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AIMS
The aim of this phase 1, single centre, open label study in four patients
with solid tumours was to determine the absolute bioavailability of a
2 mg oral dose of trametinib. Trametinib is an orally bioavailable,
reversible and selective allosteric inhibitor of MEK1 and MEK2
activation and kinase activity.

METHODS
A microtracer study approach, in which a 5 μg radiolabelled i.v.
microdose of trametinib was given concomitantly with an unlabelled
2 mg oral tablet formulation, was used to recover i.v. and oral
pharmacokinetic parameters, simultaneously.

RESULTS
The least-squares mean (90% confidence interval) absolute
bioavailability of trametinib (2 mg tablet) was 72.3% (50.0%, 104.6%).
Median tmax after oral administration was 1.5 h and the geometric mean
terminal half-life was 11 days. The geometric mean clearance and
volume of distribution after i.v. administration were 3.21 l h−1 and 976 l,
respectively, resulting in a terminal elimination half-life of 11 days.

CONCLUSIONS
Trametinib absolute bioavailability was moderate to high, whereas first
pass metabolism was low.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Following oral dosing of 2 mg trametinib, median

tmax was 1.5 h and the mean effective half-life (t1/2)
was approximately 4 days. Trametinib is greater
than 95% protein bound. Trametinib accumulates
about six-fold with repeat daily dosing, and the
concentration–time profiles showed a flat profile at
steady-state with a low peak : trough ratio.

• The absolute bioavailability of trametinib has not
been previously reported.

• The microtracer approach has been used previously
to recover i.v. and oral pharmacokinetic parameters,
simultaneously, which are used to estimate absolute
bioavailability.

• Determination of absolute bioavailability improves
our understanding of the clinical pharmacology of a
compound.

WHAT THIS STUDY ADDS
• Trametinib has moderate to high bioavailability

(72.3%) following oral administration of a 2 mg
tablet.

• The i.v. microtracer study approach revealed the
contribution of high oral bioavailability with low
first pass metabolism and a prolonged terminal
elimination phase to the pharmacokinetics of
trametinib.
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Introduction

Trametinib is a reversible, highly selective allosteric inhibi-
tor of MEK1/MEK2 activation and kinase activity [1, 2]
which has been approved in the United States for the
treatment of BRAF V600E or V600K mutation-positive
melanoma. Clinical activity of trametinib in unresectable,
BRAF V600 mutation-positive melanoma was observed in
phase 1, 2 and 3 studies [3–5]. Significant improvement in
overall survival and progression free survival over
dacarbazine or paclitaxel was confirmed in the pivotal
phase 3 study (METRIC) [5].

The pharmacokinetics (PK) of trametinib after
oral administration were characterized in the first-
time-in-human (FTIH) study [6]. Following oral dosing
of 2 mg trametinib, median tmax was 1.5 h and the
mean effective half-life (t1/2) was approximately
4 days. Trametinib accumulates about six-fold with repeat
daily dosing and the concentration–time profiles showed
a flat profile at steady-state with a low peak : trough
ratio.

Determination of absolute bioavailability improves
our understanding of the clinical pharmacology of a
compound (e.g. by characterizing the i.v. phar-
macokinetics) and is required by several regulatory
agencies [7]. Conventional crossover studies have
been fraught with the challenges and delays asso-
ciated with preparing and administering a drug in-
travenously that has been developed for oral use.
The use of i.v. radiolabelled microtracer studies has
become an attractive alternative to conducting con-
ventional crossover design absolute bioavailability
studies and provides characterization of the i.v. PK
of a new compound. The microtracer approach in-
volves administration of an unlabelled oral therapeutic
dose with concomitant administration of a subthe-
rapeutic radiolabelled i.v. microdose (pharmacologi-
cally inactive). A microdose is defined as less than
1/100th of the calculated clinical dose (based on animal
data) needed to yield a pharmacologic effect, up to a
maximum of 100 μg [8, 9]. The radiolabelled micro-
dose (<270 nCi) produces trivial exposure to ionizing
radiation and does not require additional i.v. toxicity
studies or extensive i.v. formulation development. The
microtracer approach has the advantage of simultaneous
recovery of i.v. and oral pharmacokinetic parameters
to obtain within-subject, within-period comparison. As
such, this approach reduces the variability of recovered
pharmacokinetic parameters, reduces the number of
subjects required and provides a more precise esti-
mate of absolute bioavailability than does the use
of a traditional crossover design study. I.v. radiolabelled
microtracer studies have been widely implemented
at GlaxoSmithKline (GSK) within clinical pharmacology
programmes and across diverse therapeutic areas. Micro-
tracer studies have been used successfully to determine

the absolute bioavailability of several compounds at
GSK (dabrafenib [7], SRT-2104 (GSK2245840) [10], and
GSK962040 [11]) and elsewhere (fexofenadine, IDX899,
IDX989 and saxagliptin (dapagliflozin, SCH 900518) [12–
17]) using either the marketed oral formulation or an oral
microdose as the test treatment.

The purpose of this study was to characterize the
oral and i.v. PK and to determine the absolute oral
bioavailability of trametinib using simultaneous adminis-
tration of an unlabelled oral dose (2 mg tablet) and a
radiolabelled i.v. microdose (5 μg) in patients with solid
tumours.

Methods

Clinical study design
The study protocol (MEK115064; ClinicalTrials.gov identi-
fier NCT01416337) and consent form were approved by a
duly constituted institutional review board (Alpha Inde-
pendent Review Board, San Clemente, CA, USA), and the
study was conducted in accordance with good clinical
practice and the guiding principles of the Declaration of
Helsinki at Comprehensive Clinical Development NW, Inc
(Tacoma, WA, USA). Signed and dated written informed
consent was obtained from each patient before his or her
participation in the study and before any study-related
procedures were performed.

This was a phase 1, single centre, open label study in
patients with solid tumours. After obtaining informed
consent, eligible participants were admitted to the clinical
research unit on day −1. After fasting overnight for 8 h, all
participants received trametinib as a single 2 mg tablet
(with 240 ml water) and a single i.v. dose of 5 μg (7.4 kBq,
200 nCi) [14C]-trametinib, administered 1.5 h after the oral
dose (to coincide with oral tmax). The participants contin-
ued fasting for 4 h after the oral dose. The 5 μg (1 ml)
i.v. microdose of [14C]-trametinib (in 5% hydroxypropyl
β-cyclodextrin [Cavitron] for injection) was injected as a
slow i.v. push over 1 min into the infusion line through a ‘Y’
injection port co-administered with either a 50 ml solution
of normal saline or 5% dextrose administered at a rate of
10 ml min−1. All excipients used in the i.v. formulation had
GRAS (generally regarded as safe) status. The i.v. infusion
was given in the arm not being used for PK sampling.

Blood samples (two 6 ml samples at each time point)
for analysis of trametinib, [14C]-trametinib and total radio-
activity were collected at several time points through 10 h
on day 1 (pre-dose and 0.5, 1, 1.5, 1.75, 2, 2.5, 3, 4, 5, 6, 8,
10 h) and at single time points on days 2, 3, 4, 5, 8 and 11
after the oral dose. The actual date and time of each blood
sample collection were recorded. Blood samples were
stored on wet ice for a maximum of 1 h before plasma was
separated from blood by centrifugation at 4°C and stored
at −70°C prior to analysis. After completion of the study, all
participants entered an open label rollover study of
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trametinib (no washout period or follow-up visit re-
quired) and continued receiving trametinib (MEK114375,
ClinicalTrials.gov identifier NCT01376310).

Dose selection
The recommended oral dose of trametinib is 2 mg once
daily. The highest dosage strength (2 mg tablet) was used
in this study. An i.v. dose of 5 μg was selected, which is
400-fold lower than the oral dose, thus fitting the criteria of
a microdose (i.e. less than 100th of the dose needed to
yield a pharmacologic effect, up to a maximum of 100 μg)
[8, 9]. Due to the very low i.v. dose, a target detection limit
of 2.5 pg ml−1 was considered acceptable to characterize
the PK profile of trametinib. The lower limit achieved in
developing the assay was 1.1 pg ml−1.

Study participants
Men or women were eligible if they were ≥18 years of age
with solid tumours, had an Eastern Cooperative Oncology
Group (ECOG) performance status of 0 or 1, and had
adequate organ function (total bilirubin ≤1.5 times
ULN, ALT ≤2.5 times ULN, creatinine ≤1.5 times ULN,
Cockroft–Gault creatinine clearance ≥50 ml min−1, 24 h
urine creatinine clearance ≥50 ml min−1, LVEF ≥LLN by
ECHO or MUGA). A body weight of ≥45 kg and a body mass
index between 19 and 45 kg m−2 were required. Partici-
pants were excluded if they had received cancer therapy
with delayed toxicity within 3 weeks, chemotherapy
without delayed toxicity within 2 weeks, an investigational
anticancer drug within 28 days, or any other investiga-
tional product within 30 days, five half-lives or twice the
duration of the biological effect of the investigational
product. In addition, patients were excluded if they
had participated in a 14C human research study within
12 months preceding administration of the study medica-
tion. Consumption of food, herbal remedies or medication
known to interfere with cytochrome P450 (CYP) 3A activity
was prohibited, although it was later confirmed that the
major pathway of elimination of trametinib is not medi-
ated by CYP3A4. Subjects with untreated leptomeningeal
or brain metastases or spinal cord compression were
excluded. Subjects with a Fridericia-corrected QT interval
(QTcF) or Bazett-corrected QT interval (QTcB) ≥480 ms, with
history or evidence of cardiovascular risk, with a history of
interstitial lung disease or pneumonitis, with a history of
retinal vein occlusion or central serous retinopathy or with
conditions affecting gastrointestinal absorption were
excluded.

Trametinib HPLC/MS/MS analysis
Trametinib was extracted from human plasma samples
with an isotopically labelled standard ([13C6]-trametinib) by
liquid-liquid extraction using ethyl acetate. Extracts were
injected onto a BEH C18 column (50 × 2.1 mm, 1.7 μm;
Waters Corporation, Milford, MA, USA), maintained at 65°C
and eluted with a binary mobile phase gradient using 0.1%

formic acid in water (A) and 0.1% formic acid in acetonitrile
(B), with a constant flow rate of 0.7 ml min−1. The initial
mobile phase condition of 50 : 50 A : B was held until
0.8 min, when the composition changed to 35 : 65 A : B.
From 0.81 to 1.0 min, the mobile phase held at 20:80 A:B
and reverted back to the initial conditions (50 : 50 A : B) at
1.1 min. Detection was performed by positive ion MS/MS
with multiple reaction monitoring (m/z 616 to m/z 491 for
trametinib). The lower limit of quantification (LLQ) for
trametinib was 0.25 ng ml−1 for a 50 μl aliquot of human
plasma with a higher limit of quantification (HLQ) of
250 ng ml−1. Quality control samples (QC), prepared at
three different analyte concentrations (four replicates per
concentration) and stored with the study samples, were
analyzed with each batch of samples against separately
prepared calibration standards. For the analysis to be
acceptable, no more than one-third of the total QC results
and no more than one-half of the results from each
concentration level were to deviate from the nominal
concentration by more than 15%. Data acquisition and
quantitation were performed with Analyst version 1.4.2.
The applicable analytical runs met all predefined run
acceptance criteria.

[14C]-trametinib and total radioactivity analysis
Samples were analyzed for [14C]-trametinib and total
plasma radioactivity using accelerator mass spectrometry
(AMS). Prior to analysis by AMS, the carbon within the
samples was harvested and converted to graphite. This
involved a two stage process of sample combustion (oxi-
dation) followed by graphitization (reduction), as previ-
ously published [18]. AMS provides an isotope ratio from
which total radiocarbon per mg carbon is derived. The
carbon content of plasma was taken into account to allow
correction of the AMS data to determine the total amount
of radiocarbon in the samples. Carbon analysis was under-
taken using a Costech Elemental Combustion System
CHNS-O Analyzer (Costech Analytical Technologies,
Inc, Valencia, CA, USA) supplied by Pelican Scientific Ltd
(Cheshire, UK). The AMS was a 250 kV Single Stage
Accelerator Mass Spectrometer (National Electrostatics
Corp., Middleton, WI, USA), operated via NEC proprietary
‘AccelNET’ software on a Linux operating system. Post-
acquisition data processing was performed using the NEC
software ‘abc.’ Further details of the operating conditions
have been previously published [18]. The LLQ for total
radioactivity was 0.95 pg equiv ml−1.

Plasma [14C]-trametinib concentrations at all time
points were determined with a validated analytical LC
+ AMS method over the range of 1.1 to 101 pg ml−1.
Trametinib (including [14C]-trametinib as a tracer) was
extracted from 200 μl of human plasma by protein precipi-
tation using three volumes of acetonitrile containing non-
labelled trametinib at 2 μg ml−1 as an internal standard (IS).
The samples were vortex-mixed and centrifuged at 3000 ×
g; the resultant supernatant was removed and dried using
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a vacuum centrifuge. The sample was reconstituted in
250 μl of acetonitrile/water (50 : 50) and 50 μl was injected
onto the HPLC system. Isolation of trametinib was
achieved using a Phenomenex Synergi-Polar column
(4 μm packing, 4.6 × 250 mm) maintained at 30°C. The
mobile phase consisted of 10 mM ammonium acetate
(pH 5) (A) and acetonitrile (B). A flow rate of 1 ml min−1 was
maintained for the entire run. The following 70 min gradi-
ent was used: started at 5% B, increased to 20% B over
5 min, increased to 60% B over 40 min, increased to 95% B
over 5 min and maintained at 95% B for 5 min, and
decreased to 5% B over 5 min. The column was then
re-equilibrated at 5% B over 5 min. The area of the u.v.
response of the IS was recorded, and the eluate corre-
sponding to trametinib was collected as a discrete fraction
into a quartz tube for further processing to harvest graph-
ite and subsequent analysis by AMS. The assay had a linear
dynamic range of 1.1 to 101 pg ml−1 and quantification
was performed against trametinib-spiked recovery stand-
ards based on demonstrated linearity with non-weighted
linear regression.

During method validation, concentrations of [14C]-
trametinib in validation samples were determined on two
occasions. Five of 33 validation samples failed to meet the
acceptance criteria of being within 20% of the actual con-
centrations (25% at LLOQ). The bias was assessed to be
<10% with a precision of <17.3%.

Study samples were analyzed as four separate batches
with QC samples included in each batch. Individual QC
results were deemed acceptable if the calculated concen-
tration was within 20% of the actual concentration, and
the analytical run was accepted if no more than one-third
of the QCs exceeded the acceptable limit with at least one
QC sample at each concentration within the acceptable
limit. Only two of 36 samples failed to meet the established
acceptance criteria (±20%) through four analytical runs.

Eight study samples (≈11%) were re-analyzed for
incurred sample reproducibility (ISR) with all samples
being within 20% of the mean of the original and ISR
result.

Clinical pharmacokinetics
Analysis of plasma concentration data via non-
compartmental methods was conducted using WinNonlin
Professional Edition version 5.2 (Pharsight Corporation,
Mountain View, CA, USA) non-compartmental Model 200
(for extravascular administration) for trametinib and non-
compartmental Model 202 (for constant infusion) for [14C]-
trametinib and total radioactivity by ICON Development
Solutions (Marlow, UK). Standard non-compartmental PK
parameters, including maximum concentration (Cmax), tmax,
area under the concentration–time curve from time zero
to 244 h or to infinity (AUC(0,tlast) and AUC(0,∞), respec-
tively) and half-life (t1/2) for trametinib, [14C]-trametinib and
total radioactivity, were estimated based on actual sam-
pling times. Systemic clearance (CL) and apparent oral

clearance (CL/F) were determined after i.v. and oral dosing,
respectively. Vss is described as the volume of distribution
at steady-state following i.v. dosing and is based on mean
residence time (MRT) and CL, where Vss = MRT(0,∞) × CL. Vd,z

is described as the volume of distribution during the ter-
minal phase and is calculated as dosei.v./(λz × AUC(0,∞)i.v.),
where λz is the terminal slope elimination rate constant
and AUC(0,∞)i.v. following i.v. administration of trametinib
is defined above.

Statistical analysis
Summary statistics are reported for each PK parameter. For
calculation of absolute bioavailability, a mixed-effect
model (SAS, version 9.1.3, on the Windows SAS platform)
was fitted to dose-normalized, loge-transformed area
under the curve (AUC(0,tlast) or AUC(0,∞)) with the subject
as a random effect and treatment as a fixed effect (oral
was the test, i.v. was the reference). Dose-normalized
AUC(0,tlast) or AUC(0,∞) was obtained by dividing
AUC(0,tlast) or AUC(0,∞) by dose for each subject. The least-
squares mean difference and associated 90% confidence
intervals (CIs) in AUC(0,tlast) or AUC(0,∞) between the oral
and i.v. doses were obtained from the model. This least-
squares mean difference was back-transformed to pro-
vide a point estimate and corresponding 90% CI for the
absolute bioavailability (F). Due to the long elimination
half-life and large extrapolation of area, the estimate of
bioavailability is also reported based on AUC(0,tlast).

Results

Participants
Four patients (two White men and two White women;)
were enrolled and underwent study procedures. All
patients had metastatic (stage IV) cancer at screening,
including oesophageal cancer, non-small cell lung cancer
(NSCLC), ocular melanoma and bladder cancer. All patients
had an ECOG performance status of 0 or 1 at screening. All
received the oral and i.v. dose as planned.

Clinical pharmacokinetics
The geometric least squares mean (90% CI) absolute
bioavailability (F) of the 2 mg trametinib tablet were 72.3%
(50.0%, 104.6%) and 84.2% (66.1%, 107.2%) based on
AUC(0,tlast) and AUC(0,∞), respectively. Individual values
ranged from 45.7% to 92.8% and from 65.9% to 109%
when F was determined using AUC(0,tlast) and AUC(0,∞),
respectively.

Individual concentration–time profiles following oral
dose and i.v. microdose are illustrated in Figure 1. Selected
PK parameters for trametinib observed following oral
administration and for [14C]-trametinib and total radio-
activity following i.v. administration are summarized in
Table 1. For a 400-fold difference in dose, trametinib geo-
metric mean Cmax and AUC(0,tlast) were 76-fold and 289-fold
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Figure 1
(A) Individual plasma trametinib and [14C]-trametinib concentration vs. time profiles after oral (2 mg) and i.v. (5 μg) administration. Individual patients are
denoted by symbols and colours. The dashed lines represent oral trametinib; the solid lines represent i.v. [14C]-trametinib. Inset shows detail from 0 to 24 h
post-dose

Table 1
Clinical pharmacokinetics of trametinib after concomitant oral and i.v. administration (2 mg trametinib orally, 5 μg [14C]-trametinib i.v.)

Parameter (units) Trametinib (oral) [14C]-trametinib (i.v.) Total radioactivity* (i.v.)

tmax† (h) 1.50 0.08 0.08

(1.00, 1.58) (0.08, 0.08) (0.08,0.08)
Cmax‡ (ng ml–1) 8.03 0.105 0.118

[118] [71] [54]
(2.56, 24.31) (0.044, 0.190) (0.058, 0.177)

AUC(0,t)‡ (ng ml–1 h) 248 0.858 1.68

[83] [57] [56]

(99.8, 580) (0.546, 1.76) (1.18, 3.60)
AUC(0,∞) (ng ml–1 h) 525 1.56 4.92§, 5.91§

[36] [31]
(333, 783)‡ (1.26, 2.39)‡

t1/2 (h) 264 229 643§, 176§

[62] [39]

(130, 481)‡ (144, 348)‡
CL or CL/F‡ (l h–1) 3.81 3.21 ND

[36] [31]
(2.56, 6.01) (2.09, 3.97)

Vss‡ (l) ND 976 ND

[79]

(385, 1836)‡
Vd,z‡ (l) ND 1060 ND

[75]
(435, 1985)‡

t1/2, half-life; tmax, time to reach Cmax; Vss, volume of distribution at steady state; Vd,z, volume of distribution during the terminal phase. *Total radioactivity concentration units are
ng equivalents trametinib ml−1. †tmax results are presented as median (minimum, maximum). ‡Results are presented as geometric mean [%CV] (minimum, maximum) for n >2.
§Elimination half-life and AUC(0,∞) for total radioactivity were estimated in only two of four subjects; individual subject values are listed. AUC(0,∞), area under the concentration–
time curve from time zero to infinity; AUC(0,t), area under the concentration–time curve from time zero to time t; CL, systemic clearance; CL/F, apparent oral clearance; Cmax,
maximum concentration; ND, not determined.
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lower, respectively, after i.v, microdose relative to the oral
dose. Geometric mean i.v. trametinib plasma clearance,
Vd,z, and Vss were 3.21 l h−1, 1060 l and 976 l, respectively,
after administration of i.v. microdose. Apparent clearance
following oral dose of trametinib was 3.81 l h−1.

The median trametinib tmax after oral administration
was 1.5 h and coincided with the tmax observed at the end
of the i.v. infusion (0.08 h post-end of infusion). After tmax, a
rapid distribution phase was observed as plasma concen-
trations decreased five-fold and 21-fold from tmax to 24 h
post-oral and i.v. dose, respectively (Figure 1). The rapid
distribution phase was followed by a prolonged terminal
elimination phase after both oral and i.v. administration.
The geometric mean terminal phase half-life for trametinib
after oral dose and i.v. microdose administration was 264 h
(≈11 days) and 229 h (≈10 days), respectively.

Mean profiles of [14C]-trametinib and total radioactivity
plasma concentration over time are shown in Figure 2.
Trametinib as parent accounted for 52% (range: 43%–
63%) of the total radioactivity observed after a single i.v.
dose.

As shown in Figure 1, the rank order for each subject
was consistent following oral and i.v. dosing, such that
subjects with comparatively high exposure following oral
administration also had high exposure after i.v. adminis-
tration. This was further investigated by examining rela-
tionships between exposure and subject characteristics.
Figure 3 shows trametinib and [14C]-trametinib AUC(0,tlast)
and Cmax values by gender and by body weight. There was
an apparent inverse relationship between body weight

and trametinib exposure. Female subjects had higher
exposure, consistent with their lower body weight.

Adverse events
All reported adverse events (AEs) were grade 1 and non-
recurrent and most (except headache, ecchymosis and
excoriation in one subject) resolved by the time subjects
transitioned to the rollover study to continue receiving
trametinib. None of the AEs was considered related to
treatment with the study medication. There were no with-
drawals due to AEs and no reports of AEs related to
changes in clinical laboratory tests, echocardiograms or
vital signs. There were no reports of serious AEs.

Discussion

The primary objective of this study was to determine the
absolute bioavailability (F) of trametinib after concomitant
administration of a radiolabelled i.v. microtracer dose
(5 μg) and an unlabelled oral therapeutic dose (2 mg tablet
formulation). To enable determination of concentrations
following administration of the 5 μg i.v. microtracer
dose, an AMS assay was validated with a lower limit of
quantitation of 1.1 pg ml−1. Based on AUC(0,tlast), the abso-
lute bioavailability of trametinib was 72.3% (range, 45.7%–
92.8% indicating moderate to high bioavailability of the
2 mg tablet following oral administration.

Trametinib had low i.v. plasma CL of 3.21 l h−1 (0.94 l h−1

blood clearance), which is approximately 1% of liver blood
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Figure 2
Mean plasma [14C]-trametinib (solid line, ng ml−1) and total radioactivity (dashed line, ng equivalents of trametinib ml−1) concentration vs. time profile after
i.v.; 5 μg administration (n = 4). Inset shows detail from 0 to 24 h post-dose. , [14C]-trametinib; , total radioactivity
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flow (where liver blood flow is 81 l h−1 [19] and a
blood : plasma ratio of 3.4). High absolute bioavailability
and low clearance suggest low hepatic extraction and
limited first pass metabolism of trametinib. A large Vss

(976 l) suggests that trametinib distributes considerably to
tissues. The distribution is rapid, as evidenced by the large
initial decrease in concentrations after a single oral and i.v.
dose (5- and 21-fold decrease within 24 h of tmax, respec-
tively). Under steady-state conditions, a low peak : trough
ratio of 1.8 was observed in subjects after once daily
dosing of trametinib (2 mg) in the FTIH study. This may be
attributable to the fact that the distribution processes are
less pronounced with repeat dosing [6].

Subjects with comparatively high exposure following
oral administration also had high exposure after i.v. ad-
ministration. In addition, female subjects with lower body
weight had higher exposure compared with male subjects
with higher body weight, consistent with results from the

population PK analysis where oral clearance (CL/F) was
affected by both gender and weight, whereas the distribu-
tional clearance was affected by body weight [20].

The estimated half-lives after oral and i.v. admini-
stration were 11 and 10 days, respectively. The half-life
determined in the food effect study (MEK113709 [21])
was approximately 5 days, likely due the shorter sampling
period (up to 7 days) while the accumulation half-life was
only 4 days. Using a population PK model, estimated ter-
minal half-lives were 3.9 and 4.8 days for male and female
subjects, respectively, and were consistent with the effec-
tive half-life [20]. Despite a lengthy elimination phase, it is
expected that steady-state exposure following repeat
daily dosing of 2 mg will be reached within 15 to 20 days.
This is because the AUC attributed to the long elimination
phase contributes little to total AUC.

Trametinib profiles following both oral and i.v. ad-
ministration showed an initial rapid distribution phase

0

5

10

15

20

25

30

50 70 90

C
m

ax
 (

ng
 m

l-
1 )

Body weight (kg)

A C

B

0.000

0.050

0.100

0.150

0.200

0.250

50 70 90

C
m

ax
 (

ng
 m

l-
1 )

Body weight (kg)

D

0

100

200

300

400

500

600

700

50 70 90

Body weight (kg)

0

0.4

0.8

1.2

1.6

2

50 70 90

A
U

C
 (

0,
 t

) 
(n

g 
m

l-
1 

h)
A

U
C

 (
0,

 t
) 

(n
g 

m
l-

1 
h)

Body weight (kg)

y = -0.549x + 55.603
r² = 0.9364 

y = -0.0034x + 0.3955
r² = 0.8332 y = -0.0334x + 3.6832

r² = 0.9838 

y = -11.687x + 1251.4
r² = 0.9143 

Figure 3
Individual AUC(0,tlast) and Cmax values for a single 2 mg oral dose of trametinib (A,C) or a single 5 μg i.v. dose of [14C]-trametinib (B,D). Symbols denote male
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followed by a protracted elimination phase likely reflective
of slow elimination from deep compartments. It has been
shown that parent trametinib, but not metabolites, prefer-
entially distributes to red blood cells and this accounts for
the initial rapid distribution phase [22] and is supportive of
the observation that following a single i.v. dose, parent
trametinib accounts for 52% (range 43%–63%) of the
total radioactivity in plasma. Following repeat dosing, as
steady-state is reached, the fraction of parent trametinib in
plasma accounts for >75%, while the two metabolites each
accounted for approximately 10% of total radioactivity.

Given the long elimination half-life relative to the
sample collection period and large extrapolation of
AUC(0,∞), the primary estimate of F was based on
AUC(0,tlast). In general, estimates of F using AUC(0,∞)
agreed (within 17%) with estimates using AUC(0,tlast),
except for one subject in whom the estimate of absolute
bioavailability differed from that in the other three sub-
jects by 44%. This subject had an elimination half-life for
trametinib in plasma that was 1.5 times higher than the
geometric mean half-life. For two subjects, accurate esti-
mation of elimination half life (and AUC(0,∞)) was not pos-
sible due to a relatively flat elimination phase of the
plasma concentration–time curve.

In conclusion, the i.v. microtracer study approach
revealed the contribution of moderate/high oral bioavail-
ability with low first pass metabolism and a prolonged
terminal elimination phase to the PK of trametinib.
Although this study had its limitations due to the study
population, namely the small number of patients, the
advantages of this approach was a shorter study time
frame (compared with a traditional crossover design) and
simultaneous collection of i.v. and oral pharmacokinetic
parameters with reduced variability. In the case of
trametinib, which has a long half-life, the i.v. microtracer
approach is especially useful. This approach obviates the
need for a lengthy washout period required in a conven-
tional crossover study, and allows patients to receive treat-
ment without delay by entering into the rollover study
and also allows recruitment of a small number of patients
while recovering the necessary PK parameters. As such,
i.v. microtracer studies offer an innovative and efficient
approach for assessing absolute bioavailability and may be
applied across a range of therapeutic areas and compound
classes.
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