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1. Introduction
NDA 204114 was submitted by GlaxoSmithKline LLC (GSK) for trametinib (Mekinist®) on
August 2, 2012. A request for priority review was submitted with the original application, but
subsequently withdrawn on September 27, 2012. Although regular review of this application
was under a ten month clock for Prescription Drug Users Fee Act (PDUFA) purposes, the
Division (DOP2) had set internal review goals that were significantly shorter, originally. The
review clock was extended to September 3, 2013 when an unsolicited chemistry,
manufacturing and controls (CMC) amendment was received on April 15, 2013; however,
DOP2 has endeavored to complete the review within the original 10 month review period.
The indication sought by the applicant for trametinib is “…for the treatment of patients with
unresectable or metastatic melanoma with BRAF V600 mutations as detected by an FDAapproved test.”
Trametinib is a
inhibitor of mitogen-activated extracellular signal regulated kinase
(MEK) 1 and MEK2. MEK protein kinases are involved in signal transduction resulting in cell
proliferation and survival. Trametinib targets known oncogene mutations in the upstream
mitogen-activated protein kinase (MAPK) pathway proteins BRAF and Ras which signal
through MEK1 and MEK2. Inhibitors of BRAF have demonstrated clinical activity in tumors
harboring BRAF mutations. Mutations of BRAF have been shown to predict sensitivity to
MEK inhibition and MEK is also a viable therapeutic target for certain solid tumors. Several
MEK inhibitors have demonstrated both preclinical and clinical activity in suppressing tumor
growth or inducing apoptosis in tumors harboring mutations of proteins in the MAPK
pathway, including BRAF and Ras. Preclinically, trametinib has demonstrated cell growth
inhibition in most cell tumor lines with mutant BRAF or Ras.
(b) (4)

Trametinib was developed in conjunction with an analytically validated “investigational use
only” (IUO) allele-specific polymerase chain reaction (PCR) assay. The assay was used to
screen subjects to determine eligibility for enrollment into the main clinical trial submitted in
support of this application, MEK114267. The assay was developed by Response Genetics
Institute (RGI) and it distinguishes BRAF V600E and BRAF V600K mutation subtypes. Only
patients with BRAF V600E or V600K mutation-positive tumors were eligible to participate in
the primary clinical trial. The applicant partnered with bioMerieux for the co-development of a
companion diagnostic (cDx) assay to be available at the time of trametinib registration.
Clinical validation to support the current NDA comes from trial MEK114267. The bioMerieux
BRAF THxIDTM cDx Kit is an allele-specific real-time PCR assay that differentiates the
BRAF V600E and V600K mutations. The cDx is used for the qualitative detection of the
different BRAF mutation forms in formalin fixed paraffin embedded melanoma specimens for
patient selection.
The major safety and efficacy data supporting the proposed indication for trametinib were
derived from a single, multinational, multi-center, randomized (2:1), open-label, activecontrolled trial, MEK114267, which was conducted in 86 centers in North America, Europe,
Australia, New Zealand and South America. Studied were 322 patients with histologically
confirmed, advanced (Stage IIIc) or metastatic (Stage IV) cutaneous melanoma whose tumor
tissue was BRAFV600E or BRAFV600K mutation-positive. Randomized patients had either
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received no prior treatment or a maximum of one prior chemotherapy treatment regimen for
their disease. Patients were randomized to receive trametinib (N=214) administered as 2 mg
orally daily or chemotherapy (N=108) [dacarbazine 1000 mg/m2 every 3 weeks, or paclitaxel
175 mg/m2 every 3 weeks]. Randomization was stratified by LDH (above ULN vs. equal or
below ULN) and prior chemotherapy (Yes vs. No). Study treatment was continued until
disease progression, unacceptable toxicity or death. After discontinuation of treatment, patients
remained on the trial for follow-up assessment of disease status and survival until 80% of
patients died or were lost to follow-up. At the time of progressive disease (PD), patients on the
chemotherapy arm were permitted to cross over to receive trametinib (N=51).
The major efficacy outcome measure of the trial was progression-free survival (PFS) and
secondary endpoints included overall survival (OS), overall response rate (ORR), duration of
response (DoR), and additional PFS subgroup analyses.
The data and analyses from trial MEK114267 demonstrated a statistically significant increase
in progression-free survival [HR 0.47 (95% C: 0.34, 0.65); p < 0.0001 (unstratified Pike test)]
in the trametinib arm, with a 3.3 month improvement in progression-free survival observed for
patients treated with trametinib when compared to patients treated with chemotherapy. It is
noted, however, as a result of the numerous data-related issues with the application, the
statistical analyses performed by the applicant were unable to be verified by the statistical and
clinical review teams. The final PFS, ORR, and DoR results reported in the primary statistical
review were derived by the statistician from the raw data provided by the applicant.
Results for overall survival (OS) for trametinib were longer compared with chemotherapy,
although the OS data was immature. There was a larger objective response rate (ORR)
observed in the trametinib treatment arm (22.0%) compared with the chemotherapy treatment
arm (8.3%) based on investigator assessment. The nominal p-value calculated was 0.007 based
on the Fisher’s exact test. The ORR difference between the treatment arms was 13.7% (95%
CI: 3.1%, 25.17%). The median duration of response (DoR) for the two treatment arms was
not estimable.
Also of note in this application was an apparent lack of clinical activity with trametinib for
patients who received prior BRAF inhibitor therapy. Supporting this observation was a single
arm, multicenter, international trial that evaluated overall response rates (ORR) with
trametinib in 40 patients with BRAF V600E and V600K mutation-positive, unresectable or
metastatic cutaneous melanoma who had received prior therapy with a BRAF inhibitor. The
median age of patients in this trial was 58 years, 63% were male, all were white, and 98% had
baseline ECOG performance status of 0 or 1. Tumor specimens for this patient population
were BRAF V600E mutation positive (83%) and V600K mutation positive (10%). All
patients received prior BRAF inhibitor therapy, and 48% received BRAF inhibitor therapy for
greater than or equal to 24 weeks. There were no responses observed for patients treated with
trametinib in this trial. These results argue strongly for an indication statement for trametinib
that recommends against treatment of patients whose disease has progressed on prior BRAF
inhibitor therapy.
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As the only randomized, comparative trial submitted to support the safety of trametinib the
MEK114267 trial was the primary focus of the safety review; however, the size of the
integrated safety database and duration of trametinib exposure were deemed sufficient by the
clinical reviewer, Dr. Theoret, to characterize the safety of trametinib for treatment of patients
with advanced or metastatic cutaneous melanoma. The integrated safety database consisted of
329 patients across three clinical trials (MEK114267, MEK113583, MEK111054) who
received trametinib at a median daily dose of 2 mg and with a median time on treatment of
3.84 months (range: 0.03 to 24.5 months). One hundred and seven patients (33%) received
treatment for longer than 6 months.
The randomized (2:1) trial, MEK114267, was an open-label, multi-center, international, active
controlled trial of 322 patients with previously untreated, unresectable or metastatic melanoma
positive for BRAF V600E or V600K mutations. As described previously, patients received
trametinib 2 mg orally twice daily (n=211) or investigator’s choice of chemotherapy (N=99)
[dacarbazine 1000 mg/m2 intravenously every 3 weeks or paclitaxel 175 mg/m2 intravenously
over 3 hours every 3 weeks) administered until disease progression or intolerable toxicity.
Patients with abnormal LVEF, history of acute coronary syndrome within 6 months, or current
evidence of New York Heart Association Class II or greater congestive heart failure were
excluded from the trial. The median duration of treatment was 4.3 months for trametinibtreated patients and vs. 2.1 months for chemotherapy-treated patients.
The rate of adverse events leading to treatment withdrawal was balanced (approximately 9%)
between treatment groups in MEK114267. Dose reductions for adverse events were more
frequent in the trametinib treatment group (27%) than in the chemotherapy treatment group
(10%). The most frequent cause for dose reduction of trametinib was rash (9%) and decreased
ejection fraction (3%).
Adverse events leading to treatment interruptions or delays occurred in 20% of trametinibtreated patients and 16% of chemotherapy-treated patients. AEs leading to withholding
treatment in more than 1% of the trametinib-treated patients were rash (4.3%), diarrhea
(2.4%), peripheral edema (1.9%), ALT/AST increase (1.4%), and cardiomyopathy (1.4%).
Deaths during the randomized trial were relatively balanced between the treatment arms
(trametinib, 16% and chemotherapy, 13%), and the most commonly reported cause of death
was advanced melanoma.
Non-fatal serious adverse events (SAE) occurred in 17.5% (19/211) of trametinib-treated
patients and 19.2% (19/99) of chemotherapy-treated patients. The most frequent non-fatal
SAEs in the trametinib treatment group compared were those related to skin-toxicities or
infectious sequelae (6%), cardiomyopathy (1.4%), pulmonary embolism (1.4%), and
pneumonitis/interstitial lung disease (0.9%).
Also observed in 4% of patients treated with trametinib was Retinal Pigment Epithelial
Detachment (RPED). The detachments were often bilateral and multifocal occurring in the
macular region of the retina. This led to visual acuity disturbances, but the symptoms generally
resolved within days to weeks following dose reduction or cessation of trametinib, although
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Ocular Coherence Tomography (OCT) abnormalities persisted beyond a month in at least a
small number of cases. In addition, approximately 1% of patients treated with trametinib
developed retinal vein occlusions (RVO) during treatment. RVO can lead to macular edema,
decreased visual function, neovascularization and glaucoma. An ophthalmology consult was
obtained by DOP2 for a full evaluation of these events and advice on labeling.
Other clinically significant adverse reactions observed with trametinib treatment were
hepatoxicity, with no Hy’s Law cases observed, hypertension, bradycardia, and
rhabdomyolysis.
The most significant issue arising during the review of this application related to the quality
and integrity of the data submitted. This pertains especially to datasets required for the primary
clinical and statistical reviews. Numerous separate information requests (IR) were sent to GSK
from each of the major review teams during the conduct of the review. In addition, the clinical
and statistical teams required a number of teleconferences and face-to-face meetings with GSK
to be able to attempt to confirm the results and analyses reported in the application and to be
able to utilize the data provided in the application to perform their own analyses. Because of
the poor quality of the submission, data discrepancies, errors, missing data, and reviewer
inability to confirm the applicant’s results, this NME was reviewed under a regular PDUFA
clock rather than as a priority review, which had been the original plan.
Other issues arising during the review of this application that will be discussed in the latter
parts of this review are:
• A final determination of acceptability for the facilities inspections was not made until
(b) (4)
late in the review cycle. GSK agreed to perform replicate
testing
going forward and submitted a proposal for doing so to the NDA on April 26, 2013 for
review. The proposal was reviewed and deemed adequate by the Office of Compliance
(OC) on May 3, 2013, and an overall recommendation of “acceptable” for the facilities
inspection for this NDA was communicated to the review team. When this issue arose,
the CMC product reviewer did not agree that there was a significant risk posed by the
(b) (4)
lack of
testing, but agreed to defer to OC on the issue.
•

Because of stability failures for the drug product occurring late in the review cycle, the
(b) (4)
applicant proposed to change the storage conditions from
to
refrigeration. This resulted in the submission of an unsolicited major CMC amendment
to the application on April 15, 2013. DOP 2 extended the review cycle for the
application to September 3, 2013 as a result of the submission of this major
amendment; however, the CMC team agreed to expedite their review and, as a result,
the action date for this application was not changed.

•

Deficiencies remain in the premarket approval (PMA) application for the companion
diagnostic test as of the date of this review. Responses to rectify the deficiencies are
expected by the CDRH review team and an approval is expected.

•

There were insufficient data in the application to support a broad indication for the
treatment of patients with unresectable or metastatic melanoma with BRAF V600

Page 6 of 35

Reference ID: 3314158

6

Cross Discipline Team Leader Review
NDA 204114
S.G. Demko

mutations. The data submitted support an indication for patients with BRAF V600E
and V600K mutations in their tumors.
•

The efficacy of trametinib was not established

•

No clinical activity was demonstrated for tremetinib in patients who had progressed on
prior BRAF-inhibitor therapy.

•

Insufficient data were included in the application to adequately characterize the effects
of dabrafenib on the QTc and are the subject of a postmarketing requirement.

•

No data were included in the application to enable dose recommendations for patients
with hepatic impairment. This issue is the subject of a postmarketing requirement.

(b) (4)

2. Background
Metastatic Melanoma
Melanoma is an aggressive form of skin cancer that is expected to be diagnosed in 130, 000
people, accounting for 30, 000 deaths from the disease, annually worldwide. In the United
States (US), the incidence of malignant melanoma has steadily increased over the last several
decades, and is now the fifth most common cancer in men and the seventh most common
cancer in women. The Surveillance Epidemiology and End Results (SEER) data collected
between 2001 and 2007 demonstrate that 8% of patients are first diagnosed with stage III
(regional metastasis) melanoma, and stage IV (distant metastasis) disease is initially detected
in 4% of patients. Although a majority of melanoma patients with early stage localized disease
are cured with surgery alone owing to early detection, those with unresectable or metastatic
melanoma have a grave prognosis. Once metastasized, the five year survival rate is less than
10%. With a median age at first diagnosis of 59 years, unresectable or metastatic melanoma
ranks second only to acute leukemia in terms of loss of years of potential life per death.
BRAF gene mutations are commonly found in human cancer including colorectal (~10%),
papillary thyroid (35-70%), and melanoma. Melanoma harbors BRAF mutations in 40 to 60%
of patients. The most common mutation accounting for 75-80% of BRAF mutations in
melanoma results in an amino acid conversion from valine to glutamate at amino acid residue
600 (V600E) resulting in constitutive extracellular signal-related kinase (ERK) signaling.
Suppressing an activating BRAF mutation in human melanoma cells inhibits the mitogenactivated protein kinase/extracellular signal-related kinase (MAPK/ERK) pathway leading to
cell growth arrest and apoptosis.
FDA-approved Treatment Options
Until recently, FDA-approved treatment options for metastatic melanoma were limited to
dacarbazine and interleukin-2 (hydroxyurea, is FDA-approved, but has historical significance
only). Neither product demonstrated an improvement in overall survival. In clinical trials,
dacarbazine has consistently demonstrated objective response rates in the 5 to 20% range,
mostly partial objective responses. High-dose interleukin-2 has demonstrated similar response
rates as dacarbazine, approximately 15%, but complete responders (5%) to interleukin-2 may
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experience prolonged responses with a median duration of response extending beyond five
years.
In 2011, FDA approved ipilimumab and vemurafenib for patients with unresectable or
metastatic melanoma based on demonstration of improvements in overall survival. These
approvals are discussed in detail below.
Ipilimumab
FDA approved ipilimumab (BLA 125377) on March 25, 2011 for the treatment of patients
with unresectable or metastatic melanoma. Ipilimumab is a recombinant human IgG1
immunoglobulin monoclonal antibody which binds to the cytotoxic T-lymphocyte associated
antigen 4 (CTLA-4), a negative regulator of T-cell activation. Data supporting approval were
the results of clinical trial MDX010-20, a multicenter, placebo-controlled, double-blind
clinical trial that randomized 676 HLA-A2*0201 positive patients with previously treated
unresectable stage III or IV malignant melanoma in a 3:1:1 ratio to receive (a) ipilimumab (3
mg/kg intravenously every 3 weeks up to 4 doses) in combination with gp100 peptide vaccine
subcutaneously every 3 weeks up to 4 doses, (b) ipilimumab (3 mg/kg every 3 weeks up to 4
doses) plus gp100 placebo every 3 weeks for 4 doses, or (c) ipilimumab placebo (every 3
weeks up to 4 doses) plus gp100 peptide subcutaneously every 3 weeks up to 4 doses).
Patients randomized to the ipilimumab-containing arms had a significantly longer median
overall survival (mOS) than the gp100 vaccine arm:
• mOS of 10.2 months in the ipilimumab monotherapy arm compared to mOS of 6.4 months
in the gp100 arm, HR 0.66 (95% CI: 0.51, 0.87; p-value=0.0026, stratified log-rank test)
• mOS of 10 months in the ipilimumab monotherapy plus gp100 arm compared to mOS of
6.4 months in the gp100 arm, 0.68 (95% CI: 0.55, 0.85; p-value=0.0004, stratified log-rank
test)
Ipilimumab prescribing information includes a warning that administration of ipilimumab may
result in severe and fatal immune-mediated reactions due to T-cell activation and proliferation
including enterocolitis, hepatitis, dermatitis, neuropathies, endocrinopathies, and ocular
manifestations, among others. The most common adverse reactions (≥5%) observed in the
supporting trial were fatigue, diarrhea, pruritis, rash, and colitis.
In addition, the results of Trial CA184024, a double-blind, placebo-controlled, multi-center,
randomized (1:1) trial to evaluate the efficacy and safety of ipilimumab administered in
combination with dacarbazine, were recently reported (Roberts and Thomas 2011). The trial
allocated 502 patients with previously untreated metastatic melanoma unselected by HLA-A
subtype in a 1:1 fashion to ipilimumab (10 mg/kg) plus dacarbazine (850 mg/m2) or
dacarbazine (850 mg/m2) plus placebo, administered at weeks 1, 4, 7, and 10, followed by
dacarbazine alone administered every 3 weeks through week 22. Patients who did not
experience dose limiting toxicity and had stable disease or an objective response continued to
receive ipilimumab every 12 weeks. Patients randomized to the ipilimumab arm had an
improved median overall survival (11.2 months vs. 9.1 months) with a hazard ratio of 0.72
(p < 0.001, stratified log-rank test). Adverse reactions occurring at a higher incidence in
ipilimumab-treated patients included elevated ALT levels (33.2% vs. 5.6%), elevated AST
levels (29.1% vs. 5.6%), diarrhea (36.4% vs. 24.7%), pruritis (29.6% vs. 8.8%), and rash
(24.7% vs. 6.8%).
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Vemurafenib
FDA approved vemurafenib (NDA 202429) on August 17, 2011 for the treatment of patients
with unresectable or metastatic melanoma with BRAF V600E mutation as detected by an
FDA-approved test. Vemurafenib is a multi-tyrosine kinase inhibitor. The data supporting
the approval was based on the results of Study NO25026, a phase III, open-label, activecontrol trial that randomized (1:1) 675 patients previously untreated for unresectable or
metastatic melanoma to vemurafenib 960 mg orally twice daily (n=337) or dacarbazine 1000
mg/m2 intravenously on Day 1 every 3 weeks (n=338). Patients randomized to the
vemurafenib arm had a statistically significant increase in overall survival compared to
patients randomized to the dacarbazine arm [HR 0.44 (95% CI 0.33-0.59; p<0.0001)]. At the
time of the final OS analysis, the median OS for the vemurafenib arm had not yet been reached
(95% CI 9.6, NR), while the median OS for the dacarbazine arm—censoring those patients on
dacarbazine who crossed over to vemurafenib—was 7.9 months (95% CI 7.2, 9.6). The most
common NCI CTCAE grade 1 to grade 4 adverse reactions in vemurafenib-treated patients
were: arthralgia (49.1%), rash (36%), alopecia (33.3%), fatigue (32.1%), nausea (30.1%),
photosensitivity reaction (29.8%), diarrhea (25%), pruritus (21.4%), headache (21.3%),
hyperkeratosis (19%), pyrexia (17.9%), skin papilloma (17.6%), and decreased appetite
(15.8%). Additional clinically important adverse reactions associated with vemurafenib
include second primary malignancies, hypersensitivity reactions, dermatologic reactions, QT
prolongation, hepatic laboratory abnormalities, photosensitivity, and ophthalmologic reactions.
The following table, copied from the clinical review of Dr. Theoret, lists the FDA-approved
therapies for metastatic melanoma with details on efficacy outcomes for each drug:
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26, 2013 for review. The proposal was reviewed and deemed adequate on May 3, 2013, and an
overall recommendation of “acceptable” for the facilities inspection for this NDA was
communicated to the review team on that date.
As noted previously, an unsolicited CMC amendment was submitted to the NDA on April 15,
2013. Late stability failures at room temperature forced the applicant to withdraw their original
request for room temperature storage and expiration dating and re-submit data to support
refrigerated storage conditions. The review team declared this unsolicited submission a major
amendment and informed the applicant that pursuant to PDUFA guidelines the action date
would be delayed until September 3, 2013. In spite of this, the CMC team expedited their
review of the amendment, confirmed the adequacy of the data to support storage under
refrigerated conditions, granted an expiration dating period of 12 months for the 0.5 mg and 2
mg tablets and 9 months for the 1 mg tablets, and was able to meet the initial PDUFA goal
date for action on this application. Product labeling with regard to this issue will contain
language that is consistent with the following:
Based on the provided stability data, a 12-month expiration dating period is granted for the 0.5
mg and 2 mg tablets and a 9-month expiration dating period is granted for the 1 mg tablets
when stored at 2° to 8°C (36°F to 46°F) and protected from moisture and light.
General
Trametinib dimethyl sulfoxide is represented by the molecular formula:
C26H23FIN5O4·C2H6OS with the following structural formula:

The molecular weights of the molecule are 693.53 g/mol (DMSO solvate of parent) and
(b) (4)
(non-solvated parent). The molecule possesses no chiral centers or olefinic
double bonds and therefore has no potential for optical or geometrical isomerism.
Biopharmaceutics
The applicant classifies trametinib as BCS Class 2 based on data showing that trametinib has
high permeability in MDCKII-MDR1 cells and poor aqueous solubility. The in vitro
permeability of trametinib ranged from 162 to 595 nm/sec at pH 7.4, and 186 to 611 nm/sec at
pH 5.5. The trametinib permeability at both pH levels exceeded that of labetalol, the
permeability reference marker (Fabs ≥ 90%), at all time points and concentrations; however,
the mean absolute bioavailability of 72% after a single 2 mg oral dose of trametinib is <90%.
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Facilities review/inspection
Inspections were conducted of manufacturing sites for both drug product and drug substance in
(b) (4)
, respectively. The status of the facilities inspection reports is
“acceptable”.
CDRH
The companion diagnostic test was submitted to CDRH as PMA120014 on August 31, 2012.
The bioMérieux THxID™ –BRAF Kit is a companion diagnostic used to select patients with
metastatic melanoma for treatment when testing demonstrates that their tumor tissue has
mutations in either BRAF V600E or BRAF V600K. CDRH was first consulted in April, 2010
regarding the companion diagnostic component of this application. Shortly thereafter, GSK
submitted a pre-IDE (I100245) to obtain feedback on the development of the companion
diagnostic BRAF test. The pre-IDE included information about the test that was applied in
Phase I trials. The test was designed and operated by Response Genetics Institute (RGI). RGI
then made adjustments to the test based on CDRH’s feedback and used the revised version of
the test in the phase II and phase III trials. This test was referred to as the RGI IUO. GSK
partnered with bioMérieux to design and implement the commercial version of the BRAF test
to select patients for treatment with trametinib and dabrafenib (NDA 202806 currently under
review). Discussions for the co-development project were conducted under pre-IDE number
I110489.
The THxID™ –BRAF Kit is an In Vitro Diagnostic device intended for the qualitative
detection of BRAF V600E and V600K mutations in DNA samples extracted from formalinfixed, paraffin-embedded (FFPE) human melanoma tissue. The THxID™ –BRAF Kit is a realtime PCR test on the ABI 7500 Fast Dx system and is intended to be used as an aid in
selecting melanoma patients whose tumors carry the BRAF V600E and BRAF V600K
mutations for treatment with trametinib or dabrafenib.
There were significant deficiencies in the original PMA application and as of the date of this
review, responses to rectify some of the deficiencies are still expected by the CDRH review
team, including a confirmation of the clinical data. The issues are expected to be resolved and
approval is expected. Please refer to CDRH’s Summary of Safety and Effectiveness Data for
this PMA, which will be filed on the CDRH website after there is an action on this application.

4. Nonclinical Pharmacology/Toxicology
The information in this section was taken from the primary review of G. Sachia Khasar, Ph.D.,
Shawna L. Weis, Ph.D. and Margaret Brower, Ph.D., and the secondary review of Whitney S.
Helms, Ph.D., Division of Hematology Oncology Toxicology for Division of Oncology
Products 2.
The Nonclinical review team has concluded that the pharmacology and toxicology data
submitted with this application support a recommendation for approval of this NDA. I concur
with this conclusion and recommendation.
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General Nonclinical Pharmacology/Toxicology Considerations
Trametinib is an inhibitor of MEK1 and MEK2 activation and downstream activity. MEK1
and MEK2 are ubiquitous proteins that participate in the MAPK/ERK signal transduction
cascade. MEK proteins propagate signals between Ras, its downstream immediate effector,
Raf and the extracellular signal-regulated kinases (ERK1/2). Significant trametinib-mediated
inhibition was not detected in a panel of over 40 other kinases. In an in vitro experiment with
MEK1, trametinib demonstrated a mixed pattern of inhibition with ATP; this pattern is
consistent with a trametinib binding site that is distinct from the ATP binding site for MEK.
Trametinib inhibited the in vitro proliferation of multiple cell lines carrying BRAFV600E or
V600K mutations as well as some cell lines with Ras mutations. Trametinib also inhibited
tumor growth and levels of phosphorylated ERK in an in vivo mouse model implanted with a
melanoma line harboring the BRAFV600E mutation.
Trametinib was not highly metabolized by CYP isoenzymes. Trametinib was metabolized
primarily by deacylation, demethylation, ketone formation, mono-oxygenation and
glucuronidation. One metabolite demonstrated activity similar to that of the parent compound;
however, the clinical exposure to this metabolite was small and it was detectable in both
animals and humans.
Sprague Dawley rats and Beagle dogs were the primary species used to investigate the
toxicology of trametinib. The major target organ for toxicity in both rats and dogs was the
skin. Gastrointestinal and hepatic toxicity were also noted in both species. In rats there were
findings of adrenal toxicity and myeloid hyperplasia and degeneration/necrosis in the bone
marrow. Bone marrow toxicity correlated with increases in neutrophils and monocytes along
with decreases in lymphocytes and red blood cells. Ovarian cysts and decreases in the number
of corpora lutea were noted in rats during the 13 week study, including at doses resulting in
exposures less than 0.3 times the human exposure at the recommended dose. The kidney was
also identified as a potential target organ in a 4-week rat study with dose dependent increases
in serum calcium and increases in urinary protein levels.
Similar to the rat, dogs treated with trametinib were observed to have skin, GI, and liver
toxicity. In the 13- week dog study, the lungs were also identified as a potential target organ
for trametinib-mediated toxicity with findings of pale, raised, or dark areas corresponding with
histopathological findings of minimal hemorrhage, mononuclear infiltration, pleural fibrosis,
and macrophage accumulation. All findings in the lung were classified as minimal to mild.
Ocular toxicity similar to the serous retinopathy and retinal vein occlusion seen clinically was
not well-studied in nonclinical models. Ophthalmologic examinations of the studied species,
typically included in general toxicology studies, do not appear to predict this toxicity. No clear
signs of ocular toxicity were identified in the nonclinical studies submitted to support the
trametinib NDA.
Based on the results of in vitro hERG testing (IC50 values > 1 μM) and in vivo ECG monitoring
in dogs, there does not appear to be a strong potential for trametinib-mediated QT prolongation
at clinically relevant exposures; however, other types of cardiac toxicity appear to be
associated with trametinib exposure. In an in vitro rabbit heart wedge model there was a
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General clinical pharmacology/biopharmaceutics
Trametinib is an inhibitor of mitogen-activated extracellular signal regulated kinase 1 and 2
(MEK1 and MEK2) activation and kinase activity. BRAF V600 mutations result in
constitutive activation of the BRAF pathway including downstream proteins MEK1 and
MEK2. Inhibition of BRAF catalyzed MEK activation and kinase activity of phosphorylated
MEK leads to decreased cellular proliferation in tumors with BRAF V600 mutations.
Absorption
The mean absolute bioavailability of a single 2 mg oral dose of trametinib is 72%, with median
time to achieve peak concentrations (Tmax) of 1.5 hours. The increase in exposure is greater
than dose proportional after a single dose of 0.125 to 10 mg, and dose-proportional following
repeat doses of 0.125 to 4 mg. Following oral administration of 2 mg trametinib daily
(QD), geometric mean Cmax, Ctrough (pre-dose concentration), and AUC(0-τ) at day 15 are
22.2 ng/mL, 12.1 ng/mL, and 370 ng·hr/mL, respectively. Inter-patient variability at steady
state is 22% in AUC and 28% in Cmax. Trametinib is highly protein bound (97.4%).
Trametinib undergoes non-CYP450 mediated metabolism predominantly via deacetylation to
form M5 or in combination with hydroxylation to form M7. Following repeat doses of
trametinib, the parent drug is the major component (≥ 75%) in plasma, with M5 and M7 each
constituting approximately 10% of drug-related material. Following oral administration of
[14C]- trametinib, > 80% of excreted radioactivity was recovered in the feces while < 20% of
excreted radioactivity was recovered in the urine with < 0.1% of the excreted dose as parent
drug in urine.
The estimated elimination half-life based on the population pharmacokinetic (popPK) analysis
is 3.9 to 4.8 days. The accumulation ratio on day 15 relative to day 1 is approximately 6.
Food Effect
Administration of a single 2 mg dose of trametinib with a high-fat, high-calorie meal resulted
in a 70% decrease in Cmax and a 24% decrease in AUC0-168h, compared to fasted conditions.
The Applicant recommends that trametinib be administered one hour before or two hours after
a meal, similar to the fasted conditions in clinical trials. Considering the lower peak to trough
ratio at steady state (2) as compared to that after a single dose (4 to 5), a 70% decrease in
Cmax observed after a single dose would be less pronounced after repeat dosing, and a 24%
decrease in AUC is not considered clinically important as efficacy was also achieved in
patients whose dose was reduced to 1.5 mg (a 25% dose reduction due to intolerability) in the
registration trial. However, given that a single dose of trametinib taken with a high-fat meal
resulted in a 24% decrease in systemic exposure and the clinical efficacy of trametinib was
established under fasted conditions, the clinical pharmacology review team recommends
avoiding administration of trametinib with a high-fat meal to preserve clinical efficacy while
providing a less restricted dosing condition for better compliance.
Distribution
Following a 5 μg IV dose of trametinib, the volume of distribution is determined to be 1060 L.
Given that CL and t1/2 after a 5 μg IV microdose relative to the 2 mg oral dose were
comparable, this volume of distribution determined by a subtherapeutic IV dose of 5 μg is

Page 17 of 35

Reference ID: 3314158

17

Cross Discipline Team Leader Review
NDA 204114
S.G. Demko

considered reliable by the clinical pharmacology team. The apparent central (Vc/F) and
peripheral volume of distribution (Vp/F) as determined by the population PK analysis is 214 L
and 568 L, respectively.
Trametinib is 97.4% and 96.2% bound to human plasma proteins at concentrations of 500
ng/mL and 5,000 ng/mL, respectively. The mean blood to plasma ratio in human blood in vitro
is concentration-dependent, ranging from 3.4, 3.2, to 1.1 at concentrations of 1, 10, and 50
ng/mL, respectively. Results from the mass balance study showed that there is preferential
association of radioactivity with red blood cells, reaching a plateau three hours post-dose with
a blood to plasma concentration ratio of approximately 3.
Metabolism
Trametinib primarily undergoes non-CYP450 mediated metabolism. Incubations with
microsomal protein and recombinant CYPs resulted in metabolism < 7% of [14C]-trametinib.
CYP450-mediated oxidative metabolism is a minor pathway. CYP3A4 was the only
isoenzyme of those tested that appears to be involved in the formation of metabolites.
Trametinib is metabolized via deacetylation. The specific enzyme responsible for
deacetylation has not been identified; however the Applicant states that deacetylation is likely
mediated by hydrolytic esterases.
Drug-drug interactions
Trametinib is not a substrate of CYP450 or efflux transporters P-gp or BCRP in vitro. It is not
known if trametinib is a substrate for OATP. In vitro studies with human hepatic microsomes
showed that trametinib (at concentrations of 0.01 to 10 μM) does not inhibit CYP enzymes
including CYP1A2, CYP2A6, CYP2B6, CYP2C9, CYP2C19, CYP2D6, and CYP3A4, and
transporters including OATP1B1, OATP1B3, P-gp, and BCRP at a clinically relevant systemic
concentration of 0.04 μM (calculated R1 values < 1.1). Trametinib inhibits CYP2C8 with an
R1 value of 1.2, which is slightly greater than the cutoff value of 1.1. In vitro studies with
primary human hepatocytes indicated that trametinib has the potential to induce CYP3A4, but
not CYP2B6 or CYP2C8. Based on cross-study comparisons, oral administration of trametinib
2 mg QD with everolimus (sensitive CYP3A4 substrate) 5 mg QD had no clinically important
effect on the exposure (AUC and Cmax) of everolimus.
Pathway of elimination
Hepatic elimination appears to be the major route of elimination as determined in the mass
balance study.
Intrinsic Factors
The popPK analysis did not identify clinically important effects of body weight, age, gender,
mild and moderate renal impairment, or mild hepatic impairment as covariates on clearance or
volume of distribution of trametinib.
Using PK, efficacy, and safety data from the registration trial, no evident exposure-response
(ER) relationships were found for the efficacy endpoint of PFS or for adverse events (AEs)
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including cardiac-related events, diarrhea, visual disorders, hypertension, skin-related events,
hepatic disorders, and pneumonitis.
Demographic interactions/special populations
The popPK analysis showed that CL/F of trametinib in men was 26% higher than that in
women (6.2 vs. 4.9 L/hr), which is not considered to be a clinically important difference
requiring dose modification. The difference in body weight between men and women may
contribute in part to this observed gender difference.
Assessment of the effect of race using a popPK analysis is not possible because the majority of
patients (97%) in the clinical trials were white.
Patients with minimum or maximum body weight were estimated to have AUC, Cmax, and
trough concentration (Ctrough) within 15%, 30%, and 10%, respectively, of the typical values
of a median body weight of 79 kg. This difference is not considered to be clinically important,
suggesting that the fixed (flat) dosing approach is acceptable.
The popPK analysis showed that age (<65 years [n=351, 71%], 65-75 years [n=114, 23%], and
≥75 years [n=28, 6%]) has no notable influence on trametinib PK.
Thorough QT study or other QT assessment
An analysis of QT/QTc intervals in 50 patients with solid tumors were submitted with the
application. The final study report for a dedicated cardiovascular safety study will be
submitted post marketing.
The predicted median change in QTcP at mean steady state Cmax (22 ng/mL) following 2 mg
QD dosing was 2.2 ms (90% CI: 0.2, 4.0). At the highest Cmax observed following 2 mg QD
and the 10/10/3 mg loading dose regimen, the median change in QTcP was 3.2 ms (0.3, 6.0)
and 8.0 ms (0.7, 14.9), respectively. Using a non-linear mixed effects model, the Applicant
determined that the slope of the relationship between QT interval corrected for heart rate with
a population factor (QTcP) and trametinib concentrations were not statistically significant with
95% CI including the null value (slope of 0.0987 [-0.0001, 0.197] ms per ng/mL).
Genetics
Differences in clinicopathological features have been observed in patients with BRAF V600
mutated melanoma based upon the V600 mutation (e.g., V600E vs. V600K). This could have
implications for patient selection for treatment with trametinib, other MEK inhibitors, or
BRAF inhibitors.
Few patients with BRAF V600K melanoma (N=52, 7.5%) were enrolled in the trials submitted
in support of this application. A greater proportion of patients with BRAF V600K melanoma
were male (V600E, 54% vs. V600K, 79%, P=0.0007) and older at initial diagnosis (median
age: V600E, 48 years vs. V600K, 57 years, p<0.0001) compared to patients with the more
common V600E mutation. Similar differences have been reported in published retrospective
analyses. These features were not prognostic in the current trials and thus, not likely to
confound assessments of activity.
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Trametinib exhibited antitumor activity in nonclinical BRAF V600 mutated melanoma models
and in clinical trials of patients with BRAF V600E and V600K mutation-positive melanoma
without prior treatment with a BRAF inhibitor. These results support an indication for
treatment of BRAF V600E and V600K metastatic melanoma. Additional studies might be
warranted to determine the association of less common BRAF V600 mutations with
clinicopathological features of melanoma and sensitivity to MEK and BRAF inhibitors.

6. Clinical Microbiology
Not applicable to this application

7. Clinical/Statistical- Efficacy
The information from this section was taken from the primary reviews of Chen (Jade) Huanyu,
Ph.D., Division of Biometrics V and Marc Theoret, M.D., Division of Oncology Products 2.
As noted previously, the data quality and integrity for this application were poor. Please see
the primary statistical review of Dr. Huanyu for a full description of the multiple data
deficiencies in this application.
The primary support for this application was a single, multinational, multi-center, randomized
(2:1), open-label, active-controlled trial, MEK114267, which was conducted in 86 centers in
North America, Europe, Australia, New Zealand and South America. Studied were 322
patients with histologically confirmed, advanced (Stage IIIc) or metastatic (Stage IV)
cutaneous melanoma whose tumor tissue was BRAFV600E or BRAFV600K mutation-positive.
Randomized patients were either treatment naive or had received a maximum of one prior
chemotherapy regimen for their disease. Patients were randomized to receive trametinib
(N=214) administered as 2 mg orally daily compared to chemotherapy (N=108) [dacarbazine
1000 mg/m2 every 3 weeks, or paclitaxel 175 mg/m2 every 3 weeks]. Randomization was
stratified by LDH (above ULN vs. equal or below ULN) and prior chemotherapy (Yes vs. No).
Study treatment was continued until disease progression, unacceptable toxicity or death. After
discontinuation of treatment, patients remained on the trial for follow-up assessment of disease
status and survival until 80% of patients died or were lost to follow-up. At the time of
progressive disease (PD), patients on the chemotherapy arm were permitted to cross over to
receive trametinib (N=51).
The primary efficacy outcome measure of the trial was progression-free survival (PFS) and
secondary endpoints were overall survival (OS), overall response rate (ORR), duration of
response (DoR), and additional PFS subgroup analyses.
The trial was designed to have 99% power to detect a hazard ratio (HR) of 0.4286 with a twosided alpha of 0.05 and 2:1 randomization ratio, assuming a median PFS of 3 months for the
chemotherapy arm and 7 months for the trametinib arm. It was estimated that 145 PFS events
were needed at the final PFS analysis, based on a planned total accrual of 297 patients.
Secondary endpoints and subgroup analyses were considered supportive and were to be tested
if the primary analysis of PFS in the ITT population was statistically significant. The statistical
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Investigator-Assessed Progression-Free Survival
and Confirmed Objective Response Results
Trametinib
Chemotherapy
N = 214
N = 108

a

PFS
Number of Events (%)
Progressive Disease
Death
Median, months (95% CI)
HR (95% CI)
p-value (two-sided)a
Confirmed Tumor Responses
Objective Response Rate
(95% CI)
CR, n (%)
PR, n (%)

117 (55%)
77 (71%)
107
70
10
7
4.8 (4.3, 4.9)
1.5 (1.4, 2.7)
0.47 (0.34, 0.65)
p <0.0001
22%
(17%, 28%)
4 (2%)
43 (20%)

8%
(4%, 15%)
0
9 (8%)

Pike estimator, unstratified analysis
CI = confidence interval; CR=complete response; HR = Hazard Ratio; NR=Not reached, PFS = Progression-free Survival;
PR=partial response

The results of PFS assessed by independent, blinded, central review were similar to and
supportive of the primary analysis.
Results for overall survival (OS) for trametinib were longer compared with chemotherapy,
although the OS data was immature. With a total of 64 (20%) deaths, median survival for the
two study arms was not estimable. The nominal p-value calculated by Dr. Huanyu from an
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unstratified log-rank test was 0.0136. The unstratified Cox proportional HR was 0.56 with
95% CI (0.34, 0.91). The unstratified Pike HR was 0.56 with 95% CI (0.33, 0.95).
There was a larger objective response rate (ORR) observed in the trametinib treatment arm
(22.0%) compared with the chemotherapy treatment arm (8.3%) per investigator assessment.
Based on the Fisher’s exact test, the nominal p-value calculated by Dr. Huanyu was 0.007. The
ORR difference between the treatment arms was 13.7% (95% CI: 3.1%, 25.17%).
The median duration of response (DoR) for the two treatment arms was not estimable.
Also of note in this application was an apparent lack of clinical activity with trametinib for
patients who had received prior BRAF-inhibitor therapy. Supporting this observation was a
single arm, multicenter, international trial that evaluated overall response rates (ORR), with
trametinib in 40 patients with BRAF V600E and V600K mutation-positive, unresectable or
metastatic cutaneous melanoma who had received prior therapy with a BRAF inhibitor. The
median age of patients in this trial was 58 years, 63% were male, all were white, 98% had
baseline ECOG performance status of 0 or 1. Tumor specimens for this patient population
were BRAF V600E mutation positive (83%) and V600K mutation positive (10%). All
patients received prior BRAF inhibitor therapy, and 48% received BRAF inhibitor therapy for
greater than or equal to 24 weeks. In this trial, there were no responses observed for patients
treated in this trial with no patient achieving a confirmed partial or complete response. The
results from this trial argue strongly for an indication statement for trametinib that
recommends against treatment of patients whose disease has progressed on prior BRAFinhibitor therapy.

8. Safety
The information from this section was taken from the primary review of Marc Theoret, M.D.,
Division of Oncology Products 2.
As the only randomized, comparative trial submitted to support the safety of trametinib the
MEK114267 trial was the primary focus of the safety review; however, the size of the
integrated safety database and duration of trametinib exposure were deemed sufficient by the
safety reviewer to characterize the safety of trametinib for treatment of patients with advanced
or metastatic cutaneous melanoma. The integrated safety database consisted of 329 patients
across three clinical trials (MEK114267, MEK113583, MEK111054) who received trametinib
at a median daily dose of 2 mg with a median time on treatment of 3.84 months (range: 0.03 to
24.5 months). One hundred and seven patients (33%) received treatment for longer than 6
months. In the integrated safety population, the most common adverse reactions are
summarized in the table below copied from Dr. Theoret’s review.
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frequent causes for dose reductions of trametinib were rash (9%) and decreased ejection
fraction (3%).
Adverse events leading to treatment interruptions/delays occurred in 20% of trametinib-treated
patients and 16% of chemotherapy-treated patients. AEs leading to withholding treatment in
more than 1% of the trametinib-treated patients were rash (4.3% trametinib vs. 0
chemotherapy), diarrhea (2.4% vs. 0), peripheral edema (1.9% vs. 0), ALT/AST increase
(1.4% vs. 0), and ejection fraction decreased (1.4% vs. 0).
Deaths during the randomized trial were relatively balanced between the treatment arms
(trametinib, 16% and chemotherapy, 13%), and the most commonly reported cause of death
was advanced melanoma.
Non-fatal serious adverse events (SAE) occurred in 17.5% (19/211) of trametinib-treated
patients and 19.2% (19/99) of chemotherapy-treated patients. The most frequent non-fatal
SAEs in the trametinib treatment group compared to the chemotherapy treatment group were
those related to skin-toxicities or infectious sequelae (6% vs. 0), cardiomyopathy (1.4% vs. 0),
pulmonary embolism (1.4% vs. 0), and pneumonitis/interstitial lung disease (0.9% vs. 0).
Among the most common adverse reactions associated with trametinib was skin toxicity. The
incidence of rash between the treatment groups was 87% for the trametinib group and 13% for
the chemotherapy group.
The median time to onset of any skin-related AE was 2.1 weeks (minimum 0.1 weeks,
maximum 31.6 weeks) in the trametinib treatment group compared to 6.3 weeks (minimum 0.1
weeks, maximum 21.1 weeks) in the chemotherapy treatment group. Dose reduction was the
most common treatment modification for these skin events; however, in the majority of cases
(82%) the dose was not changed.
There were 12 cases (6%) of serious adverse reactions related to skin-toxicities or infectious
sequelae, all requiring hospitalization, in trametinib-treated patients compared to none in the
chemotherapy treatment group. The most frequent serious adverse events related to skintoxicity in trametinib-treated patients were cellulitis (1.9%), infection (1.4%) erysipelas
(0.9%), and rash (0.9%). The two cases of serious rash (Grade 3) required dose-reduction of
trametinib.
The time to onset of serious skin infections was a mean of 56 days and median of 41 days
(range 8 to 126 days). Dosing with trametinib was withheld and then reduced in one patient,
withheld in two additional patients, and not changed in the remaining patients. The Applicant
reported that all cases of infection (n=12) resolved.
Although prophylaxis for skin toxicity was recommended during the trial, 87% of patients
received no prophylaxis and among patients receiving trametinib who did receive prophylaxis,
the incidence rates of dermatologic AEs was similar to those who did not receive prophylaxis.
(b) (4)
This fact argues for
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Among the most serious adverse reactions observed in the trametinib development program
was cardiomyopathy. There were 18 cardiac events occurring in 14 patients treated with
trametinib. These were related to ventricular dysfunction and were based on a composite of
preferred terms compiled by the applicant, the reactions included decreased ejection fraction
(n=13), left ventricular dysfunction (n=4), and cardiac failure (n=1). No patient treated with
chemotherapy experienced a cardiac-related event based on these composite terms. The
median time to onset was 9 weeks (minimum 2.3 weeks, maximum 22.3 weeks). Three of the
patients, or 1.4%, experienced four serious adverse events, and there was one patient death
from congestive heart failure.
All of the 18 cardiac events related to ventricular dysfunction. Dose reduction was the most
common treatment modification (n=8) followed by investigational product withdrawal (n=5),
dose interruption (n=4), and dose not changed (n=1). There were three recurrences of the
decreased ejection fraction in two patients following re-challenge at a reduced dose of
trametinb. The cardiac related events were recovered or resolved in nine patients, recovering
or resolving in one patient, recovered with sequelae in one patient, and not recovered or not
resolved in three patients at the time of the data cut-off for the trial. The median duration of
the cardiac AE in patients in whom the event recovered was 2.1 weeks (minimum 1.1 weeks,
maximum 10.1 weeks). Investigators withheld trametinib treatment in 12 patients with an
absolute decrease in LVEF of 10% that was less than the LLN. Following improvement of the
LVEF to greater than the lower limit of normal or to baseline, trametinib treatment was
resumed in 9 of the 12 patients.
Routine echocardiogram monitoring in the MEK114267 trial also demonstrated an increased
risk of impaired left ventricular function in the trametinib treatment group compared to the
chemotherapy treatment group. Left ventricular ejection fraction was assessed by
echocardiogram or MUGA at baseline, Cycles 2, 5, 8, 11, and every 4 cycles thereafter until
treatment discontinuation. In addition to investigator assessment of LVEF, a central reviewer,
blinded to the sequence of imaging and time point designation, assessed LVEF based on
echocardiograms or MUGA scans. Of the patients with a baseline and at least one postbaseline LVEF assessment available, reductions in LVEF > 10% and below the lower limit of
normal, based on investigator and blinded independent review determinations, occurred in up
to 14% of patients treated with trametinib compared to 3% of patients treated with
chemotherapy
Also observed in 4% of patients treated with trametinib was Retinal Pigment Epithelial
Detachment (RPED). The detachments were often bilateral and multifocal occurring in the
macular region of the retina. They led to visual acuity disturbances, but generally resolved
within days to weeks following dose reduction or cessation of trametinib, although Ocular
Coherence Tomography (OCT) abnormalities persisted beyond a month in at least a few cases.
In addition, approximately 1% of patients developed retinal vein occlusions (RVO) during
treatment with trametinib. RVO can lead to macular edema, decreased visual function,
neovascularization and glaucoma. An Ophthalmology consult was obtained for this
application. Each of the cases of RPED and RVO were reviewed and confirmed where
documentation made it possible. The consultant was also asked to make recommendations for
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•

Physician and patient labeling should display prominently information on the risks of
cardiomyopathy and ocular toxicities.

10.

Pediatrics

GlaxoSmithKline requested a waiver of pediatric studies for NDA 204114. Trametinib
qualifies for an exemption from PREA requirements as it received orphan drug designation on
December 20, 2010 for treatment of BRAF V600 mutation positive Stage IIb through IV
melanoma. No pediatric data have been included in this application in accordance with the
provisions of 21 CFR 314.55.
PMHT Consult
The Pediatric and Maternal Health Staff-Maternal Health Team (PMHS-MHT) was consulted
by DOP2 on September 18, 2012 to attend milestone meetings during the review cycle and
provide labeling comments. They provided the following information which was copied from
their review.
“Trametinib is a new molecular entity (NME) and a there are no human pregnancy data
available. In animal developmental reproductive studies, trametinib was embryo-toxic and
abortifacient in rabbits at doses greater than or equal to a dose resulting in exposure
approximately 0.3 times the human exposure at the recommended clinical dose.
Developmental toxicities consisted of increased incidence of cleft palate and increased postimplantation loss. In rats, there was maternal toxicity and an increase in post-implantation loss
at a dose resulting in exposures 1.8 fold higher than the human exposure at the recommended
clinical dose. Rats demonstrated decreased fetal weights at doses greater than or equal to 0.3
times the human exposure at the recommended clinical dose. These data are reported in current
trametinib pregnancy labeling.
Trametinib and Lactation
It is not known if Trametinib is present in human milk. A search of the Micromedex database
resulted in no human or animal data available regarding trametinib and lactation. In addition,
there are no available human lactation data available for other BRAF kinase inhibitors.
The Proposed Pregnancy and Lactation Labeling Rule (PLLR) published in May 2008. While
still complying with current regulations during the time when the Final Rule is in clearance,
PMHS-MHT is structuring the Pregnancy and Nursing mothers label information in the spirit
of the Proposed Rule. The first paragraph in the pregnancy subsection of labeling provides a
risk summary of available data from outcomes of studies conducted in pregnant women (when
available), and outcomes of studies conducted in animals, as well as the required regulatory
language for the designated pregnancy category. The paragraphs that follow provide more
detailed descriptions of the available human and animal data, and when appropriate, clinical
information that may affect patient management. The goal of this restructuring is to provide
relevant animal and human data to inform prescribers of the potential risks of the product
during pregnancy. Similarly for nursing mothers, human data, when available, are
summarized. When only animal data are available, just the presence or absence of drug in milk
is noted and presented in the label, not the amount. Additionally, information on pregnancy
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testing, contraception, and infertility that has been located in other sections of labeling are now
presented in a subsection, Females and Males of Reproductive Potential.”
The PMHS-MHT reviewed the proposed dabrafenib labeling, and labeling recommendations
were provided to the Division and incorporated into labeling negotiations with the applicant.

11.

Other Relevant Regulatory Issues

Debarment Certification
Debarment Certification was included in this NDA.
Patent Exclusivity
The application requests orphan drug exclusivity for a 7-year period from the date of approval
of this application pursuant to Section 527 of the Federal Food, Drug, and Cosmetic Act and
Sections 316.31 and 316.34 of Title 21 of the Code of Federal Regulations. On December 20,
2010, FDA granted an Orphan Drug designation for trametinib tablets for the treatment of
Stage IIb through IV melanoma. In addition, the application requests 5 years of exclusivity
from the date of approval of this application pursuant to Sections 505(c)(3)(E)(ii) and
505(j)(5)(F)(ii) of the Federal Food, Drug, and Cosmetic Act and Section 314.108(b)(2) of
Title 21 of the Code of Federal Regulations.
Financial Disclosures
Financial interest information was provided for clinical investigators participating in studies
included in this application in compliance with the Final Rule on Financial Disclosure by
Clinical Investigators published on February 2, 1998 (63 FR 5233), as subsequently revised by
publication on December 31, 1998 (63 FR 72171).
Other GCP issues
The applicant includes a statement that all studies were undertaken in accordance with
standard operating procedures of the GlaxoSmithKline Group of Companies, which comply
with the principles of Good Clinical Practice. In addition, the applicant stated that all studies
were conducted with the approval of Ethics Committees or Institutional Review Boards and
informed consent was obtained for all subjects. It was also noted that studies were performed
in accordance with the version of the Declaration of Helsinki that applied at the time they were
conducted, and where regulatory approval was required, this was obtained from the relevant
health authority.
DSI audits
DSI inspected the applicant and two clinical sites for this application. Based on the findings in
the inspections, all NAI, DSI has determined that the data submitted in this application appear
reliable to support this NDA.

12.

Labeling

Proprietary name
The proprietary name Mekinist was deemed acceptable by DMEPA on August 23, 2012. A rereview of the name will take place in accordance with standard FDA practices closer to the
action date for this application.
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recommendations were made to increase readability and prominence of important information
in the labels and to promote safe use of the product. These recommendations were sent to the
applicant and are under negotiation as of the filing of this review. In addition, DMEPA agreed
with the recommendations of the CMC review team regarding the text for conveying storage
information on the carton and container labels. Specifically, the recommended wording is:
“Store refrigerated at 2° to 8°C (36°F to 46°F). Do not freeze. Dispense in original bottle. Do
not remove desiccants. Protect from moisture and light. Do not place medication in pill
boxes.”
For more detailed recommendations, please see the reviews of James Schlick, RPh, MBA,
DMEPA and Sue-Ching Lin, Ph.D., Office of New Drug Quality Assessment.
Patient labeling
A patient information sheet was reviewed by DMPP and their recommendations were sent to
the applicant on May 21, 2013. As of the date of this review, we are awaiting comments from
the applicant.

13.

Recommendations/Risk Benefit Assessment

Recommended Regulatory Action
Approval
Risk Benefit Assessment
Approval is recommended for Mekinist (trametinib) as a new molecular entity and first in its
class small molecule oral inhibitor of MEK1 and MEK2 kinases for the treatment of BRAF
inhibitor-naive patients with unresectable or metastatic melanoma with BRAF V600E or
V600K mutations, as detected by an FDA-approved test. All disciplines have recommended
approval for this application and I concur with their recommendations.
Melanoma is the fifth most common cancer in men and seventh most common cancer in
women in the United States. Approximately 76,690 new melanoma cases will be diagnosed in
the U.S. in the current year, with 9,480 deaths estimated. Melanoma develops at a relatively
early age and the incidence of melanoma continues to increase. Metastatic melanoma accounts
for approximately 4% of all newly diagnosed melanoma cases. The prognosis for patients with
metastatic disease is grave with five year survival rates less 10% for patients.
There are few FDA-approved treatments for metastatic melanoma—vemurafenib, ipilimumab,
aldesleukin, and dacarbazine—and only vemurafenib, an inhibitor of BRAF kinases, was
specifically studied in patients with BRAF V600E mutation-positive melanoma. In this
molecularly defined subgroup of melanoma patients, vemurafenib demonstrated a prolongation
of investigator-assessed PFS from a median of 1.6 months (95% CI: 1.5, 1.7) with DTIC to 5.3
months (95% CI: 4.8, 6.6) with vemurafenib with a hazard ratio of 0.26 (95% CI: 0.20, 0.33).
Vemurafenib also demonstrated improved overall survival compared to dacarbazine with a HR
of 0.44 (95% CI: 0.33, 0.59; p <0.0001).
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The recommendation for approval of NDA 204114 (trametinib) is based on a single, openlabel, multicenter, international clinical trial of 322 patients with unresectable (Stage IIIc) or
metastatic (Stage IV), BRAF V600E or V600K mutation-positive cutaneous melanoma
randomized to receive trametinib (n=214) or chemotherapy (n=108). The results of this trial
demonstrated a reduction in the hazard of investigator-assessed progression of disease or death
from any cause in the trametinib arm compared to the chemotherapy arm [HR of 0.47 for PFS
(95% CI: 0.34, 0.65, p < 0.000, unstratified log-rank test)]. The median investigator-assessed
PFS on the trametinib arm was 4.8 months (95% CI: 4.3, 4.9) compared to 1.5 months (95%
CI: 1.4, 2.7) on the chemotherapy arm, a statistically significant, robust, and clinically
meaningful prolongation in PFS. Analyses based on a blinded, independent central review
assessment of PFS supported the primary efficacy analysis using investigator assessments. The
investigator-assessed, confirmed ORR was 22% (95% CI: 17%, 28%) with 2% complete
responders on the trametinib arm and 8% (95% CI: 4%, 15%) on the chemotherapy arm, all
partial responders. The median duration of response was 5.5 months (95% CI: 4.1, 5.9) for the
objective responders to trametinib and was not reached (95% CI: 3.5 months, not reached) for
the objective responders to chemotherapy. The OS analysis performed at the time of the final
PFS analysis estimated a HR of 0.56 (95% CI: 0.33, 0.95) based on the unstratified log-rank
test with a nominal p-value of 0.0136. The median OS was not estimable due to the
immaturity of the analysis. The results of the OS analysis are not yet mature with only 20% of
events observed in the intent-to-treat population; however, the results even at this early
analysis suggest a trend in improved overall survival for patients treated with trametinib.
Trametinib is not indicated for the treatment of patients who have received prior BRAF
inhibitor therapy. In a Phase 2 trial, no responses for patients in this subgroup were observed
after treatment with trametinib.
The primary safety risks of trametinib are cardiomyopathy, ocular disorders that can result in
blindness, including retinal vein occlusion and retinal pigment epithelial detachment,
interstitial lung disease or pneumonitis, and rash including infectious complications. The rate
of cardiomyopathy defined as cardiac failure, left ventricular dysfunction, or decreased
ejection fraction was 7% in trametinib-treated patients and nil in the chemotherapy-treated
patients in the MEK114267 trial. Risk of cardiomyopathy requires routine monitoring of left
ventricular ejection fraction (LVEF). In the trametinib integrated safety population, the
incidence of the other major safety risks in trametinib-treated patients were, in order of
decreasing frequency, 87% for rash, 4% for retinal pigment epithelial detachments, 2% for
interstitial lung disease/pneumonitis, and 1% for retinal vein occlusion. Management of these
risks requires dose interruption or permanent discontinuation of trametinib depending on the
severity.
The most common adverse reactions (≥20%) for trametinib in the integrated safety population,
were rash, diarrhea, fatigue, peripheral edema, nausea, and acneiform dermatitis. Additional
clinically significant adverse reactions of trametinib were hepatoxicity (no Hy’s Law cases),
hypertension, bradycardia, and possibly rhabdomyolysis (one serious case and two other
cases).
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In the MEK114267 trial, the rate of adverse events leading to treatment withdrawal was
similar between treatment groups, approximately 9%. Adverse events led to dose reductions
more frequently in the treatment group (27%) than in the chemotherapy treatment group
(10%). The most frequent cause of dose reductions of trametinib was rash (9%) and decreased
ejection fraction (3%). Adverse events leading to treatment interruptions/delays occurred in
20% of trametinib-treated patients and 16% of chemotherapy-treated patients. AEs leading to
withholding treatment in more than 1% of the trametinib treated patients were rash (4.3% in
the trametinib treated group vs. 0 in the chemotherapy treated group), diarrhea (2.4% vs. 0),
peripheral edema (1.9% vs. 0), ALT/AST increase (1.4% vs. 0), and ejection fraction
decreased (1.4% vs. 0). The most frequent Grade 3 or 4 AEs in trametinib-treated patients,
compared to chemotherapy-treated patients were hypertension (12.8% vs. 4%) and rash (8.1%
vs. 0%).
Trametinib has a favorable benefit-risk profile for treatment of patients with BRAF V600E and
V600K mutation-positive unresectable or metastatic melanoma when compared to available
treatment options for this disease. The reservations that arose during the review of this
application were prompted by data that were poorly organized and of poor quality. However,
the results of the trial submitted to support the effectiveness of trametinib, other supportive
data and the opportunity to approve another effective drug for patients with advance melanoma
were compelling. While the clinical review team and the Special Government Employee
consulted for this application agree that the role of trametinib administered as monotherapy to
patients with BRAF V600E and V600K mutation-positive unresectable or metastatic
melanoma is limited, the drug has demonstrated significant anti-tumor activity and will have a
prominent role in the treatment of metastatic melanoma. Prescribers should be aware that
patients who were previously treated with a BRAF inhibitor do not appear to benefit from
trametinib monotherapy. Also notable is the need for the applicant to better define and
characterize the serious risks observed with this drug during development, e.g.,
cardiomyopathy and ocular toxicities, including the potential for blindness. In addition,
prescribers need to be keenly aware of these toxicities and adhere to appropriate monitoring in
order to mitigate the risks to patients.
Recommendation for Postmarketing Risk Evaluation and Management Strategies
A postmarketing Risk Evaluation and Management Strategy (REMS) was not recommended
by the safety reviewer, Dr. Theoret, based on the information provided in the application and I
concur with this recommendation.
Recommendation for other Postmarketing Requirements and Commitments
I concur with the following postmarketing requirements proposed by the Clinical
Pharmacology and Clinical Review Teams under the Food and Drug Administration
Amendments Act of 2007 (FDAAA).
Clinical Pharmacology
• Conduct a pharmacokinetic trial to determine the appropriate dose of trametinib in
patients with hepatic impairment in accordance with the FDA Guidance for Industry
entitled “Pharmacokinetics in Patients with Impaired Hepatic Function: Study Design,
Data Analysis, and Impact on Dosing and Labeling.”
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•

Complete a clinical trial to evaluate the potential for trametinib to prolong the QT/QTc
interval in an adequate number of patients administered repeat doses of trametinib in
accordance with the principles of the FDA Guidance for Industry entitled “E14
Clinical Evaluation of QT/QTc Interval Prolongation.” Submit the final report that
includes central tendency, categorical and concentration-QT analyses, along with a
thorough review of cardiac safety data.

Clinical
• Submit integrated safety analyses from an adequate number of randomized controlled
clinical trial(s) to identify and characterize the risk of retinal pigmented epithelial
detachments (RPED), including safety evaluations adequate to inform labeling of
patient populations at highest risk and to provide evidence-based dose modification and
monitoring recommendations in labeling of RPED events.
• Submit cumulative safety analyses annually, and for one year after the last patient has
completed clinical trial treatment, to identify and characterize the risk of serious
sequelae of cardiomyopathy, including safety evaluations adequate to inform labeling
of patient populations at a highest risk for developing these toxicities and to provide
evidence-based dose modification and monitoring recommendations, in all ongoing
and subsequently initiated randomized controlled clinical trials through 2020 that use
trametinib alone or in combination with other anti-cancer drugs.
Recommended Comments to Applicant
Future applications should be quality controlled for data uniformity and consistency across
trials, or be submitted utilizing a standard data format acceptable to FDA.
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