effects of treatment on any parameter evaluated.
A qualitative assessment of spermatogenic stages was performed on H&E-stained sections of
the testes and epididymides. No effects of treatment were observed on spermatogenic
progression.
An assessment of male reproductive function was performed on the first 10 males from each
group at the time of study termination and at the end of the recovery period. Parameters
assessed included sperm motility, sperm morphology, and sperm count. There were no effects
of treatment on any sperm quality endpoint evaluated.
• Peak (Cmax) exposures to larotrectinib were generally proportional with dose on Day 1.
• There was evidence of a sex-effect on exposure, as males generally exhibited about a
3-fold reduction in exposure compared with females.
• Accumulation was difficult to assess because of the reduction in dose that was
implemented mid-study; however, the dose-adjusted (both Cmax and AUC) remained
relatively consistent for females between Day 1 and 91, whereas in males, the doseadjusted exposures increased at the mid- and high-doses.
Day
1

Group
2
3
4

91

2
3
4

Sex
M
F
M
F
M
F
M
F
M
F
M
F

Dose
15
50
150
15
10
35
20
75
40

Cmax
370
1180
980
3440
3410
8940
433
500
2180
1410
5510
2230

AUC0-24
1380
5910
5910
14400
21900
62700
2250
3060
11000
6250
36700
14400

Table 7: Major Rat Histopathology Findings
Sex

Male

Group (mg/kg/Day)
Adipose (Brown), microvesiculation

Severity

Adrenal; vacuolation, increased

0

15

Minimal

Female

50/35

150/100/75

2

2

Minimal

1‡

Brain; dilatation, ventricles

Slight

1

Epididymis; hypospermia

Marked

1

--spermatocele

Marked

1

0
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Sex
Group (mg/kg/Day)
Esophagus;
degeneration/regeneration, muscularis
Joint, Stiffle; fibrosis, peri-articular
--hyperplasia, synovium

Male
Severity

0

15

50/35

--cast, proteinaceous
--dilatation, tubule

0

15/10

Slight

1R

Minimal

2,1R

1
1

Minimal

4

Slight

1

1

Minimal

1

2,1‡

Slight

1

2,1‡

Minimal

--mineralization, tubule

Minimal

1‡
3

1,1‡
1‡

Slight
1‡

Minimal

1,2‡

1R

2‡

Slight
--hypertrophy, hepatocellular
--infiltrate, mixed cell
--vacuolation, hepatocyte; centrilobular

Minimal

2

Slight

1R

Minimal

2

2

1,1R

1

Slight

2

2

5

3,1R,1‡

4

3

Marked
--vacuolation, microvesicular, periportal
Lungs; infiltrate, macrophages,
alveolus
--hemorrhage

150/100/40
1‡

Slight

--mineralization

Liver; hematopoieis, extramedullary

50/20
1‡

Minimal

Slight
Kidney; basohilic tubule

Female
150/100/75

1

Minimal
Minimal

3

Minimal

1‡

Moderate

1‡

1,1‡

1
1‡

1

1‡

Mammary gland; hyperplasia
Minimal

**

**

**

Minimal

1R,1‡

Marrow, Sternum; hypercellular

Minimal

2‡

Ovary, corpora lutea, decreased

Slight

**

Pancreas; fibrosis, islet

Minimal

1,2R

Slight

1

--hemorrhage, islet

Minimal

1R

--infiltrate, mixed cell, islet

Minimal

--pigment, islet

Minimal

1R

Slight

1

Muscle, infiltrate, mononuclear

Minimal

**

**

**

3,1R

2,1R

2R

2

3,1R,1‡

2

2,1R

1,1‡

2,1R

4,1R

1

4,1R,1‡

2R

Moderate
--edema

1

2

1

1R

3,1R

2

2‡

1

3

4,1‡

1‡

2,3‡

Marked

1

Slight

1
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3,1R,2‡

1R

1‡

Slight

Skin; acanthosis/hyperkeratosis

2,2R,1‡

**

Marrow, Femur; hypercellular
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Sex
Group (mg/kg/Day)
--erosion/ulcer

Male
Severity

0

Minimal

Female

15

50/35

150/100/75

1

1R

1,1R

Slight
Moderate

1

Marked

1

0

15/10

50/20

150/100/40

1

2
1‡

2‡
3‡

1

1,3‡

1

--fibrosis

Slight

1

--hemorrhage

Slight

1

--infiltrate, mixed cell

Minimal
Slight
Moderate

1R

1R,1‡

2

1‡
1‡

2,1‡
1

1‡
2,1‡

1‡

--infiltrate, mononuclear cell

Slight

1‡

Spinal Cord; demyelination

Slight

1‡

Spleen, hematopoiesis,
extramedullary, increased

2‡

Minimal

3

2
1,2‡

Slight

2‡

Moderate
Thymus; hyperplasia

Minimal

--hyperplasia, epithelium

Minimal
Moderate

--hemorrhage

Moderate

1
1

2
1R

1,‡

2,1‡

2,1‡

1,1‡

1‡

Study title: A 13-Week Oral Gavage Toxicity and Toxicokinetic Study with LOXO-101 in
Cynomolgus Monkeys followed by a 28-Day Recovery Phase (Study: 8309212)
Key Study Findings
• There were no preterm deaths and no toxicologically-significant findings
• NOAEL = 100 mg/kg/Day
(b) (4)

Conducting laboratory and location:

GLP compliance:
Methods
Dose and frequency of dosing:
Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Age:
Satellite groups/ unique design:
Deviation from study protocol

Yes

0, 10, 30, 100 mg/kg/Day
Oral gavage
Corn oil
Macaca fascicularis (Cynomolgus monkey;
(b) (4)
source:
)
5/sex (all groups)
30-41 months
None
Yes; however, the reported deviations appear
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affecting interpretation of results:

unlikely to have affected overall study
interpretation.

Observations and Results: changes from control
Parameters
Mortality
Clinical Signs

Major findings
None
Treatment-related clinical signs are summarized below. In addition, increased incidences of
skin lesions were noted in treated animals; however, as the numerous findings were generally
of low individual incidence, these have not been summarized in detail.
Sign
Emesis
Feces, discolored, black
Feces, discolored, green
Feces, discolored, orange
Feces, discolored, red
Feces, liquid
Feces, mucoid
Respiration, audible

Body Weights

0
1

2

Males
10
30
1
2
2
2
2
1
3
5
5

100
4

0

2
3
5

4

Females
10
30
2
2
2
3
3
2
2
2
2
5
5
3
1

100
1

2
5
2

There was a slight treatment-related increase in mean body weights, particularly in high-dose
females. Food consumption was also increased in treated animals.

Summary of mean body weights in male and female monkeys

Ophthalmoscopy
ECG

Hematology

Unremarkable
A statistically-significant increase in QTc was observed in males in the mid-dose group at 2
hours post-dose on Day 7. The effect on mean QTc was attributable to data from one male
(Animal I17711). This animal had the longest QTc interval at both predose timepoints and at the
end of treatment; therefore, this finding is of uncertain toxicological relevance, since there was
no evidence of a dose-response, and no effect was observed in females.
Transient decreases in mean RBC parameters (HCT, HGB) were observed in mid- and high-dose
males and in high-dose females on Day 36 (<15%). An increase in mean platelet number (3550% in mid- and high-dose groups, respectively) was also observed in mid- and high-dose
females on Day 92.
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Clinical
Chemistry

A 10-12% decrease in albumin were observed on Days 36 and 92 in high-dose male and female
monkeys, but which was statistically-significant only in females on those days. This coincided
with a decrease in A/G in mid- and/or high-dose males and females at the end of the dosing
interval. Transient decreases in mean calcium and potassium were observed in treated males
on Day 36. A slight decrease in calcium (2-6%) was also observed in treated females on Day 36;
however, the effect was only transiently statically significant in males and likely resulted from
the decreased albumin. There was also a transient decrease in potassium (13-16%) in males on
Day 36.

Urinalysis
Gross Pathology

Unremarkable

Summary of gross necropsy observations in monkeys
0M
Kidney, Cyst
Colon, discolored
Skin, scab
Lung, adhesion
R = Recovery cohort animal

Organ Weights

•

10M

30M
1R

100M

0F

10F

30F

100F
1
1+1R
1R

Increased absolute liver weights were observed in main-study mid- and high-dose
males and high-dose females. Brain-weight normalized liver weights were increased in
mid- and high-dosed males and females, and body-weight adjusted liver weights were
increased in high-dose females. The increase appeared to be partially-reversible
following a 4-week post-dose recovery period.

Treatment-related increases in mean liver weights (%Δ vs. concurrent control)
MALES
Absolute
Recovery
% Brain Weight
Recovery
% Body Weight
Recovery

0*
48.1
49.1
1.8
1.8
70.4
77.1

10
122
99
119
96
116
82

30
152
101
145
102
140
96

100
149
114
145
105
141
107

FEMALES
10
30
114
128
118
126
109
126
117
120
110
116
110
114

0*
55
49.7
2.1
1.8
86.5
77.6

100
146
118
143
110
145
105

Red = p < 0.05; * = represents mean control value in grams for each parameter

Histopathology
Adequate
battery: Yes

mg/kg/Day
Liver, Fibrosis; multifocal; subcapsular; minimal
Infiltrate, mixed cell; subcapsular; minimal
Infiltrate, mixed cell, minimal
Lipidosis, tension; minimal
Lung, Fibrosis, pleural/subpleural; mild
Hemorrhage; focal; mild
Infiltrate, mononuclear cell; minimal
Salivary Gland, Submandibular; Atrophy;
unilateral; moderate
Metaplasia; focal; ducts; minimal
Kidney, Cyst; unilateral; mild
Degeneration, tubule; minimal
Skin/Subcutis; Acanthosis/hyperkeratosis; mild
Crust, serocellular; mild
Erosion/ulcer; mild

0

10
1R

Males
30

1

0

Females
10
30

100
1
1
1
1R
1
1
1R

1
1R
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1 +1R
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Brain; Infiltrate, mononuclear cell; choroid
plexus, minimal
Colon; Inflammation, chronic-active; focal;
mucosa; moderate
LN, Mesenteric; Pigment; minimal

Hepatic
Metabolism

Toxicokinetics

1

1
1

•
Hepatic Metabolism was assessed using liver samples from treated animals. Hepatic
microsomal fractions were characterized for hepatic microsomal protein, including total
CYP450 levels and for activity of selected enzymes (CYPs 1A, 2B, 2E, 3A, 4A and UDPGT).
Evidence of induction was observed for CYP3A in females, in which ≥2X activity was observed in
treated animals vs. concurrent controls. The effect was reversible following a 4-week
treatment-free recovery period.
• Peak exposure (Cmax) and overall (AUC0-24) exposures were greater than doseproportional over the 10-fold dose-range on Day 1 in males and females.
• Although exposure in females was generally lower than in males, the effect was not
consistent.
• There was no evidence of accumulation.
• Reproducibility of the bioanalytical method was successfully demonstrated, as the
concentrations of >92% of incurred samples were within ±20% of their original
concentration estimates.

General toxicology; additional studies
In a 1-month GLP-compliant toxicology study in the Sprague-Dawley rat, larotrectinib was
administered at twice daily oral doses of 10, 30, and 100 mg/kg (total daily doses of 20, 60, and
200 mg/kg/Day). Findings in were generally similar to those observed in the 13-week rat study;
however, additional findings noted in the 1-month rat study that were not identified at lower
doses in the longer-term study include: minimal to mild atrophy of the uterus in 3 high-dose
females, and a decreased number of corpora lutea in mid- and high-dose females. AUC0-12s in
mid- and high-dose females were 22,900 and 99,200 at the 60 and 200 mg/kg/Day dose level.
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Genetic Toxicology
Key Study Findings:
• larotrectinib did not increase the mean number of revertant colonies either in the
presence or absence of metabolic activation; thus, the study was negative for induction
of reverse mutations.
GLP
Compliance:
Test Strains:
Concentrations
Study Validity:

Yes
TA98, TA100, TA1535, TA1537, WP2uvrA
50, 150, 500, 1500 and 5000 μg per plate (Limit dose based on absence of
toxicity and precipitation)
The positive control assay demonstrated sensitivity of the systems and
both the positive and negative control assays induced the expected mean
number of revertant colonies; thus, the criteria for a valid test were met.

Study title: In Vitro Mammalian Cell Gene Mutation Test (L5178Y/TK+/- Mouse Lymphoma
Assay) Study AD01PR.704.BTL
Key Study Findings:
• larotrectinib was negative for induction of forward mutations at the thymidine kinase
locus in this assay.
GLP
Yes
Compliance:
Test System:
L5178Y/TK+/- cells
Concentrations 100, 200, 250, 300, 350, 400 µg/mL (-S9)
300, 400, 475, 500, 600 µg/mL (+S9)
Study Validity: The positive control assay demonstrated sensitivity of the systems and
both the positive and negative control assays induced the expected mean
number of revertant colonies; thus, the criteria for a valid test were met.
Study title: Mouse Bone Marrow Erythrocyte Micronucleus Test Following Oral
Administration of ARRY-470 (Study: AD01PR.123.BTL)
Key Study Findings:
• larotrectinib was negative for induction of polychromatic erythrocytes (MNPCEs)
following administration of a single oral dose of up to 500 mg/kg in male and female ICR
mice.
GLP
Yes
Compliance:
Test System:
Male and Female ICR Mice
Doses
Single oral dose of 0, 125, 250, and 500 mg/kg
Study Validity: The positive control assay demonstrated sensitivity of the system and both
the positive and negative control assays induced the expected mean
number of micronucleated polychromatic erythrocytes (MNPCEs) in the
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bone marrow; thus, the criteria for a valid test were met.
Reproductive and Developmental Toxicology
While embryo-fetal development studies can detect anatomic malformations in brain structure,
they are not designed to assess functional changes that might presage functional alterations in
movement, nociception, behavior, or neuropsychiatric function. Numerous published reports
describe the relationship between human congenital somatic mutations in the Trk signaling
pathway and development of neuropsychiatric conditions such as schizophrenia and mood
disorders (Krantz, T., 2015; Otnaess, M., et al., 2009; Knable, M. 1999. Schizophrenia Research.
39:149-52; Lewis, D., et al., 2005). Others have demonstrated the role of Trk mutations in
development of hyperphagic obesity, and peripheral sensory and motor disorders in humans
(Indo, Y. et al., 1996; Yeo, at al., 2004). Studies involving mice deficient in individual Trk
receptors further support the crucial role of Trk signaling in development. Mice deficient in
TrkA have sensory and sympathetic neuropathies but normal motor function; these animals
typically die within 1 month of birth (Smeyne, 1994). Mice deficient in TrkB lack populations of
motor neurons, dorsal root neurons, and trigimenal ganglia neurons and die shortly after birth
(Klein, 1993). TrkC deficient mice appear normal at birth but develop abnormal posture and
growth defects and generally die within a few weeks of birth (Klein, 1994). These studies
demonstrate the critical role of Trk proteins in neural development.
Consistent with guidance on the development of drugs to treat patients with advanced cancer,
Loxo Oncology did not conduct a pre- and postnatal development study, though such a study
may have had greater capacity to detect relevant changes in functional endpoints, such as
motor and nociceptive deficits.
Embryo-Fetal Development
Study title: A Twice Daily (12 Hours Apart) Oral (Gavage) Study of the Effects of LOXO-101 on
Embryo/Fetal Development in Rats (Study: 428504)
Key Study Findings
• There were four treatment-related deaths of high-doses dams (3 main-study and 1 TK
cohort dam)
• The following malformations observed in fetuses of treated dams lacked corresponding
findings in controls: anasarca (1 low-dose fetus); lobular dysgenesis of the lung (1 highdose fetus). The percent-per-litter incidence for both of these findings also exceeded
the laboratory’s maximum historical control incidence.
(b) (4)

Conducting laboratory and location:

GLP compliance:

Yes
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Methods
Dose and frequency of dosing:
Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Satellite groups:
Study design:

Deviation from study protocol
affecting interpretation of results:

0, 20, 80, and 240 mg/kg/Day (total daily dose),
administered as a divided dose twice-daily
Oral gavage
Corn Oil
Rattus norvegicus (Sprague Dawley [Crl:CD(SD)]
22 Time-mated dams/Group
8 toxicokinetic dams/Group
• Time-mated females received
larotrectinib on GDs 6-17 (6-18 AM for
TK subsets), corresponding to the period
of implantation through the closure of
the hard palate.
• Laparohysterectomies were performed
on Day 21.
• Uteri, placentae, and ovaries were
examined and weighed.
• Fetuses, total implantations, late and
early resorptions, and corpora lutea
were examined and recorded.
• Fetuses were weighed, sexed, and
examined for external, visceral, and
skeletal malformations and variations.
• TK was collected from 4 animals per
group on Days 6 ad 17 (1, 4, and 12
hours following the first and second dose
administrations).
The reported deviations do not appear to have
affected overall study interpretation.

Observations and Results
Parameters
Major findings
Mortality
• Three high-dose toxicology-cohort dams were euthanized in extremis
(Animals 4373, 4305, and 4359 on Gestation Day 12, 13, and 17,
respectively). Premonitory clinical signs included labored respiration, rales,
and gasping. The cause of morbidity was considered treatment-related.
• One preterm euthanasia of a dam assigned to the high-dose TK subset,
occurred on Day 15. Premonitory clinical signs included labored respiration,
rales, and gasping. No evidence of dosing-error was observed; thus, the
cause of death was considered treatment-related.
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Clinical Signs

Body Weights

• One high-dose dam was euthanized on Day 8 due to a gavage error.
Scabbing was observed in all treated groups in a generally dose-related fashion;
however, the severity was not dose-limiting. Clinical signs in high-dose dams
indicative of significant maternal toxicity included ataxia, piloerection, head-tilt,
hair loss, rales, labored respiration, pale body, grasping, and cool-to-touch.
As observed in the toxicology studies conducted in the rat, there was an increase in
mean body weight consistent with the observed treatment-related increase in daily
feed consumption.

Gross Necropsy
Findings
(maternal)
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Necropsy findings
Cesarean Section
Data

Summary of fetal
malformations
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Summary of fetal
variations

Toxicokinetics

Peak (Cmax) and overall exposures (AUC) were generally proportional with dose over the 12-fold
dose range on GDs 6 and 17. There was evidence of accumulation (up to 3-fold) over the 12-day
dose-period.

Cmax1 = peak exposure after first daily dose; Cmax2 = peak exposure after 2nd daily dose.

Study title: Twice Daily (12 Hours Apart) Oral (Gavage) Study of the Effects of LOXO‐101
on Embryo/Fetal Development in Rabbits (Study: 428508)

Key Study Findings
• Mortality: one high‐dose dam was euthanized in extremis for a broken tibia (Day 11). The
Study Director considered this finding treatment-related because it occurred in a high-dose
animal and because impaired hindlimb use was also observed in the dose-ranging study.
• Another high-dose dam was euthanized for toxicity (Day 22). Premonitory clinical signs
included including ataxia, prostration, decreased defecation, and body weight loss.
• Malformations: Increase in the frequency of omphalocele and retroesophageal aortic arch
occurred in treated litters compared relative to concurrent controls or the maximum range
of the historical control database.
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•

Variations: increase in the frequency of “pale liver” was observed in a high‐dose fetus
compared with that of the concurrent controls or the maximum historical control range.
(b) (4)

Conducting laboratory and location:

GLP compliance:

Yes

Methods
Dose and frequency of dosing:
Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Satellite groups:
Study design:

Deviation from study protocol
affecting interpretation of results:

Parameters
Mortality

0, 30, 60, 150 mg/kg/Day (total daily dose); administered as a
divided dose twice-daily
Oral gavage
Corn oil
Oryctolagus cuniculus (New Zealand white rabbit)
22 timed‐mated dams/Group (24 in high‐dose)
TK (4/Group)
• Rabbits were dosed between Days 7‐20
• Larparohysterectomies were performed on Day 29
• The uteri were weighed and opened, and the placentae
were examined.
• The number and location of implantation sites (including
early and late resorptions) were recorded and the
fetuses were removed and examined macroscopically.
• Maternal right hindlimb bones were retained in 10%
formalin (right) for possible histopathological analysis.
Left hindlimbs were frozen at ‐20oC and retained for
possible densitometry analysis.
• Fetuses were sexed and examined viscerally.
• Carcasses were eviscerated and fixed in 10% ethyl
alcohol, after which fetuses were macerated in KOH and
stained with alizarin red S.
• Skeletal malformations and variations were recorded.
The reported deviations appear unlikely to have affected overall
study interpretation.

Major findings
•

•

Two gavage errors occurred in control dams. One control dam was found dead on GD 18.
The other control dam was euthanized in extremis on Day 13 after exhibiting signs of
labored respiration. Both animals died secondary to a gavage error (perforated
esophagus).
One control dam was euthanized on Day 24. The dam was found to have aborted 3 late
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Clinical Signs
Body Weights

Gross
Necropsy
Findings
(maternal)

resorptions. The dam exhibited weight‐loss and reduced feed consumption prior to the
observed abortions, and when examined, the uterine contents were found to contain five
more late resorptions.
• Two high‐dose females were euthanized in extremis, one on Day 22 and one on Day 11.
o The dam euthanized on Day 22 exhibited treatment‐related signs, including
ataxia, prostration, and body weight loss for several days prior to its demise. This
death was considered treatment‐related.
o The HD dam euthanized on Day 11 appeared to have suffered a fractured right
tibia, and this death was considered possibly related to study treatment.
• Tremors and ataxia, prostration, and gasping in high‐dose dams.
Increased body weight was observed in treated dams; however, the magnitude of the effect
was not dose‐related.

Unremarkable
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Necropsy
findings
Cesarean
Section Data

Summary of
fetal
malformations

Parameter
Number of Litters

Dose (mg/kg/Day)
0
30
60
150
18
22
21
22

Control Range
--

Pregnancy Index (%)
Mean Corpora Lutea (per dam)
Implantation sites
Viable Fetuses (%/litter)
Dead Fetuses (%/litter)
Pre-implantation loss (%/litter)

81.82-100%
8.85-11.41
7.90-10.38
89.85-99.4
0-0%
2.27-21.59%

81
10.2
9.6
95.3
0
6.7

100
9.3
8.3
98.7
0
11.1

95
10.5
9.6
95.8
0
8.0

92
10.2
9.1
97.7
0
10.5

Post-implantation loss (%/litter)
Total Resorptions (%/Litter)
Early Resorption (%/litter)
Late Resorption (%/litter)
Fetal weight (g)
% Males

0.6-10.5%
0-5.51%
0-0%
38.097-43.945
0-59.08%

4.7
4.7
4.7
0
42.3
45.2

1.3
1.3
1.3
0
43.7
45.9

4.2
4.2
3.4
0.8
41.6
52.7

2.3
2.3
1.4
0.9
39.7
52.6

%Females
Male fetal weights
Female fetal weights

0-61.61%
38.22-44.959
37.548-43.472

54.8
42.7
42.1

50.1
44.2
43.2

47.3
42.0
41.1

47.4
39.8
39.7

Dose (mg/kg/Day)
Number of fetuses/litters evaluated

0

30

60

150

557/18

604/22

594/21

553/22

3/1.7*

3/1.2*

External Malformations
Omphalocele

4/3.1**
Visceral Malformations

Lungs, lobular agenesis

4/2.5*

Bulbous aorta

1/0.6*

Kidney(s) malpositioned

1/0.6*

Retroesophageal aortic arch

1/0.5**
Skeletal Malformations

Rib anomaly

1/0.5*

Costal cartilage anomaly

2/0.9*

Sternebrae fused
Vertebral anomaly with or without
associated rib anomaly
1/0.6*
*Within the range of historical control on a percent per litter basis
**Exceeds the range of historical control on a percent per litter basis

Summary of
fetal
variations

1/0.5*
2/0.9*

Dose (mg/kg/Day)
Number of fetuses/litters evaluated

0

60

60

150

165/18

180/22

193/21

195/22

Visceral Variations
11/5.9*

16/8.4*

8/4.0*

15/7.1*

Accessory spleen(s)

16/8.3*

30/18.2*

34/17.8*

28/13.4*

Gallbladder, absent or small

3/1.2*

8/3.4*

7/4.0*

3/1.5*

Heart, extra papillary muscle

1/0.4*

3/1.9*

3/1.5*

2/1.4*

Major blood vessel variation
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Retrocaval ureter

2/1.2*

Liver, accessory lobule(s)

1/0.4*

6/2.8*

2/0.9*

1/0.5*

Renal papilla(e) not developed and/or distended ureter(s)

1/0.4*

Liver, pale

1/0.5**

Hemorrhagic ring around the iris

1/0.9*

13th rudimentary rib(s)

Skeletal Variations
32/18.7*

20/11.2*

41/22.1*

45/23.0*

59/37.0*

64/35.2*

54/28.0*

70/36.2*

5/2.8*

4/3.1*

8/4.5*

2/1.3*

1/0.6*

6/2.6*

4/1.8*

4/2.8*

7/3.3*

6/3.3*

2/0.8*

13th full rib(s)
Extra site of ossification anterior to sternebra #1
Sternebrae with thread-like attachment
7th cervical rib(s)
Sternebra(e) #5 and/or #6 unossified

26/15.4*

19/10.9*

26/13.4*

16/7.6*

Sternebra(e) malaligned (slight or moderate)

2/1.3*

4/2.3*

1/0.4*

3/1.6*

27 presacral vertebrae

10/6.2*

14/8.0*

16/8.5*

22/11.1*

1/0.5*

2/1.0

6/3.4*

5/2.5*

Extra site of ossification ventral to cervical centrum #2
Hyoid arch(es) bent

5/3.0*

Accessory skull bone(s)
Vertebral centra not fully ossified

8/4.9*
1/0.4*

1/0.6*

25 presacral vertebrae

1/0.6*

*Within the range of historical control on a percent per litter basis
**Exceeds the range of historical control on a percent per litter basis

Toxicokinetics

Peak (Cmax) and overall exposures (AUC) were greater than dose‐proportional over
the 5‐fold dose range on GDs 7 and 20. There was evidence of accumulation (up to
approximately 3‐fold) between GDs 7‐20.

Prenatal and Postnatal Development
Not conducted, and not required to support a drug intended for the treatment of patients with
advanced cancer.
Juvenile Animal Data
Study title: A Twice Daily (12 hours apart) Oral (Gavage) Toxicity Study of LOXO‐101 in
Juvenile Rats with Recovery (WIL‐428502) (Sponsor Report: LOXO-101-TOX-021)
Key Study Findings
• Mortality: 18 preterm deaths occurred in F0 animals (12 high-dose; 3 mid-dose, and 2
low-dose animals, and 1 control). For the majority of animals, the cause of death was
undetermined.
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•
•

There were CNS‐related clinical signs in high‐dose males and females (head flick,
circling, tremors, cool-to‐touch, eye closure) and some signs suggestive of stereotypic
behaviors such as excessive grooming (scabbing and hair).
Other clinical signs suggestive of pulmonary toxicity (rales, labored and/or decreased
respiration) were observed, consistent with histological findings observed in general
toxicology studies.
(b) (4)

Conducting laboratory and
location:

GLP compliance:
Methods
Dose and frequency of dosing:

Yes

0, 0.4, 4, and 15 mg/kg/Day total dose from PNDs 7‐
27*
0, 1.2, 12, and 45 mg/kg/Day total dose from PNDs 28‐
70*
*administered twice daily as a divided total daily dose
Route of administration:
Oral Gavage
Formulation/Vehicle:
Corn oil
Species/Strain:
Rattus norvegicus (Sprague Dawley [Crl:CD(SD)], born
at the test facility from time‐mated dams)
Number/Sex/Group:
45/Sex/Group
Satellite groups:
Toxicokinetics, 33/Sex/Group
Study design:
• *Animals received test article as a divided dose
from PNDs 7‐70 via twice‐daily oral gavage.
• 15 F0 pups/sex were assigned to main‐study
cohorts; 30 F0 pups/Sex were assigned to
recovery cohorts
• Growth measurements (tibia length) was
evaluated twice weekly throughout the study
• Monitoring of balanopreputial separation and
vaginal patency for attainment of sexual
maturity was performed
• 20 F0 pups/Sex were selected for
neurobehavioral and reproductive
assessments; Laparohysterectomy was
performed on GD 15 from each
neurobehavioral‐ and reproductive‐phase dam
with evidence of mating
• Neurological endpoints included auditory
startle response (PNDs 60 and 85), FOB,
74
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)
Reference ID: 4354090

NDA Multidisciplinary Review and Evaluation NDA 210861 and NDA 211710
VITRAKVI (larotrectinib)

•

•
•
•

learning and memory, and motor activity
assessments.
The remaining 10 F0 pups/sex/Group were
euthanized on PND99 for clinical pathology and
arterial blood gas determination. Complete
necropsies were conducted and selected
organs were weighed.
Histopathology was performed on preterm
decedents and control animals on Day 71.
Histological analysis was also evaluated on
gross lesions.
Lungs and kidneys were evaluated
microscopically from five TK animals
euthanized in extremis on PND 29

Deviation from study protocol The reported deviations appear unlikely to have
affecting interpretation of results: affected overall study interpretation.
*The dose was increased on Day 28 to account for the potential loss in exposure noted in an
earlier dose‐ranging study, in which PND 21 exposures were lower than those observed on
PND7.
Observations and Results
Endpoints
Major Findings
Evaluated
There were 18 preterm deaths during the study. One occurred in a control animal, two were
Mortality
consistent with procedural error; the remaining are likely treatment-related.

Clinical Signs

Clinical signs in F0 animals were recorded pre-dose and at 2-hours post-dose. CNS-related
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clinical signs in high-dose males and females were observed (head-tilt, impaired equilibrium,
head flick, circling, tremors, cool-to-touch, eye closure). Signs consistent with stereotypic
behaviors, such as excessive grooming (scabbing and hair loss) were also observed. Other
clinical signs suggestive of pulmonary toxicity (rales, labored and/or decreased respiration)
were observed, consistent with histological findings observed in general toxicology studies.
Summary of daily pre-dose clinical signs

Summary of daily post-dose clinical signs

Body Weight

There was a significant treatment-related decrease in mean male body weights in mid-dose
males between PNDs 25-65 and in high-dose males, between Days 14-70. In females, mean
body weights were significantly lower than controls between Days 22-34 in mid-dose
animals and between Days 12-39 in high-dose animals. In high-dose females, mean bodyweight exceeded controls between Days 45-70. The difference reached statistical
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Feed
Consumption

Hematology

significance after Day 64 and continued to exceed controls until the end of the study on Day
70. Body weights in mid-dose animals exceeded controls beginning on Day 57, but the
difference did not reach statistical significance.
Mid- and/or high-dose feed consumption was generally lower than controls. Occasional
instances of increased feed consumption were noted in high-dose females; however, the
effect was not consistent, and the means tended toward lowered feed consumption in midand high-dose groups vs. concurrent controls.
In the reproductive assessment, feed consumption in F0 females during late gestation was
also reduced compared with concurrent controls.
Decreased red cell indices and increased reticulocytes were observed in mid- and high-dose
males and high-dose females at the end of the dosing interval. The effects were reversible in
recovery animals.
Summary of mean hematology changes in F0 males and females at the end of the dosing
period (%Δ vs. concurrent control)

Clinical
Chemistry

Decreased albumin, mildly increased liver function tests (ALP, AST) and increased renal
function parameters (UN and CREA) were observed in male and female rats. No evidence for
reversibility was observed in recovery-cohort animals. Although the parameters were
generally not significantly different from concurrent control groups in recovery cohort
animals, the mean parameter estimates were largely unchanged. Some evidence of
reversibility was observed for the increased cholesterol and increased electrolytes observed
at the end of the dosing period.
Summary of mean clinical chemistry changes in F0 males and females at the end of the
dosing period (%Δ vs. concurrent control)
ALB
UN
CREA
ALP
AST
CHOL
PHOS

Arterial Blood

1.2M
-2.4
5.6
0.0
4.1
-4.2
-3.3
1.2

12M
-4.9
24.0
21.4
24.9
-2.5
10.0
5.8

45M
-4.9
44.8
50.0
3.6
21.8
23.3
10.5

1.2F
0.0
-4.7
0.0
3.6
6.9
14.3
-1.3

12F
-6.8
19.2
23.5
9.4
34.3
11.1
7.7

Unremarkable
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Gas
Tibia Length

Tibia lengths were significantly reduced in high-dose F0 males between Postnatal Days 1252 and intermittently in high-dose females between Days 24-52. Significant decreases were
also observed intermittently in mid-dose males; however, the effect was not consistent.
Balanopreputial Attainment of sexual maturity, as measured by balanopreputial separation was significantly
Separation
delayed in mid- and high-dose F0 males.

Vaginal Patency Attainment of sexual maturity, as measured by vaginal patency, was delayed in high-dose F0
females.

Auditory Startle Auditory startle response was measured on PNDs 60 and 85. In females, a linear trend
Response
toward reduced TPEAK, or time to measured startle response, was observed on Day 60;
however, no effects were noted on Day 85. No effects were observed in males at any
timepoint.
FOB
Increased incidences of drooping eyelids and half-closed eyelids were noted in mid- and
Assessments
high-dose F0 males and females on PNDs 61.
Summary of FOB findings in F0 animals
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Motor Activity

•

•

Hindlimb grip strength was significantly reduced in high-dose males and mid- and
high-dose females on PND 61. Hindlimb foot splay was significantly decreased in
mid- and high-dose males on Day 61 (data not shown), and in mid- and high-dose
males and females on PND 86.
There was an increase in cumulative motor activity in mid- and high-dose males and
females on PNDs 61 and in mid- and high-dose females on PND 86. Ambulatory
movement was also increased in high-dose males and females on PND 61 (data not
shown).

Hindlimb grip strength in F0 males and females on PND 61

Hindlimb Foot Splay in F0 males and females on PND 86

79
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)
Reference ID: 4354090

NDA Multidisciplinary Review and Evaluation NDA 210861 and NDA 211710
VITRAKVI (larotrectinib)

Mean cumulative motor activity in F0 males and females on PND 61

Biel Maze
Swimming
Trials
Maternal Body
Weight

Reproductive
Performance

Biel maze swimming tests were performed on Days 62 and 87, to assess effects of
larotrectinib on learning and memory in F0 animals. In females treated at 45 mg/kg/Day,
there was a significant increase in the number of errors identified for the overall assessment
(data not shown). No other differences were noted.
A dose-dependent decrease in mean body weight was observed in pregnant F0 females
during gestation.

•

There were no effects on mating index in either males or females, no effects on the
pre-coital intervals, and no effects on the duration of the estrous cycle.
• There was a decrease in the number of males that sired a litter in the mid- and high80
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dose groups; however, the mating index observed was within the range of the test
facility’s historical controls.
Summary of reproductive performance results in males

Summary of reproductive performance results in females

Spermatogenic
Evaluation

Cesarean
Section Data
Organ Weights

Loxo Oncology evaluated sperm concentration and sperm motility endpoints at termination
in 19-20 animals per group. There were no effects on sperm morphology or percent
motility, and no effects or on the weights of the caput or cauda epididymides, testis weight,
testicular sperm concentration, or sperm production rate.
There were no effects of treatment on pregnancy index or on embryo viability in pregnant
dams.
Changes in mean organ weights in F0 males and females (%Δ vs. concurrent control)
Organ
Heart
Liver
Lungs

Day
71
71
71
71

Gross
Pathology
Histopathology

Spleen

99

Thyroid/Parathyroid

71

1.2M

12M

45M

1.2F

12F

45F

Absolute

Parameter

2.8

4.2

9.9

1.1

1.1

15.8

Brain Weight

0.6

3.9

14.2

2.3

1.7

20.3

Absolute

4.4

9.5

11.4

1.2

5.8

28.8

Brain Weight

2.8

9.5

16.2

2.3

6.2

32.8

Absolute

2.8

2.1

-2.8

1.7

6.8

4.3

Brain Weight

1.5

2.3

1.9

2.7

7.6

7.1

Absolute

8.2

24.7

23.3

-1.8

14.5

27.3

Brain Weight

7.9

24.9

31.6

-0.3

15.3

34.5

Absolute

-6.2

21.0

16.0

0.0

9.1

10.9

Brain Weight

-5.7

24.0

21.5

-0.4

11.6

16.6

Absolute

10.1

14.4

-1.4

18.9

0.6

22.0

Brain Weight

8.2

15.1

2.7

20.3

0.6

34.8

There were no treatment-related gross observations.

See
Table 8 for a summary of select histopathological findings of likely relationship to treatment.
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Toxicokinetics

Exposures were generally similar between males and females. Peak (Cmax) and overall (AUC)
exposures in juvenile rats were greater than dose-proportional over the 38-fold dose-range.
There was evidence for accumulation at the mid- and high-doses on Days 28 and 70.

PND

Dose (mg/kg/Day)

7

0.4
4
15
1.2
12
45
1.2
12
45

28

70

AUC0-24
(ng*hr/mL)
127
2710
16200
129
1450
9600
134
2560
17600

Cmax1
(ng/mL)
6.12
248
772
14.1
183
1020
11.4
228
2510

Cmax2
(ng/mL)
19.8
136
1420
25.3
223
1800
19
333
2140

Table 8: Summary of selected histological findings in F0 males and females
Sex
Group (mg/kg/Day)
Adipose; inflammation,
mononuclear cell
Adipose, Brown; mineralization
--hemorrhage, acute
--infiltrate, mononuclear cell
--inflammation, mixed cell
Adrenal Cortex, congestion
Brain; hemorrhage, acute
--necrosis
Epididymis; reduced sperm,
luminal
Esophagus; fibrosis
--necrosis
Eyes; dysplasia, retinal
--pythisis bulbi
Heart; infiltrate, mononuclear
cell
--fibrosis
--hemorrhage, acute
--Infiltrate, mononuclear cell
--infiltrate, mixed cell
--inflammation, mixed cell

Male
0

Mild

0.4/1.2

Female
4/12

15/45

0

4/12

15/45

1†

Minimal
Minimal
Moderate
Minimal
Minimal
Mild
Mild
Moderate
Moderate

1†
1

1
1

2
1
1
1†
1†
1

Moderate
Mild
Moderate
Minimal
P

1

Minimal
Minimal
Mild
Minimal
Mild
Minimal
Mild

1†
1

1†
1†
1
1

2

1†
2

3
1†
1†
1
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Sex
Group (mg/kg/Day)
Kidney; degeneration, tubular
--Dilation, tubule

--mineralization

--infiltrate, mononuclear
--inflammation, mixed cell
Liver; congestion
--fatty
--fatty change
--fibrosis
--fibrosis, capsular
--hematopoiesis, extramedullary
--pigment, brown
--vacuolation, cytoplasmic
Lungs; inflammation, acute
--abscess
--congestion
--fibrosis, pleural
--hemorrhage, acute

--infiltrate, eosinophil,
perivascular
--infiltrate, mononuclear cell
--inflammation, mixed cell

--inflammation,
pyogranulomatous
--reduced inflation

Skin; inflammation, mixed cell
--serocellular crust
--ulceration

Minimal
Mild
Minimal
Mild
Moderate
Minimal
Mild
Moderate
Minimal
mild
Moderate
Marked
Minimal
Minimal
Minimal
Mild
Mild
Mild
Minimal
Minimal
Mild
Marked
Marked
Moderate
Moderate
Minimal
Mild
Moderate
Mild
Minimal
Minimal
Mild
Moderate
Moderate
Minimal
Mild
Moderate
Marked
Moderate
Minimal
Mild

Male
0

0.4/1.2

Female
4/12

15/45

0

4/12

15/45
1

1†
1,1R

1
2
1

1
1†

1

1†

1†, 1

9,1R
1

2

2

1†

1
1R

1†

1†
1†
1†

1†,8
2
1R
1†,1
1
2†

2
2

3

1
1
1R
1†
1
2
1
1†

1†

1†
1
1†

1R
1R

1†,1
1†
1†

1

1
2

1
1
1

1
1†

1

1†

1R
1
1
1

1†,2,1R
1†,1

2
5
3

1

2†

1†,4
2†,2
1
2†,1

1
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Sex
Group (mg/kg/Day)

Testes; atrophy/hypoplasia
--Dilation, tubule

Moderate
Moderate
Marked
Moderate

Male
0

0.4/1.2

Female
4/12

15/45

0

0.4/1.2

4/12

1
1
1

1
1

1

Other Toxicology Studies
Loxo Oncology evaluated the phototoxic potential of larotrectinib in a neutral red uptake assay
in BALB/c 3T3 mouse fibroblast cells at concentrations of 1.78-100 µg/mL. Compared with the
positive control, promethazine, larotrectinib exhibited no potential for cytotoxicity when cells
were treated with or without ultraviolet radiation.

X
Shawna Weis
Primary Reviewer

X
Whitney Helms
Team Leader

84
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)
Reference ID: 4354090

15/45

NDA Multidisciplinary Review and Evaluation NDA 210861 and NDA 211710
VITRAKVI (larotrectinib)

6 Clinical Pharmacology
Executive Summary
The primary data supporting the clinical pharmacology component of the NDAs are from the
single and multiple dose pharmacokinetics (PK) and biodistribution studies and the following
evaluations and analyses: dose-response (D-R) and exposure-response (E-R) relationships for
efficacy and safety; population PK (popPK) of the effect of covariates on larotrectinib systemic
exposure; potential prolongation of QT/QTc interval, effect of hepatic impairment, end stage
renal disease and food on larotrectinib systemic exposure; and potential PK drug-drug
interactions (DDI) between larotrectinib and a strong inhibitor and a strong inducer of CYP3A4
and effect of larotrectinib on the PK of a sensitive CYP3A4 substrate. The popPK analyses did
not identify clinically important covariates influencing larotrectinib exposure. Larotrectinib did
not prolong the QTc interval. Larotrectinib dose adjustment is necessary in patients with
underlying hepatic impairment, and when larotrectinib is coadministered with strong inhibitors
and inducers of CYP3A4.
The overall efficacy and safety profiles support the proposed larotrectinib dosing regimens of
100 mg orally twice daily (BID) for adults and pediatric patients with a BSA of ≥1.0 m2and 100
mg/m2 orally twice daily with a maximum of 100 mg per dose for pediatric patients with a BSA
of <1.0 m2, without regard to food. The D-R and E-R analyses suggest a flat relationship for
efficacy and safety of larotrectinib in adults and pediatric patients. No evident ER relationships
for safety were identified. Although numerical differences in overall response rate (ORR) were
found among patients with different tumor types, different NTRK fusions or subgroups based
on those who did or did not receive prior radiotherapy, these differences are likely due to the
limited sample size.
Recommendations
The Office of Clinical Pharmacology has reviewed this NDA and found that it is approvable from
a clinical pharmacology standpoint, provided that Loxo Oncology and the FDA reach an
agreement regarding the labeling language.
Review Issue
Pivotal or supportive
evidence of
effectiveness
General dosing
instructions

Recommendations and Comments
The primary evidence of effectiveness comes from the LOXO-TRK14001, 15001 and 15002 studies. The proposed dosing regimen is
supported by the clinically significant improvement in ORR and an
acceptable safety profile observed in these trials.
The recommended dosage of larotrectinib for adults and pediatric
patients with a BSA of ≥1.0 m2 is 100 mg orally twice daily (BID) with or
without food. In pediatric patients with BSA of < 1 m2, the
recommended dosage is 100 mg/m2 (up to 100 mg) orally BID with or
without food.
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Dosing in patient
subgroups (intrinsic
and extrinsic
factors)

Dose adjustment is recommended for patients with moderate and
severe hepatic impairment and when coadministration of strong
CYP3A4 inhibitors and inducers with larotrectinib cannot be avoided.
No dose adjustment is recommended for patients with mild to severe
renal impairment or mild hepatic impairment and when
coadministration of P-gp inhibitors with larotrectinib cannot be
avoided.
The review team provided extensive modifications to all sections of the
proposed labeling as the content and format provided by Loxo
Oncology were inconsistent with current labeling practices.

Labeling

Bridge between the
to-be marketed and
clinical trial
formulations

Significant additions to the label made by the FDA include dose
adjustments for larotrectinib when coadministered with strong
inhibitors and inducers of CYP3A4 and for patients with underlying
hepatic impairment.
The to-be-marketed formulation of larotrectinib was studied in LOXOTRK-14001, 15001 and 15002 clinical trials which demonstrated
effectiveness and safety for the proposed indication.

Postmarketing Requirements and Commitments
Loxo Oncology has agreed to conduct the following clinical pharmacology studies as a
postmarketing requirement (PMR) or postmarketing commitment (PMC). The PMR and PMC
studies will be included in the Approval Letter with milestones agreed upon after negotiation
with Loxo Oncology.
PMR or
PMC
PMR

Key Issue(s) to be
Addressed

Rationale
(b) (4)

Key Considerations for
Design Features
In Study LOXO-TRK-16010,
Develop and validate a
coadministration of
PBPK model to assess
larotrectinib with a strong
the effects of (b) (4)
(b) (4)
CYP3A inhibitor
a moderate
(itraconazole) increased the CYP3A4 inhibitor on
AUCinf of larotrectinib by 4.3- the exposure of
fold and increased the Cmax
larotrectinib.
by 2.8-fold as compared to
larotrectinib administered
alone. The PMR study results
will determine dosage
modification when
coadministration of a
mild to moderate CYP3A4
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PMC

inhibitor is
unavoidable.
Determination of an
In study LOXO-TRK-16010,
appropriate
coadministration of
larotrectinib dose for
larotrectinib with multiple
patients with
doses of a strong CYP3A
concomitant use of
inducer (rifampin) decreased
(b) (4)
moderate
the AUCinf of larotrectinib by
CYP3A4
81% and decreased Cmax by
inducers using a PBPK 71% as compared to
modeling and analysis. larotrectinib administered
alone.
The PMC study results will
determine dosage
modification when
coadministration of a
mild to moderate CYP3A4
inducer is
unavoidable.

Develop and validate a
PBPK model to assess
the effects of (b) (4)
(b) (4)
a moderate
CYP3A4 inducer on the
exposure of
larotrectinib,
respectively.

Summary of Clinical Pharmacology Assessment
Pharmacology and Clinical Pharmacokinetics
The pharmacokinetics of larotrectinib were studied in healthy subjects and in adult and
pediatric patients with locally advanced or metastatic solid tumors with an activating NTRK
gene fusions. In healthy subjects who received a single dose of larotrectinib capsules, systemic
exposure of larotrectinib was dose proportional over the dose range of 100 mg to 400 mg and
slightly greater than dose proportional at doses of 600 mg to 900 mg.
In adult patients who received larotrectinib capsules 100 mg twice daily, peak plasma levels
(Cmax) of larotrectinib were achieved at approximately 1 hour after oral administration.
Larotrectinib steady-state geometric mean (GM) ([coefficient of variation (CV%)] for Cmax was
788 ng/mL (81%) and for AUC0-24h was 4351 ng*h/mL (92%).
In pediatric patients, larotrectinib exposure was within the range of values observed in adults at
the same dose per body surface area; the GM (CV%) of larotrectinib AUC0-24h was 3348 ng/mL
(66%) for 1 month to <2 years old (N=9), 4135 ng/mL (36%) for 2 to <12 years old (N=15), and
3108 ng/mL (69%) for 12 to <18 years to (N=9).
Absorption
The mean absolute bioavailability of larotrectinib capsules was 34% (range: 32% to 37%). In
healthy subjects after administration of a single 100 mg dose, the AUCinf and Cmax of
87
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)
Reference ID: 4354090

NDA Multidisciplinary Review and Evaluation NDA 210861 and NDA 211710
VITRAKVI (larotrectinib)
larotrectinib oral solution were 8% and 36% higher, respectively, compared to that of the oral
capsule.
The AUC of larotrectinib was similar and the Cmax was reduced by 35% after oral administration
of a single 100 mg larotrectinib capsule to healthy subjects taken with a high-fat meal
compared to the Cmax and AUC in the fasted state.
Distribution
Larotrectinib is 70% bound to human plasma proteins in vitro and independent of drug
concentrations. The blood-to-plasma concentration ratio is 0.9. The GM (%CV) apparent volume
of distribution (Vd/F) is 374 L (48%) following oral administration of a single [14C] radiolabeled
100 mg dose in healthy subjects.
Elimination
The GM (CV%) apparent clearance (CL) is 98 L/h (44%) and the mean (standard deviation)
terminal half-life is 2.9 hours (1.5) following oral administration of a single [14C] radiolabeled
100 mg dose in healthy subjects.
Metabolism
Larotrectinib is metabolized predominantly by CYP3A4. Metabolism was mediated primarily by
oxidative N-dealkylation with subsequent cleavage of the 3-hydroxypyrrolidine carboxamide
moiety and formation of the secondary glucuronide metabolite (M14).
Following oral administration of a single [14C] radiolabeled 100 mg dose of larotrectinib to
healthy subjects, unchanged larotrectinib constituted 19% and glucuronide metabolite (M14)
constituted 26% of the major circulating radioactive drug components in plasma. All remaining
plasma metabolites were present at trace to minor levels (< 5%).
Excretion
Following oral administration of a single [14C] radiolabeled 100 mg dose of larotrectinib to
healthy subjects, 58% (5% unchanged) of the administered radioactivity was recovered in feces
and 39% (20% unchanged) was recovered in urine.
Dose Selection Rationale and Dose- and Exposure-Response Relationships
Larotrectinib dosing regimens of 100 mg BID for adults and of 100 mg/m 2 BID with a maximum
of 100 mg BID for pediatric patients were selected as the recommended Phase 2 dose (RP2D)
for study LOXO-TRK-15002 based on the results from studies LOXO-TRK-14001 and LOXO-TRK15003. A maximum tolerated dose (MTD) for larotrectinib was not reached in either study and
the ORR and depth of response was relatively flat and independent of age. No evident ER
relationships for safety were identified in this application and adverse events of interest
including ALT elevation, AST elevation, neutropenia and neurologic AE were selected as safety
endpoints in the analyses.
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General Dosing and Therapeutic Individualization
General Dosing
The proposed dosing regimen of larotrectinib for adults is 100 mg orally twice daily and for
pediatric patients is 100 mg/m2 orally twice daily with a maximum of 100 mg per dose with or
without food.
Therapeutic Individualization
No dose adjustment is recommended for patients with mild (Child-Pugh A) hepatic impairment;
however, dose adjustment is recommended for patients with moderate (Child-Pugh B) or
severe (Child-Pugh C) hepatic impairment. In study LOXO-TRK-17013, increases in larotrectinib
AUC0-inf (1.3-, 2- and 3.2-fold) and Cmax (1.1-, 1.1- and 1.5-fold) were observed in subjects with
mild, moderate and severe hepatic impairment, respectively as compared to those with normal
hepatic function.
No dose adjustment is recommended for patients with underlying mild to severe renal
impairment (CLcr 15-89 mL/min). In study LOXO-TRK-17014, increases in larotrectinib AUC0-inf
(1.5-fold) and Cmax (1.3-fold) were observed in subjects with end stage renal disease as
compared to those with normal renal function. The magnitude of exposure increase is expected
to be smaller in patients with underlying mild to severe renal impairment than in patients with
end stage renal disease.
Dose adjustment is recommended for the coadministration of strong CYP3A4 inhibitors or
inducers with larotrectinib. In study LOXO-TRK-16010, increases in larotrectinib Cmax (2.8-fold)
and AUC (4.3-fold) were observed with the coadministration of a strong CYP3A4 inhibitor
(itraconazole). Decreases in larotrectinib Cmax by 70% and AUC by 80% were observed with the
coadministration of a strong CYP3A4 inducer (rifampin) in study LOXO-TRK-16010.
No dose adjustment is recommended for coadministration of P-gp inhibitors with larotrectinib.
In study LOXO-TRK-16010, increases in larotrectinib Cmax (1.8-fold) and AUC (1.7-fold) were
observed with the coadministration a single dose of a P-gp inhibitor (Rifampin). Given that the
use of a P-gp inhibitor is generally in a short term, the magnitude of increase in larotrectinib
exposure is within the clinical experience; and safety-exposure relationship is flat; dose
adjustment when coadministering larotrectinib with a P-gp inhibitor is not considered
necessary.
Based on the consistency of responses seen across different NTRK gene fusions, no specific
subset of patients should be excluded from treatment with larotrectinib.
Outstanding Issues
No outstanding issues other than the requested PMR and PMC studies are identified from a
Clinical Pharmacology perspective
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Summary of Labeling Recommendations
Drug-Drug Interactions
Coadministration with CYP3A4 Inhibitors: If concomitant use of a strong CYP3A inhibitor cannot
be avoided, a 50% reduction in the larotrectinib dose is recommended with the
coadministration of a strong CYP3A4 inhibitor. The effects of weak or moderate CYP3A4
inhibitors on the exposure of larotrectinib have not been studied.
Coadministration with CYP3A4 inducers: If concomitant use of a strong CYP3A inducer cannot
be avoided, a doubling of the larotrectinib dose is recommended with the coadministration of a
strong CYP3A4 inducer. The effects of weak or moderate CYP3A4 inducers on the exposure of
larotrectinib have not been studied.
Coadministration with sensitive CYP3A4 substrates: If coadministration of sensitive CYP3A4
substrates cannot be avoided, monitor patients for increased adverse reactions of these drugs.
Organ Impairment
Patients with Renal Impairment: No dose adjustment is recommended for patients with renal
impairment (creatinine clearance, CLcr <89 mL/min by Cockcroft-Gault equation).
Patients with Hepatic Impairment: No dose adjustment is recommended for patients with mild
(Child-Pugh A) hepatic impairment. A reduction in the larotrectinib starting dose from 100 mg
BID to 50 mg BID is recommended for patients with underlying moderate (Child-Pugh B) to
severe (Child-Pugh C) hepatic impairment.
Food effect
Larotrectinib can be administered without regard to food as the larotrectinib AUC was not
altered and Cmax was decreased by 35% when larotrectinib was administered with a high fat
meal.
Comprehensive Clinical Pharmacology Review
General Pharmacology and Pharmacokinetic Characteristics
Pharmacology
Mechanism of
Action

Larotrectinib (LOXO-101) is an ATP-competitive inhibitor of the
tropomyosin receptor kinases (TRKs), a family of tyrosine kinases
that bind neurotrophin growth factors, which are important to the
formation and function of the nervous system. The TRK family is
comprised of 3 transmembrane proteins—TRKA, TRKB and TRKC—
encoded by the NTRK1, NTRK2 and NTRK3 genes, respectively. The
neurotrophins (ligands) corresponding to each TRK receptor are
nerve growth factor (NGF) for TRKA, brain-derived growth factor
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Active Moieties
QT Prolongation

General Information
Bioanalysis

(BDGF) and neurotrophin-4/5 for TRKB, and neurotrophin-3 (NT-3)
for TRKC. Ligand binding triggers receptor oligomerization and
phosphorylation of specific tyrosine residues in the intracytoplasmic
kinase domain, which activates signal transduction pathways
leading to proliferation, differentiation, and survival in neoplastic
and normal neuronal cells.
Larotrectinib
Concentration-QTc analysis of the healthy volunteer study showed
an absence of relationship between larotrectinib concentration and
QTc with a two-sided upper 90% confidence interval below 10 ms
over the studied dose range of 100 to 900 mg. This study did not
include a positive control, however the requirement for inclusion of
a positive control can be waived if the study includes doses
resulting in exposures that are 2-fold higher than the worst-case
exposure scenario (ICH E14 Q&A (R3) 5.1). The highest dose in this
study (900 mg) resulted in a Cmax that is ~7.8-fold higher than the
Cmax for the highest recommended therapeutic dose (100 mg BID)
and ~2.8-fold higher than the supratherapeutic exposure scenario
(co-administration with a strong CYP3A4 and P-gp inhibitor).

Larotrectinib was measured using validated LC-MS/MS assay
methods over the range of 1 to 1000 ng/mL [Report LOXO-101DMPK-030, 53 and 54]. Accuracy (%RE) and precision (%CV) of the
quality controls (QCs) for the runs used in measuring larotrectinib
plasma concentrations were ≤15%, which are acceptable based on
the current Bioanalytical Method Validation Draft FDA Guidance for
Industry.
Healthy vs. Patients Based on a popPK analysis, the geometric means (%CV) of post-hoc
clearance (CL) in healthy subjects (N=34) and patients (N=147) were
76.1 (45%) L/h and 44.6 (70%) L/h, respectively.
Drug Exposure at
The geometric mean (%CV) steady-state AUC0-24h was 4351 ng∙h/mL
Steady State
(92%) following larotrectinib 100 mg BID dosage regimen.
Range of Effective
The minimally effective larotrectinib dose defined as the mean
Dose or Exposure
steady-state trough concentrations (33 ng/ml (77 nM)) exceeds the
IC50 (5 to 12 nM) for inhibition of TRKA, TRKB and TRKC.
Maximally Tolerated A maximum tolerated dose (MTD) was not established in Phase 1
Dose or Exposure
studies LOXO-TRK-14001 or LOXO-TRK-15003. The highest assessed
dosage in study LOXO-TRK-14001 was 200 BID (n=6). 18 of the 176
adult patients (10%) received doses higher than 100 mg BID
recommended dose.
Dose Proportionality The single-dose pharmacokinetics of larotrectinib are linear from
100 mg to 400 mg and slightly supra-proportional at doses of 600
mg to 900 mg in healthy volunteers.
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Accumulation
Variability
Absorption
Bioavailability
Tmax
Food effect

Distribution
Volume of
Distribution
Plasma Protein
Binding
As Substrate of
Transporters

Elimination
Terminal Elimination
Half-Life (SD)

Effective Elimination
Half-Life (SD)
Metabolism
Fraction
Metabolized, %dose
Primary Metabolic
Pathway(s)

The geometric mean (%CV) accumulation ratio following
larotrectinib 100 mg BID was 1.1 (58%).
The inter-subject variability (CV%) at steady-state AUC0-24h was 73%
and Cmax was 65% in patients given 100 mg BID of larotrectinib.
The mean absolute bioavailability of larotrectinib capsules was 34%
(range: 32% to 37%).
Following larotrectinib 100 mg BID, the median Tmax is 0.9 hours
(range: 0.5 - 9 hours).
After oral administration of a single dose of larotrectinib 100 mg
capsule to healthy subjects taken with a high-fat meal, the AUC of
larotrectinib was similar, but the Cmax was reduced by 35%
compared to the Cmax and AUC in the fasted state.
The mean (CV%) volume of distribution (Vd/F) of larotrectinib is 374
L (48%) following oral administration of a single [14C] radiolabeled
100 mg dose in healthy subjects.
Larotrectinib is 70% bound to human plasma proteins in vitro and
independent of drug concentrations. The blood-to-plasma
concentration ratio is 0.9.
Larotrectinib is a substrate for P-gp and BCRP. In overexpressing
BCRP and P-gp cell line, the estimate Km for both transporters is
>300 μM. Larotrectinib is not a substrate of OAT1, OAT3, OCT1,
OCT2, OATP1B1, or OATP1B3.
Following oral administration of 100 mg BID dose of larotrectinib,
the geometric mean (CV%) of the apparent clearance of
larotrectinib is 98 L/h (44%) and the mean (standard deviation)
terminal half-life is 2.9 (1.5) following oral administration of a single
[14C] radiolabeled 100 mg dose in healthy subjects.
Not applicable as the half-life of larotrectinib is short (2-3 hours)
and repeat dosing does not result in accumulation of larotrectinib.
The fraction of the dose metabolized is approximately 75%, based
on the mean percentage of the dose recovered as metabolites in
the excreta.
CYP3A4 is mainly responsible for the metabolism of larotrectinib
based on human cytochrome P450 reaction phenotyping
experiments with isoform-specific antibodies in human liver
microsomes.
Based on the results of a mass balance, larotrectinib metabolism is
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mediated primarily by oxidative N-dealkylation with the subsequent
cleavage of the 3-hydroxypyrrolidine carboxamide moiety and
formation of the secondary glucuronide M14, the most abundant
circulating and excreted metabolite.
Excretion
Primary Excretion
Pathways, % dose
(SD)

Interaction liability
(Drug as Victim)
Inhibition/Induction
of Metabolism

Inhibition/Induction
of Transport
Systems

Effects on
Absorption

Interaction liability
(Drug as
perpetrator)
Inhibition/Induction
of Metabolism

Following administration of a single dose 100 mg dose of [14C]
radiolabeled larotrectinib, 57.8% of the administered radioactivity
was recovered in feces and 39.2% was recovered in urine. Most of
the administered radioactivity (85.7%) was recovered in the first 96
hours postdose. The overall mean recovery of radioactivity in urine
and feces was 97.1% over the 312-hour sampling period.
Larotrectinib was the most abundant radioactive component
excreted and accounted for 19.9% of dose in urine and for 5.5% of
dose in feces.

Coadministration of larotrectinib with multiple doses of a strong
CYP3A inhibitor (itraconazole) increased the AUCinf of larotrectinib
by 4.3-fold and the Cmax by 2.8-fold as compared to larotrectinib
administered alone.
Coadministration of larotrectinib with multiple doses of a strong
CYP3A inducer (rifampin) decreased the AUCinf of larotrectinib by
81% and Cmax by 71% as compared to larotrectinib administered
alone.
Larotrectinib is a substrate for P-gp and BCRP; it is not a substrate
of OAT1, OAT3, OCT1, OCT2, OATP1B1, or OATP1B3.
Coadministration of larotrectinib with a single dose of a P-gp
inhibitor (rifampin), increased the AUCinf of larotrectinib by 1.7-fold
and the Cmax by 1.8-fold as compared to larotrectinib administered
alone.
The solubility of larotrectinib, determined by the shake-flask
method, exceeds 0.75 mg/ml regardless of pH (1.0, 3.0, 5.0, 6.8,
and 7.5). Based on the results, larotrectinib is a highly soluble
molecule and pH modifying agents are unlikely to influence the
absorption of larotrectinib.

Larotrectinib is an inhibitor of CYP3A4; it is not an inhibitor of
CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, or CYP2D6 at clinically
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relevant concentrations. Larotrectinib is an inducer of CYP3A4; it is
not an inducer of CYP1A2 and CYP2B6 at clinically relevant
concentrations.

Inhibition/Induction
of Transporter
Systems

Coadministration of multiple doses of larotrectinib with a sensitive
CYP3A4 substrate (midazolam) increased the AUCinf and Cmax of
midazolam by 1.7-fold as compared to midazolam administered
alone. The AUCinf and Cmax of 1-hydroxymidazolam, the main
metabolite of midazolam, increased 1.4-fold as compared to when
midazolam was administered alone.
Larotrectinib is not an inhibitor of BCRP, P-gp, OAT1, OAT3, OCT1,
OCT2, OATP1B1, OATP1B3, BSEP, MATE1 and MATE2-K at clinically
relevant concentrations.

Clinical Pharmacology Questions
Does the clinical pharmacology program provide supportive evidence of effectiveness?
The primary evidence of effectiveness was from the primary analysis set (PAS) which consisted
of the first 55 patients – both pediatric and adult patients – enrolled in Study LOXO-TRK-14001,
LOXO-TRK-15002 and LOXO-TRK-15003 with solid tumors harboring an NTRK gene fusion. As
shown in the clinical review, the ORR in the PAS set of 55 patients was 75% (95% CI: 61, 85).
Based on the primary Independent Review Committee (IRC) review, 22% of the patients had
achieved a complete response (CR) and an additional 1 (2%) patient had a surgical CR. Twentyeight (51%) patients had achieved a partial response (PR). The remaining patients had either
stable disease 8 (15%), progressive disease 5 (9%) or non-evaluable disease 2 (4%).
The majority of patients in the PAS (N = 50) had an NTRK gene fusion identified using local next
generation sequencing (NGS) testing with the remaining patients (N = 5) having NTRK gene
fusions identified or inferred using local fluorescence in situ hybridization (FISH) testing. A PMC
is planned to develop a companion diagnostic (see section 4.4).
The distribution of NTRK gene fusions in the PAS is provided in the clinical review (section
8.1.5). The most common NTRK gene fusions were ETV6-NTRK3, TPM3-NTRK1, and LMNANTRK1. Three IFS patients were inferred to have NTRK gene fusions based on FISH results,
including 1 patient with concurrent ETV6 and NTRK3 rearrangements identified at similar
frequencies in separate assays, and 2 patients with ETV6 gene rearrangements detected but
who were not assessed for NTRK3 gene rearrangements. In addition, 1 patient enrolled in
Study LOXO-TRK-15002 with an ETV6-NTRK3 gene fusion had an NTRK3 G623R mutation that
was associated with acquired resistance to a prior TKI therapy [PMID: 28578312] and had a best
response following treatment with larotrectinib of PD. Four additional patients enrolled in the
phase 1 Study LOXO-TRK-14001 and not included in the PAS had NTRK point mutations
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identified at baseline (NTRK1 R21Q, NTRK1 P695S, NTRK2 L138F, or NTRK3 L449V) and each had
a best overall response of PD.
Larotrectinib showed activity across NTRK1, NTRK2, and NTRK3 gene fusions in patients in the
PAS, although only 1 patient had an NTRK2 gene fusion. Based on larotrectinib mechanism of
action and submitted non-clinical data (see section 5.3), it is reasonable to expect larotrectinib
to be effective against a broad group of activating NTRK gene fusions regardless of the fusion
partner, which is consistent with the clinical trial experience and supports an indication that is
inclusive of activating NTRK fusions.
Exploratory analyses were conducted by FDA to compare the overall response rate (ORR) across
relevant baseline prognostic factors or patient characteristics in 66 patients with solid tumors
harboring an NTRK gene fusion (including 55 patients in the efficacy population and 11
additional patients with solid tumors bearing an NTRK fusion that had efficacy data available in
the 60-day safety update). As depicted in Figure 7, a numerical difference in ORR was found
among patients with different tumor types, NTRK gene fusions or status of radiotherapy. Across
different tumor types, there were four tumor types were treated with larotrectinib for at least
8 patients in each tumor type: salivary gland tumor, soft tissue sarcoma, IFS, and thyroid
cancer, and ORR in these tumor types was higher than 75%. The ORR in colon cancer appeared
to be lower (2 out of 5 patients). No response was achieved in 2 patients with primary CNS
lymphoma. Clinical responses were achieved across all NTRK fusion subtypes. There were only 2
patients with NTRK2 fusion in the pooled studies. The ORR in NTRK1 was numerically lower
than NTRK3. And the ORR was numerically higher in patients without prior radiotherapy
compared to patients with radiotherapy. Due to the limited sample size in the exploratory
analysis, caution should be taken when interpreting the numerical differences in the ORR across
these subgroups.
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Figure 7: Overall Clinical Response Across NTRK Gene Fusions, Tumor Types or Status of Prior
Radiotherapy

Source: Reviewer’s Analysis based on “ADRS.xpt”, “ADSL.xpt” and “ADLB.xpt” in the integrated summary analysis
in the original NDA (Date of cutoff: July 17 2017)

As depicted in Figure 8, ORR was also compared across four larotrectinib exposure quartiles.
There appeared to be a trend of a higher response rate in patients with lower exposure. The
counterintuitive trend of ER relationship for efficacy should be interpreted with caution due to
small sample size and heterogeneous tumor type; it could be potentially confounded by other
baseline prognostic factors. The high response rate (15 responses in 16 patients) in pediatric
patient population may also contribute to the trend of higher ORR in patients with lower
exposure.
Figure 8: Overall Response Rate Across Exposure Quartile in Day 1
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Source: Reviewer’s Analysis based on “ADRS.xpt”, “ADSL.xpt” and “ADLB.xpt” in the integrated summary analysis
in the original NDA (Date of cutoff: July 17, 2017).

To explore mechanisms of acquired resistance to larotrectinib, post progression biopsy samples
of 10 patients in the PAS who experienced progressive disease following treatment with
larotrectinib were sequenced. Based on Loxo Oncology’s analysis, NTRK kinase domain
mutations that potentially confer acquired resistance to first-generation TRK inhibitors were
found in samples of 9/10 patients (including NTRK1 G595R, G667S, F589L, and NTRK3 F617L,
G696A, G623R). The remaining patient was found to have a BRAF V600E mutation. This
exploratory finding suggests that the occurrence of NTRK secondary mutations is an important
mechanism contributing to acquired resistance to larotrectinib. The impact of these mutations
on treatment with subsequent therapies remains to be determined.
Is the proposed dosing regimen appropriate for the general patient population for which the
indication is being sought?
The proposed dosing regimens of 100 mg orally twice daily in adults and pediatric patients with
a BSA ≥1.0 m2 and 100 mg/m2 orally twice daily with a maximum of 100 mg per dose in
pediatric patients with a BSA of <1.0 m2 are appropriate for the proposed indication, i.e., for the
treatment of patients with advanced or metastatic solid tumors harboring with an activating
NTRK fusion rearrangement or non-resistant mutation. There were 41% of the patients (72/133
patients) who had larotrectinib dose skipped, missed, or delayed because of an adverse event.
(b) (4)
The proposed dose reduction strategy
in the event of
adverse reactions is acceptable as the estimated minimally effective larotrectinib dose resulting
in mean steady-state trough concentrations that generally exceeds the IC50 (5 to 12 nM) for
inhibition of TRKA, TRKB and TRKC. Also in the safety analysis dataset, 10 (10%) patients,
required a dose reduction due to AEs and 7 of the 10 patients continued on-study treatment
and remained in response. Dose re-escalation is not recommended for larotrectinib due to lack
of supporting clinical data.

Exploratory analyses were also conducted by FDA to evaluate the relationship between
larotrectinib exposure and safety profile. Adverse events (AEs) of interest including ALT
elevation, AST elevation, neutropenia and neurologic AE were selected as safety endpoints in
the analyses. Maximum and average concentrations at day 1 were selected as the primary
exposure metrics in the analysis to avoid the need for considering the missing data due to
dropout and dose reduction during treatment. As depicted in Figure 9 and Figure 10, no evident
ER relationships for safety profiles were identified. The early exposure was similar in patients
with grade 3+ AEs compared to patients who did not experience an AE.
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Figure 9: Distribution of Average Larotrectinib Concentration (Cavg) in Day 1 Across Outcomes
of Safety Events of Interest

Source: Reviewer’s Analysis based on “ADAE.xpt”, “ADLB.xpt”, “ADSL.xpt” and “ADEX.xpt”
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Figure 10: Distribution of Maximum Larotrectinib Concentrations (Cmax) in Day 1 Across
Outcomes of Safety Events of Interest

Source: Reviewer’s Analysis based on “ADAE.xpt”, “ADLB.xpt”, “ADSL.xpt” and “ADEX.xpt”.

Is an alternative dosing regimen or management strategy required for subpopulations based
on intrinsic patient factors?
Renal impairment
Dose reduction is not recommended for patients with renal impairment (RI).
Loxo Oncology conducted a PK study (LOXO-TRK-17014) in matched (age, sex and BMI) healthy
subjects (N=8) and subjects with end-stage renal disease (ESRD) who required dialysis (N=8). As
depicted in Figure 11, the systemic exposure (AUC and Cmax) of larotrectinib increased in ESRD
subjects as compared to healthy subjects with normal renal function (creatinine clearance, CLcr
≥ 90 mL/min as estimated by Cockcroft-Gault equation) following oral administration of a single
100 mg dose of larotrectinib capsule under fasting conditions on a non-dialysis day. The
geometric mean ratio (GMR) [90% CI] of the AUCinf of larotrectinib was 1.5 [0.87, 2.45] and of
the Cmax was 1.3 [0.76, 2.06] for subjects with ESRD as compared to subjects with normal renal
function. The pharmacokinetics of larotrectinib in patients with moderate to severe RI (CLcr ≤
60 mL/min) have not been studied; however, the magnitude of exposure increase is expected
to be smaller in patients with underlying mild to severe renal impairment than in patients with
end stage renal disease.
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Based on comparative popPK analysis, larotrectinib clearance was similar between patients
with mild (CLcr 60-89ml/min, N=72), moderate RI (CLcr 30-59ml/min, N=31), severe (CLcr 15-29
ml/min, N=3) and patients (N=74) with normal (CLcr ≥90 ml/min) renal function. Based on these
PK data, the overall safety profile, and the lack of clear exposure response relationship for
safety, dose reduction in patients with RI is not considered necessary.
Figure 11: Mean Plasma Concentration-Time Profiles of Larotrectinib in Subjects with Normal
Renal Function and Patients with ESRD

Source: FDA Analysis

Hepatic impairment
Dose reduction is recommended for patients with moderate to severe hepatic impairment (HI).
Loxo Oncology conducted a PK study (LOXO-TRK-17013) in matched (age, sex and BMI) healthy
subjects (N=7) and subjects with mild (Child-Pugh A, N=8), moderate (Child-Pugh B, N=8) and
severe (Child-Pugh C, N=6) HI. As depicted in Figure 12, the exposure (AUC) of larotrectinib
increased in subjects with HI as compared to healthy subjects with normal hepatic function. The
GMR [90% CI] of the larotrectinib AUCinf was 1.3 [0.93, 1.85] in subjects with mild HI, 2 [1.46,
2.70] in subjects with moderate HI and 3.2 [1.95, 5.26] in subjects with severe HI as compared
to that in subjects with normal hepatic function. The corresponding GMR [90% CI] of the C max
were 1.1 [0.8, 1.5], 1.3 [0.9, 1.7] and 1.5 [0.9, 2.7]. Additionally, based on popPK analysis, CL is
lower in patients with higher alkaline phosphatase value, which is consistent with the finding
that larotrectinib clearance is reduced in patients with moderate to severe hepatic impairment
in the dedicated clinical study. Given that the AUCinf in subjects with moderate to severe HI is 2
to 3.2-fold higher than that in subjects with normal hepatic function, a 50% dose reduction is
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recommended for patients with moderate to severe HI. Dose adjustment in patients with mild
HI is not considered necessary.
Figure 12: Mean Plasma Concentration-Time Profiles of Larotrectinib in Subjects with Normal
Hepatic Function and Patients with Impaired Hepatic Function

Source: FDA Analysis

Are there clinically relevant food-drug or drug-drug interactions, and what is the appropriate
management strategy?
Food-Drug Interactions
Larotrectinib can be administered with or without food.
The effect of food on larotrectinib PK was evaluated in a randomized, three period crossover
study (Study LOXO-TRK-16007) in 18 healthy subjects with a 7-day washout period. Healthy
subjects received a single oral dose of 100 mg larotrectinib capsule under fasting conditions
(overnight fast and continued the fast for at least 4 hours post-dose) or under fed conditions
(high-fat meal). The composition of the high-fat meal was consistent with the
recommendations in the FDA Food Effect Guidance for Industry. As depicted in Figure 13, the
Cmax of larotrectinib decreased 35% and the Tmax was delayed by 2 hours after a high-fat meal as
compared to that in a fasted state; the GMR [90% CI] of the larotrectinib Cmax was 0.65 [0.56,
0.76] and the AUCinf was 1.05 [ 0.96, 1.15]. These results support the labeling recommendation
of administering larotrectinib with or without food.
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Oral solution of Larotrectinib
No dose adjustment is recommended for patients receiving the oral solution of larotrectinib.
The bioavailability of the capsule vs solution was evaluated in a randomized, three period
crossover study in 18 healthy subjects with a 7-day washout period. In Study LOXO-TRK-16007,
the bioavailability of the oral solution formulation was compared to the capsule formulation in
healthy subjects under fasting conditions. As depicted in Figure 13, the Cmax of larotrectinib
increased 36% with the oral solution as compared to the capsule when administered in a fasted
state. The GMR [90% CI] of the Cmax of larotrectinib was 1.36 [1.18, 1.57] and of the AUCinf was
1.04[ 0.96, 1.14] for the larotrectinib oral solution as compared to the larotrectinib capsule in a
fasted state. Given the magnitude of increase in exposure of larotrectinib, the overall safety
profile and lack of clear exposure response relationship for safety, no dose adjustment is
recommended for patients receiving the oral solution dosage form of larotrectinib.
Figure 13: Larotrectinib Mean Plasma Concentration-Time Profiles after Administering
Larotrectinib Capsule in Subjects Under Fasted and Fed States, and After Administering
Solution in a Fasted State

Source: FDA Analysis
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Drug-Drug Interactions (DDI)
Effects of Other Drugs on Larotrectinib
CYP3A4 Inhibitors
Dose reduction is recommended when coadministering a strong CYP3A4 inhibitor with
larotrectinib.
The effects of itraconazole (a strong CYP3A4 inhibitor) on the PK of larotrectinib were evaluated
in an open-label, 2-period, fixed-sequence study in healthy subjects (N=12) with a washout
period of 7 days (LOXO-TRK-16010). As depicted in Figure 14, the systemic exposure (AUC and
Cmax) of larotrectinib increased when larotrectinib was coadministered with itraconazole (a
strong CYP3A inhibitor). Following oral coadministration of a single 100 mg larotrectinib capsule
with itraconazole 200 mg once daily for 7 days in healthy subjects, the GMR [90% CI] of the
AUCinf of larotrectinib was 4.3 [3.8, 5.0] and of the Cmax was 2.8 [2.3, 3.5] as compared to
larotrectinib administered alone. Given that coadministration of larotrectinib with a strong
CYP3A inhibitor resulted in more than 4-fold increase in larotrectinib AUCinf, coadministration of
strong CYP3A4 inhibitors during larotrectinib should be avoided, if possible. If strong CYP3A4
inhibitors cannot be avoided, a 50% dose reduction of larotrectinib is recommended. The
effects of moderate and weak CYP3A4 inhibitors on the PK of larotrectinib have not been
studied. Loxo Oncology has agreed to conduct a physiological-based pharmacokinetics (PBPK)
(b) (4)
assessment of the effect of CYP3A4 moderate
inhibitors on larotrectinib exposure as
a PMR study.
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Figure 14: Mean Plasma Concentration-Time Profiles of Larotrectinib in Subjects Receiving
Larotrectinib With and Without Coadministration of Itraconazole

Source: FDA Analysis

CYP3A4 inducers
An increase in dose is recommended when coadministering a strong CYP3A4 inducer with
larotrectinib.
The effects of rifampin (a strong CYP3A4 inducer) on the PK of larotrectinib were evaluated in
an open-label, 2-period, fixed-sequence study in healthy subjects (N=12) with a washout period
of 7 days (LOXO-TRK-16010). As depicted in Figure 15, the systemic exposure (AUC and Cmax) of
larotrectinib decreased in subjects who were coadministered larotrectinib with rifampin.
Following oral administration of rifampin (a strong CYP3A inducer) 600 mg once daily for 11
days and coadministration of a single 100 mg larotrectinib capsule to healthy subjects, the GMR
[90% CI] of the AUCinf of larotrectinib was 0.19 [0.16, 0.24] and of the Cmax was 0.29 [0.23, 0.37]
as compared to larotrectinib administered alone. Given that coadministration of larotrectinib
with a strong CYP3A inducer resulted in an 80% decrease in larotrectinib AUCinf,
coadministration of strong CYP3A4 inducers during larotrectinib should be avoided if possible. If
a strong CYP3A4 inducer cannot be avoided, a doubling of larotrectinib dose is recommended.
The effects of CYP3A moderate and weak inducers on the pharmacokinetics of larotrectinib
have not been studied. Loxo Oncology has agreed to conduct a PBPK assessment of the effect
of moderate and weak inducers of CYP3A4 on larotrectinib as a PMC study.
P-gp Inhibitor
No dose adjustment is recommended when coadministering larotrectinib with a P-gp inhibitor.
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The effects of rifampin (a P-gp inhibitor) on the PK of larotrectinib were evaluated in an openlabel, 2-period, fixed-sequence study in healthy subjects (N=12) with a washout period of 7
days (LOXO-TRK-16010). As depicted in Figure 15, the systemic exposure (AUC and Cmax) of
larotrectinib increased when coadministering larotrectinib with rifampin (a P-gp inhibitor).
Following oral coadministration of a single 100 mg larotrectinib capsule with a single dose of
600 mg rifampin to healthy subjects, the GMR [90% CI] of the AUCinf of larotrectinib was 1.7
[1.5, 1.8] and of Cmax was 1.8 [1.5, 2.2] as compared to larotrectinib administered alone. Given
the short-term use of p-gp inhibitors, magnitude of increase in exposure of larotrectinib, the
overall safety profile and lack of clear exposure response relationship for safety, dose reduction
is not considered necessary when coadministering larotrectinib with a P-gp inhibitor
Figure 15: Mean Plasma Concentration-Time Profiles of Larotrectinib in Subjects Receiving
Larotrectinib With and Without the Coadministration of Single Dose of Rifampin (P-gp
inhibitor) or of Multiple Doses of Rifampin (CYP34A Inducer)

Source: FDA Analysis

Effect of Larotrectinib on CYP3A4 substrates
Co-administration of larotrectinib with sensitive CYP3A4 substrates should be avoided, if
possible. If co-administration of these sensitive CYP3A4 substrates cannot be avoided, monitor
patients for increased adverse events of these drugs.
The effects of larotrectinib on the PK of larotrectinib were evaluated in an open-label, fixedsequence study in healthy subjects (N=12) with a washout period of 7 days (LOXO-TRK-16012).
Healthy subjects received larotrectinib capsule 100 mg BID for 10 days followed by
coadministration of a single 2 mg dose of midazolam in healthy subjects. The GMR [90% CI] of
the AUCinf of midazolam was 1.7 [1.5, 2.0] and of Cmax was 1.7 [1.5, 1.9] as compared to
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midazolam administered alone. The AUCinf and Cmax of 1-hydroxymidazolam, was 1.4 [1.2, 1.6]
and 1.4 [1.5, 1.7], respectively as compared to midazolam administered alone. Of note, the
systemic exposure (AUCinf and Cmax) of larotrectinib also increased 1.6-fold when comparing
the exposure on days 3 and 12 of study LOXO-TRK-16012. Additionally, as depicted in Figure
16, grade 1-3 ALT and AST elevations occurred around day 12 in 4 subjects (25%) after they had
received larotrectinib in combination with midazolam. An increase in ALT /AST is consistent
with the known safety profile of larotrectinib; however, no other studies in healthy subjects had
reported ALT/AST elevations. It is unclear how the coadministration of larotrectinib with
midazolam would induce liver enzyme elevations. A possible mechanism may involve inhibition
of UDP-glucuronosyltransferases (UGT’s) given that both molecules are glucuronidated and an
increase in 1-hydroxymidazolam concentrations was observed. The potential for larotrectinib to
inhibit UGTs has not been evaluated; FDA requested that Loxo Oncology investigate this
potential effect.
Figure 16: Alanine Aminotransferase and Aspartate Aminotransferase Profiles for All Subjects

Source: Study Report #8361372 page 247
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7 Sources of Clinical Data and Review Strategy
Table of Clinical Studies
APPEARS THIS WAY ON ORIGINAL

Error! Reference source not found. lists the clinical trials included in the NDA submissions. The p
rimary evidence establishing the efficacy of larotrectinib in patients with solid tumors harboring
an NTRK gene fusion comes from three single-arm trials: LOXO-TRK-14001, LOXO-TRK 15002,
LOXO-TRK 15003 (also referred to as “14001”, “15002”, and “15003”, respectively).
Table 9: Clinical Studies Supporting the Safety and Efficacy of Larotrectinib
Study

Study Design/Objectives/
Endpoints

Dose/Regimen/
Formulation

N

60-day
safety
update

Sites

LOXO-TRK-14001
May 2014–
ongoing

Open-label, 3+3 dose escalation
Adult patients, advanced solid
tumors
Objectives: safety and DLT, MTD, ORR

50–600 mg/day
capsules
solution

66

70
Pediatric=0

US: 8 sites

LOXO-TRK-15002
Sep 2015–
ongoing

Open-label “basket” study
12 years of age or older with NTRK
fusion advanced cancer
Objectives: ORR

100 mg BID
capsules
solution

47

63
Pediatric=3

US, EU,
Singapore:
17 sites

LOXO-TRK-15003
Dec 2015–
ongoing

Open-label, dose escalation study
Pediatric patients with advanced solid or
primary CNS tumors
Objectives: safety and DLT, MTD, ORR

Dosing based on
adult equivalent of
100 or 150 mg BID,
then 100 mg/m2

31

43
Pediatric=32

US, EU:
13 sites

144

176

BID (maximum of
100 mg BID)
solution
Total

Key: DLT-dose limiting toxicity; MTD-maximum tolerated dose; ORR-overall response rate
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There were no pediatric patients (< 18 years of age) in 14001, there were 3 pediatric patients
enrolled in 15002, and 32 patients enrolled in 15003 at the 60-day data cut off
(February 19, 2018).
In the original NDA submissions, Loxo Oncology also submitted data from six single patient
protocols (SPP) to support the safety of larotrectinib. Five patients received larotrectinib 100
(b) (6)
mg orally twice daily and one patient
received larotrectinib 75 mg twice daily. (Table
10) in these expanded access protocols.
Table 10: Single-Patient Protocols Providing Supportive Safety Information
Study
Site
LOXO-TRK16004 US

Disease Setting
(all had NTRK rearrangement or
mutation fusion)
Soft-tissue liposarcoma

Reason for Single-Patient
Larotrectinib Treatment
Synchronous other early stage
malignancy (renal cell carcinoma)
excluded patient from 15002

LOXO-TRK16005 US

Metastatic breast cancer (secretory) Patient resided in Bangladesh and was
unable to comply with protocol
assessments in 15002

LOXO-TRK16006 US

Advanced primary CNS malignancy ECOG performance status of 4 did not
(anaplastic astrocytoma progressed to permit entry into 15002
glioblastoma)

LOXO-TRK16008 US

Secondary acute myelogenous
leukemia

Ineligible due to hematologic malignancy

LOXO-TRK17015 US

Metastatic pleuro-pulmonary
blastoma

Ineligible for 15003 due to absence of
evaluable and/or measurable disease

LOXO-TRK17016

Advanced triple negative breast
cancer

Patient resided in Israel and was unable
to travel to 15002 site

(Source: data from submission in summary of clinical safety [SCS], module 2.7.4 [22 Jan 2018])

Subsequently, by the 60-day data safety update (cut-off date: February 19, 2018), 11 more
(b) (6)
patients were enrolled on SPP or single patient INDs (SPINDs) including patients
(b) (6)
with SBC, who were also treated with larotrectinib 100 mg twice daily.
Clinical Reviewer comment: The data from the 11 SPP were not integrated in the NDA
integrated summary of safety (ISS), however each SPP study report was reviewed and the
information in these reports did not significantly alter the overall safety conclusions.
There were five clinical pharmacology studies conducted which enrolled a total of 106 patients,
and data from these studies were also submitted to support the safety of larotrectinib. Table 11
lists the clinical pharmacology studies submitted to the NDA which provided supportive safety
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information.
Table 11: Clinical Pharmacology Studies Providing Supportive Safety Information
Study

Study Design and Objectives

LOXO-TRK-16007

Open-label, randomized, 3-way crossover
study Food effects and relative
bioavailability

LOXO-TRK-16009

Randomized, double-blind, placebo-controlled
Ascending-dose study to evaluate safety,
cardiac effects, and PK in healthy subjects

LOXO-TRK-16010

LOXO-TRK-16011

LOXO-TRK-16012

Open-label, fixed-sequence, 2-way crossover
study of the effects of multiple doses of
itraconazole and both single and multiple
doses of rifampicin on the single-dose PKs in
healthy subjects
Open-label, independent 2-part study of the
PK of radiolabeled larotrectinib in healthy
subjects.
Part 1 studied absorption, metabolism, and
excretion; Part 2 studied absolute
bioavailability and urinary/biliary excretion
Open-label fixed-sequence study investigating
the possible effects of larotrectinib on the PK
of midazolam in healthy subjects

Larotrectinib Doses
and Formulation

Dosing
Schedule

100 mg capsule
and oral
solution

Single
dose

18

0, 100, 200, 400, 600,
700, 900 mg
capsule

Single
dose

36

100 mg
capsule

Single
dose

24

Part 1: 100 mg SD oral
solution [14C]

Single
dose

12

Twice daily
10 days

16

Part 2: 100 mg capsule;
~7.58 µg i.v. saline
solution [14C]
100 mg

TOTAL
(Source: data from submission in SCS)
Key: Pharmacokinetics-PK; intravenous-IV
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Review Strategy
The FDA statistical and clinical review teams conducted a joint review of the efficacy of
larotrectinib, and the safety of larotrectinib was primarily reviewed by the clinical review team.
The safety and efficacy of larotrectinib are primarily supported by data from the following three
single-arm clinical trials:
• LOXO-TRK-14001, entitled “A Phase 1 Study of the Oral TRK Inhibitor LOXO-101 in Adult
Patients with Solid Tumors” (Study 14001),
• LOXO-TRK 15002, entitled “A Phase 2 Basket Study of the Oral TRK Inhibitor LOXO-101 in
Subjects with NTRK Fusion-Positive Tumors” (Study 15002), and
• LOXO-TRK 15003 entitled “A Phase 1/2 Study of the Oral TRK Inhibitor LOXO-101 in
Pediatric Patients with Advanced Solid or Primary Central Nervous System Tumors”
(Study 15003).
As agreed upon during the November 17, 2017 pre-NDA meeting, the NDA submission
contained efficacy results based on first 55 patients with NTRK-fusion solid tumors who were
enrolled into the three trials. The statistical and clinical review of efficacy focused on the
pooled data from the three trials including the clinical study reports (CSR), case report forms
(CRF), and statistical analysis plan (SAP); independent analyses using submitted datasets were
also conducted.
The clinical review of safety primarily evaluated the safety population in Studies 14001, 15002,
and 15003, defined as patients who received at least one dose of study drug, and consisted of
144 patients (66 patients in Study 14001, 47 patients in Study 15002, and 31 patients in Study
15003). The review of safety included consideration of the submitted clinical study report,
SDTM and analysis datasets, line-listings, CRFs, and case narratives from all 3 trials. The review
of safety also included a brief evaluation of six single patient protocols (Table 10) for 6
additional patients as well as 5 clinical pharmacology trials (Table 11) which enrolled 106
patients.
The statistical and clinical review of safety and efficacy included the following:
• Review of the current literature on NTRK fusion protein
• Review of 14001, 15002, and 15003, including CSR, protocol, protocol amendments, SAP,
and SAP amendments.
• Review and assessment of Applicant analyses of larotrectinib safety and efficacy in the
clinical study reports
• Review of datasets submitted as SDTM, analysis, and SAS transport files
• Review of patient narratives of SAEs and deaths
• Review of minutes of key meetings conducted during larotrectinib development for solid
tumors
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•

•
•
•
•

Review and assessment of the Module 2 summaries including the Summary of Clinical
Efficacy, and Summary of Clinical Safety, Integrated Summary of Efficacy, Integrated
Summary of Safety, and proposed labeling modifications for larotrectinib
Review of consultation reports of Office of Scientific Investigations
Requests for additional information from Loxo Oncology and review of their responses
Formulation of the benefit-risk analysis and recommendations
Review and evaluation of proposed labeling

Data Sources
The electronic submission including Protocols, SAPs, CSRs, SAS transport datasets in legacy,
SDTM, and ADAM format, and SAS codes for the NDA submission are located in the following
network paths:
• Original submission (rolling): SDN 1, 4, 6, 9 \\CDSESUB1\evsprod\NDA210861\210861.enx
Data and Analysis Quality
Upon further clarifications from Loxo Oncology per FDA’s information requests (IRs), the
reviewer was able to:
• Reproduce Loxo Oncology's analysis dataset and analysis results from legacy dataset
• Evaluate documentation of data quality control/assurance procedures
• Conduct FDA’s major efficacy analyses
Datasets
There were 3 analysis sets from all 3 supportive studies: LOXO-TRK-14001, 15002, and 15003.
The review of this NDA will highlight aspects from each. They are described below:
1. The Overall Safety Analysis Set (or “Overall analysis set”) includes all patients (n=144)
who had solid tumors with or without a documented activating NTRK rearrangement or
mutation (or “all comers”) who enrolled in Studies LOXO-TRK-14001 (n=66 [46%]),
LOXO-TRK-15002 (n=47 [33%]), and LOXO-TRK-15003 (n=31 [22%]) who received 1 or
more doses of larotrectinib, as of the cutoff date.
2. The NTRK Fusion Cancers Safety Analysis Set (henceforth referred to as “NTRK fusion”)
includes all patients (n=78) with solid tumors and a documented activating NTRK
rearrangement or mutation who were enrolled the 3 supportive studies and who
received 1 or more doses of larotrectinib.
3. Efficacy-evaluable NTRK Fusion Cancers Safety Analysis Set (“Primary analysis set” or
“Efficacy-evaluable NTRK Fusion” or “efficacy population”) includes the first 55 patients
enrolled in the 3 supportive studies with a documented activating NTRK rearrangement
or mutation, a non-CNS primary tumor, had 1 or more measurable lesions at baseline
and received 1 or more doses of larotrectinib as of the cutoff date.
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8 Statistical and Clinical Evaluation
Review of Relevant Individual Trials Used to Support Efficacy

LOXO-TRK-14001 (Version 5)
Trial Design
Study LOXO-TRK-14001, entitled, “A Phase 1 Study of the Oral TRK Inhibitor LOXO-101 in Adult
Patients with Solid Tumors”, is a multicenter, open-label, dose-finding and safety-evaluating
trial in adult patients with advanced solid tumors. The trial was divided into dose escalation and
dose expansion portions. A “3+3” dose-escalation design was employed in in the dose
escalation part of the trial. The dose expansion portion contained two expansions cohorts: one
enrolled patients with an activating NTRK rearrangement or mutation, and the other enrolled
patients with tumors without known NTRK rearrangements or mutations.
Larotrectinib was administered orally once or twice daily. Cycles were 28 days. Dose escalation
was to proceed through the planned dose escalation cohort levels (50 mg daily, 100 mg daily,
100 mg twice daily, 200 mg daily, 150 mg twice daily, 200 mg twice daily or until the maximum
tolerated dose (MTD) was reached (Table 12).
Assessments for both measurable and non-measurable disease were made as appropriate to
tumor type by the Investigator using RECIST v1.1 or RANO, or a comparable assessment method
depending on location of tumor. Repeat tumor assessments were conducted on or prior to Day
1 of Cycles 3, 5, 7, 9, 11, and 13, and every 3 cycles thereafter until progressive disease (PD).
Table 12: Larotrectinib Dose Levels and Escalation by Cohort in LOXO-TRK-14001
Cohort
1
2
3
3a
4
5

Single Dose (mg)
50
100
100
200
150
200

Frequency
Daily
Daily
Twice daily
Daily
Twice daily
Twice daily

Total Daily Dose (mg)
50
100
200
200
300
400

(Source: copied from protocol v5)
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Figure 17: Study Schema for LOXO-TRK-14001
Larotrectinib Dose Daily or Twice Daily -----continuous--->
------------------------------------------------------------Day -3
1
8
15
22
28
Objectives
The study objectives were to determine the safety of larotrectinib, including evaluation of doselimiting toxicities (DLT), in adult patients with advanced solid tumors; characterize the
pharmacokinetic (PK) properties of larotrectinib; describe antitumor activity; and identify the
MTD and/or the appropriate dose of larotrectinib for further clinical investigation.
Key Eligibility Criteria
Inclusion criteria:
1. At least 18 years of age
2. ECOG status 0-2
3. Locally advanced or metastatic solid tumor that has progressed or was nonresponsive to
available therapies, are unfit for standard chemotherapy or for which no standard or
available curative therapy exists
4. For the NTRK cohort, evidence of an NTRK fusion or TRK molecular characteristics in the
tumor, such as an amplification, mutation or other alteration that may interfere with TRK
signaling as previously determined with prior testing from a Clinical Laboratory
Improvement Amendments (CLIA)-certified or equivalent certified laboratory
Exclusion criteria:
1. No symptomatic brain metastases (for patients without CNS disease) or active spinal cord
compression
2. No clinically significant active cardiovascular disease or history of prolonged QT interval
corrected for heart rate (QTc)
3. No current treatment with a strong cytochrome P450 (CYP) 3A4 inhibitor or inducer
Dose Modification and Management Algorithms
Patients who experienced DLT could have larotrectinib dosing held for up to 7 days to allow for
recovery (to Grade 1 or less) and, upon restarting, the dose was reduced to the level of the
previous dose cohort (or to one-half of the original dose if in Cohort 1). Larotrectinib was
permanently discontinued in patients who experienced a second DLT in Cycle 1.
Larotrectinib dosing was held for up to 4 weeks to allow until improvement to Grade 1 or less in
patients who experienced a clinically significant AE; upon restarting, larotrectinib was either
continued at the previously-assigned dose or was dose-reduced, as agreed upon by the Sponsor
and the Investigator. Patients who experience drug related toxicity requiring a recovery period
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longer than 4 weeks were withdrawn from study drug administration unless there was
compelling radiological evidence of response and no alternative treatment available.
Monitoring Plan
Figure 18: Schedule of Assessments for LOXO-TRK-14001

Source: copied from protocol version 5
Abbreviations (for Table 7-1 and Footnotes): AE = adverse event; ALT = alanine aminotransferase; AST = aspartate
aminotransferase; BUN = blood urea nitrogen; C = cycle; CT = computed tomography; D = day; ECG =
electrocardiogram; ECOG = Eastern Cooperative Oncology Group; EOT = End of Treatment; LDH = lactate
dehydrogenase; LTFU = long-term follow up; PD = progressive disease; PK = pharmacokinetics; RBC = red blood
cell; SAE = serious adverse event; TSH = thyroid stimulating hormone; T3 = triiodothyronine; T4 = free thyroxine;
WBC = white blood cell.
a
For women of childbearing potential: Serum pregnancy test at Screening, serum or urine pregnancy test at Cycles
2 and higher (surgically sterilized females or those who have not experienced menses for at least 2 years are not
required to be tested).
b
Fresh tissue biopsy is required during Screening ONLY if archived tumor tissue is not available. Tissue biopsy
collected for disease progression at the EOT visit is optional.
c
Review of systems: Breast/chest, extremities, genitourinary, head/ears/eyes/nose/throat, lymph nodes,
musculoskeletal, pulmonary, rectum, and skin, thorough neurologic assessment, body weight, and, height during
Screening. Symptom-directed physical and neurological examinations, including measurement of weight, may be
performed at other time points.
d
Pre-dose, 15 and 30 minutes (no allowable window) and 1, 2, 4, 6, and 8 hours (allowable window of ±10
minutes).
e
Screening ECG should be performed in triplicate. Obtain ECGs prior to daily dose on days that coincide with study
drug administration.
f
Repeat only if EOT reading showed treatment-emergent abnormalities.

115
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)
Reference ID: 4354090

NDA Multidisciplinary Review and Evaluation NDA 210861 and NDA 211710
VITRAKVI (larotrectinib)
g

Hemoglobin, hematocrit, RBC count, WBC count with differential (neutrophils [count and percent] and
lymphocytes, monocytes, eosinophils, basophils [percent]), and platelet count.
h
Serum chemistries (nonfasting), including alkaline phosphatase, albumin, ALT, AST, BUN, cholesterol, creatinine,
glucose, LDH, total and direct bilirubin, total protein, sodium, potassium, calcium, chloride, bicarbonate,
magnesium, and phosphate.
i
Thyroid stimulating hormone (TSH), free triiodothyronine (T3), and free thyroxine (T4); to be performed on D1 of
every other treatment cycle, starting with C3D1.
j
Complete urinalysis, including color, appearance, specific gravity, pH, glucose, bilirubin, ketones, occult blood,
protein, leukocytes, nitrites and urobilinogen; if +2 protein is observed, a 24-hour urine collection will be taken in
order to quantify proteinuria.
k
Baseline disease assessment: Radiographic tumor measurements using CT (computerized tomography) or
CT/positron emission tomography (PET) or magnetic resonance imaging (MRI) of chest, abdomen, and pelvis, with
additional regions affected by disease as appropriate, and CT or MRI of brain (if brain involvement is suspected)
within 28 days of C1D1. Patients with primary CNS disease which is not known to metastasize outside of the CNS
(e.g., high- or low-grade glioma) are only required to have imaging of the brain with CT with contrast or MRI with
contrast. Disease assessments will utilize RECIST 1.1 or RANO, as appropriate to tumor type (refer to Section 7.7.1).
To be conducted on or prior to D1 of C3, C5, C7, C9, C11, C13), and every 3 cycles or months thereafter until
disease progression.
l
If no disease assessment was performed in last 2 cycles.
m
AEs should be recorded from the time that written informed consent has been obtained through the EOT Visit.
SAEs should be recorded from the time that written informed consent has been obtained through 28 days after
last dose of larotrectinib.
n
Long-term follow up (LTFU) assessments will occur every 3 months. Assessments may include: date of PD (if not
already documented); subsequent anticancer therapies; and survival status. LTFU may be conducted by phone.

Adverse Event Collection
Adverse events were graded according to National Cancer Institute (NCI) Common Terminology
Criteria for Adverse Events (CTCAE), version 4.03. Adverse events that manifested after Cycle 1
(C1) or other cumulative toxicities were considered in the final definition of MTD and the
ultimate dose selected for further investigation. Patients who received at least 75% of the
planned total dose in C1 were evaluable for DLT. All deaths that occurring within 28 days of
treatment discontinuation were recorded.
Sample Size considerations
The protocol specified that approximately 60 patients were required to identify the MTD of
larotrectinib. Assuming the true ORR to be 50%, a total of 40 patients were planned for
enrollment in the expansion cohorts to provide 91% power to exclude 30% from the lower
bound of the 90% confidence interval for ORR.
Analysis Sets
The safety population consisted of all enrolled patients who received 1 or more doses of
larotrectinib.
The Full Analysis Set (FAS) was used primarily for the analysis of tumor response and other
efficacy-related data. The FAS included all patients enrolled in the dose-escalation or doseexpansion phases who met the following criteria:
•

Documented abnormalities in NTRK genes or proteins detected in a tumor specimen
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•

One or more measurable lesions at baseline as assessed using Response Evaluation Criteria
in Solid Tumors (RECIST) 1.1 or Response Assessment in Neuro-Oncology (RANO), as
appropriate to tumor type.

•

Receipt of one or more doses of study drug.

The Per-Protocol (PP) population was also used in efficacy analyses; this population excluded
patients who had insufficient treatment, insufficient follow-up or important deviations from the
protocol that were considered to substantially affect the efficacy results. The final
determination on the composition of the PP population was made prior to locking the clinical
database and data analysis.
Study Endpoints
The primary endpoint of the study was evaluation of safety and identification of the MTD and
recommended dose for further clinical investigation. Secondary endpoints included overall
response rate (ORR) based on RECIST or RANO criteria as appropriate and duration of response.
Best overall response for each patient (CR, PR, stable disease, progressive disease, or not
evaluable) occurring between the first dose of larotrectinib and the date of documented
disease progression or the date of subsequent therapy or surgical intervention was determined
based on the RECIST 1.1 criteria for primary solid tumors and by the RANO system for primary
CNS tumors. Duration of response (DOR) was defined as the number of months from the start
date of CR or PR (whichever response status is observed first) and subsequently confirmed, to
the first date that recurrent or PD was objectively documented.
Statistical Analysis Plan
The estimate of the ORR was calculated based on the proportion of patients with a best overall
response of complete response or partial response that was confirmed with confidence
intervals with various coverage probabilities (e.g., 80%, 95%). DOR was summarized
descriptively using the Kaplan-Meier method with a 95% CI calculated using Greenwood’s
formula.
Statistical Reviewer’s Comments:
All efficacy analyses results including definitions of the endpoints and analysis sets in this review
are based on the statistical analysis plan for the Integrated Summary of Efficacy (ISE) described
in Section 8.1.4 (2-sided 95% CI were used).
Protocol Amendments
Substantial protocol and SAP amendments that were implemented are summarized below:
• Version 1.1 (25 March 2014): Initial protocol submitted to IND 121211
• Version 2.1 (21 Aug 2014): The length of the DLT evaluation period was shortened from 35
days to 28 days. Sample size was increased by 10 patients.
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•

•

•

•

Version 3.1 (1 May 2015): Previously, the trial planned to enroll cohorts of 23 to 33
additional patients with specific tumor types; this amendment included provisions for
enrollment of patients into 3 expansion cohorts of 10 to 20 patients each. The sample size
was changed from 156 to 108 patients. Eligibility criteria were streamlined. In addition to
the planned evaluation of twice daily (BID) dose regimens, once daily (QD) dose regimens
were added for evaluation, with the total daily dose in the QD cohorts being the same as
that as the total daily dose in the BID cohorts. Some of the changes overlapped with version
3.2 (below).
Version 3.2 (14 May 2015): Updated the anticipated risks to humans. Clarified sequential
enrollment into cohorts. The total number of patients planned to be enrolled was changed
from approximately 156 to approximately 108 (approximately 48 in the dose-escalation
phase and 30 to 60 [total] in the 3 expansion cohorts). Intrapatient dose escalation to a
dose previously determined to be safe, which was previously prohibited, was allowed in
patients who tolerate larotrectinib without evidence of disease progression, after C1.
Patients with primary CNS tumors or metastasis and a documented NTRK 1, 2, or 3 gene
translocation were permitted to enroll if neurologically stable and without a requirement
for increasing doses of steroids within the 2 weeks prior to study entry.
Version 4 (25 Jan 2017): Added anticipated risks in human patients and a provision
permitting patients with PD to continue larotrectinib if, in the opinion of the Investigator,
the patient is deriving clinical benefit from continuing study treatment. Long-term follow-up
of patients who discontinue study therapy was added (every 3 months). Dose levels were
modified based on interim data and the recommended Phase 2 dose (RP2D). Dose
expansion cohorts were revised to include patients with NTRK fusion tumors (1) and not
otherwise specified (2). A liquid formation section was added to the protocol. Permitted
length of interruption to allow for recovery of AEs prior to permanent discontinuation of
larotrectinib was increased from 7 days to 4 weeks. The role of the Safety Review
Committee (SRC) and he analysis populations were clarified.
Version 5 (25 Sept 2017): the expansion cohorts were limited to the enrollment of
approximately 20 patients with tumors harboring NTRK1, NTRK2 or NTRK3 gene fusions
identified through molecular assays.
LOXO-TRK-15002 (Version 7.0)

Trial Design
Study LOXO-TRK-15002, entitled, “A Phase 2 Basket Study of the Oral TRK Inhibitor LOXO-101 in
Subjects with NTRK Fusion-Positive Tumors”, is an ongoing open-label, multicenter trial in
patients 12 years of age and older with advanced cancer harboring a fusion of NTRK1, NTRK2,
or NTRK3. Patients received larotrectinib 100 mg orally twice daily in 28-day cycles. The trial
comprises nine cohorts of patients with solid tumors bearing NTRK fusions, including non-small
cell lung cancer, thyroid cancer, sarcoma, colorectal cancer, salivary gland cancer, biliary
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cancer, and primary CNS tumor and a cohort that includes all other solid tumor types and
patients without measurable disease (Figure 19).
Figure 19: Study Schema for LOXO-TK-15002

(Source: copied from protocol version 7)

Objectives
The objectives are to determine the ORR and DOR as assessed by an independent radiology
review committee and measured by the proportion of subjects with best overall confirmed
response of CR or PR by RECIST 1.1, or RANO criteria, as appropriate, following treatment with
larotrectinib in patients with an advanced cancer harboring a fusion involving NTRK1, NTRK2, or
NTRK3 for each tumor-specific disease cohort.
Key Eligibility Criteria
Inclusion Criteria:
1. At least 12 years of age.
2. ECOG status 0-3.
3. Locally-advanced or metastatic malignancy with an NTRK1, NTRK2 or NTRK3 gene fusion,
identified through molecular assays as routinely performed at CLIA or other similarlycertified laboratories. Patients with an NTRK gene fusion identified in a lab where
certification of the lab cannot be confirmed by the Sponsor at the time of consent were
permitted to enroll into to Cohort 9.
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4. Patients must have received prior standard therapy appropriate 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 (see protocol listing
regarding prior therapy for each disease cohort).
5. Patients in Cohorts 1-6 must have at least one measurable lesion as defined by RECIST 1.1
Patients with solid tumors without RECIST measurable disease (e.g., evaluable disease only)
were eligible for enrollment to Cohort 8, regardless of tumor type.
6. Patients in cohort 7 (primary CNS tumors) must have received prior treatment including
radiation and/or chemotherapy, with radiation completed >12 weeks prior to Cycle 1 Day 1
(C1D1) of therapy, as recommended or appropriate for that CNS tumor type; have ≥1 site of
bi-dimensionally measurable disease (confirmed by magnetic resonance imaging [MRI] and
evaluable by RANO criteria), with the size of at least one of the measurable lesions ≥1 cm in
each dimension and noted on more than one imaging slice; and have imaging study
performed within 28 days before enrollment. If on steroid therapy, the dose must be stable
for at least 5 days immediately before and during the imaging study.
Exclusion criteria:
1. Symptomatic or unstable brain metastases. (Note: Patients with asymptomatic brain
metastases and patients with primary CNS tumors are eligible).
2. Unstable cardiovascular disease.
3. Inability to discontinue treatment with a strong CYP3A4 inhibitor or inducer prior to start of
treatment initiation.
Dose Modification and Management Algorithms
For patients who experienced a clinically significant (greater than Grade 2, or more than 1
grade increase from baseline if baseline was Grade 2 or higher) hematologic or nonhematologic treatment-emergent AE, larotrectinib dosing was held for up to 4 weeks to
evaluate the AE and to allow for recovery (to Grade 1 or baseline level). Larotrectinib could be
held for longer than 4 weeks to allow resolution of AEs in patients who had previously
benefited from larotrectinib per-investigator assessment, with Loxo Oncology’s permission. If
the AE or multiple AEs were considered related to the dose of larotrectinib, then dose
modifications were made according to Table 13.
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Table 13: Dose Modification Table for LOXO-TRK-15002

Source: copied from protocol version 7

AEs such as nausea, vomiting, diarrhea, dizziness, or dehydration related to these symptoms
was managed as indicated in Table 14.
Table 14: Suggested Toxicity Management for LOXO-TRK-15002

Source: copied from protocol version 7
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Monitoring Plan
Table 15: Schedule of Assessments for LOXO-TK-15002

Source: Copied from protocol version 7
Abbreviations: AEs = adverse events; CBC = complete blood count; cfDNA = circulating cell-free DNA; DNA =
deoxyribonucleic acid; ECG = electrocardiogram; ECOG = Eastern Cooperative Oncology Group; EORTC QLQ-C30 =
European Organization for Research and Treatment of Cancer; EQ-5D = EuroQoL Five Dimension Questionnaire;
PedsQL = Pediatric Quality of Life Inventory-Core Module; T3 = triiodothyronine; T4 = thyroxine; TSH = thyroidstimulating hormone.
a
May be obtained within 30 days prior to C1D1.
b
Fresh tumor biopsy must be obtained within 30 days prior to C1D1 if it does not jeopardize the health of the
subject. Refer to the Laboratory Manual for instructions on processing.
c
Archival tissue should be requested to be sent to the Sponsor prior to C1D1. Refer to the Laboratory Manual for
instructions on processing. If archival tissue is known to not be available, then an on-study tumor biopsy should be
attempted if it can be safely performed.
d
Physical examination at Screening should include: Oropharyngeal cavity, lymph nodes, breast/chest,
musculoskeletal, cardiopulmonary, neurological, and dermatologic (including assessment for photosensitivity)
systems, body weight. Height will be measured at screening visit only. Symptom directed physical examinations
may be performed at visits subsequent to Screening.
e
Vital signs 15 minutes pre-dose and 1 hour post-dose ±10 minutes on C1D1 and C1D8 only. Vital signs are to be
done on D1 at 15 minutes pre-dose ±10 minutes only with C2 onward.
f
Pre-dose, 1 and 4 hours (allowable window of ±10 minutes) post dose. Dose of larotrectinib (LOXO-101) should be
taken in the clinic to ensure a pharmacokinetics (PK) sample is collected pre-dose at the following visits: C1D1,
C1D8, C3D1, and C5D1. End-of-treatment (EOT) PK sample may be collected at any time around the EOT visit. Refer
to Appendix F for full schedule.
g
Repeat only if EOT reading showed treatment-emergent abnormalities.
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h

Complete blood count (CBC) with differential; subjects found to have treatment-emergent hematologic toxicity of
Grade s 3 or 4 will be monitored at least weekly until resolution.
i
Alkaline phosphatase, albumin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood urea
nitrogen (BUN), calcium, creatinine, lactate dehydrogenase (LDH), total bilirubin, total protein, and electrolytes
(sodium, potassium, chloride, phosphorus); fasting lipid/cholesterol panel (high density lipoproteins, triglycerides,
total cholesterol), fasting glucose; treatment-emergent hematologic toxicity of Grade s 3 or 4 will be monitored at
least weekly until resolution.
j
Complete urinalysis (may be conducted by “dipstick”), including color, appearance, specific gravity, pH, glucose,
bilirubin, ketones, occult blood, and protein
k
Telephone contact for safety: Subject should be contacted by telephone (±1 day) to assess for larotrectinib
(LOXO-101) tolerability, continuation of study drug, and whether the subject needs to return to clinic earlier than
planned. If not tolerating the drug well, the subject should be seen at least every 14 days to assess adverse events
(AEs), and the subject should be contacted regularly to assess AE status.
l
Except for patients enrolled to Cohort 7, baseline imaging (CT, MRI, or CT/PET) should include chest, abdomen,
and pelvis. Subjects enrolled to Cohort 7 with primary CNS tumors are required to have MRI of brain with
enhancing contrast with additional scans for regions potentially affected by disease as appropriate. Subjects with
non-small cell lung cancer, breast cancer or melanoma must have baseline contrast CT or MRI of brain, and with
(b) (4) Manual). Baseline imaging
additional scans for regions affected by disease as appropriate (refer to the
may be performed within 30 days of C1D1 prior to first dose.
m
Post-baseline scans may be confined to areas with prior evidence of disease or that are symptomatic, using the
(b) (4) Manual). Measurable disease identified on baseline
same modality that was used at baseline (refer to the
(b) (4) Manual. To be
CT/PET will be followed by a CT scan which meets the imaging parameters defined by the
conducted at the end of each even-numbered cycle for C1 to 12 (i.e., on or prior to D1 of C3, C5, C7, C9, C11, C13),
and every 3 cycles or months thereafter until disease progression. Additional assessments (e.g., at the end of C1,
or at an interval between the regularly planned assessment) may be performed to assess disease status or to
confirm response (at least 28 days after initial response). Subjects enrolled into Cohort 7 (primary CNS tumors)
should have radiographic disease assessment after every cycle for C1 to C4, and every other cycle (i.e., prior to C7,
C9, C11 and C13), for C5 to C12, and every 3 cycles or months thereafter until disease progression. According to
Section 6.2.2: A disease assessment window of ± 14 days for all cohorts EXCEPT Cohort 7 will be accepted if a dose
interruption results in a delayed resumption of D1 dosing. In this setting the disease assessment should remain
according to the original schedule with a window ± 14 days. For Cohort 7 patients the assessment window will be ±
7 days.
n
If no disease assessment was performed in last 2 cycles. Subjects without documented disease progression
should continue to have radiographic assessments of disease every 2 to 3 months until documented disease
progression.
o
Date of progression as assessed by treating Investigator (or continued disease assessments) in subjects who had
not progressed on study, subsequent anticancer therapies, survival status (may be conducted by phone).
p
Whole blood for genomic deoxyribonucleic acid (DNA) should be obtained any time during screening prior to
beginning treatment.
q
Whole blood for cfDNA analysis should be obtained within 7 days following radiologic disease assessment, except
for baseline/screening when it may be obtained any time prior to treatment on C1D1. Whole blood for cfDNA
analysis should be obtained at the EOT visit even if radiologic disease assessment is not performed.
r
European Organization for Research and Treatment of Cancer (EORTC) Quality of Life questionnaire-Core 30
(QLQ-C30) and EuroQoL Five Dimension questionnaire (EQ-5D) for subjects 18 and older or Pediatric Quality of Life
Inventory-Core Module (PedsQL) for subjects age 12 to 17 and caregiver; should be conducted at the same cycle
visits as the disease assessment. The questionnaires should be answered by the subject to the best of his/her
ability, preferably prior to learning the results of the radiologic disease assessment for that cycle.
s
End of Treatment (EOT) (post-progression) biopsy should be obtained if doing so does not jeopardize the health
of the subject. Refer to the Laboratory Manual for instructions on processing.
t
Electrocardiogram (ECG) should be done 1 hour (+15 minutes) after a dose on D1 of the designated cycle.

123
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)
Reference ID: 4354090

NDA Multidisciplinary Review and Evaluation NDA 210861 and NDA 211710
VITRAKVI (larotrectinib)
Adverse Event Collection and Monitoring
The Investigator graded the severity of each AE using, when applicable, the current version of
the NCI CTCAE, v4.03. There was a Protocol Safety Committee to oversee safety aspects of the
study including SAE, and determine whether the study should continue as planned, whether
modifications such as protocol amendments needed to be made to study conduct, and whether
changes to the enrollment status of cohorts should occur.
Sample Size Considerations
A Simon’s 2-stage design was used. For each cohort, a true ORR of 10% or less was considered
insufficient to warrant further study (null hypothesis), whereas a true ORR of 30% or more was
considered sufficiently effective (alternative hypothesis). The trial planned to initially enroll up
to 7 patients in each cohort (Stage 1). If no patient achieved CR or PR (confirmed or
unconfirmed) within a cohort, then enrollment within that cohort was terminated. Otherwise,
11 additional patients were enrolled within the cohort (Stage 2). Therefore, up to 18 patients
would enroll per tumor-specific cohort (Cohorts 1–7) and up to 25 patients would enroll in the
Other Tumor NOS cohort (Cohort 8) and Cohort 9, for a maximum total sample size of
approximately 176 patients.
Analysis Sets
The safety population consists of all subjects who received at least one dose of larotrectinib.
The primary analysis of efficacy was based on the FAS which consists of all subjects who
received at least one dose of larotrectinib.
Efficacy Evaluation
Patients underwent radiographic evaluation and Investigator assessment of their disease at the
end of even-numbered cycles between Cycles 1–12, and every 3 cycles thereafter. Patients with
primary CNS disease underwent radiographic evaluation of their disease at the end of each
cycle between C1 to C4, every 2 cycles between C5 to C12, and every 3 cycles thereafter.
Statistical Analysis Plan
The primary endpoint was best overall response (BOR) of confirmed CR or PR using RECIST 1.1
or RANO criteria (the latter as investigator response only), corresponding to appropriate tumor
type. Confirmed CR or PR was defined as a CR/PR that was confirmed by repeat assessment
performed no less than 28 days after the criteria for response was first met. BOR was defined as
the best response designation (in the order of CR, PR, SD, PD) for each subject that was
recorded between the date of the first dose of larotrectinib and the date of documented
disease progression per RECIST 1.1 or RANO criteria or the date of subsequent anticancer
therapy or cancer-related surgery (i.e., surgical resection of tumor) whichever occurs first.
ORR was estimated for each cohort based on the observed proportion of patients whose best
overall response was confirmed CR or PR as determined by an independent radiology review
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committee and by the treating Investigator. The point estimates of the ORR with a one-sided
90% exact binomial confidence interval (CI) using the Clopper-Pearson method were provided.
Duration of response (DOR) was a secondary endpoint. DOR was defined as the number of
months from the start of CR or PR (whichever response is recorded first) and subsequently
confirmed, to the first date that radiological recurrent or progressive disease was objectively
documented or death due to any cause.
Statistical Reviewer’s Comments:
All efficacy analyses results supporting these NDAs, including definitions of endpoints and
analysis sets in this review, are based on the statistical analysis plan for ISE described in Section
8.1.4.
Protocol and SAP Amendments
Substantial protocol and SAP amendments are summarized below
• Version 1.0 (23 Jun 2015): Initial protocol submitted to IND 121211
• Version 2.0 (13 Aug 2015): Inclusion criteria language changed to patients must have
received prior standard therapy appropriate for their tumor type and stage of disease, or in
the opinion of the Investigator, would be unlikely to tolerate or derive clinical benefit from
appropriate standard of care therapy. Added instructions for advising patients to limit sun
exposure with the use of protective clothing, sunscreen, etc. due to the potential for skin
photosensitivity. Patients who experience a clinically significant (greater than grade 2, or
more than 1 grade change from baseline) hematologic or non-hematologic AE were
permitted to have larotrectinib dosing held for up to 4 weeks to allow for recovery (to grade
1 or baseline level). Statistical clarifications were made.
• Version 3.0 (19 Oct 2015): Clarified that patients enrolled in Cohorts 1-6 must have at least
one measurable lesion as defined by RECIST 1.1; enrollment to Cohort 8 was permitted for
patients without RECIST-measurable disease (e.g., evaluable disease only) regardless of
tumor type and patients with primary CNS tumors meeting the eligibility criteria listed in the
summary of protocol version 7 above were eligible for enrollment in Cohort 7. An
exploratory objective was added for quality of life and health utilities measures.
• Version 4.0 (16 Dec 2015): Patients who received less than 28 days of treatment and
discontinued because of intolerance are eligible. Specified that patients in Cohorts 1-7 with
measurable disease and those in Cohort 8 with measurable disease were planned for
inclusion in analysis for the primary objective of the trial. Clarified that patients without
measurable disease but with disease that is evaluable, for example by PET, were eligible to
enroll in Cohort 8, but would not be evaluated for the primary objective of the trial.
• Version 5.0 (17 Jun 2015): The age for eligible patients was lowered from 18 years to 12
years and older; and a safety committee was established to oversee this study and meet (at
a minimum) after enrollment of every five patients who are 12-17 years of age. Information
regarding use of the liquid formulation of larotrectinib for patients who cannot swallow
capsules was added. Instructions indicating that no food should be consumed for at least 2
hours prior to and 1 hour after the dose of larotrectinib were added. Prior treatment
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criteria were added/refined regarding disease-specific cohorts. The statistical plan was
modified to reflect that assessment of the primary endpoint of best overall response of
confirmed CR or PR would be determined by an independent radiology review committee.
The ECOG status eligibility criterion was loosened to permit enrollment of patients with
ECOG performance status of 3 (previously patients with ECOG status 3 were excluded), and
for those entered into Cohort 7, patients with Karnofsky Performance Status > 50% were
permitted to enroll.
Version 6.0 (10 Aug 2016): Added a provision that patients for whom disease progression is
equivocal may be allowed to continue larotrectinib if, in the opinion of the Investigator, the
subject is deriving clinical benefit from continuing study treatment, and continuation of
treatment is approved by Loxo Oncology.
Version 7.0 (24 Jul 2017): Reviewed above. Addition of Cohort 9 (maximum n=25) to allow
for enrollment of patients where an established assay detected an NTRK fusion, but
laboratory CLIA-equivalent certification had not been confirmed at the time of patient
consent; all other eligibility criteria apply, and these patients will be analyzed as a separate
cohort. The 100 mg twice daily dosage regimen was selected for further study by the
Protocol Safety Review Committee for protocol LOXO-TRK-14001. Provision was added for
enrollment of a limited number of subjects with renal insufficiency at US clinical sites only.
Version 8 (3 July 2018): submitted during the NDA review. This amendment included
revisions to multiple sections to incorporate updated data.

LOXO-TRK 15003 (Version 8)
Trial design
Study LOXO-TRK-15003, entitled “A Phase 1/2 Study of the Oral TRK Inhibitor LOXO-101 in
Pediatric Patients with Advanced Solid or Primary Central Nervous System Tumors, “is an
ongoing multicenter open-label study of larotrectinib in pediatric patients with an advanced
solid tumor or a primary CNS tumor. The study was divided into dose-finding and activityestimating components.
The first part of the trial was a sequential Rolling 6 dose-escalation study; this part designed to
identify the MTD and characterize pharmacokinetics of larotrectinib. Larotrectinib was
administered orally twice daily; between 3 and 9 patients enrolled into each of 5 planned dose
levels until the MTD was reached. When the recommended dose for future study in pediatrics
was identified, an expansion cohort of up to 18 patients was planned to further evaluate the
safety profile of larotrectinib in pediatric patients. The RP2D of larotrectinib in pediatric
patients (100mg/m2 twice daily, not to exceed a dose of 100mg twice daily) was declared on 13Apr-2017.
Part 2 enrolled pediatric patients with tumors bearing an activating NTRK rearrangement or
non-resistant mutation into the following 3 cohorts: IFS, other extracranial solid tumors, and
primary CNS tumors, to evaluate antitumor activity of larotrectinib in each of these tumor types
and obtain additional safety/tolerance information at the recommended larotrectinib dose.
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Objectives
The primary objective was to identify the safety and DLT of larotrectinib in pediatric patients.
Key Eligibility Criteria
Inclusion Criteria:
1. Part 1: Between 1 and 21 years of age with a locally advanced or metastatic solid tumor or
primary CNS tumor that had relapsed, progressed, or was nonresponsive to available
therapies and for which no standard or available systemic curative therapy existed -ORAt least 1 month of age with a malignancy bearing a documented NTRK fusion that had
progressed or was nonresponsive to available therapies, and for which no standard or
available curative therapy existed -ORLocally advanced IFS that would otherwise require disfiguring surgery or limb amputation to
achieve a complete surgical resection
2. Part 2: At least 1 month of age with either a locally advanced or metastatic IFS; patients
with locally advanced IFS must otherwise have required disfiguring surgery or limb
amputation to achieve a complete surgical resection -ORBetween 1 month and 21 years of age with a locally advanced or metastatic solid tumor or
primary CNS tumor that had relapsed, progressed, or was nonresponsive to available
therapies and for which there was no standard or available systemic curative therapy and
with documented NTRK gene fusion.
3. Measurable or evaluable disease
Exclusion Criteria:
1. Clinically significant active cardiovascular disease or history of myocardial infarction within 6
months prior to C1D1; ongoing cardiomyopathy; or current prolonged QT interval corrected
for heart rate (QTc) interval >480 milliseconds
2. Current treatment with a strong cytochrome P450 3A4 (CYP3A4) inhibitor or inducer
3. Phase 2 only: Prior progression while receiving approved or investigational tyrosine kinase
inhibitors targeting TRK
Dose Modification and Management Algorithms
Larotrectinib dosing could be held for up to 28 days in patients who experience a clinically
significant (greater than Grade 2 [i.e., Grade 3 or 4] or a 1 grade change from baseline when
baseline is abnormal at Grade 2 or higher) hematologic or non-hematologic AE in order to allow
for recovery (to Grade 1 or baseline level). Upon recovery of the AE and/or symptoms related
to the AE, dosing may be restarted at the same dose if the AE was considered not related to
larotrectinib. All patients who experienced drug-related toxicity requiring a recovery period
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longer than 21 days were withdrawn from study drug administration unless there was
compelling radiological evidence of response and no alternative treatment. A table outlining
dose reductions was included in the protocol. If the AE was considered related to the dose level
of larotrectinib but returned to baseline level within 28 days, then the dose was reduced to the
next lower dose level.
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Monitoring Plan
Table 16: Schedule of Assessments for LOXO-TRK-15003

(Source: copied from protocol version 8)
cfDNA = circulating free DNA; CNS = central nervous system; DNA = deoxyribonucleic acid; ECG =
electrocardiogram; ECOG = Eastern Cooperative Oncology Group; EOT = end of treatment; h = hour; HRQoL =
Health Related Quality of Life; PK = pharmacokinetics.
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a

Fresh tissue biopsy is required during Screening ONLY if archived tumor tissue sample is not available. Tissue
biopsy collected at the end of treatment (EOT) visit is optional. Additional biopsies may be requested on a case-bycase basis in patients re-starting study treatment following a "drug holiday" and disease recurrence.
b
Physical examination includes review of systems: Breast/chest, extremities, genitourinary,
head/ears/eyes/nose/throat, lymph nodes, musculoskeletal, pulmonary, and skin, thorough neurologic
assessment, body weight, and, height during Screening. Symptom-directed physical and neurological examinations,
including measurement of weight and height, may be performed at other time points. Karnofsky should be
assessed for those 16 years old or older, or Lansky should be assessed for those younger than 16 years.
c
Blood for PK assessments will be collected on Cycle 1 Day 1 (C1D1) at 1 and 4 hours post-dose (allowable window
of ± 10 minutes) and on Cycle 2 Day 1 (C2D1) at predose, and at 1 and 4 hours post-dose (allowable window of ±
10 minutes) in Cohorts 1 and 2. In all subsequent cohorts, blood for PK assessments will be collected on C1D1 at
0.5, 1, 2, 4, and 8 hours post-dose (allowable window of ± 10 minutes), C4D1 will have a pre-dose as well as 0.5, 1,
2, 4, and 8 hours post-dose (allowable window of ± 10 minutes), and every subsequent 4 cycles (e.g., C8, C12, and
so forth) will have a D1 pre-dose. The dose of larotrectinib should be taken in the clinic on PK sampling days to
ensure a PK sample is collected pre-dose. If patients have an Ommaya Reservoir, cerebral spinal fluid (CSF) will also
be collected for PK assessment on in conjunction with the post-dose 1-hour PK sample. If, after assessing C1D1 PK,
the patient is not achieving a minimum target AUC0-24 of 3500 ng/mL and is less than ½ of the target, and is not
having DLTs, intra-patient dose escalation may occur by 150% of prior dose level. Repeat PK sampling, similar to
the C4D1 schedule, should occur on D1 of the next cycle, and further intra-patient dose escalations can occur in
future cycles if the same conditions are met.
d
Electrocardiogram (ECG) should be done in triplicate.
e
Repeat the assessment only if the EOT result showed treatment-emergent abnormalities.
f Hematology will include hemoglobin, hematocrit, red blood cell (RBC) count, white blood cell (WBC) count with
differential (neutrophils [absolute count and percent] and lymphocytes, monocytes, eosinophils, basophils
[percent]), and platelet count.
g
Serum chemistries (nonfasting) will include alkaline phosphatase, albumin, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), blood urea nitrogen (BUN)/urea, cholesterol, creatinine, glucose, lactate
dehydrogenase (LDH), total and direct bilirubin, total protein, sodium, potassium, chloride, and bicarbonate.
h
Urinalysis will include complete urinalysis, including color, appearance, specific gravity, pH, glucose, bilirubin,
ketones, occult blood, protein, leukocytes, nitrites and urobilinogen; if +2 protein is observed, a 24-hour urine
collection will be taken in order to quantify proteinuria.
i
Tumor will be assessed by standard of care imaging modalities (CT and/or PET) or MRI (magnetic resonance
imaging) of chest, abdomen, and pelvis, any other areas with suspected disease involvement. Patients enrolled
with a history of CNS metastases should additionally have a head CT or MRI scan performed at each tumor
assessment. Patients with locally advanced infantile fibrosarcoma should have an MRI or CT of the site of disease
and a CT or X-Ray of the chest, plus any other areas of disease involvement. Patients with neuroblastoma will be
followed with meta-iodobenzylguanidine (MIBG) scans, anatomic imaging, and bilateral bone marrow aspirates
and biopsies.
j
Assessment should be performed if no disease assessment was performed in last 2 cycles.
k Pain and Health Related Quality of Life (HRQoL) assessments will be collected every cycle. In patients 3 year of
age or older, pain will be assessed by the Wong-Baker Faces Scale. For all patients HRQoL will be assessed using
the PedsQL-Core for the patient or their parent/caregiver.
l
Whole blood for cfDNA analysis should be obtained within 7 days following radiologic disease assessment, except
for baseline/screening when it may be obtained any time prior to treatment on C1D1. Whole blood for cfDNA
analysis should be obtained at the EOT visit even if radiologic disease assessment is not performed. Patients less 5
years of age will have 1 × 10 mL Streck tube drawn. Patients older than 5 years of age will have 2 × 10 mL Streck
tubes drawn. Sites may draw fewer tubes based on local institutional policy for maximal blood draws in research
subjects.
m
Whole blood for genomic DNA should be obtained any time during screening prior to beginning treatment.
Patients greater than 5 years of age will have one PAXGene tube (8.5mL) drawn. Sites may draw fewer tubes based
on local institutional policy for maximal blood draws in research subjects.
n
Date of progression, as assessed by treating Investigator and survival status (may be conducted by phone).
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Adverse Event Collection
As outlined in Table 16, adverse events were collected throughout the study treatment period.
A safety follow-up visit was scheduled for 28 days (± 7 days) after the last dose of larotrectinib.
Scientific review committee (SRC) was established to oversee the safety aspects of the study
and to render dose escalation decisions in the dose escalation portion of the study. NCICTCAEv4.03 was used.
Sample Size Considerations
Part 1: For the dose escalation phase, 36 patients were planned to enroll in order to define the
MTD of larotrectinib. The protocol planned to enroll approximately 18 additional patients into
the Phase 1 expansion cohort.
Part 2: A sample size of 30 patients (10 patients per cohort) was planned in order to exclude an
ORR of 27% from the lower bound of the 95% confidence interval for the observed ORR,
assuming the true ORR to be 50%.
Analysis Sets
Safety analyses were conducted using the Safety Analysis Set, which consisted of all patients
treated with one or more doses of larotrectinib. The results of the safety analyses will be
presented by study phase. For Part 1, tabulations will be provided by dose cohort and overall
summary. For Part 2, tabulations will be provided by tumor type IFS, other extra-cranial solid
tumors, primary CNS tumors, and overall summary. The efficacy analyses for Part 2 included all
patients with IFS or solid tumors with documented NTRK fusion who received at least one dose
of study drug and have measurable disease at baseline (Full Analysis Set).
Efficacy Measures
ORR was estimated using disease-specific response criteria (e.g., RECIST 1.1 for patients with
solid tumor). All responses were confirmed by a second scan performed ≥ 28 days after the
documentation of initial response.
Study Endpoints
The primary endpoint of Part 2of the study is ORR using RECIST 1.1 for solid tumors and RANO
for CNS tumors (investigator review only for RANO). The secondary endpoints include DOR.
Statistical Analysis Plan
The ORR was to be calculated on the proportion of patients with best overall response of CR or
PR. The point estimate of the ORR with 1- and 2-sided CIs with various coverage probabilities
(e.g., 80%, 95%) was to be provided. The primary analysis of ORR was based on the responses
determined by an independent radiology review committee. Duration of response was to be
calculated for patients who achieved a CR or PR and be defined as the number of months from
the start date of the confirmed response to the first date that recurrent or PD was objectively
documented.
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Statistical Reviewer’s Comments:
All efficacy analyses results including definitions of endpoints and analysis sets in this review are
based on the statistical analysis plan for ISE described in Section 8.1.4 (2-sided 95% CI were
used).
Protocol and SAP Amendments
(b) (4)
• Version 1 (12 Nov 2015): Initial protocol submitted to IND
.
• Version 2 (7 Dec 2015): Changes were made based on FDA feedback provided.
• Version 3 (13 Jan 2016): A new exploratory objective was added to evaluate biomarkers.
The dose escalation plan was modified to incorporate PK from C2D1 to C1D1. Grade 3
uncomplicated febrile neutropenia was deleted from considered the DLT definition.
Inclusion criteria was changed to include ≥ 1 month old with a diagnosis of
infantile/congenital fibrosarcoma or congenital mesoblastic nephroma with a documented
NTRK fusion that has progressed or was nonresponsive to available therapies, and for which
no standard or available curative therapy exists. Requirement for tumor tissue samples
from patients who experienced PD was removed and post-progression biopsies were made
optional.
• Version 4 (4 Feb 2016): The duration of permitted dose interruption to allow recovery to
Grade 1 levels or baseline was increased from 7 days to 21 days.
• Version 5 (12 Sept 2016): The trial was modified to include a “Phase 1” dose expansion
component in which up to 18 additional patients would be enrolled following the formal
dose escalation phase of the study. Part 2 of the study was added to enroll expansion
cohorts at the recommended dose for further study identified in Part 1, with corresponding
objectives. ORR as determined by an independent radiologic review committee was added
as the primary objective of Part 2. Multiple secondary endpoints were added for Part 2,
including but not limited to ORR as determined by the investigator and DOR. Three separate
patient populations (cohorts) were defined for Part 2, including NTRK fusion solid tumors,
NTRK fusion primary CNS tumors, and IFS. The size of the planned efficacy cohorts was
defined as 10 patients for each cohort for a total of 30 patients. The following language was
added to describe eligibility of patients with IFS: “in the opinion of the investigator,
disfiguring surgery or limb amputation to achieve a complete surgical resection”. The
following key eligibility criteria were added for the “Phase 1” expansion cohort and Part 2
expansion cohorts Potential patients older than 21 years of age with a tumor diagnosis with
histology typical of a pediatric patient and an NTRK fusion may be considered for
enrollment following discussion between the local site investigator and the sponsor’s
medical monitor. Part 2 Only: Prior progression while receiving approved or investigational
tyrosine kinase inhibitors targeting TRK, including entrectenib, crizotinib and lestaurtanib,
was permitted. Patients who received a TRK inhibitor for less than 28 days of treatment and
discontinued because of intolerance remained eligible. Dosing for Cohort 3 and subsequent
cohorts was based on body surface area (BSA) (mg/m2) in order to target exposures
equivalent to those in adults receiving 100 mg twice daily (the recommended Phase 2 dose
in adults). Previously, Loxo Oncology employed the SimCyp® Population Based ADME
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Simulator (Simcyp Ltd., United Kingdom) to identify doses needed to match the exposure of
adults given 100 mg twice daily (approximately 6200 ng*h/mL based on available adult data
at the time of the modelling study); however, an interim analysis of pharmacokinetic data
from Cohorts 1 and 2 of Study LOXO-TRK-15003 indicated that the “adult equivalent doses”
developed by the SimCyp model did not deliver (i.e., they under-predicted) the intended
exposure in patients and that a body-surface area-based dose would provide more
consistent exposure. The protocol was modified to permit patients treated with
larotrectinib and who respond, either per RECIST or volumetric measurements, to enter a
“wait and see” drug discontinuation period following the time of best response after a
minimum of 6 cycles of treatment, with tumor assessments per protocol-defined timelines
during the drug holiday. Patients were permitted to be retreated if they show evidence of
disease progression after drug discontinuation. A SRC was established to oversee the safety
aspects of the study and to render dose escalation decisions in the dose escalation portion
of the study.
Version 6 (4 Nov 2016): This amendment clarified that the maximum dose would not exceed
the RP2D of 100 mg twice daily in the adults regardless of patient BSA because it was
considered unnecessary to explore doses higher than 100 mg twice daily in the younger
population. Clarifications were also made to the dose escalation guidelines indicating that
at dose levels 3 and 4, at least 3 subjects with BSA <1 m2 for Cohort 3 and Cohort 4 would
be enrolled before escalating the dose further, and dose level 5 would be cleared by the
SRC only if at least 3 subjects with BSA <0.7 m2 are enrolled and clear the DLT window. Loxo
Oncology indicated that the reason for this change was to ensure that toxicity information
form younger/smaller patients would be factored into dose escalation decisions.
Pharmacokinetic sampling times were clarified and changes were made for ease of dosing
calculations based on the available dosage forms.
Version 7 (8 Feb 2017): Clarified that admission to the hospital of children <1 year of age
with Grade 3/4 vomiting or diarrhea was required until these events resolved to Grade 1
severity. Clinical and disease assessment timing was clarified (to be performed every 3
months following the last dose of study medication) in patients who undergo a surgical
resection with negative margins and discontinue study treatment; information was also
added to permit patients who discontinue larotrectinib following complete resection to
restart study treatment if the cancer recurs, after discussion with the Medical Monitor. A
section was added to describe assessments to be conducted during Cycles 13 and beyond.
The MTD was clarified as the highest dose level at which none of the first 3 treated patients,
or no more than 1 of the first 6 treated patients, experiences a DLT.
Version 8 (16 Oct 2017): Phase 1 expansion cohort will enroll patients with advanced solid
or primary CNS tumors, which can be benign, with a documented NTRK gene fusion only.
Patients with IFS are required to have a documented NTRK fusion by NGS for eligibility to
enroll. The eligible age of patients has been lowered to patients aged from birth. The
recommended Phase 2 dose (100mg/m2 BID, not to exceed a dose of 100mg BID) was
determined.
Version 9 (2 Feb 2018): submitted during review. The protocol was revised to lower the
starting dose for patients enrolled between birth and 1 month to 1 mg/kg. Expanded the
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eligibility criteria for patients with bilirubin lab values up to 2.5 times the upper limit of
normal. Reporting of AE was clarified to require the reporting of all AEs occurring for 28
days after the last dose of study treatment regardless of cause of discontinuation.
Pooled Study Results
Compliance with Good Clinical Practices
Loxo Oncology stated the trials were conducted in accordance with United States Food and
Drug Administration (US FDA) and International Conference on Harmonisation (ICH) Guidelines
for Good Clinical Practice (GCP), and with the ethical principles originating in the Declaration of
Helsinki, and standard clinical operating procedures for Loxo Oncology.
The review team consulted the OSI to perform an audit of selected clinical sites. Sites were
selected based on the number of patients enrolled and efficacy results determined from data
collected at the site. Two domestic sites were chosen for inspection: Sites #101, and #104.
(b) (4)
Additionally, Loxo Oncology and
, the contract research organization (CRO)
that performed the blinded independent central review, were inspected.
OSI did not identify any significant inspectional observations for the clinical investigators, the
CRO, or Loxo Oncology. The final compliance classification for these inspections is No Action
Indicated (NAI). See the FDA Clinical Inspection Summary for details.
Financial Disclosure
In accordance with 21 CFR Part 54 and the Guidance for Industry entitled Guidance for Clinical
Investigators, Industry, and FDA Staff: Financial Disclosure by Clinical Investigators, Loxo
Oncology submitted a financial disclosure certification document in module 1.3.4 of NDAs
210861 and 211710. The document includes a table listing all investigators who participated in
the three covered studies supporting NDA 210861; the table indicates for each investigator and
sub-investigator whether the investigators indicated financial interest (by submission of FORM
3455), no financial interests (by submission of FORM 3454), or if the financial disclosure
information was missing. Two sub-investigators at site #134, who were listed on the 1572 Form
as of August 2017, did not provide financial disclosure information at the time of this initial NDA
filing. Loxo Oncology and the CRO, on Loxo Oncology’s behalf, made numerous attempts to
obtain the information including emails sent to the site on the 5th, 7th 8th and 12th of
December 2017 in addition to phone calls on the 8th, 11th and 12th of December 2017. As the
study is ongoing efforts will continue to obtain this information.
REVIEWER COMMENT: The financial disclosure forms reviewed would not impact the reliability
of the information at this site. There were no financial interests that would indicate a potential
conflict of interest. Additionally, since the key efficacy endpoints were determined by
independent review, possible conflicts of interest for investigators were unlikely to affect the key
efficacy analyses.
134
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)
Reference ID: 4354090

NDA Multidisciplinary Review and Evaluation NDA 210861 and NDA 211710
VITRAKVI (larotrectinib)
Statistical Analysis Plan for Integrated Summary of Efficacy (ISE)
Agreements between Loxo Oncology and FDA on issues that affect the statistical analysis were
incorporated into the statistical analysis plan for the ISE. The most notable agreements include
the following:
•

The primary analysis of effectiveness would be based on results from the first 55 evaluable
patients with NTRK fusion cancers enrolled and treated with larotrectinib across
Studies 14001, 15002, and 15003.

•

Overall response rate (ORR) determined by an independent review committee (IRC) would
serve as the primary endpoint for efficacy. ORR would be estimated based on the
proportion of patients with best overall response of confirmed complete response (CR) or
confirmed partial response (PR) based on RECIST version 1.1 (Eisenhauer 2009). A master
IRC charter describing the qualifications and training of reviewers, and review and
adjudication procedures would be used in the analysis of ORR and duration of response
(DOR).

The primary endpoint for the integrated analysis of effectiveness was ORR according to IRC
assessment. ORR was estimated based on the proportion of patients with BOR comprising
confirmed CR or confirmed PR based on RECIST, version 1.1. Best overall response was defined
as the best response designation for each patient that was recorded between the date of the
first dose of larotrectinib and the date of documented disease progression per RECIST 1.1 or the
date of subsequent therapy or cancer-related surgery, whichever occurred first.
The secondary endpoint, DOR, was defined as the number of months from the start date of PR
or CR (whichever response was recorded first), and subsequently confirmed, to the date of
disease progression or death, whichever occurred earlier.
Assuming that the observed ORR was at least 50%, a sample size of 55 patients could provide
80% power to exclude 30% from the lower bound of a 2-sided 95% exact binomial confidence
interval of the estimated ORR.
The analyses described in the SAP were primarily based on the Primary Analysis Set (PAS). The
PAS was defined as the first 55 patients (pediatrics and adults) enrolled across clinical studies
LOXO-TRK-14001, -15002, and -15003 who met the following criteria:
1) documented NTRK fusion as determined by local testing
2) non-CNS primary tumor with 1 or more measurable lesions at baseline as assessed
by RECIST 1.1
3) received 1 or more doses of larotrectinib.
The prespecified primary analysis of the ORR was a point estimate based on the proportion of
patients in the PAS with best overall response of confirmed CR or confirmed PR with a 2-sided
95% exact binomial CI using the Clopper-Pearson method. The SAP considered that the
effectiveness of larotrectinib would be demonstrated if the lower limit of the 2-sided 95% CI for
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the point estimate of ORR exceeded 30%. DOR was summarized descriptively using the KaplanMeier method with the 95% CI around the median calculated using Greenwood’s formula.
Clinical Reviewer comment: During the initial breakthrough therapy meeting and the pre-NDA
meeting, FDA requested that Loxo Oncology provide a justification for the proposed size of the
efficacy population (N=55) supporting this application. FDA concluded that the rarity of solid
tumors harboring the activating NTRK rearrangements precluded the conduct of randomized
controlled trials and that the size of the efficacy population was adequate to characterize the
overall response rate in patients with NTRK-positive solid tumors. Loxo Oncology will conduct
studies to fulfill postmarketing requirements to verify and further characterize the clinical
benefit of larotrectinib in patients with NTRK fusion solid tumors.

Patient Disposition
One hundred forty-four patients across clinical trials LOXO-TRK-14001, LOXO-TRK-15002 and
LOXO-TRK-15003 were enrolled and eligible for inclusion in the overall analysis population as of
the original NDA data cutoff (17 Jul 2017). The definition of the overall analysis set was all
patients (n=144) who had cancers with or without a documented NTRK fusion who enrolled in
Studies LOXO-TRK-14001 (n=66 (46%)), LOXO-TRK-15002 (n=47 (33%)), and LOXO-TRK-15003
(n=31 (22%)) who received 1 or more doses of larotrectinib. Sixty patients (42%) were still
receiving study treatment. Of the 84 patients (58%) off-treatment, the most common reason
for discontinuation was disease progression (n = 65, 45%) with six patients (4%) discontinuing
due to an AE.
As of the data cutoff date for the 60-day safety Update (19 Feb 2018), a total of 176 patients
were enrolled and included in the overall analysis set. Of these, 72 patients (41%) were still on
treatment at the time of data cutoff, and 104 (59%) were off treatment. The most common
reason for discontinuation was again noted to be disease progression, which was reported in 80
patients (45%); eight patients (5%) discontinued larotrectinib due to an AE.
Table 17 summarizes the reasons for discontinuation of larotrectinib for the 55 patients in the
efficacy population using the data cutoff dates for the original NDA submission and 60-day
efficacy update, for all patients with NTRK fusion tumors enrolled across the three trials and for
the overall analysis set/all comers (both with and without documented NTRK fusion tumors).
Table 17: Patient Disposition Table
Efficacy population
NTRK Fusion
Original
60-Day
NDA
Update
Enrolled
On treatment

55
36 (65)

55
31 (56)

NTRK Fusion
Original NDA

60-Day
Update

78
57 (73)

105
72 (69)

Overall Analysis Set
(all comers)
Original NDA
60-Day
Update
144
60 (42)
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Efficacy population
NTRK Fusion
Original
60-Day
NDA
Update
Off treatment
Disease
progression

NTRK Fusion
Original NDA

60-Day
Update

Overall Analysis Set
(all comers)
Original NDA
60-Day
Update

19 (35)

24 (44)

21 (27)

33 (31)

84 (58)

104 (59)

14 (25)

17 (31)

15 (19)

24 (23)

65 (45)

80 (45)

1 (2)

1 (2)

1 (1)

2 (2)

6 (4)

8 (5)

Patient
decision

1 (2)

2 (4)

1 (1)

2 (2)

6 (4)

7 (4)

Investigator
decision

1 (2)

1 (2)

2 (3)

2 (2)

3 (2)

2 (1)

Death
Othera

0
2 (4)

0
3 (5)

0
2 (3)

0
3 (3)

0
4 (3)

1 (1)
6 (3) a

Adverse event

(Source: ADSL.xpt, ISS 60-day Subject data)
a
”Other” description in Table 18.

Loxo Oncology provided the reasons for discontinuation of treatment that were categorized as
“other”, as summarized in Table 18.
Table 18: “Other” Reasons for Discontinuation from Treatment in 60-day Update
Study/Patient number
(b) (6)
LOXO-TRK-15003

Reason for discontinuation
Other

Additional information
“The margins post-surgery were
clear and per protocol did not
need further treatment”

LOXO-TRK-15003
LOXO-TRK-15003

Other
Other

“Surgical resection”
“Family decided to discontinue
treatment”

LOXO-TRK-15003

Other

“Patient had resection surgery
that results in negative
margins. Patient will no longer
receive drug”

LOXO-TRK-14001
LOXO-TRK-14001

Other/Non-compliance
Other/Non-compliance

Non-compliance
Non-compliance

(Source: original NDA submission 19 Dec 2017)

Protocol Violations/Deviations
Significant protocol deviations were defined as deviations to the inclusion or exclusion criteria,
the conduct of the trial, patient management or patient assessment.
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A summary of protocol deviations for each trial is provided below.
•

Study 14001: Per the data cutoff of 17 Jul 2017 for the interim CSR, a total of 392 protocol
deviations were reported, affecting 65 patients. Of these, 24 were considered significant.
The most frequently reported significant protocol deviations were those relating to
investigational product in 9 of 24 patients, and informed consent in 5 of 24 patients. There
were 10 other significant deviations: 4 related to inclusion/exclusion criteria, 4 related to
study procedures, and 2 related to restricted concomitant medication. None of the protocol
deviations were considered to have an effect on the safety or efficacy outcomes of the
study.

•

Study 15002: A total of 223 protocol deviations were reported, affecting 38 patients. Of
these, 23 protocol deviations were considered significant, affecting 17 patients. Deviations
included required assessments such a laboratories or ECG not completed, or protocol
required radiographic tumor assessment not completed (n=3), a patient was not complaint
with 80% of the drug (n=1), an SAE was not reported within 24 hours (n=2), incorrect dose
was taken (n=1), enrolled patient met exclusion criteria (n=1), patient met criteria for
removal from study and was not withdrawn (subject reached 3rd dose reduction and was
reduced to QoD dosing) n=1, patient was put on steroids/increased dose (prohibited) n=4.

•

Study 15003: A total of 152 deviations were identified affecting 27 patients with 8
considered significant. The majority of these deviations were missed individual tests
specified by the protocol and were deemed minor. There were 17 cases in which an
updated version of the consent (involving an amendment to the protocol) was not
presented to the patient. Four of the 8 significant violations were protocol eligibility
exceptions, and 1 patient each had a significant deviation in the informed consent, study
drug, concomitant medication, and study procedures categories. Three patients with IFS
who were enrolled early in the study were granted an eligibility exception to the criterion in
the original protocol “for whom no standard or available curative therapy exists” prior to an
amendment (version 5.0) addressing this issue.

(b) (6)
In the 60-day update, Loxo Oncology indicated that one patient
was
discontinued from the study due to a protocol violation. The stated reason for discontinuation
listed by the site was a protocol deviation “patient stopped taking study medication without
alerting the site.”

Reviewer note: The patient narrative appears to contradict this statement because it indicates
that the dose modification was due to low neutrophil counts, and not compliance.
Loxo Oncology did not consider that the protocol deviations described above had an effect on
the safety or efficacy outcomes of the study.
Reviewer note: Although major protocol deviations occurred in almost one third of patients in
the OAS, this clinical reviewer agrees with Loxo Oncology’s conclusion that the protocol
deviations described below in Table 19 did not materially alter the safety or efficacy results of
larotrectinib in this population.
138
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)
Reference ID: 4354090

NDA Multidisciplinary Review and Evaluation NDA 210861 and NDA 211710
VITRAKVI (larotrectinib)
Table 19 summarizes the major protocol deviations identified in all 3 studies reviewed above.
Table 19: Summary of Protocol Deviations across Larotrectinib Clinical Trials
Protocol Deviation

Patients with major protocol violation (%)
Total number of major protocol violations
Issues with informed consent
Protocol procedures/visits not performed/missing
Inclusion/Exclusion criteria violated
Incorrect response assessment
Out of window visits/procedure
Medication errors
Other1

Overall analysis population
N=144
Original NDA
n (%)
44 (31)
54
13
7
10
0
5
12
7

(Source: CSRs for 14001, 15002, 15003, IR response from Applicant 18 July 2018)
1
All protocol violations listed under ‘Other’ were due to restricted concomitant medication change

Demographic Characteristics
• LOXO-TRK-14001 was conducted at 66 centers; there were 8 patients enrolled in the U.S. and
no patients enrolled at sites outside of the U.S.
• LOXO-TRK-15002 enrolled 47 patients as of the data cut-off date. Of the 35 included in the
efficacy population, 33 patients were from sites in the U.S. and 2 from sites outside the U.S.
• LOXO-TRK-15003 enrolled 31 enrolled patients across 13 clinical sites; 26 patients in the U.S.,
2 in France, and 1 in each in Spain, Germany, and Italy. All twelve patients in the efficacy
population were enrolled in U.S sites.
The demographics and baseline disease characteristics of the population in the PAS and in the
overall analysis population are summarized in Table 20 below. For the PAS, the median age was
45 years (0.3, 76); the wide range reflecting the inclusion of both adult and pediatric patients. In
the PAS, 22% were pediatric patients (< 18 years of age). There were 53% males and 47%
females. Most patients were White (67%), 4% were Asian, 4% were Black, and 25% were of
mixed race/other/unknown.
The overall analysis set, which included patients with solid tumors with and without an
activating NTRK fusion, had an older median age (55 range [0.1, 82]). This may reflect the
number (n = 53) of adult patients enrolled in Study 14001 with solid tumors without an
identified NTRK rearrangement.
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Table 20: Demographics in the Primary Efficacy and Overall Populations
Primary Analysis Set
N
Age
Median
Range
Age group
< 1 year
1–5 years
6–11 years
12–17 years
18–44 years
45–64 years
65–74 years
≥ 75 years
Sex
Male
Female
Race
White
Black
Asian
Other/Mixed/Unknown
Ethnicity
Hispanic
Non-Hispanic
Unknown
ECOG Performance Status
n
0
1
2
3

55
years
45.0
0.3, 76.0
n (%)
4 (7)
7 (13)
1 (2)
0
14 (25)
17 (31)
10 (18)
2 (4)
n (%)
29 (53)
26 (47)
n (%)
37 (67)
2 (4)
2 (4)
14 (25)
n (%)
4 (7)
38 (69)
13 (24)
55
24 (44)
27 (49)
4 (7)
0

Overall
population
144
55.0
0.1, 82.0
6 (4)
10 (7)
5 (3)
9 (6)
25 (17)
56 (39)
27 (19)
6 (4)
75 (52)
69 (48)
102 (71)
11 (8)
5 (3)
26 (18)
15 (10)
109 (76)
20 (14)
144
55 (38)
80 (56)
9 (6)
0

Source: ADSL (original NDA), SUBJECT in ISS
Data cutoff date: 17 July 2017

Reviewer note: The number of patients enrolled in any specific demographic subpopulation is
low, given the rarity of NTRK fusion-positive solid tumors in most primary tumors (except IFS)
and small sample size.
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The overall analysis set included patients with 26 histologically distinct tumors, including 12 in
the primary efficacy population (PAS). The majority of patients (82%) in the PAS had metastatic
disease at original diagnosis. Table 21 lists the primary tumor types and the disease progression
status at enrollment for the efficacy and overall populations.
Table 21: Baseline Disease Characteristics in the Primary Efficacy and Overall Populations

N
Primary tumor type
Soft tissue sarcoma
Salivary gland
Lung
Colon
Infantile fibrosarcoma
Thyroid
Primary CNS
Melanoma
Breast
GIST
Pancreas
Bone sarcoma
Cholangiocarcinoma
Thymus
Appendix
Gastric
Hepatic
Neuroblastoma
Anal
Cancer of unknown primary
Congenital mesoblastic nephroma
Endometrial
Ewing’s sarcoma
Larynx
Oral
Ovarian
Disease extent at enrollment
Locally advanced

Primary Analysis Set

Overall
Population

55

144

n (%)
11 (20)
12 (22)
4 (7)
4 (7)
7 (13)
5 (9)
0
4 (7)
1 (2)
3 (5)
1 (2)
0
2 (4)
0
1 (2)
0
0
0
0
0
0
0
0
0
0
0
n (%)
10 (18)

24 (17)
16 (11)
14 (10)
13 (9)
11 (8)
10 (7)
7 (5)
6 (4)
5 (3)
5 (3)
5 (3)
4 (3)
4 (3)
4 (3)
2 (1)
2 (1)
2 (1)
2 (1)
1(1)
1(1)
1 (1)
1(1)
1(1)
1(1)
1(1)
1(1)
17 (12)
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Metastatic
Other
NTRK fusion, n (%)

Primary Analysis Set

Overall
Population

45 (82)
0
55 (100)

122 (85)
5 (3)
78 (54)

(Source: ADSL in original NDA, SUBJECT in ISS)
Data cutoff date: 17 July 2017

Demographic and baseline disease characteristics in the 176 patients included in the safety
update were similar. Across the 176 patients treated with larotrectinib and included in the 60day safety update, the median age was 51 years (range: 28 days to 82 years); 25% were 18
years or younger; 52% were male; and 72% were White, 11% were Hispanic/Latino, 8% were
Black, and 3% were Asian. The most common tumors in order of decreasing frequency were
soft tissue sarcoma (16%), salivary gland (11%), lung (10%), thyroid (9%), colon (8%), IFS (8%),
primary central nervous system (CNS) (7%), or melanoma (5%). NTRK gene fusions were present
in 60% of patients.
Table 22 provides a summary of the incidence of NTRK rearrangements identified in the 55
patients in the efficacy population. The most common NTRK fusions involved NTRK3 (53%) and
the second most common NTRK fusions involved NTRK1 (45%). The number of patients with
solid tumors with NTRK2-fusion proteins (2%) was far lower.

142
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)
Reference ID: 4354090

NDA Multidisciplinary Review and Evaluation NDA 210861 and NDA 211710
VITRAKVI (larotrectinib)
Table 22: NTRK Fusion Partners in the Efficacy Population
NRTRK Gene

Partner

n

%

ETV6-NTRK3
TPM4-NTRK3
Inferred ETV6-NTRK3

25
1
3

45
2
6

TPM3-NTRK1
LMNA-NTRK1
IRF2BP2-NTRK1
SQSTM1-NTRK1
PDE4DIP-NTRK1
PPL-NTRK1
TPR-NTRK1
TRIM63-NTRK1
CTRC-NTRK1
GON4L-NTRK1
PLEKHA6-NTRK1

9
5
2
2
1
1
1
1
1
1
1

16
9
4
4
2
2
2
2
2
2
2

STRN-NTRK2

1

2

NTRK3 (n=29) 53%

NTRK1 (n=25) 45%

NTRK2 (n=1) 2%

Table 23 provides a summary of the incidence of NTRK rearrangements identified in the 105
patients enrolled across the three clinical trials who had solid tumors with an activating NTRK
rearrangement as of the data cutoff period for the 60-day update. The distribution of NTRK
gene fusions was similar in this population, with the most common NTRK fusions involving
NTRK3 (47% which includes the inferred NTRK3), followed by NTRK1 (41%). The number of
patients with solid tumors with NTRK2-fusion proteins (2%) was far lower. Table 23 lists the
NTRK rearrangements and mutations by incidence.

Table 23: Incidence of NTRK-fusion Partners at 60-day data cut-off (19 Feb 2018)
NTRK Gene
NTRK3 (N=48) 46%

Partner

n

%

ETV6-NTRK3
SQSTM1-NTRK3
EML4-NTRK3
MYO5A-NTRK3
SPECC1L-NTRK3
TPM4-NTRK3

41
3
1
1
1
1

39
3
1
1
1
1
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NTRK Gene
Inferred NTRK32
NTRK1 (N=43) 41%

NTRK2 (N=9) 9%

Sponsor review ongoing1
Total

Partner

n

%

Inferred ETV6-NTRK3
TPM3-NTRK1
LMNA-NTRK1
SQSTM1-NTRK1
TPR-NTRK1
IRF2BP2-NTRK1
AFAP1-NTRK1
CTRC-NTRK1
GON4L-NTRK1
NFASC-NTRK1
PDE4DIP-NTRK1
PLEKHA6-NTRK1
PPL-NTRK1
TRIM63-NTRK1
BCR-NTRK2
STRN-NTRK2
AGTPBP1-NTRK2
GNAQ-NTRK2
KANK2-NTRK2
SPECC1L-NTRK2
TRAF2-NTRK2
Sponsor review ongoing

4
18
9
3
3
2
1
1
1
1
1
1
1
1
2
2
1
1
1
1
1
1
105

4
17
9
3
3
2
1
1
1
1
1
1
1
1
2
2
1
1
1
1
1
1

(Source: SUBJECT 60-day update ISS dataset)
1Patients
(b) (6) from Study LOXO-TRK-15003; inferred ETV6-NTRK3 fusion based on ETV6 FISH testing.
(b) (6)
Additionally, patient
underwent ETV6 FISH and NTRK3 FISH testing.
2Patient
(b) (6) from Study LOXO-TRK-15003; Applicant review ongoing at time of data cutoff.

Prior Cancer Treatments
Almost all patients received prior treatment for their malignancies (98% in the efficacy
population). Of the PAS, 87% had undergone surgery, 82% had received 1 or more systemic
therapies (median: 2 regimens, range: 0, 10) and 49% had received radiotherapy (see Table 24).
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Table 24: Prior Cancer-Related Therapies
Primary Efficacy Population
N
Any prior therapy, n (%)
Prior surgery, n (%)
Prior radiotherapy, n (%)
Prior systemic therapy, n (%)
0
1–2
≥3
Prior systemic regimens
Median
Range

Overall
Population

55
54 (98)
48 (87)
27 (49)
45 (82)
11 (20)
25 (45)
19 (35)

144
142 (99)
124 (86)
81 (56)
124 (86)
21 (15)
58 (40)
65 (45)

2
0, 10

2
0, 11

(Source: SUBJECT ISS 60-day update data)

Treatment Compliance, Concomitant Medications, and Rescue Medication Use
Please refer to the Patient Disposition section of this review.
Clinical Reviewer comment: There were no clinically significant issues relating to treatment
compliance or need for concomitant or rescue medication that could impact the results of the
trial or warrant discussion.
Efficacy Results – Primary Endpoint
Loxo Oncology submitted Module 5 on January 20, 2018 to support NDA210861 and
NDA211710 that included the results for the primary analysis of ORR in the PAS, comprising the
first 55 patients with NTRK fusion solid tumors enrolled across Studies 14001, 15002, and
15003, using a data cutoff date of July 17, 2017. On May 29, 2018, Loxo Oncology submitted a
Safety update that also included updated efficacy datasets using a data cutoff date of February
19, 2018. The updated efficacy data provided results for 105 patients with NRTK-fusion-positive
solid tumors enrolled across the 3 studies, including the first 55 patients in the PAS. Table 25
summarizes the ORR results according to the independent radiology committee (IRC) for the
PAS.
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Table 25: Applicant’s ORR Results in the Primary Analysis Set (IRC)
Date of Data Cutoff

07/17/17

02/19/18

n=55

n=55

Responders

41

41

CR

6

12

sCRa

1

1

PR

34

28

75% (61%, 85%)

75% (61%, 85%)

Applicant’s Result

Overall Response Rate (95%CI)

Source: Table 14.3.1.1 in ISE-Tables-Figures.pdf based on two data cutoffs, separately
a
sCR= Surgical complete response

Statistical Reviewer Comment:
As shown in Table 25, Loxo Oncology’s results include one responder who had a “surgical
complete response” (sCR), which was defined as complete resolution of disease following
surgical resection in a patient who previously had a response to larotrectinib . The ORR provided
in Table 25 is the proportion of patients with best overall response of confirmed CR, sCR, or PR.
However, per the SAP for the integrated summary of efficacy, ORR was defined as the
proportion of patients with best overall response of confirmed CR or confirmed PR based on
RECIST, version 1.1 (i.e., did not include sCR). During the application review process, FDA sent an
information request (IR) to Loxo Oncology regarding the patient categorized as having a surgical
complete response. Based on Loxo Oncology’s response to this IR, FDA considers this patient to
have had a partial response per RECIST 1.1, with an observed DOR of 1.4 months (not 12.02
months per Loxo Oncology’s analysis, which included the time following surgical resection that
the patient remained disease-free). The statistical reviewer conducted ORR and DOR analyses
based on the clinical review team’s evaluation of the responder who had sCR. The reviewer’s
ORR and DOR analyses are summarized in
Table 26 and Table 29, respectively.
Table 26: Reviewer’s ORR Result (IRC)
Population
(Data Cutoff)

PAS (n=55)
(07/17/17)

PAS (n=55)
(02/19/18)

NTRK Patients (n=105)
(02/19/18)

41

41

55

6

12

16

35
74.5%
(61.0%, 85.3%)

29
74.5%
(61.0%, 85.3%)

39
52.4%
(42.4%, 62.2%)

Overall Response
Responders
CR
PR
Overall Response Rate
(95%CI)
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Statistical Reviewer Comment: As shown in Table 26, the lower bound of the 2-sided 95% CI of
ORR exceeds 30%, therefore, the ORR analyses met the primary objective specified in the SAP of
ISE.
Clinical Reviewer Comment: As agreed upon with Loxo Oncology, the ORR described in the
prescribing information for larotrectinib was based on the analysis of ORR performed on the PAS
using the data cutoff date of July 17, 2017. The updated results were similar with regard to ORR
for that obtained with the earlier data cut-off date.
Loxo Oncology also submitted the ORR results based on INV assessment. Table 27 summarizes
ORR results based on INV assessment using the data cutoff date for the primary analysis and
the data cutoff date for the 60-day safety and efficacy update.
Table 27: Applicant’s ORR Results for Patients in PAS (INV)
Data Cutoff

07/17/17

02/19/18

43
8
1
34
78% (65%, 88%)

44
9
1
34
80% (67%, 90%)

Overall Response
Responders
CR
sCRa
PR
Overall Response Rate (95%CI)

Source: Table 14.3.1.3 in ISE-Tables-Figures.pdf based on two data cutoffs, separately
a
sCR= Surgical complete response

Statistical Reviewer Comment:
As shown in Table 27, the ORR result based on INV assessment is similar to the ORR result based
on IRC assessment. Table 28 summarizes the statistical reviewer’s analysis of concurrence
between IRC and INV assessments.
Table 28: Concurrence Between IRC and INV Assessments
Responder (IRC)
Data Cutoff
Responders
(INV)

7/17/2017

2/19/2018

Yes

No

Total

Yes

No

Total

Yes

39 (70.9%)

5 (9.1%)

44

39 (70.9%)

5 (9.1%)

44

No

1 (1.8%)

10 (18.2%)

11

1 (1.8%)

10 (18.2%)

11
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Statistical Reviewer Comment:
As shown in Table 28, the concordance rate of IRC and INV is 89.1% (=70.9%+18.2%) based on
the 55 patients. The concordance rate is the same based on data from the two data cutoffs.
Efficacy Results – Secondary and other relevant endpoints
Table 29 provides DOR results based on the analyses performed by Loxo Oncology and by FDA
Table 29: DOR Results for Patients in PAS (IRC)
Data cutoff date

7/17/17

2/19/18

Loxo Oncology’s Result (n=41)
Median DOR in Months

NR (8.2, NR)

NR (17.3, NR)

Range

0.95+, 24.9+

1.6+, 33.2+

DOR<=6 months, n (%)

21 (51%)

10 (24%)

6 mons< DOR <= 12 mons, n (%)

13 (32%)

14 (34%)

DOR >12 months

7 (17%)

17 (41%)

NR (8.2, NR)
0.95+, 24.9+
19 (46.3%)

NR (10.2, NR)
1.4+, 33.2+
30 (73. 2%)

7 (17.1%)

16 (39.0%)

FDA Reviewer’s Result (n=41)
Median DOR in Months
Range
DOR>=6 months, n (%)
DOR>=12 months

Source: Table 14.3.4.1 in ISE-Tables-Figures.pdf based on two data cutoffs, respectively
NR=Not reachable due to immature data.

Statistical Reviewer Comments:
As shown in Table 29, the median DOR had not been reached as of the February 19, 2018 data
cut-off date. The reviewer’s DOR result in Table 29 is based on the 41 responders which
included the surgical complete responder whom FDA considers as having a PR with an observed
DOR of 1.4 months and censored the DOR at the time of surgery.
Clinical Comments
The product labeling includes the updated results for DOR.
Dose/Dose Response
Not applicable
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Durability of Response
Please see the analysis of duration of response above.
Persistence of Effect
Not applicable.
Efficacy Results – Secondary or exploratory COA (PRO) endpoints
The SAP for the ISE did not pre-specify any analyses of clinical outcomes assessment (COA) data
to support the efficacy of larotrectinib. Quality of life (QoL) was evaluated in Study 15002 as an
exploratory objective. In Study 15002, QoL was assessed using EORTC QLQ-C30 and EuroQoL
EQ-5D. There are 30 questions in the QLQ-C30. The QLQ-C30 completion rate for each visit was
defined as the proportion of the patients who completed all 30 questions at the visit. Among
the 55 patients in PAS, 35 patients were enrolled in Study 15002. Based on the submitted data
(as data cutoff date of July 17, 2017), the QLQ-C30 complete rate from Cycle 1 through Cycle 9
in Study 15002 ranged from 86% to 100%. Based on the statistical reviewer’s descriptive
analyses, the mean score and mean change from baseline of QLQC30 Global Health Status from
Cycle 1 through Cycle 9 ranged from 59.1 to 91.7 and 6.0 to 16.7 (for the patients who had
QLQ-C30 baseline and post-baseline assessments) except at the end of treatment assessment.
There were 5 patients who had QLQ-30 assessments at baseline and the end of end of
treatment. The mean change from baseline of QLQC30 Global Health Status for those 5 patients
was -11.7 (a high scale score represents a higher QoL).
Clinical Reviewer Note: These results should be interpreted with caution due to the open label,
single-arm design of this trial and limited patient numbers.
The EQ-5D is a generic preference-based measure intended to provide a single health utility
index value for use in economic analyses and lacks evidence of content validity for use in
estimating clinical benefit for labeling claims. Therefore, no EQ-5D result is reviewed
throughout this review.
Assessment of Efficacy Across Trials
FDA’s review of efficacy is based on analyses of ORR and DOR for the first 55 patients with
NTRK-positive solid tumors enrolled across the 3 larotrectinib studies (LOXO-TRK-14001, LOXOTRK 15002, and LOXO-TRK 15003), as described in Section 8.1.4. The clinical data cutoff dates
for the final ORR and DOR analyses are July 17, 2017 and Feb 19, 2018 (60-day update),
respectively.
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Primary Endpoint
The primary endpoint for the integrated analysis of effectiveness is ORR according to IRC
assessment. See Section 8.1.4.
Secondary and Other Endpoints
There were no meaningful secondary endpoints specified in the SAP of each study aside from
DOR. For exploratory purpose, QoL was evaluated only in Study 15002 using EORTC QLQ-C30
and EQ-5D. See Section 8.1.4.
Subpopulations
The statistical reviewer conducted subgroup analyses of IRC-assessed ORR by age (greater than
65, less than or equal to 65 years), gender (male, female), race (White vs. black, Asian, Others)
using the cutoff date of February 19, 2018. Because the 55 patients include adults and
pediatrics, the reviewer also conducted 4 ORR subgroup analyses based on 4 age cutoffs for the
patients whose age less than 65. Because the 3 studies were mainly conducted in U.S.,
subgroup analysis based on region is not appropriate. Table 30 summarizes the reviewer’s ORR
subgroup analyses by age, gender, and race.
Table 30: Reviewer’s ORR Results in Demographic Subgroups of PAS (N=55)
Subgroup

# Patients

n (%)

95%CI

Age
<65 years

43

35 (81.4%)

(66.6%, 91.6%)

6
6
0
31

6 (100%)
6 (100%)
0
23 (74.2%)

(54.1%, 100%)
(54.1%, NA)
NA
(55.4%, 88.1%)

12

6 (50%)

(21.1%, 78.9%)

26

16 (61.5%)

(40.6%, 79.8%)

29

25 (86.2%)

(68.3%, 96.1%)

14
2
2
37

13 (92.9%)
2 (100%)
0 (0%)
26 (70.3%)

(66.1%, 98.8%)
NA
NA
(53%, 84.1%)

Infants & Toddlers (<2 years)
Children (2 to <12 years)
16 to <18 years (Adolescents)
18 to <65 years (Adolescents)
>=65 years
Gender
Female
Male
Race
All others
Asian
Black
White
NA = not applicable

Statistical Reviewer’s Comments:
The subgroup analyses results are considered exploratory; results should be interpreted with
caution given the small sample size overall and the limited number of patients in each subgroup.
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Based on these subgroup analyses, it appears that the effectiveness of larotrectinib is
reasonably similar irrespective of age, gender, and race; however, no definitive conclusions can
be drawn given the limited sample size analyzed.
Table 31 provides a summary of the statistical reviewer’s ORR results per IRC assessment by
study.
Table 31: FDA Results of ORR by Study
n=55
Study
LOXO-TRK14001
LOXO-TRK15002
LOXO-TRK15003

n=105*

Responders/
Patients

ORR (95%CI)

Responders/
Patients

ORR (95%CI)

8/8

100% (63.1%, NA)

8/8

100% (63.1%, NA)

21/35

60% (42.1%, 76.1%)

28/63

44.4% (31.9%, 57.5%)

12/12

100.0% (73.5%, 100.0%)

19/34

55.9% (37.9%, 72.8%)

NA = not applicable
*Data cut-off date: February 19, 2018

Statistical Reviewer Comment:
These subgroup analyses are considered exploratory; results should be interpreted with caution
given the small samples sizes in the subgroups. Although results appear consistent across
studies, no definitive conclusions can be drawn from these analyses.
In addition, the statistical reviewer conducted ORR and DOR subgroup analyses by tumor type
(Table 32) and NTRK fusion partner (Table 33) for patients in the PAS .
Table 32: FDA Results of ORR and DOR by Tumor Type
Tumor Type
Soft tissue sarcoma
Salivary gland
IFS
Thyroid
Lung
Melanoma
Colon
GIST
Cholangiocarcinoma
Appendix
Breast
Pancreas

Patients
(n)

ORR

DOR
Range (mo)
≥6 months, n (%)

Rspn (%)

95% CI*

11

10 (91%)

(59%, 100%)

3.6+, 33.2+

7 (70%)

12
7
5
4
4
4
3
2
1
1
1

10 (83%)
7 (100%)
5 (100%)
3 (75%)
2 (50%)
1 (25%)
3 (100%)
SD, NE
SD
PD
SD

(52%, 98%)
(59%, 100%)
(48%, 100%)
(19%, 99%)
NA
NA
(29%, 100%)
NA
NA
NA
NA

7.7, 27.9 +
1.4+, 10.2+
3.7, 27.0+
8.2, 20.3+
1.9+, 17.5+
5.6
9.5, 17.3
NA
NA
NA
NA

10 (100%)
2 (33%)
4 (80%)
3 (100%)
1 (50%)
1 (100%)
3 (100%)
NA
NA
NA
NA

*No 95%CI for less than 3 responders. Rspn=Responder Number; CR = complete response; PR = partial response; SD
= stable disease; PD=progression disease; NA = not applicable. 1 Observed values at data cutoff, not a range.
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data cutoff date: February 19, 2018

Statistical Reviewer Comment: These subgroup analyses are considered exploratory; results
should be interpreted with caution given the small samples sizes in the subgroups. Although
results show that treatment with larotrectinib results in durable overall responses in patients
with a variety of tumor types there is insufficient clinical experience to conclude that the
response rates achieved with larotrectinib are consistent across all NTRK-fusion cancers. Under
the postmarketing requirement to verify benefit, Loxo Oncology will obtain additional data on
overall response and duration of response in common tumor histologies that are less well
represented in the PAS for this application (e.g., colon cancer, melanoma, lung cancer).
Table 33 summarizes the reviewer’s results of ORR and DOR by NTRK fusion partner based on
IRC data as the date of cut-off on February 19, 2018 for the 55 patients.
Table 33: ORR and DOR Results of by NTRK Fusion Partner
ORR
NTRK Partner
ETV6-NTRK3
TPM3-NTRK1
LMNA-NTRK1
Inferred ETV6-NTRK3
IRF2BP2-NTRK1
SQSTM1-NTRK1
PDE4DIP-NTRK1
PPL-NTRK1
STRN-NTRK2
TPM4-NTRK3
TPR-NTRK1
TRIM63-NTRK1
CTRC-NTRK1
GON4L-NTRK1
PLEKHA6-NTRK1

DOR

Patient (n)

Rspn (%)

95%CI*

Range (mon)

>=6 month
n (%)

25
9
5
3
2
2
1
1
1
1
1
1
1
1
1

21 (84%)
5 (56%)
2 (40%)
3 (100%)
CR, PR
PR, PR
PR
CR
PR
CR
PR
PR
SD
NE
SD

(64%, 96%)
(21%, 86%)
NA
(29%, 100%)
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

3.7, 27.9+
3.7, 10.3+
5.6, 33.2+ 1
1.4+, 2.7
3.7, 20.3+ 1
9.9, 12.9+ 1
3.6+ 1
12.0+ 1
5.6 1
23.6 1
8.2 1
1.9+ 1
NA
NA
NA

19 (91%)
4 (80%)
1 (50%)
0 (0%)
1 (50%)
2 (100%)
0 (0%)
1 (100%)
0 (0%)
1 (100%)
1 (100%)
0 (0%)
NA
NA
NA

*No 95%CI for less than 3 responders. Rspn=Responder Number; CR = complete response; PR = partial response; SD
= stable disease; NE = not evaluable; NA = not applicable. 1 Observed values at data cutoff, not a range.
data cutoff date: February 19, 2018

Statistical Reviewer’s Comments: These subgroup analyses are considered exploratory; results
should be interpreted with caution given the small samples sizes in the subgroups. Although
results show that treatment with larotrectinib results in durable overall responses in tumors
with NTRK1, NTRK2, and NTRK3 gene fusions and across multiple fusion partners, there is
insufficient clinical experience to conclude that the response rates achieved with larotrectinib
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are comparable irrespective of NTRK gene and fusion partner. In particular, only one patient in
the PAS had a tumor harboring and NTRK2 gene fusion, and a partial response was observed in
this patient. Under a postmarketing requirement, Loxo Oncology will evaluate additional
patients to verify and further characterize the clinical benefit of larotrectinib in patients with
NTRK-fusion solid tumors.
Additional Efficacy Considerations
Not applicable. The clinical review team does not anticipate important differences between
how the drug was studied in the clinical trials supporting the efficacy of larotrectinib and how
larotrectinib will be used in the postmarket setting that would affect recommendations
regarding approval of this application or labeling for larotrectinib.

Integrated Assessment of Effectiveness
The clinical and statistical review teams conclude that Loxo Oncology has provided substantial
evidence of the effectiveness of larotrectinib in adult and pediatric patients with metastatic or
unresectable solid tumors that have an NTRK gene fusion without a resistance mutation that
have no satisfactory alternative treatments or that have progressed following treatment.
These applications are supported by evidence of a large and clinically meaningful and durable
overall response rate (ORR) observed in the first 55 pediatric and adult patients with
unresectable or metastatic solid tumors with a neurotrophic receptor tyrosine kinase (NTRK)
gene fusion enrolled and treated with larotrectinib in one of three multicenter, open-label,
single-arm clinical trials (Study LOXO-TRK-14001 [NCT02122913], SCOUT [NCT02637687], and
NAVIGATE [NCT02576431]). FDA considers ORR of a sufficient magnitude and with a meaningful
duration of response as a surrogate reasonably likely to predict clinical benefit in these patients
with refractory cancers. Among the 55 patients in the efficacy population, the ORR was 75%
(95: CI: 61%, 85%), including 22% of patients with a complete response (CR) and 53% of patients
with a partial response (PR) to larotrectinib. Responses were durable. Among the 41
responding patients, 73% had a duration of response (DOR) of at least 6 months, and 39% had a
duration of response of over a year. Although standard treatment regimens exist for most
patients with locally advanced or metastatic solid tumor malignancies, such treatment generally
is not curative and additional treatment is needed. In settings where no treatment is available
or significant morbidity exists, an argument can clearly be made across solid tumors with an
activating NTRK-rearrangement or mutation in solid tumors that treatment with larotrectinib
(with the outcomes described in the efficacy sections above) is better than available therapy.
Such arguments could also be made in settings where the clinical effects of available therapy
are modest.
Please refer to Section 7 of this review for additional details regarding the three clinical trials
contributing data to support the efficacy of larotrectinib and the efficacy analyses provided in
this section.
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FDA accepted data pooled from 3 single arm trials due to the extreme rarity of NTRK fusionpositive solid tumors, rendering conduct of a randomized trial infeasible. Additionally, given the
number of tumor types in which NTRK gene fusions can occur, each with different natural
histories, “lumping” all tumor types together into a single randomized trial would present
significant challenges in trial design and analysis of the data.

Due to the small sample size, there is uncertainty regarding the magnitude of the treatment
effect of larotrectinib in any one histologic subtype of solid tumors with an activating NTRK
rearrangement. Under a postmarketing requirement, Loxo Oncology will conduct additional
single arm studies to obtain data to verify and further characterize the clinical benefit of
larotrectinib, particularly in common histologic tumor types, such as colon cancer and lung
cancer, for which there the overall response rate is not well characterized by the data
submitted to these NDAs. Based on the observed ORR and DOR, equipoise no longer exists and
verification of clinical benefit in randomized trials would no longer be feasible.

Review of Safety

Safety Review Approach
The clinical assessment of the safety of larotrectinib is based on data from three single-arm
trials: LOXO-TRK-14001 (Study 14001), LOXO-TRK 15002 (Study 15002), LOXO-TRK 15003 (Study
15003). The pooled safety population, termed the “overall analysis set” (OAS), comprises 144
patients who received at least one dose of study drug (66 patients in Study 14001, 47 patients
in Study 15002, and 31 patients in Study 15003). The safety monitoring period spanned the
time of first administration of larotrectinib until 28 days following discontinuation of
larotrectinib, and for all AEs or related SAEs reported beyond the discontinuation
(approximately 28 days [+ 7 days] after the final dose of the last cycle of treatment).
Studies were ongoing during the original NDA submission; therefore, interim clinical study
reports were reviewed for Study 14001, Study 15002, and Study 15003, all of which used a data
cut-off date of July 17, 2017. Data from the 60-day update included safety data using a data
cut-off date of February 19, 2018. Narratives of deaths and SAEs from all 3 studies were
reviewed for events that occurred through the time of the data cut-off date. The review of
safety included consideration of the submitted CSR, SDTM and analysis datasets, line-listings,
CRFs, and patient narratives from all 3 trials.
Safety data from five clinical pharmacology studies (N=106), and 6 single patient protocols
(N=6), were also reviewed, however these data were not included in the integrated summary of
safety (ISS) analyses as the former studies enrolled healthy volunteers and the latter did not
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systematically collect safety data in the same fashion as a clinical trial, making data pooling not
appropriate.
Clinical Reviewer comment: Analyses of safety data from the 60-day safety update performed by
Loxo Oncology were reviewed and verified by the FDA clinical reviewer. These results are
included in Sections 5 and 6 of the PRESCRIBING INFORMATION for larotrectinib; however
because the adverse event and laboratory datasets were not available until the end of July
2018; the majority of safety analyses presented below reflect data included in the original NDA
submission that used a data cut-off date of July 17, 2017 (N=144). When warranted, clinically
important new safety information that was provided in the safety update are also described
below.
Initial draft labeling proposed by Loxo Oncology included

(b) (4)
(b) (4)

(Justification Document). In response to FDA advice communicated during review of the NDAs,
(b) (4)
Loxo Oncology submitted revised draft labeling (30 July 2018)
(b) (4)
(b) (4)

.

Review of the Safety Database
Overall Exposure
At the time of the data cutoff for the original NDA and for the 60-Day Update, all three trials
(LOXO-TRK-14001, LOXO-TRK-15002, and LOXO-TRK-15003) were ongoing with patients still
being treated and new patients being enrolled. One hundred forty-four patients across the
three trials had been enrolled as of the original NDA data cutoff and were eligible for inclusion
in the integrated analysis. In the original dataset (data cut off: July 17, 2017) 60 patients (42%)
were continuing to receive larotrectinib and 84 patients (58%) had discontinued larotrectinib.
For further details regarding patient disposition, please see Table 17 of this review. The median
duration of treatment for the PAS (n=55) was 8.3 months, compared to 2.1 months for the
overall analysis set.
Clinical Reviewer comment: The median duration of exposure to larotrectinib is longer in
efficacy-evaluable NTRK fusion population (PAS) compared to the general safety population,
which is expected since the OAS included 65 patients who had solid tumors without an NTRKrearrangement and larotrectinib is an inhibitor of tropomyosin receptor kinases (TRK) TRKA,
TRKB, and TRKC. Patients generally discontinued larotrectinib due to disease progression and
only 3 remained on larotrectinib treatment at the time of data cut-off.
Notwithstanding the limited size of the safety population, the clinical review team considered
the exposure to larotrectinib adequate to conduct a risk:benefit assessment, particularly given
the observed ORR and DOR. The safety data derived from the adult population reflects the
safety of larotrectinib across 6 dose levels; the majority of adult patients (76%) received the
larotrectinib 100 mg twice daily as a starting dose. There were 3 pediatric dose cohorts, all from
155
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)
Reference ID: 4354090

NDA Multidisciplinary Review and Evaluation NDA 210861 and NDA 211710
VITRAKVI (larotrectinib)
Study 15003, in which drug exposures for the pediatric patients did not materially differ across
the three cohorts. This study used BSA for dosing. Twenty-five percent of pediatric patients in
the efficacy-evaluable population received the intended dose for marketing (100 mg/m2 orally
twice daily, with a maximum of 100 mg orally twice daily), though most pediatric patients
ultimately received comparable doses and achieved similar exposures to larotrectinib through
BSA and/or age adjusted calculations followed by PK-directed intra-patient dose adjustment.
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Table 34 summarizes larotrectinib exposure for Study 14001, Study 15002, and Study 15003.
Table 34: Exposure Summary
LOXO-TRK-14001
Original NDA
60-Day Update
OAS
PAS
OAS
PAS
66
8
70
8

N

Duration of treatment in weeks
8.0
Median
20.6
Mean
Range
0.1,

93.3
87.7
39.6,

121.0

121.0

Number of oral administrations
Median
85.0
1130.0
Mean
259.4 1096.1
Range
1, 1696 554,
1696

8.0
23.3
0.1,
153.0

123.5
113.0
67.7,
153.0

LOXO-TRK-15002
Original NDA
60-Day Update
OAS
PAS
OAS
PAS
47
35
63
35

LOXO-TRK-15003
Original NDA
60-Day Update
OAS
PAS
OAS
PAS
31
12
43
12

23.7
26.7

32.0
33.0

28.3
35.2

51.9
48.2

16.0
21.3

36.1
38.6

28.3
32.5

64.4
60.5

0.9, 91.0

2.9,
91.0

1.1,
120.0

2.9,
120.0

1.0,
64.0

16.0,
64.0

1.1, 97.0

16.0,
97.0

101.0 1359.0 324.0
288.6 1401.4 360.8
1, 2138 786,
12,
2138
1234

426
396.0
446.5
482.1
40, 1234 16,
1724

610.0
228.0
652.7
299.0
40, 1724 14,
904

514.0
398.0
902.0
545.3
455.9
847.7
228, 904 16, 1358 226,
1358

1

Cumulative dose
Median
Mean
Range
Dose intensity
Median
Mean
Range

11000.0
29840.5
200,
227400

121100. 11200.0 142800. 31250. 42600.0 37800.0 59400.0 19954.3 42458.2 32968.1
120987. 32478.6 152618. 35084. 43312.9 47094.4 63335.7 30631.7 50196.1 38939.4
55400,
200,
78600, 1200,
4000,
1600,
4000,
1385, 19954, 1221,
227400 257700 257700 118200 118200 157600 157600 141164 106179 147527

2

Relative dose intensity (%)
Median

5600.0
5138.6
200,
13100

5607.7
5439.7
2886,
8422

5550.7
4968.4
200,
11200

5600.0
5426.4
2984,
8390

5600.0
5216.1
1200,
6341

5600.0
5339.1
2150,
6341

5600.0
5268.7
1522,
6533

5600.0
5327.7
1522,
6000

4877.8
4985.3
1385,
14116

5114.9
5160.3
3130,
7546

4669.7
4542.7
1221,
6717

4503.8
4723.8
3054,
6717

100.0

100.1

96.6

99.9

100.0

100.0

100.0

100.0

100.0

108.9

98.1

105.8
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N
Mean
Range

LOXO-TRK-14001
Original NDA
60-Day Update
OAS
PAS
OAS
PAS
66
8
70
8

LOXO-TRK-15002
Original NDA
60-Day Update
OAS
PAS
OAS
PAS
47
35
63
35

LOXO-TRK-15003
Original NDA
60-Day Update
OAS
PAS
OAS
PAS
31
12
43
12

85.7
3.6,
163.0

93.1
21.4,
113.0

116.3
25.0,
383.0

84.4
34.4,
118.0

82.6
3.6,
154.0

86.4
53.3,
117.0

95.3
38.4,
113.0

94.1
27.2,
117.0

95.1
27.2,
107.0

(Source: Response to IR on 23 July 2018; SUBJECT.xpt from 60-day update, ADEX.xpt)
OAS=Overall analysis set; PAS=Primary analysis set (efficacy-evaluable NTRK-fusion population)
1
Cumulative dose is reported in mg for studies 14001 and 15002 and in mg/sq meter for study 15003.
2
Dose intensity is reported in mg/cycle for studies 14001 and 15002 and in mg/sq meter/cycle for study 15003.
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Relevant characteristics of the safety population:
Given the rarity of NTRK fusion solid tumors, FDA considered the safety database to be
adequate characterize risks in the population who would be treated with larotrectinib in the
postmarket setting with regard to age distribution.
The safety population from Studies 14001 and 15002 primarily consisted of adult patients with
solid tumors, and the safety population from Study 15003 consisted primarily of pediatric
patients [median age of 5.3 years (range 0.1, 19.9)]. Adult patients with lung cancer, soft tissue
sarcoma, and biliary cancer tended to be younger than adult patients with other types of NTRKfusion solid tumors, with median ages of 45, 32 and 39.5 years, respectively. With the exception
of a single patient who received larotrectinib in an expanded access protocol, all patients with
IFS were enrolled in Study 15003.
Loxo Oncology provided subgroup safety analyses to evaluate the impact of age on frequency
of AE in the pooled safety population. Additional exploratory analyses were conducted based
on gender, race, performance score, NTRK-gene fusion protein, and tumor type. Limitations of
these subgroup analyses are the small sample sizes and lack of internal control in all studies.
Adequacy of the safety database:
Overall, the safety database submitted by Loxo Oncology was adequate to conduct a
risk:benefit assessment, given the observed ORR and DOR. Given the rarity of solid tumors with
an activating NTRK rearrangement and the observed adverse reaction profile in the context of
the larotrectinib exposure achieved in the safety population, FDA considered the safety
database sufficient to characterize the safety profile of larotrectinib and identify AEs that occur
at an incidence of approximately 2%.
Adequacy of Applicant’s Clinical Safety Assessments
Issues Regarding Data Integrity and Submission Quality
The data submitted was well-organized and of adequate quality to perform a comprehensive
review of the safety of larotrectinib. Several information requests were sent to Loxo Oncology
during the review of safety to confirm data, request additional data, request alternative
presentations of safety data, or clarify minor discrepancies. Loxo Oncology provided timely and
adequate responses, including additional analyses and clarifications as required. Laboratory
data was submitted late in the review cycle making a comprehensive review challenging;
however, data was verified and characterized (see final PRESCRIBING INFORMATION for
larotrectinib).
Clinical Reviewer comment: The analyses of laboratory data included in this review are based on
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the most recent laboratory datasets submitted by Loxo Oncology from the 60-day data cut off
(19 Feb 2018, received on July 30, 2018). These data were used to support Section 6 of the
prescribing information for larotrectinib.
Categorization of Adverse Events
MedDRA v18.1 was used for coding adverse events for the ISS and CSR for Study LOXO-TRK14001. MedDRA v17.1 was initially used for coding adverse events in Study LOXO-TRK-14001,
but in August 2017 MedDRA coding for Study LOXO-TRK-14001 was changed to v18.1 for
consistency with the other studies.
Loxo Oncology coded verbatim AE terms for all 3 studies and the integrated database using
MedDRA version 18.1 for the primary analyses and the data submitted at the 60-day data
safety update. Treatment-emergent adverse events (TEAEs) were defined as all AEs occurring
from initiation of study drug through 28 days after the last dose of larotrectinib. Furthermore,
in the SCS (NDA location Module 2.7.4, Section 2.7.4.5.9) deaths were described within 30 days
of receiving larotrectinib instead of 28 days as outline in the statistical analysis plan (SAP). Loxo
Oncology indicated that they extended the window by 2 days for completeness as there was
one death that occurred on Day 29. NCI CTCAE Version 4.03 was used for toxicity grading.
Together with a clinical analyst, the clinical reviewer assessed the adequacy of Loxo Oncology’s
mapping of AE verbatim terms to MedDRA preferred terms (PTs) for 100% of the three studies’
primary AE.xpt datasets. The majority of nonidentical terms were due to spelling differences
(e.g., anemia versus anaemia), use of abbreviations instead of full text (e.g., URI versus upper
respiratory infection), and verbatim terms that included descriptors (e.g., intermittent nausea
versus nausea). During the audit of the case report forms, several discrepancies were noted
between AE information included in the case report forms and the AE datasets, including
missing records. A teleconference between FDA and Loxo Oncology was held on April 10, 2018
to discuss these discrepancies, and on April 13, 2018 Loxo Oncology submitted an amendment
to the NDA that adequately explained the discrepancies. Entries on the CRF that were supposed
to be deleted after data cleaning were noted in the CRF with a superscript “D” and appeared to
be missing data from the SDTM and AdAM datasets. Loxo Oncology explained that these entries
were not supposed to be included in the datasets and submitted a define file for the CRF. There
were also entries to the CRF that were events after the cut-off date for NDA submission, and
thus not reflected in the datasets. Overall, the MedDRA PTs listed in the dataset adequately
represented the verbatim terms from the CRFs.
The major discrepancy between FDA’s review of AEs and the assessment by Loxo Oncology was
(b) (4)
that Loxo Oncology submitted their draft labels with AEs
(b) (4)
. FDA discussed this with Loxo Oncology during Loxo Oncology’s application
orientation meeting and at separate teleconference. Loxo Oncology subsequently submitted an
(b) (4)

(Justification Document no 002, 22 May 2018). This document
described the process of determining adverse drug reactions (ADRs) to be included in the initial
(b) (4)
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Prescribing Information.
(b) (4)

. On July 30, 2018, Loxo Oncology submitted a revised version of the draft labeling
for larotrectinib that included all treatment-emergent AEs as adverse reactions of larotrectinib,
irrespective of the investigator assessment of causality.
(b) (4)

Routine Clinical Tests
Laboratory assessments were performed within 2 days of enrollment, at regularly scheduled
intervals, and when medically necessary during drug administration. Vital sign measurements
were obtained prior to each cycle. Monitoring for cardiac-related toxicities included ECGs prior
to Cycle 1 and odd cycles, at the end of therapy, and at the discretion of the Investigator, with
the exception of Study 15003 in which pediatric patients underwent EKG assessment prior to
Cycle 1 Day 1 only. (Refer to the Monitoring Plan in 8.1.1, 8.1.2, 8.1.3 for details).
Safety Results
Deaths
Loxo Oncology performed an analysis of all patients who died within 30 days of receiving
larotrectinib regardless of the relationship to the study drug (data cutoff: 17 Jul 2017). Using
the AE dataset, there were 9 deaths: 5 on Study LOXO-TRK-14001, 3 on Study LOXO-TRK-15002,
and 1 on Study LOXO-TRK-15003. Starting doses for these patients ranged from 100 mg daily to
200 mg twice daily. No deaths were attributed to larotrectinib; all were attributed to either
disease progression (8 patients) or to a complication of the primary malignancy. At the time of
data cutoff for the 60-Day Update, 3 additional patients had died within 30 days of receiving
larotrectinib: 1 on Study LOXO-TRK-14001*, 1 on Study LOXO-TRK-15002, and 1 on Study LOXOTRK-15003. All 3 patients received larotrectinib 100 mg twice daily. None of the 3 deaths were
attributed to larotrectinib.
Reviewer Comment: *On July 18, 2018, FDA sent an IR to Loxo Oncology requesting clarification
regarding the number of patient deaths in Study 14001. Loxo Oncology clarified that a total of
10 deaths were reported for 14001 at the time of the original NDA cut-off; however, the
corresponding listing (CSR LOXO-TRK-14001/Listing 16.2.3.3) only reported 9 deaths. Loxo
(b) (6)
Oncology identified the following cause of the discrepancy: the death of patient
was
only reported as a fatal AE in the Adverse Events CRF, but not reported on the Death CRF. Since
the Death CRF was the source for the initial creation of Listing 16.2.3.3, the death of patient
(b) (6)
was not accurately reflected in the listing and submission datasets. Additionally, for
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(b) (6)
patient
, the reported cause of death was disease progression and not due to an
AE per Loxo Oncology. For the 60-Day Update, the analysis was updated to include both deaths
(b) (6)
reported as fatal AEs as well as those reported on the Death CRF. Patient
is now
reported as an on-study death in the listings and submission datasets for the 60-Day Update.

Using the overall analysis dataset (N=176) and the 60-day update data, there were a total of 12
deaths (7%) within 30 days of the last dose of larotrectinib, none of which were attributable to
larotrectinib nor an AE. Deaths on study are presented in tabular form in Table 35.
Table 35: Overview of Deaths in Larotrectinib Clinical Trials
Total

Deaths

N (%)

All Deaths
Death on Study or within 30 days of Last Dose1
Primary Cause
Disease Progression2
Adverse Event

30 (17)
12 (7)
13 (7)
0

Source: Reviewer generated table based on DS.xpt, ADSL.xpt, narratives, CRFs, ISS listings 5.3.5.3 submitted on 29
May 2018
1
Intestinal perforation, likely due to disease progression
2
(b) (6) from IR response 18 July 2018
Incudes patient

The reviewer conducted analyses of the narrative summaries and AEs to verify the cause of
death described by Loxo Oncology for all deaths that occurred within 30 days of the last dose of
larotrectinib. A more granular assessment of deaths was performed; results of this assessment
are presented in Table 36.
Table 36: Probable Causes of Deaths Occurring within 30 Days of Last Dose of larotrectinib
Study

Patient
(b) (6)

14001

15002

15003

Age
(years)

Primary
Malignancy

Larotrectinib
Starting Dose

Probable Cause of
Death/Fatal AE

Study Day of
Death

Days from
Last Dose

53
68
60
46
60
24
73
32
13

Pancreas
Thymus
Pancreas
Breast
Colon
Sarcoma
Colorectal
Biliary
Medulloblastom

100 mg BID
100 mg daily
200 mg daily
100 mg BID
200 mg BID
100 mg BID
100 mg BID
100 mg BID
125 mg BID

Disease progression
Disease progression
Disease progression
Disease progression
Disease progression
Disease progression
Intestinal perforation
Disease progression
Disease progression

71
71
30
6
97
36
84
56
46

25
7
15
2
13
17
3
29
2
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Study

Patient

Age
(years)

Primary
Malignancy

Larotrectinib
Starting Dose

Probable Cause of
Death/Fatal AE

Study Day of
Death

Days from
Last Dose

25Aug2017

11

60-day update
(b) (6)

40

Bone sarcoma
Chondrosarcoma

100 mg BID

15002

67

Colorectal

100 mg BID

15003

15

CNS

100 mg BID

14001

Disease progression

Progressive disease/
13Aug2017
small intestinal
obstruction
Cerebellar hemorrhage 03Sep2017

26
1

Source: narratives, 60-day update clinical summary document, AE and ISS dataset original NDA and 60-day update
Key: BID=twice daily

This reviewer conducted analyses of the narrative summaries and AE listings to verify the cause
of death provided by Loxo Oncology for all deaths attributed to a TEAE or that occurred within
30 days of the last dose of study therapy regardless of attribution. The cause of death listed as
intestinal perforation and small intestinal obstruction was an event caused by underlying
(b) (6)
disease progression in a patient with colorectal cancer (
.
The cause of death of the patient who had an underlying CNS malignancy and developed a fatal
(b) (6)
(b) (6)
adverse event of cerebellar hemorrhage
was more nebulous. Patient
(b) (6)
was a 15-year-old female with astrocytoma who developed somnolence and a head CT
without contrast performed at that time reported left dural sinus thrombosis, left cerebellar
hemorrhage and fourth ventricular obstruction causing hydrocephalus. This assessment was
performed by an outside hospital without comparison to prior imaging of the same area
performed at the study site such that pre-existing primary tumor pathology affecting this
anatomy was not appreciated; the images from the outside hospital were later obtained by the
study site so that the reported brain abnormalities could be compared to prior scans that had
been conducted, which included contrast and their review concluded that primary tumor
progression was the cause of death for this patient.
(b) (6)
Patient
had a stage 4 medulloblastoma and experienced altered mental status
on day 6 of treatment. Larotrectinib was held for a day and the patient developed other
neurologic symptoms starting on day 14. The patient entered hospice care on day 42 and died
from disease progression on day 44 (the CRF notes death from disease progression but with no
associated scans).

Reviewer comment: While the AE of altered mental status might be due to larotrectinib, it
seems unlikely that this patient with a primary CNS tumor died of a neurologic event related to
larotrectinib.
(b) (6)
Patient
was a 40-year-old patient with metastatic bone sarcoma with an
abdominal pleurex catheter who experienced confusion and fatigue on day 4 of larotrectinib
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100 mg twice daily. Larotrectinib was held and she was hospitalized for spontaneous bacterial
peritonitis (SBP) and cellulitis and was experiencing Grade 3 delirium concurrently. The patient
narrative describes the mental status changes attributable to bacterial peritonitis. After
resolution of the SBP and cellulitis, the patient was transferred to hospice and died on day 15
due to disease progression.
Clinical Reviewer comment: The reviewer agrees that none of the deaths in this NDA were likely
to be due to an AE with the exception of 1 patient who had an underlying CNS malignancy and
(b) (6)
developed a fatal adverse event of cerebellar hemorrhage (see above,
This
reviewer believes that the cerebellar hemorrhage was more likely related to the underlying CNS
malignancy than to larotrectinib.
Serious Adverse Events
The analysis of SAEs presented by Loxo Oncology are based on the adverse event dataset and
include the overall analysis safety population using the data included in the original NDA
submission and the 60-day update for patients who reported an AE that met any of the serious
criteria, whether or not the event was judged to be related to study drug. Loxo Oncology stated
that the majority of SAEs were either wholly or in part attributed to the underlying cancer
diagnosis and disease progression. Loxo Oncology defined SAEs as any AE that met one of the
following criteria:
• Results in death.
• Is life-threatening.
• Requires hospitalization or prolongation of existing hospitalization.
• Results in disability/incapacity.
• Is a congenital anomaly/birth defect.
• Is an important medical event.
This definition of SAE is in accordance with 21 CFR 312.32(a).
A total of 47 patients (33%) experienced at least 1 SAE during treatment based on data included
in the original NDA submission and 64 patients (36%) had experienced at least 1 SAE according
to the 60-Day Update. The most commonly occurring SAE in both the original NDA submission
and the 60-Day Update was disease progression (n = 7, 5% and n = 8, 5% respectively). In
general, most serious AEs appeared to be related to complications from the primary malignancy
for both the original NDA submission and the 60-Day Update.
Nine patients (6%) in the original NDA submission and 10 (6%) patients in the 60-Day Update
had an SAE that was considered related to larotrectinib by the investigator. In the original NDA,
33 (23%) patients had an SAE that was Grade 3, and there were 54 events in 9 (6%) patients
that were considered related to larotrectinib by the investigator. A total of 12 SAEs of Grade 4
severity were experienced by 9 (6%); these 12 events were considered not related to
larotrectinib per the investigator. In the 60-day safety update, 45 (26%) patients experienced a
Grade 3 SAE, with 10 events in 8 (5%) patients that were considered related to larotrectinib.
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There were 17 SAE in 12 (7%) patients were Grade 4, with only 1 SAE considered related to
larotrectinib (ALT elevation).
Clinical Reviewer comment: The analyses of SAE data provided in the original NDA submission
and the 60-day safety update yielded similar results. Although investigators provided a causality
assessment for the SAEs, due to the single arm nature of the 3 trials contributing safety data for
these NDAs, a conservative and comprehensive approach to inclusion of all treatment-emergent
adverse events as adverse reactions in the prescribing information for larotrectinib was taken.
Table 37 provides a summary of the per-patient incidence of SAEs regardless of causality by PT
in order of decreasing frequency, by event.
Table 37: Serious Adverse Events by Preferred Term
Patient incidence, n (%)
All
Preferred term
N
Any
Disease progression
Pyrexia
Diarrhea
Sepsis
Abdominal pain
Dehydration
Cellulitis
Nausea
Muscular weakness
Abdominal pain, Acute kidney injury, Bile
duct obstruction, Fatigue, Hyponatremia,
Influenza, Metastases to CNS, Pleural
effusion, Pneumonia, Pulmonary embolism
Myalgia, Delirium, Enterocutaneous fistula,
Ejection fraction decrease, Hematuria
Vomiting
Increased ALT
Increased AST
Dyspnea, Small intestinal obstruction
Device related infection

Original NDA

60-Day Update

144
47 (33)
7 (5)
4 (3)
2 (1)
2 (1)
2 (1)
3 (2)
0
2 (1)
2 (1)

176
64 (36)
8 (5)
6 (3)
4 (2)
4 (2)
4 (2)
3 (2)
3 (2)
2 (1)
2 (1)

2 each (1)

2 each (1)

1 each (1)

1 each (1)

1 (1)
1 (1)
1 (1)
1 (1)
0

3 (2)
2 (1)
2 (1)
2 each (1)
2 (1)

Source: ISS 60-day update AE data, original NDA AE.xpt data, ISS SDTM AE.xpt
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In the 60-day safety update, 3 patients enrolled on single patient protocols (SPP) experienced
SAEs while receiving larotrectinib, all 3 patients were pediatric patients (ages 11–19 months of
age) with IFS. The SAEs reported are not uncommon in this young patient population and
consisted of Grade 2 vomiting (n = 1) and pyrexia of unreported severity (n = 3). All four SAEs in
these three SPP patients were considered unrelated to larotrectinib and resolved without
sequelae; additionally, all three patients continue on larotrectinib as of the data cut-off for the
60-day safety update (19 Feb 2018).
Clinical Reviewer comment: In general, this reviewer considers the attributions of the SAEs by
the investigator to be likely to be accurate. Most SAEs could be attributed to underlying cancer,
or common complications of cancer therapy. However, because attribution may be unreliable in
single arm trials, these data are reflected FDA PRESCRIBING INFORMATION for larotrectinib. For
details regarding liver toxicities, see Laboratory findings, dose modifications in 8.1.1, 8.1.2, 8.1.3
of this review.
Dropouts and/or Discontinuations Due to Adverse Effects
Loxo Oncology categorized dose modifications into the following groups when an AE was noted
in the 60-day update AE dataset: "DOSE MODIFIED","DOSE NOT CHANGED","DRUG
INTERRUPTED","DRUG WITHDRAWN","OTHER","UNKNOWN". “DRUG WITHDRAWN” correlates
to discontinuation of larotrectinib, and the Loxo Oncology assessed “DOSE MODIFIED” as
held/interrupted or reduced, exclusive of discontinuation. Note that categories “NOT
APPLICABLE” and “DOSE REDUCED” were included in the original NDA AE.xpt dataset. This
reviewer finds these acceptable.
There were 23 patients (13%) who discontinued larotrectinib due to AEs in the 60-day update,
(compared to 19 patients [13%] in the original NDA submission). Although Loxo Oncology states
that 5 patients (3%) experienced an AE related to drug that led to treatment discontinuation,
based on investigator assessment. All AEs that led to discontinuation of larotrectinib are
presented in Table 38 below. Few AEs occurred in more than 1 patient each. Note that patients
could experience more than one AE leading to discontinuation.
Table 38: Adverse Events Leading to Drug Discontinuation in All Patients (overall analysis set)
Patient incidence, n (%)
Preferred term
N
Any
Dehydration
Disease progression
Fatigue
ALT increased

Original NDA

60-Day Update

144
19 (13)
2 (1)
2 (1)
2 (1)
0
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Patient incidence, n (%)
Preferred term
AST increased

Original NDA

60-Day Update

1 (1)

2 (1)

0

1 (1)

Muscular weakness
Amylase increased,
Enterocutaneous fistula,
Lipase increased, Nausea
Abdominal pain, Asthenia,
Brain edema, Decreased
appetite, Dyspnea,
Hyponatremia, Intestinal
perforation, Jaundice,
Metastases to CNS, Pericardial
effusion, Pleural effusion,
Syncope, Vomiting
Acute myeloid leukemia, Small
intestinal obstruction
Flank pain

1 (1)

0

Pneumonia

1 (1)

0

1 each (1)

0

1 each (1)

(Source: 60-day AE.xpt, ADAE from original NDA)

Clinical Reviewer comment: Although it is difficult to reliably assess attribution to larotrectinib
given the single arm nature of the trials providing safety data and due to the low number
adverse events, I agree with Loxo Oncology that PTs “brain edema,” “disease progression,”
“enterocutaneous fistula,” “metastases…,” “intestinal perforation,” “Acute myeloid leukemia,”
and “small intestinal obstruction,” appear to be related to the underlying cancer or other
underlying comorbidities. Note that the PT and source of Table 38 is from AE datasets and not
laboratory value dataset (ADLB). For further review of “ALT increased,” and “AST increase,” see
Laboratory abnormalities.
Forty-eight (33%) of 144 patients in the original NDA and 65 (37%) patients in the 60-Day
Update experienced an AE leading to dose modification of larotrectinib (held/interrupted or
reduced, exclusive of discontinuation). AEs triggering dose modification occurring in ≥ 2% of
patients are displayed in Table 39. The most common reasons in the original NDA and the 60Day Update, respectively, were increased ALT (n = 8, 6% and n = 10, 6%), increased AST (n = 7,
5% and n = 10, 6%), dizziness (n = 5, 3% and n = 5, 3%), muscular weakness (n = 4, 3% and 2,
1%), and vomiting (n = 4, 3% and 3, 2%).
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Table 39: Adverse Events Leading to Dose Modification (exclusive of discontinuation)
occurring in ≥ 2% of patients
Preferred term
N
Any
ALT increased
AST increased
Dizziness
Muscular weakness
Vomiting
Fatigue
Nausea
Neutrophil count
Pyrexia

Patient incidence, n (%)
All (overall analysis set)
Original NDA
60-Day Update
144
176
48 (33)
65 (37)
8 (6)
10 (6)
7 (5)
10 (6)
5 (3)
5 (3)
4 (3)
2 (1)
4 (3)
3 (2)
3 (2)
3 (2)
3 (2)
4 (2)
3 (2)
4 (2)
3 (2)
3 (2)

(Source: 60-day AE.xpt, ADAE from original NDA)

Clinical Reviewer comment: Note that the PT and source of Table 39 is from AE datasets and not
laboratory value dataset (ADLB). For further review of “ALT increased,” “AST increase,” and
“Neutrophil count,” see Laboratory abnormalities.
There was only 1 patient with a dose modification due to a reason categorized as “UNKNOWN”
and 6 (3%) patients with a dose modification due to an AE classified as “OTHER”. “OTHER”
included 3 patients with increased ALT and AST, and then 1 patient each with PT of “decreased
(b) (6)
appetite,” “dyspnea (Patient
),” “inner ear inflammation,” “neutrophil count
decreased,” and “paresthesia.” Grade 2 dyspnea was experienced by a patient with metastatic
breast cancer, but there were no further details in the patient narrative regarding the AE. This
patient had PD after 1 cycle of larotrectinib and so the incidence of dyspnea may have been
related to disease progression.
Significant Adverse Events
The ICH E3 guidance recommends that marked laboratory abnormalities not meeting the
definition of SAEs also be considered significant AEs. These laboratory abnormalities are
described in the Laboratory Findings section of this review.
In addition, the ICH E3 guidance considers other potentially important abnormalities, such as
severe AEs (i.e., adverse events of ≥ Grade 3 severity as graded by the NCI CTCAE criteria that
do not meet the definition of a serious AE) as potentially significant.
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Grade 3-4 AEs
Forty-eight percent of all treated patients in the safety dataset submitted to the original NDA
and 51% of all treated patients in the 60-Day safety update database experienced at least one
Grade 3-4 AE (Table 41 below), primarily of Grade 3 severity. Those reported in > 2% of patients
in the overall safety analysis set are presented in Table 40. In the safety database included in
the original NDA submission, the most common Grade 3-4 adverse events were anemia (10%),
fatigue (4%), increased ALT, increased AST, decreased neutrophil count, increased weight, and
decreased appetite (3% each). The most common Grade 3-4 events in the 60-day update were
anemia (11%), decreased neutrophil count (5%), increased weight (4%), hypophosphatemia
(4%), and fatigue, increased ALT, increased AST, and hypokalemia (3% each). In the original
NDA, 13% of all treated patients had a Grade 3-4 AE that was considered related to
larotrectinib, as did 14% of all treated patients in the 60-Day Update. See the clinical reviewer
comment below regarding attribution of adverse events.
Interpretation of adverse events related to weight gain was challenging due to the single arm
design of the larotrectinib clinical trials and presence of confounding factors. Additionally, 6%
percent of patients had an adverse event of decreased weight, 1% of which was severe (Grade
3). Additionally, some patients experienced adverse events of increased weight and decreased
(b) (6)
weight. For example, patient
had pre-existing morbid obesity, limb edema, and
other comorbid conditions. He gained weight while on study and later lost weight (cycle 23)
while on the same dose of larotrectinib (100mg twice daily). The investigator did not consider
these weight changes related to larotrectinib. Furthermore, at the time of data-cutoff, the
patient was receiving Cycle 29 of therapy, and had a weight below his baseline weight.
An adverse event of Grade 3 weight gain (≥20% increase from baseline growth curve using the
CDC infant growth chart) was reported during Cycle 6 of treatment of a 15-month-old infant
(b) (6)
with soft tissue sarcoma of the thigh (Patient
); however, this patient was small
at baseline (plotted on weight curve at 14%), and the weight increase could either have been
due to normal catch-up growth after being treated for his cancer. His weight increased and
decreased multiple times throughout treatment at the same dose. For the PT AE of weight gain,
the duration of treatment for these 7 patients ranged from 9 months to 35 months.
Clinical Reviewer comment: Adverse events of increased weight and decreased weight occurred
in patients treated with larotrectinib; however, due to the single arm nature of the larotrectinib
trials, cofounding factors such as comorbidities , and small sample size, it is difficult to ascertain
the extent to which the changes in weight observed were related to larotrectinib or other
factors. This is particularly true in pediatric patients, who can experience catch-up growth with
improvement in illness. Increased food consumption and weight gain was observed in toxicology
studies of larotrectinib, which is consistent with the observed effects of Trk inhibition in animals
and humans with deficiencies in TrkB signaling. Thus, it is likely that the observed weight gain in
some patients was related to larotrectinib.
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Table 40: Grade 3-4 AEs in > 2% of patients in Overall analysis safety population
Overall analysis set
n (%)

60-Day Update

Any Grade
60-Day Update

144

176

176

Anemia*

15 (10)

19 (11)

45 (26)

Neutrophil Count Decreased*

5 (3)

8 (5)

17 (10)

Hypophosphatemia*

3 (2)

7 (4)

10 (6)

Weight increased

5 (3)

7 (4)

26 (15)

Alanine aminotransferase increased*

5 (3)

6 (3)

45 (26)

Fatigue

6 (4)

6 (3)

65 (37)

Aspartate aminotransferase increased*

4 (3)

5 (3)

45 (26)

Hypokalemia*

3 (2)

5 (3)

14 (8)

Sepsis

3 (2)

5 (3)

5 (3)

Cellulitis

1 (1)

4 (2)

5 (3)

Decreased appetite

4 (3)

4 (2)

23 (13)

Dyspnea

3 (2)

4 (2)

31 (18)

Preferred Term
N

Original NDA

Source: AE.xpt original dataset, 60-day update ISS
*note these are PT, see Laboratory Findings for review and assessment in the appropriate datasets

Treatment Emergent Adverse Events and Adverse Reactions
The overall analysis safety database which includes the 60-day update (N=176) pooled from 3
studies was analyzed at each level of the MedDRA hierarchy for common AEs. The tables in this
section summarize the incidence of TEAEs, defined as AEs that occurred from the time of the
first dose until 30 days following the last dose of larotrectinib. Almost all patients in the 60-day
update analysis population (n=173, 98%) had at least one AE during treatment with
larotrectinib. Most AEs were Grade 1 in severity (95%). Approximately half of the patients (48%
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in the safety database included in the original NDA and 51% in the 60-Day safety Update) had 1
or more AEs that were severe (CTCAE Grade 3 or greater); these were considered related to
study drug in 19 (13%) of 69 patients in the original NDA submission and in 24 (14%) of the
patients in the 60-Day Update. Table 41 provides of summary of TEAEs.
Table 41: Summary of AEs in Overall Analysis set
Overall analysis set
Original NDA

60-Day Update

144
139 (97)

176
173 (98)

69 (48)

89 (51)

AE leading to treatment
discontinuation

19 (13)

23 (13)

Serious AE

47 (33)

64 (36)

Fatal AE

9 (6)1

11 (6)1

n
Any AE
Grade 3 or 4 AE

(Source: AdAM ISS AE.xpt original NDA, 60-day update, Table 17, Table 40, Table 35, Table 37).
1
One patient with an AE of intestinal perforation in the context of advanced colon cancer is included.
2
(b) (6) died within 30 days of last dose of larotrectinib, reason for death was not
One additional patient
reported as an AE and therefore not captured in this number.

Clinical Reviewer comment: the incidence of AEs and deaths between the original data and the
60-day update is consistent. Again, the fatal AEs were not thought to be related to larotrectinib
and were mostly from disease progression.
This reviewer analyzed common treatment-emergent adverse events (TEAEs) in the overall
analysis set from the original NDA (N=144) and 60-day update (N=176) based upon system
organ class (SOC), high -level term (HLT), high -level group term (HLGT), and Preferred Term
(PT) of the MedDRA hierarchy. TEAEs were most common (> 35% incidence) in the
Gastrointestinal disorders (66%), General disorders and administration site conditions (62%),
and Nervous system disorders (55%) SOCs. Adverse event incidences by SOC were similar
between the original NDA data and the 60-day safety update. Table 42 provides a summary of
the per-patient incidence (PPI) of TEAEs by SOC for the SOC’s with a PPI of TEAE of more than
35%.
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Table 42: Adverse Events by System Organ Class > 35% Incidence
Overall analysis set
n (%)

System Organ Class

N
Gastrointestinal disorders

Original NDA

60-Day Update

144

176

95 (66)

120 (68)

89 (62)

121 (69)

79 (55)

106 (60)

Respiratory, thoracic and mediastinal
disorders

69 (48)

89 (51)

Musculoskeletal and connective
tissue disorders

67 (47)

84 (48)

66 (46)

81 (46)

62 (43)

83 (47)

57 (40)

67 (38)

56 (39)

83 (47)

50 (35)

63 (36)

General disorders and administration site
conditions
Nervous system disorders

Metabolism and nutrition disorders
Investigations
Skin and subcutaneous tissue disorders

Infections and infestations
Blood and lymphatic system disorders
(Source: ADAE dataset from original NDA and ISS AE.xpt)

Overall, almost all patients experienced at least 1 TEAE during the study. AEs reported in ≥ 5%
of patients are presented in Table 43 by preferred term. The most common adverse events
(≥20%) were fatigue (37%), nausea (29%), dizziness (28%), cough (26%), increased ALT (26%),
increased AST (26%), anemia (26%), vomiting (26%), constipation (23%) and diarrhea (22%). PT
incidences were almost identical between the original NDA submission and the 60-day update.
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Table 43: Adverse Events by Preferred Term > 5% Incidence
Preferred Term

N
Fatigue
Nausea
Dizziness
Cough
Alanine aminotransferase increased
Anemia
Aspartate aminotransferase increased
Vomiting
Constipation
Diarrhea
Dyspnea
Pyrexia
Edema peripheral
Weight increased
Headache
Arthralgia
Myalgia
Decreased appetite
Abdominal pain
Muscular weakness
Back pain
Pain in extremity
Hypertension
Nasal congestion
Blood alkaline phosphatase increased
Fall
Hypoalbuminemia
Neutrophil count decreased
Upper respiratory tract infection
Urinary tract infection
Blood creatinine increased
Hypokalemia
Leukocyte count decreased
Dysgeusia
Gait disturbance
Paresthesia
Pruritus

Overall analysis set
n (%)
Original NDA

60-Day Update

144
53 (37)
41 (28)
38 (26)
31 (22)
30 (21)
36 (25)
34 (24)
36 (25)
32 (22)
27 (19)
27 (19)
20 (14)
19 (13)
19 (13)
19 (13)
18 (13)
16 (11)
19 (13)
16 (11)
16 (11)
15 (10)
15 (10)
16 (11)
10 (7)
13 (9)
8 (6)
14 (10)
12 (8)
10 (7)
12 (8)
11 (8)
10 (7)
12 (8)
10 (7)
13 (9)
9 (6)
9 (6)

176
65 (37)
51 (29)
50 (28)
46 (26)
45 (26)
45 (26)
45 (26)
45 (26)
40 (23)
39 (22)
31 (18)
31 (18)
27 (15)
26 (15)
25 (14)
24 (14)
24 (14)
23 (13)
22 (13)
22 (13)
21 (12)
21 (12)
19 (11)
18 (10)
17 (10)
17 (10)
17 (10)
17 (10)
16 (9)
16 (9)
15 (9)
14 (8)
14 (8)
13 (7)
13 (7)
13 (7)
13 (7)
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Preferred Term

N
Anxiety
Asthenia
Insomnia
Rash maculo-papular
Abdominal distension
Dry skin
Flatulence
Hyperkalemia
Influenza like illness
Lymphocyte count decreased
Nasopharyngitis
Rash
Weight decreased
Dehydration
Dysphagia
Hypophosphatemia
Hypotension
Pain
Peripheral sensory neuropathy
Platelet count decreased
Abdominal pain upper
Chills
Hyponatremia
Sinus tachycardia
Blood cholesterol increased
Disease progression
Hematuria
Hot flush
Hyperglycemia
Hypocalcemia
Oropharyngeal pain
Proteinuria

Overall analysis set
n (%)
Original NDA

60-Day Update

144
9 (6)
9 (6)
10 (7)
11 (8)
7 (5)
9 (6)
10 (7)
11 (8)
7 (5)
11 (8)
11 (8)
11 (8)
9 (6)
10 (7)
11 (8)
5 (3)
5 (3)
7 (5)
11 (8)
6 (4)
7 (5)
7 (5)
11 (8)
11 (8)
11 (8)
7 (5)
5 (3)
5 (3)
6 (4)
6 (4)
6 (4)
7 (5)

176
12 (7)
12 (7)
12 (7)
12 (7)
11 (6)
11 (6)
11 (6)
11 (6)
11 (6)
11 (6)
11 (6)
11 (6)
11 (6)
10 (6)
10 (6)
10 (6)
10 (6)
10 (6)
10 (6)
10 (6)
9 (5)
9 (5)
9 (5)
9 (5)
8 (5)
8 (5)
8 (5)
8 (5)
8 (5)
8 (5)
8 (5)
8 (5)

Source: ADAE dataset from original NDA and ISS AE.xpt

Clinical Reviewer comment: This reviewer did not find a need to combine PTs. PTs that were
consistent with mechanism of action of larotrectinib were neurological such as dizziness,
delirium, dysarthria, gait disturbance, and paresthesia, which are described in the Warnings and
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Precautions section of the larotrectinib prescribing information. The patient with the Grade 3
fall experienced this in the setting of dehydration and hypotension, which may have been
related to larotrectinib.
AE by dose
There were 6 patients (3%) who received larotrectinib at the highest dose level 200 mg twice
daily within the overall analysis dataset according to the 60-day safety update (N=176). All
patients were enrolled on 14001, none had a tumor with an activating NTRK rearrangement or
non-resistant mutation, they each had different histology and only 1 patient was on
larotrectinib for more than 3 months. All 6 patients had the outcome of PD. The PT with the
highest incidence were fatigue (83%) and dizziness (50%). In all patients (N=176) fatigue was
the highest PT in incidence with 37%, followed by nausea and then and dizziness 28%.
Reviewer comment: There does not appear to be a dose effect pertaining to AEs for
larotrectinib. There were too few patients to do formal analyses in the 200 mg twice daily high
dose cohort (3%). The major confounder is that none of these patients had an activating NTRK
rearrangement or non-resistant mutation, and as such were not on larotrectinib very long (only
1 was taking larotrectinib for more than 3 months). Although the patients had similar PTs to the
safety population, the incidences in these very small numbers must be interpreted with caution.
Adverse Events by Exposure
Adverse events of increased and decreased weight occurred with larotrectinib. See the section
on Grade 3-4 AEs and Vital Signs of this review for further details. Loxo Oncology submitted
AUC data that did not suggest a correlation between weight gain and systemic exposure by AUC
to larotrectinib. Analysis of the relationship between the incidence of adverse events and
duration of treatment did not identify any AEs that appeared at a higher incidence in later
cycles, as the more common AEs (ex: increased liver functions, neurotoxicities) occurred early
during larotrectinib exposure. See details of each under separate headings.
Laboratory Findings
Analysis of laboratory data included in the original submission and the 60-day safety update
yielded similar results; however, because the 60-day safety update submitted only 3 weeks
before the deadline for completion of the primary clinical reviewer, the following laboratory
analyses focus on the laboratory dataset included in the original NDA submission. Analysis of
laboratory data for the overall analysis set submitted with the 60-day safety update serves as
the basis the laboratory data included in Section 6 of the prescribing information for
larotrectinib.
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Liver Abnormalities
Laboratory abnormalities were graded according to CTCAE v4.03 as follows:
• Alanine aminotransferase (ALT) increased
Grade 1: > ULN (Upper limit of normal) – 3.0 x ULN
Grade 2: > 3.0 - 5.0 x ULN
Grade 3: > 5.0 – 20 x ULN
Grade 4: > 20 x ULN
• Aspartate aminotransferase (AST) increased
Grade 1: > ULN (Upper limit of normal) – 3.0 x ULN
Grade 2: > 3.0 - 5.0 x ULN
Grade 3: > 5.0 – 20 x ULN
Grade 4: > 20 x ULN
• Alkaline phosphatase increased
Grade 1: > ULN – 2.5 x ULN
Grade 2: > 2.5 – 5.0 x ULN
Grade 3: > 5.0 – 20.0 x ULN
Grade 4: > 20.0 x ULN
• Hypoalbuminemia
Grade 1: < LLN (lower limit of normal) – 3 g/dL
Grade 2: < 3 – 2 g/dL
Grade 3: < 2 g/dL
Grade 4: Life threatening consequences
According to the original analysis dataset, there were 53 (37%) patients with increases in ALT
and 57 (40%) patients with increases in AST, which were not necessarily concomitant. Most
were Grade 1. There were 5 (3%) patients with Grade 3 ALT and 6 (4%) patients with Grade 3
(b) (6)
AST. There were 3 patients who both had Grade 3 increases in ALT and AST:
(b) (6)
. There were no patients with Grade 4 elevations of ALT/AST.
Incidences of increased AST/ALT and hypoalbuminemia in the original submission and the 60day safety update were similar (Table 44).
Most elevations of AST and ALT occurred during the first 3 cycles of treatment (70% of ALT
elevations and 82% of AST elevations). Spider plots were submitted for ALT/AST elevations,
including the patients noted above who had Grade 3 elevations, and the analysis by Loxo
Oncology indicated that the events generally did not increase in grade with continued
larotrectinib treatment. The majority of Grade 3 elevations were transient, appearing during
Cycles 1-2 of treatments and resolving to Grade 1 by Cycles 3-4. Dose modification were made
due to increased AST/ALT (see above Table 39). At the time of the 60-day safety update, almost
all the Grade 2 and 3 AST and ALT elevations had resolved. No cases met Hy’s Law criteria for
drug-induced liver injury.
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Table 44: Laboratory Values for Selected Chemistry in the Overall analysis set (from 60-day
update)
Parameter

Patient Incidence, n (%)
Grade 1

Grade 2

Grade 3

Grade 4

All Grades

Increased ALT

60 (34)

12 (7)

5 (3)

0

77 (45)

Increase AST

61 (35)

11 (6)

6 (3)

0

78 (45)

Increased alkaline
phosphatase

37 (22)

10 (6)

5 (3)

0

52 (30)

Hypoalbuminemia

36 (21)

21 (12)

4 (2)

0

61 (35)

(Source: original data ADBL, used ANL01FL=Y, PARAMCD=AST or ALT, AVALCAT1 for Grade; ISS ADLB data, used
AVISIT, ANL01FL, AVALCAT1 for Grade)
Note: only patients with a baseline laboratory and at least 1 subsequent laboratory after larotrectinib. ALT and
AST=173, Alkaline Phosphatase=172, and Albumin=174, using the last post-larotrectinib laboratory value

Clinical Reviewer comment: This reviewer noted transient increases in liver function tests that
were either tolerated clinically or managed by dose interruption or dose reduction. The
laboratory analysis was consistent with the findings based on analysis of the adverse event
dataset showing AEs of increased AST (PPI 26%), increased ALT (26%), hypoalbuminemia (10%),
and increased alkaline phosphatase (10%) (Table 43). Refer to the prescribing information for
larotrectinib for instructions regarding dose modification for liver-related adverse events
(Section 2.3), and Sections 5.2 and 6 for more details on LFT. Note that at the time of this
review, there were a few minor differences between the incidences of laboratory abnormalities
calculated by FDA and Loxo Oncology; see the approved prescribing information for larotrectinib
for agreed-upon values.
Hematologic Abnormalities
Neutrophil decreases, defined by laboratory test results indicating a decrease in the number of
neutrophils in a blood specimen, were graded using CTCAE (version 4.03) as follows: Grade 1: <
LLN–1500/mm3; Grade 2: < 1500–1000/mm3; Grade 3: < 1000–500/mm3 and Grade 4: <
500/mm3.
Clinical Reviewer comment: it is important to note that the values for neutropenia are assessed
using the laboratory dataset, and not as a PT using the AE dataset, as the AE listed only
neutropenia that the investigator considered to be clinically important. If an abnormal
laboratory value is not considered clinically significant by the investigator, it is still captured in
the laboratory dataset. Therefore, analyses of laboratory and adverse event datasets typically
yield different results (the PPI of a given laboratory abnormality is usually higher than the PPI
based on analyses of the adverse event dataset for the corresponding preferred term), because
the latter requires the investigator to make a determination of clinical significance.
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There were 26 (18%) patients with neutropenia in the overall analysis dataset at original
submission (data cut off 17 July 2017) based on the laboratory assessment. Based on 170
patients with a baseline and post-larotrectinib neutrophil laboratory value, there were 39 (23%)
patients with neutropenia in the 60-day safety update. There were 4 (2%) patients with Grade 4
neutropenia based on the 60-day safety update data. According to the patient narrative and
(b) (6)
CRF, patient
with metastatic salivary gland sarcoma continued treatment with
larotrectinib (100mg twice daily after dose reduction for transaminitis) after a PR and the
investigator did not assess the neutropenia as related to larotrectinib; additionally, neutropenia
was not described in the patient narrative or CRF and was not documented in the AE dataset.
An IR was sent to Loxo Oncology, who noted that the neutrophil count decrease occurred on
Cycle 1 Day 23 after discharge following hospitalization for SAEs of pyrexia and ALT/AST
elevation. A subsequent CBC performed on Cycle 2 day 1 (6-days later) revealed an ANC of
2800/µL (within normal range).
(b) (6)
Patient
also had neutropenia without a corresponding AE. Loxo Oncology noted
that decreased neutrophil count was a pre-existing condition, and that the patient had been
treated with multiple lines of cytotoxic chemotherapy including alkylating agents (intermittent
through 2015 and 2016) prior to study entry. On study, the patient received three cycles of
larotrectinib and discontinued study due to a new diagnosis of AML. The patient received
combination chemotherapy for AML during the 30-day safety follow-up period, during which
time Grade 4 neutropenia was recorded.

(b) (6)
Regarding patient
, a 2-month-old male at enrollment with IFS, larotrectinib was
dose reduced (from 30mg twice daily to 18mg twice daily) for Grade 4 neutropenia, but the
events were reported as non-serious adverse events. The patient narrative revealed admission
to the hospital for fever and neutropenia, and a Broviac site infection with Staphlococcus
aureus. The patient had concurrent allergic dermatitis that was reported as the SAE. The
larotrectinib dose remained unchanged and neutropenia resolved.

(b) (6)
In Patient
(with non-small cell lung cancer) the dose of larotrectinib was
reduced from 100 mg twice daily to 75 mg twice daily on Day 69. The reduction was transient,
and the dose was re-escalated to 100 mg twice daily on Day 110. This dose was maintained
despite intermittent episodes of Grade 2 neutropenia reported on D145, D166, and D222.

(b) (6)
Patient
received larotrectinib initially at a dose of 70 mg twice daily.
Larotrectinib was interrupted for 7 days due to Grade 3 decreased neutrophil count, along with
an increase in AST/ALT. The study drug was restarted with a dose reduction to 42/40 mg twice
daily (there was discrepancy with the investigator about rounding doses). The Grade 3
neutropenia resolved to Grade 0 within 1 week.

(b) (6)
Patient
(with bone sarcoma) experienced Grade 1 neutropenia as noted in the
laboratory dataset on Cycle 1 day 8. This event was reported by the investigator as clinically
significant and was also reported as an AE.
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According to the patient narrative, patient
mg twice daily to 36 mg twice daily for neutropenia.

(b) (6)

with IFS was dose reduced from 46

There were 4 (2%) patients that had the larotrectinib dose modified for neutropenia in the
adverse event dataset, and 3 (2%) for neutropenia according to the laboratory dataset. Taken
together, there were 7 (4%) patients dose modified for neutropenia. No patient discontinued
larotrectinib due to neutropenia.
Clinical Reviewer comment: A thorough evaluation of neutropenia was undertaken and many
clarifications exchanged between Loxo Oncology and FDA. Overall, neutropenia did not occur
frequently and was seldom severe, leading to dose modification in 7% of the overall safety
population.
Events of decreased hemoglobin or anemia were graded using CTCAE (version 4.03) as follows:
Grade 1: < LLN–10.0 g/dL; Grade 2: < 10.0-8.0 g/dL; Grade 3: < 8.0 g/dL, and Grade 4: life
threatening consequences.
Of the 176 patients included in the overall safety analysis dataset at the 60-day safety update,
73 patients (42%) were noted to have a worsening from the baseline grade for hemoglobin
based on laboratory reports with at least a baseline hemoglobin and 1 post larotrectinib
laboratory value for hemoglobin (n=173). Recall that 45 (26%) of patients had anemia as an AE
(see Table 43). Taken together (N=176), 22 (13%) patients could be considered to have
experienced a dose modification in the context of anemia (laboratory or adverse event).
Table 45: Laboratory Values for Selected Hematology in the Overall analysis set (from 60-day
update)
Parameter

Patient Incidence, n (%)
Grade 1

Grade 2

Grade 3

Grade 4

All Grades

Neutropenia

10 (6)

17 (10)

8 (5)

4 (2)

39 (23)

Anemia

30 (17)

255 (14)

18 (10)

0

73 (42)

(Source: original data ADBL, used ANL01FL=Y, PARAMCD= NEUT, AVALCAT2 for Grade; ISS ADLB data, AVISIT, ANL01FL,
AVALCAT1 For Grade, IR response for anemia corresponding laboratory dataset ADBL for ISS, ANLO1FL and AVALCAT2)
Note: only patients with a baseline laboratory and at least 1 subsequent laboratory after larotrectinib; Neut=170 and Hgb=173

using the last post-larotrectinib laboratory value

Clinical Reviewer comment: To assess neutropenia, Loxo Oncology relied on AEs and the
investigator’s attribution to larotrectinib. Both the AE and laboratory datasets were
comprehensively reviewed for both neutropenia and anemia and any dose modification was
presumed to be due to a laboratory abnormality (if relevant). There did not appear to be an
association between dose or duration of exposure to larotrectinib and hematologic
abnormalities. This reviewer noted transient decreases in neutropenia that were either tolerated
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clinically or managed by dose interruption or dose reduction; pre-existing anemia was also
noted in many patients. In addition, in response to an IR, Loxo Oncology provided a
comprehensive analysis of the incidence of dose modifications for neutropenia and anemia,
based on both adverse events and laboratory data that yielded results similar to those
performed by this reviewer. The safety data from original submission and the 60-day update
(ISS) were also consistent, as described in Table 45 above. See the prescribing information for
larotrectinib for information regarding recommended dose modifications for anemia and
neutropenia (Section 2.3).
Vital Signs
In all three trials, vital sign measurements included temperature, pulse rate, respiration rate,
and blood pressure. Measurements were obtained at baseline, prior to each cycle, at the end of
therapy, and 28-days (+/- 7 days) post-therapy per protocol.
Summary statistics based on the overall analysis vital sign dataset included in the original NDA
submission (data cut off 17 July 2017) for blood pressure in adults ≥ 18 years of age and
children <18 years of age were analyzed. For the 143 adult and child patients that had a
baseline and at least one post-larotrectinib blood pressure assessed, median values for
baseline, lowest, highest, and last values for systolic blood pressure were 116, 104, 128, and
117 mm Hg, respectively. For diastolic blood pressure, the respective median values were 70,
61, 80, and 70 mm Hg. There were no persistent outliers in either age category. Based on
reported AEs from original submission (data cut off 17 July 2017), 16 (11%) patients
experienced hypertension (including 2% of severe cases) and 5 (3%) had hypotension. Summary
statistics for pulse, respiration, and temperature showed no clinically important trends.
Changes in weight were observed, with 44% of patients who had at least one weight check post
larotrectinib having weight gain documented at least once in the vital sign dataset submitted
with the original NDA. Of note, the incidence of weight gain using the vital sign dataset was
higher than the incidence of AEs of weight gain using the PT “weight increased” (13% for all
grades using the original overall analysis data and 15% in the 60-day update). The CTCAE v4.03
definition of weight gain is Grade 1: 5 – 10% from baseline; Grade 2: 10 – 20% from baseline;
Grade 3: ≥ 20% from baseline. In the vital sign database, of the 44% patients with weight gain,
37% were children <18 years old. There were 9 patients (6%) noted to have AE of “weight
decreased” in the original overall analysis dataset and 11 patients (6%) in the 60-day safety
update data. The definition of weight loss was: Grade 1: 5 – 10% from baseline with no
intervention; Grade 2: 10 – < 20% from baseline with nutritional support; Grade 3: ≥ 20% from
baseline and tube feeding or IV nutrition indicated. See Table 43 for overall incidences of both
weight gain and weight loss.
Clinical Reviewer comment: Weight regulation is seen in TRKB pathways, so it is not surprising
that larotrectinib appeared to have effects on weight gain and loss. Loxo Oncology stated that
weight increase was also more common in the < 18 years age group when tracked using
pediatric growth curves, though weight gain in the context of clinical improvement and normal
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growth and development may confound this analysis, notwithstanding attempted adjustments
for these factors. Grade 3-4 AEs listed in the original submission also included “decreased
appetite” (3% [1% in data from 60-day-safey update]). Although the adverse event and vital sign
datasets indicate that weight gain, weight loss, and decreased appetite occurred in patients
treated with larotrectinib, based on larotrectinib’s mechanism of action and the relative
increased incidence of weight gain compared to weight loss observed, it is reasonable to
conclude that larotrectinib can cause abnormal weight gain in some patients. See section on
Grade 3-4 AE, and AE by exposure for further details.
Electrocardiograms (ECGs)
In preclinical studies, larotrectinib displayed a concentration-dependent inhibition of the hERG
channel at concentrations from 10–300 μM, with an IC50 of 147 μM. No changes were detected
in electrocardiogram (ECG) parameters, including the QT interval corrected for heart rate (QTc),
in any of the cardiovascular studies.
In Study LOXO-14001 and LOXO-15002, 12-lead ECGs were performed at baseline, Day 1 of
each odd cycle, and at the end of treatment. No clinically notable changes in 12-lead ECG
results were observed in any dose level.
A dedicated clinical pharmacology to evaluate the effects of larotrectinib on ECG parameters in
human patients was conducted, with no adverse findings.

Clinical reviewer comment: Since there were minimal if any EKG abnormalities, this reviewer
concludes that in the limited safety population (N=176), there does not seem to be a correlation
between EKG abnormalities and larotrectinib.
QT
In Study LOXO-15002, QTcF values were calculated automatically by ECG machine at the local
site, and not required to be manually verified at the site. Individual clinically significant ECG
measurements were to be reported as AEs. Seven (14.9%) patients had QTcF values that
worsened to > 450 msec postbaseline and 5 (10.6%) patients had postbaseline QTcF values that
increased > 30 msec from baseline. No patient had consistent worsening or sustained
prolongation of QTcF across their duration of treatment. The single ECG with prolongation of
(b) (6)
QTcF of > 480msec occurred in Patient
during hospitalization due to intestinal
perforation in the context of advanced colon cancer and disease progression.
Clinical reviewer comment: No large effects on prolongation of the QT interval were identified
during review of the data summarized above.
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FDA’s interdisciplinary review team for QT studies (QT-IRT) conducted a review of data from
Study LOXO-TRK-16009, entitled “A Phase 1, Single Ascending Dose, Randomized, Double-Blind,
Placebo-Controlled Study to Evaluate the Safety, Tolerability, Cardiac Effect, and
Pharmacokinetics of LOXO-101 in Healthy Adult Subjects.” This study evaluated the effect of
larotrectinib in healthy adult male subject over a wide dose range (100 to 900 mg).
Concentration-QTc analysis of the healthy volunteer study showed an absence of relationship
between larotrectinib concentration and QTc with a two-sided upper 90% confidence interval
below 10 ms. QT-IRT concluded that no significant QTc prolonging effect of larotrectinib (100
mg and 900 mg single doses) was detected in this study.
Immunogenicity
No safety issues related to immunogenicity were identified for larotrectinib.
Analysis of Submission-Specific Safety Issues
Adverse Events of Special Interest (AESI)
Based on predictions from the TRK-related neurobiology literature, the preclinical toxicology
program, and primarily, clinical experience with larotrectinib, 3 AEs of special interest (AESI)
were identified for focused analysis: ALT/ AST increases, neutropenia, and neurologic effects.
These 3 categories of AEs accounted for the majority of the dose reductions. For analysis of
ALT/AST increases, neutropenia, see Section on Laboratory Findings.
Neurologic AESI
TRK receptors are expressed in the brain and nervous system and are thought to regulate
mood, memory, cognition, and proprioception (Drilon 2016, Weiss 2012). Due to neurologic
effects seen in preclinical models, and due to on-target effects of TRK inhibition in the brain, it
was noted that larotrectinib might have neurological AEs in humans. Therefore, Loxo Oncology
prepared a list of PTs related to neurotoxicity, and if one of the following AEs were observed, it
was flagged as a neurological AE: gait disturbance, ataxia, facial pain, feeling jittery, dizziness,
paresthesia, peripheral sensory neuropathy, memory impairment, hypoesthesia, neuropathy
peripheral, dysarthria, neuralgia, balance disorder, burning sensation, dyskinesia,
extrapyramidal disorder, hyperesthesia, skin burning sensation, dysesthesia, encephalopathy,
loss of consciousness, peripheral motor neuropathy, polyneuropathy, restless legs syndrome,
restlessness, sensory disturbance, tremor, vertigo, vibratory sense increased, anxiety, agitation,
cognitive disorder, confusional state, delirium, aggression, mental status changes,
psychomotor.
Clinical Reviewer comment: While the reviewer agrees with the PTs for the AE neurological flag,
all nervous system PTs were reviewed as well as numerous PTs in other SOCs. After reviewing
the nonclinical data in non-human primates, I found the above list to be inclusive for neurologic
AEs.
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In the 60-day safety update, there were 93 patients (55%) with neurologic AEs as defined
above, and in the original NDA submission, there were 72 patients (50%) with neurologic AEs.
For the 60-day update, there were 11 Grade 3 neurologic AEs flagged in 8 patients (5%), and 3
were assessed by the investigator as related to larotrectinib (PT: delirium [2], dizziness [10]).
(b) (6)
Patients
were noted to have neurologic AESI.
Clinical reviewer note: The Neurotoxicity subsection of the WARNINGS AND PRECAUTIONS
section of larotrectinib prescribing information describes a per-patient incidence of neurologic
AEs of 53%, including 6% Grade 3 and 0.6% Grade 4 cases.
Four patients had larotrectinib dose modified or interrupted, and all neurotoxic AEs were
reversible except the three that were considered by the investigator unrelated to larotrectinib
(b) (6)
(PTs: gait disturbance [2], cognitive disorder [1]). Patient narratives
(b) (6)
for unrelated to larotrectinib were not submitted for review. Only 1
patient with a neurotoxic AE had a solid tumor harboring the an activating NTRK rearrangement
or non-resistant mutation, and he experienced Grade 3 dizziness. Half of the patients with the
neurotoxicity were adult patients and for the 6 pediatric patients, none had a solid tumor
harboring the an activating NTRK rearrangement or non-resistant mutation, and none were
considered related to larotrectinib.
Patients with notable neurologic AEs are described below.
(b) (6)
There was one instance of Grade 4 encephalopathy (patient
) not considered
related to larotrectinib by the investigator. The patient was a 72-year-old with vaginal
melanoma treated with larotrectinib 100mg twice daily for 3 months and discontinued due to
disease progression. The patient was noted during the treatment period to experience
paresthesia and peripheral sensory neuropathy, which were assessed to be unrelated to study
therapy. Fatigue, maximal Grade 2, was reported and considered related. A single SAE was
reported after study drug discontinuation, during the safety follow up period, for
hospitalization for UTI, sepsis, and encephalopathy with fever, worsening adrenal function and
pleural effusion all assessed as not related to study drug and presumed to be related to
progression of local tumor with urinary obstruction as a major contributing factor to the
development of this event.

(b) (6)
The narrative for Patient
(who received larotrectinib for the treatment of stage
4 medulloblastoma) was reviewed. This patient was diagnosed with altered mental status,
which was attributed to the underlying CNS cancer; however, a causal relationship to
larotrectinib could not be definitively excluded based upon review of the information in the
case narrative.

(b) (6)
Patient
was a 15-year-old with astrocytoma who experienced cerebellar
hemorrhage and died; these adverse events were attributed to tumor progression; however,
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the patient presented with somnolence, which could have been related to larotrectinib.
(b) (6)
Patient
had bone sarcoma and was admitted to the hospital for elevated
systolic blood pressure but also had altered mental status and delirium. Loxo Oncology
attributed the patient’s altered mental status to the underlying elevation in SBP, but a causal
relationship to larotrectinib could not be excluded.

(b) (6)
Patient
, a patient with metastatic salivary gland carcinoma, experienced
Grade 3 dizziness at the start of Cycle 2 of larotrectinib. The dose of larotrectinib was reduced
from 100 mg twice daily to 100 mg daily. Eight months later the larotrectinib dose was
increased to 75 mg twice daily but then 3 months later the dose was reduced again to 100 mg
daily due to Grade 1 memory impairment, cognitive change and involuntary muscle movement.
Ten months later larotrectinib was held due to worsening balance and dizziness (Grade 2);
larotrectinib was resumed one month later, although the worsening balance and dizziness had
not resolved.

Clinical Reviewer’s comment: Although some of the cases described above are confounded by
comorbid conditions, based on the mechanism of action of larotrectinib, the temporal
relationship between initiation of treatment and onset of some of the neurologic adverse
reactions, and the positive dechallenge/rechallenge in some cases, it is clear that neurotoxicity
is an uncommon but potentially serious risk of larotrectinib. Although the case of Grade 4
encephalopathy described above is less likely to be related to larotrectinib, a contributory role
cannot be excluded, and therefore this AE be included as an adverse reaction in the prescribing
information for larotrectinib.
Loxo Oncology noted that patients should be cautioned about driving and using machines, until
they are reasonably certain larotrectinib therapy does not affect them adversely. This reviewer
agrees with this recommendation and added that caretakers should also be made aware of this
limitation.
For more details of the incidence of specific neurological AEs by SOC and PT, see Table 42, and
Table 43.
Clinical Outcome Assessment (COA) Analyses Informing Safety/Tolerability
Not applicable. This application did not include COA analyses informing the safety or
tolerability of larotrectinib.
Safety Analyses by Demographic Subgroups
The safety profile in the pediatric population (< 18 years) was consistent with that observed in
the adult population. However, some AEs were more common in pediatric patients. AEs with a
≥10% incidence difference between pediatric patients compared to adult patients in the 60 day
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safety update include vomiting (48% vs 18%), diarrhea (30% vs 20% ), cough (36% vs 23%),
pyrexia (27% vs 14%), headache (23% vs 11%), nasal congestion (20% vs 7%), upper respiratory
tract infection (18% vs 6%), dry skin (14% vs 4%), rash (14% vs 4%), sinus tachycardia (14% vs
2%), hematuria (14% vs 2%), rhinitis allergic (11% vs 0%), and dermatitis diaper (11% vs 0%). A
majority of these events were Grade 1 or 2 in severity and were resolved without larotrectinib
dose modification or discontinuation.
In a response to a clinical information request (IR) dated 22 August 2018, Loxo Oncology noted
that of the 7 patients with dose modifications for neutropenia, 2 were adult patients and 5
were pediatric patients (< 18 years old). Of the 22 patients with dose modifications for anemia,
19 were adult patients and 3 were pediatric patients (< 18 years old).
Adverse reactions and laboratory abnormalities of Grade 3 or 4 severity occurring more
frequently (at least a 5% increase in per-patient incidence) in pediatric patients compared to
adult patients were increased weight (11% vs. 2%) and neutropenia (20% vs. 2%). One of the 44
pediatric patients discontinued VITRAKVI due to an adverse reaction (Grade 3 increased ALT).
Clinical Reviewer comment: Clearly the PT “diaper rash” is expected to occur predominantly in
pediatric patients and the overwhelming majority of AEs that occurred more commonly in
pediatric patients compared to adults (such as vomiting, diarrhea, pyrexia, nasal congestion)
are common sequalae of viral illnesses that occur frequently during childhood. Pediatric patients
are prone to seasonal illnesses such upper respiratory infections and the symptoms that
accompany them such as cough, nasal congestion. Weight is discussed in a separate section in
this review. Due to the small number of pediatric and adult patients, the single arm design of
clinical studies of larotrectinib, and confounding factors such as differences in susceptibility to
infections between pediatric and adult patients, it is not possible to determine whether
differences in the incidence of adverse reactions to larotrectinib are related to patient age or
other factors.
Specific Safety Studies/Clinical Trials
There were no additional studies performed to evaluate any specific safety concerns.
Additional Safety Explorations
Human Carcinogenicity or Tumor Development
Carcinogenicity studies were not conducted or required to support the use of larotrectinib in
the proposed indication. Larotrectinib was negative for induction of genetic mutations in
bacteria and in the mouse lymphoma assay, and for induction of micronucleated polychromatic
erythrocytes in the bone marrow of mice.
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Human Reproduction and Pregnancy
No pregnancies occurred during the development program and there was no known drug
exposure of breastfed infants of lactating women.
Pediatrics and Assessment of Effects on Growth
A total of 44 of the 176 patients comprising the safety population supporting these NDAs were
pediatric patients (<18 years old). Pediatric patients 12 years of age and older enrolled on
LOXO-15002 and all patients enrolled on LOXO-15003 were pediatric patients (see Section 8.4
of the prescribing information for larotrectinib for details). Effects of larotrectinib on weight in
pediatric patients was discussed in the AE and vital signs sections of this review.
Clinical Reviewer Comment: Given the small number of pediatric patients in the safety database
and the limitations inherent in interpreting longitudinal growth and development information in
single arm trials, additional information is needed to better characterize the safety of
larotrectinib in pediatric patients, particularly because they may undergo treatment with
larotrectinib for months-years. Despite this limitation, the benefit:risk relationship for use of
larotrectinib in pediatric patients with NTRK-fusion solid tumors whose disease has progressed
despite standard treatment or who do not have satisfactory treatment options is favorable.
Under a postmarketing requirement (per FDAAA) Loxo Oncology will conduct studies to obtain
long-term safety information to characterize the long-term safety of larotrectinib in pediatric
patients, with a focus on its effects on growth and development.
Because larotrectinib has orphan designation for the treatment of solid tumors with NTRKfusion proteins, NDA 210861 and 211710 are exempt from PREA requirements.
(b) (4)

Overdose, Drug Abuse Potential, Withdrawal, and Rebound
Loxo Oncology stated that 3 overdoses were reported as of the Day 60 data cut-off of 19 February
2018. No treatment-related adverse events were reported for these three patients. Although
identified as “overdoses,” the amount administered was within the dosage range tested in
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dose-finding study.
(b) (6)
• LOXO-TRK-15003 – Patient
vomited shortly after receiving the morning dose of 2.5
ml (20 mg/ml solution) of larotrectinib. A second dose was erroneously administered. The
evening dose was purposefully skipped.
• Two patients mistakenly took an extra morning dose (100mg capsule). The evening dose
was purposefully skipped.
Safety Concerns Identified Through Postmarket Experience
Larotrectinib has not been approved in any country at the time of this review.
Expectations on Safety in the Postmarket Setting
The review teams determined that a REMS is not required to ensure safe and effective use of
larotrectinib. Larotrectinib will be prescribed by oncologists who are trained how to monitor,
diagnose, and manage serious adverse reactions caused by anti-neoplastic drugs in accordance
with FDA-approved labeling. Additionally, standard practice in oncology dictates informed
consent prior to prescribing or administering anti-neoplastic drugs.
Integrated Assessment of Safety
The above safety assessment incorporates data from 3 trials and is therefore integrated.

SUMMARY AND CONCLUSIONS
Based on the first 55 patients with NTRK-positive solid tumors who enrolled into the 3 studies
as data cutoff of February 19, 2018, the estimated ORR assessed by IRC was 75% (95% CI: 61%,
85%). The median duration of response was not reached by the time of analysis. There were 30
out of 41 responders (73%) whose DOR was at least 6 months and 16 out of 41 responders
(39%) whose DOR was at least 12 months.

Statistical Issues
There is no major statistical issue that impacts the overall efficacy conclusions. However,
because the efficacy of larotrectinib is based on pooled data analysis from 3 non-randomized
studies, the pooled patient population includes different tumor types and both pediatric and
adult patients. This variability may have an impact on the accuracy of estimated treatment
effect.

Conclusions and Recommendations
Drug approval based on a the presence of a common genetic defect, regardless of primary
tumor site of origin and histology (i.e., tissue-agnostic) is a new paradigm; the only previous
drug to be approved under this paradigm is pembrolizumab for the treatment of microsatellite
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instability high (MSI-H)/mismatch repair deficient (dMMR) metastatic solid tumors that has
progressed on or for which there is no available therapy. Approval under this paradigm draws
from the strength of scientific evidence that biomarker identifies a population with common
characteristics (e.g., serves as primary oncogenic driver when present) regardless of tumor
type, the strength of evidence that drug has the same pharmacologic effects on biomarker
across tumor types in nonclinical and clinical studies, and the ability to reliably identify the
biomarker across tumor types, when the biomarker-defined population is a subset of a specific
tumor type. For larotrectinib, there was a strong scientific rationale that the inhibition of TRK
would cause tumor shrinkage in tumors with rearranged or mutated NTRK. There was strong
non-clinical support in multiple cells lines and NTRK-fusion partners, and clinically, shrinkage
was consistent across several primary tumors. Pooling of NTRK rearranged or mutated tumors
allowed for a regulatory decision to be made for a tissue agnostic indication.
The safety review consisted of data from 176 adult and pediatric patients from 3 single-arm
studies: LOXO-TRK-14001, “A Phase 1 Study of the Oral TRK Inhibitor LOXO-101 in Adult
Patients with Solid Tumors”, LOXO-TRK 15002, “A Phase 2 Basket Study of the Oral TRK Inhibitor
LOXO-101 in Subjects with NTRK Fusion-Positive Tumors”, and LOXO-TRK 15003, “A Phase 1/2
Study of the Oral TRK Inhibitor LOXO-101 in Pediatric Patients with Advanced Solid or Primary
Central Nervous System Tumors”. Efficacy was assessed based on the first 55 patients enrolled
who had an activating NTRK rearrangement or mutation identified.
The primary risks related to larotrectinib involve the occurrence of hepato- and neurotoxicities.
Adverse events were largely consistent with the mechanism of action and toxicity seen in
preclinical studies with larotrectinib. The rate of permanent discontinuation of larotrectinib due
to AEs was 1-2% and most discontinuations were attributed to disease progression of the
underlying cancer. Overall, the toxicity profile of larotrectinib is considered acceptable when
balancing the anti-tumor effects (e.g., durable responses) in patients with limited treatment
options. The major safety risks of larotrectinib are toxicities that oncologists frequently manage
and are acceptable for a population with a serious and life-threatening condition in the context
of the efficacy.
Based on the first 55 patients with a solid tumor with a rearrangement of NTRK or mutation
enrolled into one of the 3 studies, the estimated ORR as assessed by IRC was 75% (95% CI: 61%,
85%). The median duration of response was not reached by the time of the data cut-off date.
There were 30 of 41 responders (73%) whose DOR was at least 6 months and 16 of 41
responders (39%) whose DOR was at least 12 months. The ORR is clinically meaningful in
patients with no other treatment options or who would face morbid surgery. The benefit to
treatment with larotrectinib with an estimated ORR of 75% (95% CI: 61%, 85%) outweighs the
risk of toxicity.
While the heterogeneity with multiple histologic type of solid tumors is evident in the pivotal
clinical trials, treatment effects of larotrectinib for any one histologic tumor type are uncertain,
as the small sample size precludes generalization of the results to all subtypes of cancer. As a
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condition of the accelerated approval, Loxo Oncology must verify and describe the clinical
benefit of larotrectinib but a multicenter, double-blind, randomized controlled trial is most
likely infeasible.
Loxo Oncology submitted the NDAs for larotrectinib, which are recommended for approval
under the accelerated approval regulations for the treatment of adult and pediatric patients
with unresectable locally advanced or metastatic solid tumors with NTRK fusions and without a
known resistance mutation who have no satisfactory alternative treatment options or whose
cancer has progressed following treatment.
We recommend approval of this application under Subpart H (accelerated approval) pending
agreement regarding final labeling and agreement regarding post-marketing commitments and
requirements. This approval is based on the observation of durable overall responses in
patients with tumors with NTRK fusions and the strong biological rationale supporting the site
agnostic effects of larotrectinib in patients with NTRK fusions as described in the efficacy
section of this review.
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9

Advisory Committee Meeting and Other External Consultations

FDA did not hold an advisory committee meeting for these applications because no review
issues were identified that raised significant public health questions regarding the risk:benefit
assessment of larotrectinib for the proposed indication.
Three special government employees (SGEs), an adult oncologist with expertise in melanoma
and translational science, a pediatric oncologist with expertise in rare pediatric cancers, and a
patient representative with expertise in issues relating to development of treatments to treat
rare cancers, were cleared by the Advisory Committee Oversight and Management Staff
(ACOMS) to participate in a divisional assignment to consult on these NDAs. A separate
teleconference was held with each SGE to discuss the applications. During these
teleconferences, the SGEs indicated that they considered the risk:benefit assessment favorable
for use of larotrectinib in patients with metastatic or unresectable NTRK-fusion solid tumors
that had progressed following standard treatment or who did not have satisfactory treatment
options. The SGEs also stated that they did not have concerns regarding approval of
larotrectinib for treatment of this patient population.
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10 Pediatrics
The safety and effectiveness of larotrectinib in pediatric patients were established based upon
data from three multicenter, open-label, single-arm clinical trials in 55 patients, 12 of whom
were pediatric patients (enrolled in studies 15002 and 15003). The safety of larotrectinib was
evaluated in 44 pediatric patients who received larotrectinib. Of these 44 patients, 27% were 1
month to < 2 years (n = 12), 43% were 2 years to < 12 years (n = 19), and 30% were 12 years to
< 18 years (n = 13); 43% had metastatic disease and 57% had locally advanced disease; and 91%
had received prior treatment for their cancer, including surgery, radiotherapy, or systemic
therapy. The most common cancers were IFS (32%), soft tissue sarcoma (25%), primary CNS
tumors (20%), and thyroid cancer (9%). The median duration of exposure was 5.4 months
(range: 9 days to 1.9 years).
Due to the small number of pediatric and adult patients, the single arm design of clinical studies
of larotrectinib, and confounding factors such as differences in susceptibility to infections
between pediatric and adult patients, it is not possible to determine whether differences in the
incidence of adverse reactions to larotrectinib are related to patient age or other factors.
Adverse reactions and laboratory abnormalities of Grade 3 or 4 severity occurring more
frequently (at least a 5% increase in per-patient incidence) in pediatric patients compared to
adult patients were increased weight (11% vs. 2%) and neutropenia (20% vs. 2%). One of the 44
pediatric patients discontinued larotrectinib due to an adverse reaction (Grade 3 increased
ALT).
The pharmacokinetics of larotrectinib in the pediatric population were similar to those seen in
adults.
For additional information regarding the review of the pharmacokinetics and efficacy of
larotrectinib in pediatric and adult patients, please see Section 6 (Clinical Pharmacology), and
Section 8 (Statistical and Clinical Evaluation).
As discussed in Section 3.2 of this review, larotrectinib was granted orphan designation for the
treatment of solid tumors with NTRK-fusion proteins. NDA 210861 and NDA 211710 are
therefore exempt from PREA requirements; however, the safety and efficacy of larotrectinib is
established in pediatric and adult patients with NTRK-fusion metastatic or locally advanced
unresectable solid tumors that have progressed on prior treatment or have no satisfactory
alternative treatments.
(b) (4)
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(b) (4)

On June 16, 2016, larotrectinib received rare pediatric disease designation for the treatment of
IFS. With these NDAs, Loxo Oncology requested that FDA grant a Rare Pediatric Disease Priority
Review Voucher. Under section 529 of the Food, Drug, and Cosmetic Act, the sponsor of a
human drug application (as defined in section 735(1) of the FD&C Act ) for a rare pediatric
disease drug product may be eligible for a voucher that can be used to obtain a priority review
for a subsequent human drug application submitted under section 505(b)(1) of the FD&C Act or
section 351 of the Public Health Service (PHS) Act after the date of approval of the rare
pediatric disease drug product. DOP2 consulted with representatives of the Office of Orphan
Products Development, the Office of New Drugs, Division of Pediatrics and Maternal Health,
and the Office of Pediatric Therapeutics to during its review of this application to determine of
the NDAs are eligible for a Rare Pediatric Disease Priority Review Voucher. The Office of
Orphan Products Development determined that the applications were not for the treatment of
a rare pediatric disease and are therefore not eligible for a Rare Pediatric Disease Priority
Review Voucher.
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11 Labeling Recommendations
Prescription Drug Labeling
Please refer to Section 6 of this review for a detailed description of labeling changes
recommended by the clinical pharmacology review team. The clinical pharmacology review
team recommended extensive modifications to all sections of the proposed labeling as the
content and format provided by Loxo Oncology were inconsistent with current labeling
practices. Significant additions to the label recommended by the clinical pharmacology review
team and incorporated into approved labeling include dose adjustment of larotrectinib when
coadministered with strong inhibitors and inducers of CYP3A4 and for patients with underlying
hepatic impairment.
Table 46: Summary of Significant Labeling Changes
Section
1

2.1

2.2

2.3

Labeling Proposed by Loxo
Oncology
Treatment of unresectable or
metastatic solid tumors with NTRKfusion proteins in adult and
pediatric patients who require
systemic therapy and who have
either progressed following prior
treatment or who have no
acceptable alternative treatments

Loxo Oncology drafted language
for patient selection that was
altered by FDA.

(b) (4)

The dose reduction table included

Approved Labeling
VITRAKVI is a kinase inhibitor
indicated for the treatment of
adult and pediatric patients with
solid tumors that:
• have a neurotrophic receptor
tyrosine kinase (NTRK) gene fusion
without a known acquired
resistance mutation,
• are metastatic or where surgical
resection is likely to result in
severe morbidity, and
• have no satisfactory alternative
treatments or that have
progressed following treatment
(b) (4)

important to convey that patients
with locally advanced cancers that
can be resected without
unacceptable morbidity would not
be candidates for larotrectinib.
Limited anecdotal experience I a
handful of patients therefore this
language was struck.
FDA changed the table to dose
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provisions for
modification.

(b) (4)

dose

modification

(b) (4)

There was limited
clinical experience with a 3rd dose
modification; therefore, a PMR has
been established to obtain
additional for additional clinical
experience to inform the safety of
this approach.
FDA included a warning for
embryo-fetal toxicity based on
published literature describing
importance of Trk signaling in
neural development, including
human syndromes, the limitations
of the embryo-fetal development
studies to assess the toxicities of
particular concern following
disruption of this pathway, and the
available animal data there is a
potential for severe neurocognitive
effects in children exposed to
larotrectinib during prenatal
development, CNS findings in the
juvenile animal study
Adverse events (regardless of
attribution to larotrectinib) are
included throughout the label. FDA
considers all treatment emergent
adverse events reported in single
arm trials to be adverse reactions,
unless a relationship to study drug
can be excluded (which is a higher
bar that determining that an
adverse event may be related to
other factors). Data from 60-day
update was used for final labelling.
(b) (4)

5.3

Did not include a warning
regarding embryo-fetal toxicity

6.0

Only adverse reactions as decided
upon by a justification document
by Loxo Oncology to be related to
larotrectinib were listed. A 10%
cutoff was suggested for the AE
table.
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8.1

(b) (4)

8.2

Included instructions to
discontinue breastfeeding during
treatment and for (b) (4) following
the final dose.
Included instructions for
contraception during larotrectinib
treatment and for at least (b) (4)
(b) (4)
after the final dose for
males and females of reproductive
potential.

8.3

8.4

A 10% cut off was utilized for the
AE table, and separate category for
Grade 3/4 to keep consistent with
other oncology drug labels.
Laboratory value AE were based on
change from baseline.
After discussion with the
reproductive subcommittee of the
Pharm/Tox Coordinating
Committee (PTCC), FDA
strengthened language to indicate
that larotrectinib can case embryofetal harm when administered to a
pregnant woman, and that
administration of larotrectinib to
pregnant rats and rabbits during
the period of organogenesis
resulted in malformations at
maternal exposures that were
approximately 11- and 0.7-times,
respectively, those observed at the
clinical dose of 100 mg twice daily.
Extended period for
discontinuation of breastfeeding to
1 week after the final dose were
added.
Warning regarding embryofetal
toxicity was added. Changed
period of time for contraception
following discontinuation of
larotrectinib to at least one week
for males and females of
reproductive potential. Also
included a statement indicating
that larotrectinib may reduce
female fertility.
This section was reorganized.
Additional information was added
regarding results of juvenile
toxicity studies, including effects
on growth and delays in sexual
development, decreased rate of
pregnancy.

195
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)
Reference ID: 4354090

NDA Multidisciplinary Review and Evaluation NDA 210861 and NDA 211710
VITRAKVI (larotrectinib)
12.1

13

14.0

Duration of response was based on
the original data cut-off date of 17
July 17, 2017. Loxo Oncology did
not propose including a table of
results by NTRK fusion partner.

Promotional language was deleted
and information added regarding
activity in cell lines that have
dysregulated TRK signaling by
mechanisms other than gene
fusion to the mechanism of action
section. Information regarding
known resistance mutations was
also added.
FDA added information regarding
increased feed consumption in
animals and a mechanistic
correlation with potential human
obesity in Section 13.2
The statistical and clinical review
teams recommended including
updated duration of response data
using the data cut-off date of
February 19, 2018 to provide more
mature information regarding
duration of response. A table
describing ORR and DOR by NTRK
fusion partner was added to
support the tissue agnostic
approval to show the breadth of
fusion partners in the solid tumors
that responded to larotrectinib.
Footnote added to Table 6
regarding surgery for one pediatric
patient with unresectable IFS who
underwent resection following
partial response.

Other Prescription Drug Labeling
Instructions for Use: The original NDAs did not include an Instructions for Use (IFU) document
for larotrectinib oral solution. FDA provided extensive advice and editing of this document,
once provided by Loxo Oncology.
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12 Risk Evaluation and Mitigation Strategies (REMS)
The review teams determined that a REMS was not needed to ensure safe and effective use of
larotrectinib in the indicated patient population. Larotrectinib will be prescribed by oncologists
who are skilled in monitoring, diagnosing, and managing serious toxicities caused by antineoplastic drugs including targeted therapies. Standard practice in oncology dictates that
patients be apprised of risks related to treatment prior to receiving anti-neoplastic drugs.
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13 Postmarketing Requirements and Commitment
Loxo Oncology has agreed to the following postmarketing requirements and commitments:
Subpart H Postmarketing Requirements
•

Submit the final report, including datasets, from ongoing and proposed trials conducted to
verify and describe the clinical benefit of larotrectinib, through more precise estimation of
the overall response rate and mature response duration per independent review
assessment, in adult and pediatric patients with solid tumors with a neurotrophic receptor
tyrosine kinase (NTRK) gene fusion and without a known acquired resistance mutation; are
metastatic or where surgical resection is likely to result in severe morbidity; and have no
satisfactory alternative treatment or that have progressed following treatment. A sufficient
number of patients will be evaluated to characterize response and durability of response for
each of the following tumor types: colorectal cancer, non-small cell lung cancer, central
nervous system tumors, and melanoma. A minimum of 40 patients with cancers other than
colorectal cancer, non-small cell lung cancer, central nervous system tumors, melanoma,
soft tissue sarcoma, thyroid cancer, IFS, and salivary cancers (e.g., breast cancer,
gastrointestinal stromal tumors, cholangiocarcinoma, biliary tract cancers) will also be
studied. Overall response rate and duration of response will be assessed by independent
central review and all responding patients will be followed for at least 12 months from the
onset of response.

•

Submit the final report, including datasets, from the first 55 patients with NTRK-fusion solid
tumors enrolled across Study LOXO-TRK-14001 (NCT02122913), SCOUT (NCT02637687), and
NAVIGATE (NCT02576431), to further characterize the duration of response in patients who
achieved a complete or partial response to larotrectinib. All responding patients will be
followed for at least 2 years from the onset of response and duration of response will be
assessed by independent central review.

Postmarketing Requirements under 505 (o)
• Conduct a study of larotrectinib in a sufficient number of pediatric patients with NTRKfusion solid tumors to evaluate the potential serious risk of adverse long-term effects of
larotrectinib on the growth and development of pediatric patients. Patients will be
evaluated for growth and developmental milestones using age-appropriate screening tools
and undergo neurological examination at appropriate intervals (for example, every six
months) until larotrectinib is discontinued or for minimum of five years, whichever occurs
first. Evaluations should include a neurologic exam, developmental milestone assessment,
Karnofsky/Lansky score, growth as measured by weight and height, height velocity, height
standard deviation scores (SDS), age at adrenarche if applicable (males), age at menarche if
applicable (females), and Tanner Stage.
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•

Conduct a study of larotrectinib 100 mg orally once daily in a sufficient number of adult or
pediatric patients with a body surface area of at least 1.0 m2 who experienced an adverse
reaction requiring a third dosage modification of larotrectinib to better characterize the
tolerability of this approved dosage modification for larotrectinib. The following information
will be provided for each patient: patient age and body surface area (if pediatric), adverse
reactions leading to each prior dose reduction of larotrectinib, duration of treatment on
prior dose levels, duration of treatment at the 100 mg orally once daily regimen, best
overall response and duration of response, and tumor information collected while receiving
the 100 mg orally once daily dosage regimen.

•

Conduct a physiologically-based pharmacokinetic modeling study to evaluate the effect of
repeat doses of a moderate CYP3A4 inhibitor on the single dose pharmacokinetics of
larotrectinib to address the potential for excessive drug toxicity.

Postmarketing commitments
• Conduct a physiologically-based pharmacokinetic modeling study to evaluate the effect of
repeat doses of a moderate CYP3A4 inducer on the single dose pharmacokinetics of
larotrectinib to assess the magnitude of decreased drug exposure and to determine
appropriate dosing recommendations.
•

Conduct an analytical and clinical validation study, using clinical trial data, that is adequate
to support labeling of an in vitro diagnostic device that is essential to the safe and effective
use of larotrectinib for patients with NTRK gene fusions in solid tumor specimen.

14 Division Director (DHOT)

X
John Leighton
Director, Division of Hematology, Oncology, and Toxicology
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15 Division Director (OCP)

X
Nam Atiqur Rahman
Director, Office of Clinical Pharmacology
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16 Division Director (OB)

X
Rajeshwari Sridhara
Director, Office of Biometrics
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17 Division Director (Clinical)
I concur with the recommendations of the Quality, Non-clinical Pharmacology/Toxicology,
Clinical Pharmacology, Clinical and Statistical review teams that the NDAs for larotrectinib
capsules and larotrectinib oral solution provide substantial evidence of clinically meaningful and
durable overall response rate (ORR 75% with more than half durable for 6 months or longer) in
adult and pediatric patients with solid tumors that have a neurotrophic receptor tyrosine kinase
(NTRK) gene fusion without a known acquired resistance mutation, are metastatic or where
surgical resection is likely to result in severe morbidity and have no satisfactory alternative
treatment options or whose cancer has progressed following treatment. Although the risks are
characterized in a small population, where serious risks occurring at an incidence of less than
2% may not have been observed, the known risks are acceptable given the life-threatening
nature of metastatic solid tumors with limited or no available therapy, given the effects on ORR
observed.
These applications are recommended for approval under the provisions of 21 CFR 314.500
(accelerated approval) because the efficacy database is limited such that the response rate
across all tumor types, including common adult tumors where these mutations occur rarely, has
not been well-characterized and there is the potential that tumor-specific differences (e.g.,
presence of additional drive mutations or de novo resistance mutations) may result in
differential treatment effects not predicted by nonclinical studies. The indicated population has
a serious condition with 5-year survival rates of 25% or less for the individual tumor types and
the treatment effect on ORR observed across the entire population would exceed that
achievable with available second- or greater line therapy. However, additional data are needed
to further characterize and confirm the ORR and duration of responses by tumor type and
mutation type.
I further concur that REMS are not required to ensure safe and effective use of larotrectinib.
The adverse reactions identified can be identified and managed by the subspecialists (pediatric
and medical oncologists) who will be prescribing this drug. These subspecialists have
appropriate training to recognize these risks which are common to other anti-neoplastic drugs
and to manage such risks in accordance with FDA-approved labeling.

X
Patricia Keegan, M.D.
Director, Division of Oncology Products 2 (DOP2)
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18 Office Director (or designated signatory authority)

This application was reviewed under the auspices of the Oncology Center of Excellence (OCE) per
the OCE Intercenter Agreement. The risk-benefit of larotrectinib was also assessed by Drs.
Donoghue and Marcus, and I concur with their recommendation to approve this drug. My
signature below also represents an approval recommendation for the clinical portion of this
application under CDER.

X
Office of Hematology and Oncology Products
Amy McKee, Acting Associate Office Director, Oncology Center for Excellence
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Nonclinical Pharmacology/Toxicology
Not applicable

OCP Appendices (Technical documents supporting OCP
recommendations)
Population Pharmacokinetic Analyses
The goal of population PK analysis (popPK) was to develop a population pharmacokinetic (PK)
model to assess sources of variability (intrinsic and extrinsic covariates) of larotrectinib in
healthy subjects and patients.
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The population PK model included 3 Phase 1 trials (LOXO-TRK-16007, LOXO-TRK-16012 and
LOXO-TRK-14001), 1 Phase 1/2 trial (LOXO-TRK-15003), and 1 Phase 2 trial (LOXO-TRK-15002),
comprising 34 healthy subjects and 147 patients. 33 pediatric patients between 1 month and 18
years old were included in the popPK analysis. The demographics of healthy volunteers and
patients were summarized in Table 47 and Table 48.
The population PK analysis was conducted independently by the reviewer. The PK of
Larotrectinib was characterized with a two-compartment model described by first-order
absorption (Ka), volume of distribution (V/F), and linear clearance (CL/F) from the central
compartment. An additive residual error model was employed for log-transformed data. The
final model showed a significant effect of alkaline phosphatase on CL/F as well as an effect of
albumin, body surface area, formulation and disease status on volume of distribution. No signs
of model misspecification were identified in the goodness-of-fit plots (Figure 20). Predictioncorrected visual predictive check showed that the final model in general adequately described
the observed PK profile of larotrectinib in adult and pediatric subjects with administration of
capsule or solution (Figure 21). VPC diagnostic plot also suggested the model may
underestimate the lower quartile of the concentration. Bootstrap analyses demonstrated
consistency in parameter estimates and indicated the robustness of the model.
Parameter estimates of final model with significant covariates were provided in Table 3. The
shrinkage in CL and V2 were 13% and 38%, respectively. The effects of all evaluated covariates
on the larotrectinib PK parameters were illustrated in the forest plot based on 1000 bootstrap
results of final covariate model (Figure 23). The effects of these covariates on PK parameters
were illustrated though comparing the PK parameter in a patient with extreme (5 th or 95th
percentile) covariate value relative to the parameter in a patient with the median covariate
value. Alkaline phosphatase has clinically relevant effect on CL. CL is lower in patients with
higher ALP value, which is consistent with the finding that larotrectinib clearance is reduced in
patients with moderate (Child-Pugh B) to severe (Child-Pugh C) hepatic impairment in the
dedicated clinical study. The relationship between alkaline phosphatase and clearance was also
evident through visual inspection from the base model (Figure 22). The ratios of clearance in
patients with mild or moderate renal impairment compared to patients with normal renal
function were estimated to be 1.16 (0.89, 1.54) and 0.76 (0.51, 1.08). Age (1 month to 82
years), sex, race (127 White and 23 Black patients), and have no clinically relevant effect on the
clearance of larotrectinib. Although overall body weight (3.8kg to 179.4kg) has no clinically
relevant effect on the clearance, the visual inspection of Figure 22 suggests that weight may be
related to the clearance in pediatric patients. Albumin, body surface area, formulation and
disease status were found to affect volume of distribution based on popPK analysis. In
sponsor’s analysis, weight was a statistically significant effect on CL. The different results may
be due to failure to include other significant covariates such as ALP and exclusion of PK data
from study LOXO-TRK-15002 in sponsor’s popPK analysis.
The steady state larotrectinib exposure in all patients with evaluable PK data were calculated
based on post-hoc PK parameters. As shown in Figure 24, larotrectinib exposure achieved with
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100 mg/m2 BID in pediatric patients was within adult patient exposure with 100 mg BID. There
appears to be a trend that younger pediatric patients have lower exposure than older pediatric
patients. However, even for the age group between 1 month to 1 years old, the larotrectinib
exposure was still within the range of exposure observed in 55 adult patients. The post-hoc
estimate of Cavg is more reliable than Cmin and Cmax as the shrinkage in clearance is much
lower than the shrinkage in volume of distribution. The post-hoc CL was used to calculate
AUC0-24h for each age group and the following statement has been included in the
larotrectinib label: “In pediatric patients, the larotrectinib geometric mean (%CV) AUC0-24h by
age subgroup was: 3348 (66%) ng/mL in patients 1 month to <2 years (N=9), 4135 (36%) ng/mL
in patients 2 to <12 years (N=15), and 3108 (69%) ng/mL and in patients 12 to <18 years (N=9).”
Table 47: Summary of Categorical Covariates for the Healthy Subjects and Patients in the
PopPK Analysis
Variable

Age Category
Age Category
Age Category
Age Category
Age Category
Age Category
Age Category
Ethnicity
Ethnicity
Ethnicity
Ethnicity
Formulation
Formulation
Race
Race
Race
Race
Sex
Sex
Study
Study
Study
Study
Study

Group

0.083 to 0.25 yrs
> 0.25 to 0.5 yrs
> 0.5 to 1 yr
> 1 to 2 yrs
> 2 to 6 yrs
> 6 yrs to 12 yrs
> 12 yrs
Hispanic
Missing
Non-Hispanic
Others
Capsule
Solution
Black
Missing
Others
White
Female
Male
14001
15002
15003
16007
16012

Counts
Healthy
Subjects

34
13
21
17
17
12
1
21
7
27

18
16

Source: Reviewer’s Analysis based on “poppkpd_composite_23jan2018.xpt”
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1
2
3
3
8
7
123
15
10
117
5
66
81
11
19
11
106
71
76
66
47
34
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Table 48: Summary of Continuous Covariates for the Healthy Subjects and Patients in the
PopPK Analysis Dataset
Median (Range)
Healthy Subjects
Patients
(N=34)
(N=147)
38.5 (21,54)
55 (0.07,82)
42 (3.4,51)
40 (19,53)
63 (35,118)
111 (36,823)
20.5 (6,41)
23 (2,126)

Variable
Age (yrs)
Serum Albumin (g/L)
Alkaline phosphatase (U/L)
Serum alanine aminotransferase (U/L)
Serum aspartate aminotransferase
(U/L)
Bilirubin (umol/L)
BSA (m2)
Creatinine clearance (mL/min)
Weight (Kg)

19.5 (14,30)

26 (10,134)

3.42 (0.3,17.1)
1.97 (1.56,2.61)
107 (55.2,150)
80.95 (57.5,124.2)

6.84 (0,47.55)
1.76 (0.24,3.09)
75 (12.24,150)
68 (3.8,179.4)

Source: Reviewer’s Analysis based on “poppkpd_composite_23jan2018.xpt”

Table 49: Parameter Estimates of the Final Model
Parameter
CL/F (L/h)
V2/F (L)
Q (L/h)
V3 (L)
Ka (h-1)
Additive Error
Covariate Effects
CL_ALP
CL_WT
V2_ALB
V2_BSA
V2_FORM
V2_PHASE
V2_Black vs White
V2_Others vs
White
Random Effects
𝜔2 – CL [-]
𝜔2 – V2 [-]
𝜔2 – Q [-]
𝜔2 – V3 [-]

Estimate
52.1
55
14.4
3990
0.423
1.05

Bootstrap Median
50.8
54.3
14.9
3780
0.424
1.05

95% CI
(35.1, 60.1)
(40.1, 73.9)
(9.11, 31.4)
(709, 36600)
(0.394, 0.471)
(0.986, 1.12)

-0.542
0.122
-0.501
2.38
1.81
-0.693
0.0595

-0.575
0.113
-0.521
2.42
1.92
-0.702
0.0551

(-0.887, -0.327)
(-0.135, 0.362)
(-0.9, -0.21)
(1.8, 3.09)
(0.513, 4.91)
(-0.847, -0.484)
(-0.301, 0.558)

3

2.95

(1.25, 4.98)

0.571
0.55
0.639
2.11

0.573
0.502
0.562
2.05

(0.378, 0.844)
(0.324, 0.759)
(0.0774, 1.05)
(1.01, 4.36)

Source: Reviewer’s Analysis based on “poppkpd_composite_23jan2018.xpt”
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Figure 20: Goodness of Fit Plots of the Final Model in Adult and Pediatric Subjects

Observation vs. population predictions (top left). Observation vs. individual predictions (top
right). Absolute individual weighted residuals (IWRES) vs. individual predictions (bottom left).
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CWRES (Conditional weighted residuals) vs time (bottom right). Black line: line of identity, Red
line: Loess smoothing fitting, Orange line: Linear regression fitting.
Source: Reviewer’s Analysis based on “poppkpd_composite_23jan2018.xpt”

Figure 21: Visual Predictive Checks of Larotrectinib Concentration-Time Data stratified by
Formulation and Age

Source: Reviewer’s Analysis based on “poppkpd_composite_23jan2018.xpt”
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Figure 22: Relationship between post-hoc CL and Alkaline phosphatase and Weight from Base
Model

Source: Reviewer’s Analysis based on “poppkpd_composite_23jan2018.xpt”
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Figure 23: Covariate Effects on Larotrectinib Clearance.

Source: Reviewer’s Analysis based on “poppkpd_composite_23jan2018.xpt”
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Figure 24: Steady-state Larotrectinib Exposure based on Post-hoc PK Parameters across Age
Groups.

Source: Reviewer’s Analysis based on “poppkpd_composite_23jan2018.xpt”

Exposure Response Analyses
•

Exposure Response Analyses for Efficacy

Exploratory analyses were conducted to compare the overall response rate across relevant
baseline risk factors or patient characteristics in 66 subjects harboring an NTRK gene fusion
(Figure 7). A numerical difference in overall response rate was found among patients with
different tumor types, NTRK gene fusions or status of radiotherapy. Across different tumor
types, there were four tumor types were treated with larotrectinib for at least 8 patients:
salivary gland tumor, soft tissue sarcoma, IFS, and thyroid cancer. The response rate in these
tumor types was higher than 75%. The response rate in colon cancer appeared to be lower (2
out of 5 patients). No response was achieved in 2 patients with primary CNS lymphoma. Clinical
responses were achieved across all NTRK gene fusion subtypes. There were only 2 patients with
NTRK2 fusion in the pooled studies. The overall response rate in NTRK1 was numerically lower
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than NTRK3. And the overall response rate was numerically higher in patients without prior
radiotherapy compared to patients with radiotherapy. Due to the limited sample size in the
exploratory analysis, caution should be taken when interpreting the numerical differences in
overall response rate across these subgroups.
Overall response rate was also compared across four larotrectinib exposure quartiles (Figure 8).
There appeared to be a trend of a higher response rate in patients with lower exposure. The
counterintuitive trend of ER relationship for efficacy should also be interpreted with caution
due to small sample size and heterogeneous tumor type. It could be potentially confounded by
other baseline risk factors. The high response rate (15 responses out of 16 patients) in pediatric
patient population may also contribute to the trend of higher overall response rate in patients
with lower exposure.
•

Exposure Response Analyses for Safety

Exploratory analyses were also conducted to evaluate the relationship between larotrectinib
exposure and safety profile. Adverse events of interest including ALT elevation, AST elevation,
neutropenia and neurologic AE were selected as safety endpoints in the analyses. Maximum
and average concentration at day 1 were selected as primary exposure metrics in the analysis
to avoid the missing data due to dropout and dose reduction during treatment. Overall no
evident ER relationships for safety profiles were identified (Figure 9 and Figure 10). The early
exposure was similar in patients with grade 3+ adverse events compared to patients who did
not experience AE.

Bioanalysis of Larotrectinib Plasma Levels
The Office of Clinical Pharmacology review team has assessed the adequacy and acceptability of
the following bioanalytical methods used to quantify larotrectinib in clinical studies LOXO-TRK14001, 15001 and 15002. Loxo Oncology developed a liquid chromatography tandem mass
spectrometry (LC-MS/MS) method to quantify larotrectinib in plasma containing EDTA.
Briefly, plasma is mixed with deuterium-labeled larotrectinib (LOXO-101-d5) as internal
standard and extracted with acetonitrile. The extracted samples were analyzed by an HPLC with
a 50 mm Discovery HS-C18, 3 μm HPLC column, equipped with an AB/MDS Sciex API 4000 mass
spectrometer. This method has a working dynamic range of 1 to 1000 ng/mL, with 1/x2
weighting of a linear standard curve. Plasma samples with concentrations greater than 1000
ng/mL were diluted with plasma from untreated humans prior to analysis. The assay was
validated to a lower limit of quantitation (LLOQ) of 1 ng/mL using 0.150 mL of plasma. The
method was sufficiently validated to support PK studies with an adequate dynamic range.
Matrix

Human plasma with K3EDTA

218
Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)
Reference ID: 4354090

NDA Multidisciplinary Review and Evaluation NDA 210861 and NDA 211710
VITRAKVI (larotrectinib)
Test article
purity
Internal
standard purity
Validated assay
range
Regression
model &
weighting
Validation
parameters
Standard curve
performance
during accuracy
& precision

(b) (4)

(b) (4)

1 (LLOQ) – 1000 (ULOQ) ng/mL in 100% Plasma
Linear (1/x2)

Method validation summary
No of standard calibrators from LLOQ to ULOQ

8

Cumulative accuracy (%bias) from LLOQ to ULOQ

-3.0 to 1.6%

Cumulative precision (%CV) from LLOQ to ULOQ

4.3 to 7%

QCs
Inter-Batch Precision Range (% CV)
5.2% to 13.6%
performance
Inter-Batch Accuracy Range (% Bias)
-7.0% to 1.2%
during accuracy
Intra-Batch Precision Range (% CV)
3.1% to 16.2%
& precision
Intra-Batch Accuracy Range (% Bias)
-11.2% to 0.8%
Selectivity &
Matrix Effect for larotrectinib in Human Plasma (EDTA). No significant
matrix effect
interference was demonstrated.

Source: LOXO-101-DMPK-030, page 30

Interference &
specificity

Selectivity data of larotrectinib and LOXO-101-d5 in double blank and
blank + IS samples prepared in six separate lots of plasma. No significant
interference was demonstrated.
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Source: LOXO-101-DMPK-030, page 36

Hemolysis
effect

Effect of 10% hemolyzed human K2EDTA plasma on the assay. No
significant interference was demonstrated.

(b)
(4)

Source: LOXO-101-DMPK-030, page 27

Lipemic
(Turbidity)
effect

Effect of lipemic human K2EDTA plasma on the assay. No significant
interference was demonstrated.

Source: LOXO-101-DMPK-030, page 28

Dilution
linearity &

Dilution quality control evaluation data for larotrectinib in human plasma.
No significant interference was identified.
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hook effect

(b)
(4)

Source: LOXO-101-DMPK-030, page 24

Carryover

On each day of analysis, a double blank sample was injected after a ULOQ
point. If the double blank sample had an analyte peak area response ≤20%
of the passing LLOQ curve point(s), carryover was not considered to be a
factor in that day’s analysis. Carryover assessment failed in 2 of 8 runs;
however, the assessment is acceptable.

Source: LOXO-101-DMPK-030, page 38

Benchtop/process
stability

The stability of larotrectinib in human plasma samples at 72 and 168 hours
on the benchtop at ambient conditions. Bench top stability is acceptable.
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(b)
(4)

Source: LOXO-101-DMPK-053, page 44

Unprocessed
whole blood
stability

Larotrectinib demonstrated stability in whole blood at either ambient
temperature or at 4 °C for up to 48 hours.

Source: LOXO-101-DMPK-054, page 17

Freeze-Thaw
stability

In general larotrectinib has minor freeze thaw stability issue with a trend
towards a negative basis. It is unclear as to why larotrecinib is susceptible
to freezing; however, the effect on quantiation of larotrectinib is
considered minor as the basis is within 20%.
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(b)
(4)

Source: LOXO-101-DMPK-053, page 46

Long-term
storage

The long-term stability of larotrectinib was assessed at -20°C for 641 days
and at -70°C for 656 days. Long term storage stability is acceptable.
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Source: LOXO-101-DMPK-053, page 48

Source: LOXO-101-DMPK-053, page 50

Method Performance in Study LOXO-TRK-15003
(b) (4)

performed the bioanalysis

Parameters
Assay passing rate
ISR passing rate

Standard curve
performance

.
Study summary
268 samples were analyzed in 34 batches. 5 of 34 (85%) of study
batches passed FDA bioanalytical acceptance criteria for bioanalysis.
Incurred sample reanalysis (ISR) was performed in Batches 34 for 30
samples representing 11% of total samples. The results showed that 28
of 30 (93%) ISR samples are within 20% from their respective original
values.
Standard curve performance is accpetable.
(b) (4)

Source: Page 126 of LOXO-TRK-15003 reports

QC performance

QC performance is accpetable.
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Source: Page 129 of LOXO-TRK-15003 reports

Study sample
analysis/ stability

Study samples were stored in within the validated stability range.
Study samples were stored at -70 °C and were analyzed within 82 days
from collection.
Method Performance in Study LOXO-TRK-15002

(b) (4)

performed the bioanalysis

Parameters
Assay passing rate
ISR passing rate

Standard curve
performance

(b) (4)

.
Study summary
434 samples were analyzed in 15 batches. 14 of 15 (93%) of study
batches passed FDA bioanalytical acceptance criteria for bioanalysis.
Incurred sample reanalysis (ISR) was performed in Batch 13 for 43
samples representing 10% of total samples. The results showed that 39
of 43 (91%) ISR samples are within 20% from their respective original
values.
Standard curve performance is accpetable.

Source: Page 177 of LOXO-TRK-15002 reports

QC performance

QC performance is accpetable .

Source: Page 179 of LOXO-TRK-15002 reports

Study sample
analysis/ stability

Study samples were stored in within the validated stability range.
Study samples were stored at -70 °C and were analyzed within 637 days
from collection.
Method Performance in Study LOXO-TRK-14001

(b) (4)

performed the bioanalysis

Parameters
Assay passing rate

(b) (4)

Study summary
1272 samples were analyzed in 44 batches. 4 of 44 (91%) of study
batches passed FDA bioanalytical acceptance criteria for bioanalysis.
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ISR passing rate

Incurred sample reanalysis (ISR) was performed in Batches 39, 40, and
41 for 125 samples representing 10% of total samples. The results
showed that 118 of 125 (94%) ISR samples are within 20% from their
respective original values.
Standard curve performance is accpetable.

Standard curve
performance

Source: Page 271 of LOXO-TRK-14001 reports

QC performance

QC performance is accpetable.

Source: Page 274 of LOXO-TRK-14001 reports

Study sample
analysis/ stability

Study samples were stored in within the validated stability range.
Study samples were stored at -70 °C and were analyzed within 445 days
from collection.
Method Performance in Study LOXO-TRK-16012

(b) (4)

performed the bioanalysis

Parameters
Assay passing rate
ISR passing rate

Standard curve
performance

.
Study summary
419 samples were analyzed in 9 batches. 9 of 9 (100%) of study batches
passed FDA bioanalytical acceptance criteria for bioanalysis.
Incurred sample reanalysis (ISR) was performed in Batches 8 and 9 for
88 samples representing 21% of total samples. The results showed that
87 of 88 (99%) ISR samples are within 20% from their respective original
values.
Standard curve performance is accpetable.
(b) (4)

Source: Page 298 of LOXO-TRK-16012 drug compliance/concentration report

QC performance

QC performance is accpetable.
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Source: Page 300 of LOXO-TRK-16012 drug compliance/concentration report

Study sample
analysis/ stability

Study samples were stored in within the validated stability range.
Study samples were stored at -70 °C and were analyzed within 16 days
from collection.
Method Performance in Study LOXO-TRK-16010

(b) (4)

performed the bioanalysis

Parameters
Assay passing rate
ISR passing rate

Standard curve
performance

.
Study summary
984 samples were analyzed in 28 batches. 7 of 28 (75%) of study
batches passed FDA bioanalytical acceptance criteria for bioanalysis.
Incurred sample reanalysis (ISR) was performed in Batches 26, 27, and
28 for 130 samples representing 13% of total samples. The results
showed that 113 of 130 (87%) ISR samples are within 20% from their
respective original values.
Standard curve performance is accpetable.
(b) (4)

Source: Page 127 of LOXO-TRK-16010 drug compliance/concentration report

QC performance

QC performance is accpetable.

Source: Page 130 of LOXO-TRK-16010 drug compliance/concentration report

Study sample
analysis/ stability

Study samples were stored in within the validated stability range.
Study samples were stored at -70 °C and were analyzed within 66 days
from collection.
Method Performance in Study LOXO-TRK-16014

(b) (4)

performed the bioanalysis

Parameters
Assay passing rate

.
Study summary
240 samples were analyzed in 9 batches. 9 of 9 (100%) of study batches
passed FDA bioanalytical acceptance criteria for bioanalysis.
(b) (4)
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ISR passing rate

Incurred sample reanalysis (ISR) was performed in Batch 6 for 50
samples representing 21% of total samples. The results showed that 49
of 50 (98.0%) ISR samples are within 20% from their respective original
values.
Standard curve performance is accpetable.

Standard curve
performance

Source: Page 62 of LOXO-TRK-16014 drug compliance/concentration report

QC performance

QC performance is accpetable.

Source: Page 64 of LOXO-TRK-16014 drug compliance/concentration report

Study sample
analysis/ stability

Study samples were stored in within the validated stability range.
Study samples were stored at -70 °C and were analyzed within 86 days
from collection.
Method Performance in Study LOXO-TRK-16013

(b) (4)

performed the bioanalysis

Parameters
Assay passing rate
ISR passing rate

Standard curve
performance

.
Study summary
525 samples were analyzed in 23 batches. 21 of 23 (91%) of study
batches passed FDA bioanalytical acceptance criteria for bioanalysis.
Incurred sample reanalysis (ISR) was performed in Batches 6 and 20 for
50 samples representing 9.5% of total samples. The results showed that
48 of 50 (96.0%) ISR samples are within 20% from their respective
original values.
Standard curve performance is accpetable.
(b) (4)

Source: Page 40 of LOXO-TRK-16013- drug compliance/concentration report

QC performance

QC performance is accpetable.
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Source: Page 43 of LOXO-TRK-16013 drug compliance/concentration report

Study sample
analysis/ stability

Study samples were stored in within the validated stability range.
Study samples were stored at -70 °C and were analyzed within 34 days
from collection.
Method Performance in Study LOXO-TRK-16009

(b) (4)

performed the bioanalysis

Parameters
Assay passing rate
ISR passing rate

Standard curve
performance

.
Study summary
624 samples were analyzed in 19 batches. 18 of 19 (95%) of study
batches passed FDA bioanalytical acceptance criteria for bioanalysis.
Incurred sample reanalysis (ISR) was performed in Batches 15, 16 and
19 for 67 samples representing 11% of total samples. The results
showed that 65 of 67 (97.0%) ISR samples are within 20% from their
respective original values.
Standard curve performance is accpetable.
(b) (4)

Source: Page 96 of LOXO-TRK-16009 drug compliance/concentration report

QC performance

QC performance is accpetable.

Source: Page 98 of LOXO-TRK-16009 drug compliance/concentration report

Study sample
analysis/ stability

Study samples were stored in within the validated stability range.
Study samples were stored at -70 °C and were analyzed within 181 days
from collection.

Additional Clinical Outcome Assessment Analyses
Not applicable.
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