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a  b  s  t  r  a  c  t

Dabrafenib  (Tafinlar®)  and  trametinib  (Mekinist®) are  registered  for  the  treatment  of patients  with  BRAF
V600  mutation  positive  unresectable  or  metastatic  melanoma.  To  support  therapeutic  drug  monitoring
(TDM)  and  clinical  pharmacological  trials,  an assay  to simultaneously  quantify  dabrafenib  and  trametinib
in  human  plasma  using  liquid  chromatography  tandem  mass  spectrometry  was  developed  and  validated.

Human  plasma  samples  were  collected  on  an  outpatient  base  and  stored  at nominally  −20 ◦C.
Analytes  and  internal  standards  (stable  isotope  labeled  compounds)  were  extracted  with  TBME.  After

snap  freezing  the samples  in a  dry  ice-ethanol  bath,  the  organic  layer  was  transferred  to  a  clean  tube  and
evaporated  under  a gentle  stream  of  nitrogen  gas. The  dry extract  was  then  reconstituted  with  100  �L
acetonitrile  and  5 �L  of the  final  extract  was  injected  and  separated  on  a C18  column  with  gradient
elution, and  analyzed  with  triple  quadrupole  mass  spectrometry  in  positive-ion  mode.

The  validated  assay  ranges  from  50 to 5000  ng/mL  for  dabrafenib  and  0.5–50  ng/mL  for  trametinib
were linear,  and  correlation  coefficient  (r2) of  0.996  or better.  At  all concentrations  of  both  analytes
the  biases  were  within  ±15%  of  the  nominal  concentrations  and  precisions  were  ≤15%.  All  results  were
within  the  acceptance  criteria  of  the  latest  US  FDA  guidance  and  EMA  guidelines  on  method  validation.

Dabrafenib  was  found  to degrade  under  the  influence  of light  in different  organic  solvents  and  at  least
seven  degradation  products  were  detected.

In  conclusion,  the  described  method  to simultaneously  quantify  dabrafenib  and trametinib  in  human
plasma  was  successfully  validated  and  applied  for therapeutic  drug  monitoring  in  cancer  patients  treated
with dabrafenib  and  trametinib.

©  2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

Dabrafenib (Tafinlar®) is an inhibitor of mutated
erine/threonine-protein kinase B-Raf (BRAF) and trametinib
Mekinist®) is an inhibitor of MAPK kinase (MEK). Both drugs

re registered for the treatment of patients with BRAF V600
utation positive unresectable or metastatic melanoma. The

se of BRAF inhibitors, such as vemurafenib and dabrafenib, has

∗ Corresponding author at: Antoni van Leeuwenhoek/The Netherlands Cancer
nstitute, Department of Pharmacy & Pharmacology, Louwesweg 6, 1066 EC Ams-
erdam, The Netherlands.

E-mail address: Cynthia.Nijenhuis@slz.nl (C.M. Nijenhuis).

ttp://dx.doi.org/10.1016/j.jpba.2016.03.049
731-7085/© 2016 Elsevier B.V. All rights reserved.
been associated with prolonged survival and progression-free
survival, respectively, in phase 3 trials [1–3]. Trametinib resulted
in improved progression-free survival and overall survival [4].
In spite of these advances, 50% of patients who are treated with
BRAF inhibitors or MEK  inhibitors develop resistance leading to
disease progression within 6–7 months after initiation of the
treatment. Since trametinib mediates blockade of MEK, which is
downstream of BRAF in the MAPK pathway, the combination of
trametinib and dabrafenib was investigated. Combination therapy
of dabrafenib and trametinib was associated with a longer median

progression-free survival than dabrafenib monotherapy [5].

To further investigate the pharmacokinetics of both drugs and to
support therapeutic drug monitoring (TDM) an assay for the simul-
taneous quantification of dabrafenib and trametinib is needed. Two

dx.doi.org/10.1016/j.jpba.2016.03.049
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpba.2016.03.049&domain=pdf
mailto:Cynthia.Nijenhuis@slz.nl
dx.doi.org/10.1016/j.jpba.2016.03.049
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Fig. 1. Chemical structure

ioanalytical assays for dabrafenib were reported before by Mitta-
alli et al. [6] but without bioanalytical details and by Sparidans
t al. [7]. No bioanalytical assays have been described for trametinib
s far as we know.

Herein we describe the first bioanalytical assay for the quan-
ification of dabrafenib and trametinib that was fully validated
ccording to the latest FDA and EMA  guidelines on bioanalytical
ethod validation [8,9].

. Materials and methods

.1. Chemicals

Dabrafenib and trametinib (Fig. 1) were obtained from Sequoia
esearch Products (Pangbourne, UK) and 2H9-dabrafenib and 13C6-
rametinib, used as internal standards (IS) for this assay, were

anufactured by AlsaChim (Illkirch, France). Methanol and water
HPLC grade), used to prepare mobile phases, were obtained from
iosolve Ltd (Valkenswaard, The Netherlands). Dimethylsulfox-

de (DMSO) for stocks and working solutions, ammonium acetate
>98%) used to prepare mobile phase A, and tert-butyl methyl ether
TBME), used for sample preparation, were purchased from Merck
Darmstadt, Germany). Water (distilled) used for sample prepa-
ation originated from B. Braun Medical (Melsungen, Germany).
2EDTA plasma was obtained from the Medical Center Slotervaart

Amsterdam, The Netherlands).

.2. Stock solutions, calibration standards and quality control

amples

All stock and working solutions should be made and stored in
mber colored material. Separate stock solutions for calibration

able 1
ass spectrometric parameters for the analysis of dabrafenib and trametinib with the int

General settings API4000

Run duration 6.4 min
Ionspray voltage +5.0 kV
Nebulizer gas 60 psi
Turbo gas 40 psi
Curtain gas 40 psi
Collision gas 10 psi
Temperature 500 ◦C

Analyte specific parameters Dabrafenib 2H9-D

Parent mass 520.2 m/z 529.2
Product mass 307.3 m/z 316.3
Dwell  time 100 ms 100 m
Collision energy 30 V 30 V 

Collision exit potential 40 V 40 V 

Declustering potential 20 V 20 V 

Typical retention time 3.50 min  3.50 m
abrafenib and trametinib.

standards and quality control samples (QC samples) of 1 mg/mL for
dabrafenib and 0.5 mg/mL  for trametinib, were prepared in DMSO.
These stock solutions were further diluted with DMSO to obtain
working solutions.

Stock solutions of the internal standards 2H9-dabrafenib and
13C6-trametinib were prepared at a concentration of 2 mg/mL
in DMSO. The IS working solution contained 4000 ng/mL 2H9-
dabrafenib and 40 ng/mL 13C6-trametinib in DMSO.

Internal standard stock solutions and working solutions for all
analytes were stored at −20 ◦C.

Calibration standards were spiked directly after the prepara-
tion of the working solutions. A volume of 100 �L of calibration
standard working solution was  added to 1900 �L control human
K2EDTA plasma to obtain concentrations of 50.0, 100, 250, 500,
1000, 2500, 4000 and 5000 ng/mL for dabrafenib and 0.500, 1.00,
2.50, 5.00, 10.0, 25.0, 40.0 and 50.0 ng/mL for trametinib. For sample
pre-treatment 100 �L aliquots were used.

The QC samples were prepared by adding QC working solution
(100 �L) to control human plasma (1900 �L). Final concentrations
at the lower limit of quantification (LLOQ), QC  low, QC mid, QC
high and QC above the upper limit of quantification (>ULOQ) were
50.0, 150, 750, 3750 and 25000 ng/mL for dabrafenib and 0.500,
1.50, 7.50, 37.5 and 250 ng/mL for trametinib. The QC  samples were
stored in aliquots of 100 �L at nominally −20 ◦C.

2.3. Sample preparation
Immediately after sample collection in the clinic by venipunc-
ture, the plasma samples were centrifuged for 10 min  at 1700g at
4 ◦C. After centrifugation, the plasma was  isolated and stored in
amber colored containers at −20 ◦C pending analysis.

ernal standards 2H9-dabrafenib and 13C6-trametinib.

abrafenib Trametinib 13C6-Trametinib

 m/z 616.2 m/z 622.2 m/z
 m/z 491.2 m/z 497.3 m/z
s  100 ms  100 ms

45 V 45 V
30 V 30 V
91 V 91 V

in  4.00 min  4.00 min
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Fig. 2. Chromatograms of 2H9-dabrafenib in methanol at different time points. 2H9-Dabrafenib was freshly diluted (1) in methanol at a concentration of 4000 ng/mL and
stored  at −20 ◦C for 43 days (2) and 87 days (3). These three solutions were analyzed and monitored at different transitions; m/z 529 → 316 (A), m/z 529 → 352 (B), m/z
529  → 300 (C) and m/z 529 → 286 (D). The validated mass transition (A1) shows one peak but this peak decreases over time (2A and 3A). Transition m/z 529 → 352 (1B) shows
a  peak 
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 peak at 3.1 min and 3.5 min, but the peak ratio changes over time and finally the
1C)  shows one peak which decreases over time (2C and 3C). Transition m/z 529 → 

he  peak ratio changes over time (3D).

Prior to processing the samples was thawed on an ice-water bath
nd a 100 �L aliquot was transferred to an amber colored container
f 2 mL.  A volume of 20 �L of IS working solution (4000 ng/mL 2H9-
abrafenib and 40 ng/mL 13C6-trametinib) was added to the plasma
ample. To extract the analytes and internal standards from the
iomatrix, a volume of 1 mL  of TBME was added. Then the samples
ere vortex-mixed, shaken (10 min  at 1250 rpm) and centrifuged

5 min  at 20 ◦C and 23,100g). After snap freezing the samples in an
ry ice-ethanol bath, the organic layer was removed and evapo-
ated under a gentle stream of nitrogen gas (approximately 15 min
t 40 ◦C). The dry extract was then reconstituted with 100 �L ace-

onitrile and 5 �L of the final extract was injected. For the sample
reparation and sample storage amber colored material should be
sed.
at 3.1 min is larger than the peak at 3.5 min  (2B and 3B). Transition m/z 529 → 300
) initially shows one peak, but over time another peak appears at 3.1 min (2D) and

2.4. Liquid chromatography–tandem mass spectrometry

The chromatographic separation was carried out using a HP1100
binary pump, a degasser, a HP1100 autosampler and a switching
valve (Agilent technologies, Palo Alto, CA, USA). The autosam-
pler temperature was  kept at 4 ◦C and the column oven at 40 ◦C.
The mobile phase A consisted of 10 mM ammonium acetate
in water and mobile phase B was methanol. Gradient elution
was applied at a flow rate of 0.25 mL/min through a Gemini
C18 column (110 Å, 50 × 2.0 mm  ID, particle size 5.0 �m;  Phe-
nomenex, Torrance, CA, USA) with an additional Gemini C18

guard column (4 × 2.0 mm ID). The following gradient was applied:
50% to 80% B, 0.25 mL/min (0–0.5 min); 80% B, 0.25 mL/min
(0.5–2.5); 80–95% B, 0.25 mL/min (2.5–2.6 min), 95% B, 0.25 mL/min
(2.6–4.6 min); 95% B, 0.25–0.5 mL/min (4.6–4.7 min); 95% B,
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ig. 3. UV chromatogram of 1 mg/mL dabrafenib in methanol at (Fig. 3A) t = 0 and (
egradation products (DP) were detected after respectively 2.6 min, 2.9 min, 3.3 mi
ith  a loss of [HF]. The structure of DP1, DP4 and DP5 could not be elucidated.

.5 mL/min (4.7–5.2 min); 95–50% B, 0.5 mL/min (5.2–5.3 min); 50%
, 0.5 mL/min (5.3–6.3 min); 50% B, 0.5–0.25 mL/min (6.3–6.4 min).
he divert valve directed the flow to the mass spectrometer
etween 1.0 and 5.0 min  and the remainder to the waste container.

Dabrafenib and trametinib were analyzed on an API4000
uadrupole mass spectrometer (MS) (Sciex, Thornhill, ON, Canada).
his instrument is equipped with a turbo ion spray (TIS) interface,
perating in positive mode and configured in multiple reaction
onitoring (MRM). The LC–MS/MS data were acquired and pro-

essed with AnalystTM software (Sciex). Table 1 summarises the
S operating parameters.
) t = 144 h exposed to light. Dabrafenib (DAB) is eluting after 3.1 min and at least 5
in  and 4.0 min. DP2 is proposed to be hydroxyl-dabrafenib and DP3 is dabrafenib

2.5. Validation procedures

The assay was  fully validated for calibration model, accuracy and
precision, lower limit of quantitation, specificity and selectivity,
dilution integrity, carry-over, matrix effect and stability. This was
in accordance to the FDA and latest EMA  guidelines on bioanalytical
method validation [8,9].

The matrix factor was  determined by using the following equa-
tion:
MF  = Area of a processed blank sample spiked with neat solution (matrix present)
Area of neat solution (matrix absent)

(1)
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Table  2
MS and UV data, and proposed photodegradation products of dabrafenib. The peak number corresponds to the peak numbers displayed in Fig. 3.

DP no (Proposed) identity RT (min) Observed m/z UV spectrum

1 Unknown 2.6 MS1: 598 MS2: 556

2 Hydroxy-dabrafenib 2.9 MS1: 536 MS2: 359

− Dabrafenib 3.1 MS1: 520 MS2: 343, 307

3 Dabrafenib -[HF] 3.3 MS1: 500 MS2: 323
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Table  2 (Continued)

DP no (Proposed) identity RT (min) Observed m/z UV spectrum

4 Unknown 3.6 UK

5 Unknown 3.4 UK
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bbreviations: DP: degradation product, no: number, RT: retention time, UK: unkn

.6. Photodegradation of dabrafenib

To investigate the stability of dabrafenib, 1 mg/mL solutions for
abrafenib were prepared in DMSO, methanol, water-methanol
50:50, v/v), ethanol and water-ethanol (50:50, v/v). These stock
olutions were divided over two autosampler vials: one amber
olored vial and one transparent vial. The vials were stored at ambi-
nt temperatures, in daylight at a window bench, and analyzed
p to 144 h after preparation using a chromatography-diode array
etector (LC-DAD) method for which the same chromatographic
onditions were used as described earlier. The wavelengths were
onitored in a range from 100 to 800 nm.  After 144 h of storage,

he solutions were analyzed using an ion trap mass spectrometer
etector (LTQ XL, Thermo Electron, Waltham, MA,  USA) to assess
he parent masses of dabrafenib and its degradation products.

.7. Clinical application

The purpose of this assay is to support TDM and clinical phar-
acokinetic studies of dabrafenib and trametinib in patients with
elanoma. As part of routine clinical care, K2EDTA blood sam-

les (4 mL)  were collected for pharmacokinetic monitoring from
atients who were treated with dabrafenib and trametinib at the
ntoni van Leeuwenhoek–Netherlands Cancer Institute. This was
pproved by the medical ethical committee of this institution.

lasma samples were collected and immediately stored at −20 ◦C
ending analysis. Before analysis samples were thawed on an

ce-water bath and a 100 �L aliquot was taken and processed as
escribed in this report.
3. Results and discussion

3.1. Development

3.1.1. Mass spectrometry
Simultaneous quantification of dabrafenib and trametinib was

complicated due to the large differences (50-fold) in plasma con-
centrations and because dabrafenib is a better MS  responder than
trametinib. Mass spectrometric parameters were optimized for
each analyte by performing direct infusion (methanol-0.1% formic
acid in water (70:30, v/v)) and flow injection analysis (methano-
lic solution). General settings were chosen in favour of trametinib,
since for this compound the lowest target concentrations had to
be reached. The molecular ions ([M+H]+) observed for dabrafenib
and trametinib at m/z 520 and 616, respectively, were used to gen-
erate product ion spectra. In order to achieve high specificity and
sensitivity, the MRM  scan mode was applied to monitor for each
analyte the mass transition to the product ion with the highest
abundance in the product ion scan. For dabrafenib the product ion at
m/z 307 were optimized and for trametinib m/z  491. However, with
these optimal settings the calibration model of dabrafenib was non-
linear due to saturation of the detector. To prevent saturation of the
dabrafenib response, we lowered the collision energy (CE) from 47
to 30 V. The collision exit potential (CXP) was increased from 20
to 40 V and the declustering potential (DP) lowered from 116 to
20 V. These apparent non-optimal settings resulted in accurate and

precise quantification of dabrafenib, despite the differences in ion-
ization and target concentrations ranges between dabrafenib and
trametinib.
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Table  3
Assay performance data for the analysis of dabrafenib and trametinib in human plasma.

Intra-assay Inter-assay

Analyte Nom. conc. (ng/mL) n Biasa (%) CVa (%) Bias(%) CV(%)

Dabrafenib 52.4 15 −8.6 to −5.9 1.7–2.5 −7.2 2.4
157  15 6.5 to 10.6 0.7–2.1 8.7 2.1
786  15 5.5 to 8.1 1.2–1.6 6.6 1.6
3930  15 −3.3 to −0.9 0.6–1.7 −2.4 1.5

Trametinib 0.503 15 −6.2 to −1.9 3.4–6.9 −4.3 5.6
1.51  15 −4.4 to −2.3 2.4–4.8 −3.1 3.5
7.55  15 −3.2 to −2.3 1.5–3.4 −2.9 2.3
37.8  15 −4.1 to −2.7 1.4–1.9 −3.3 1.7

Nom.: nominal; Conc.: concentration; n: number of replicates.
a If multiple validation runs were performed, the range of accuracies and precisions was listed.

Fig. 4. Chromatograms from plasma samples in blank samples of dabrafenib (A1) and the internal standard (2A) and at the LLOQ of dabrafenib (1B, 50 ng/mL) and of the
internal  standard (2B, 4000 ng/mL). In addition chromatrograms are shown from plasma samples in blank samples of trametinib (1C) and the internal standard (2C) and at
the  LLOQ of trametinib (1D, 0.5 ng/mL) and of the internal standard (2D, 40 ng/mL).
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Table  4
Stability data for dabrafenib and trametinib in plasma. All experiments in plasma were performed in triplicate at low and high concentration levels.

Conditions Matrix Analyte Nominal conc. (ng/mL) Measured conc. (ng/mL) Bias(%) CV(%) n

Stock solutions
−20 ◦C, 3 m DMSO Dabrafenib 0.495E + 6 0.519E + 6 4.8 2.8 3

Trametinib 1.02E + 6 1.04E + 6 2.3 2.0 3

Plasma
3  freeze–thaw cycles (−20 ◦C/RT) Plasma Trametinib 1.51 1.44 −4.4 1.7 3

37.8 36.1 −4.1 1.8 3
Dabrafenib 157 148 −5.5 2.4 3

3930 3710 −5.6 1.9 3

2–8 ◦C, 6 h Plasma Dabrafenib 157 156 −0.8 3.0 3
3930 3823 −2.7 0.8 3

RT,  6 h Plasma Dabrafenib 157 141 −10.3 0.7 3
3930 3463 −11.9 1.1 3

RT,  24 h Plasma Trametinib 1.51 1.38 −8.6 0.7 3
37.8 36.0 −4.8 2.6 3

Dabrafenib 157 126 −20.0 2.6 3
3930 3367 −14.3 0.3 3

−20 ◦C, 20 d Plasma Trametinib 1.51 1.43 −5.5 1.1 3
37.8 35 −7.2 0.3 3

Dabrafenib 157 161 2.3 2.0 3
3930 3773 −4.0 0.6 3

2–8 ◦C, 2 d Final extract Trametinib 1.51 1.31 −13.2 1.5 3
37.8 33.0 −12.3 1.7 3

2–8 ◦C, 6 d Final extract Trametinib 1.51 1.22 −19.2 0.8 3
37.8 32.0 −16.0 1.3 3

Dabrafenib 157 163 3.8 1.2 3
3930 3810 −3.1 3.9 3

2–8 ◦C, 8 d Dry extract Trametinib 1.51 1.37 −9.3 1.9 3
37.8 34.0 −10.8 2.4 3

Dabrafenib 157 172 9.8 0.9 3
3930 3830 −2.5 1.1 3
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onc.: concentration; C.V.: Coefficient of Variation; n: number of replicates; m:  mo

.1.2. HPLC
We  used a Gemini C18 column during development and tested

0 mM ammonium acetate and 10 mM ammonium hydroxide as
queous phases of eluent. The response for dabrafenib and trame-
inib increased 5.0–5.5-fold when using an alkaline mobile phase.
owever, the peaks also showed tailing which could not be pre-
ented by changing the gradient. Therefore 10 mM ammonium
cetate in water in combination with methanol was  selected. Sig-
al to noise ratios measured in the trametinib LLOQ samples were
cceptable (>10) because low noise levels were obtained.

.1.3. Photodegradation of dabrafenib
During the development of the analytical method transpar-

nt material was used and working solutions was initially made
n methanol. However stability in dried extract and final extract
howed deviations for dabrafenib of approximately −30% and −50%
espectively (after 24 h at 2–8 ◦C). It should be noted though that
he results for trametinib were all within the acceptance criteria.
o investigate the instability of dabrafenib, working solutions in
ethanol containing dabrafenib and its internal standard was ana-

yzed after 42 and 83 days of storage at −20 ◦C. Different transitions
ere monitored and results of the internal standard of dabrafenib

re shown in Fig. 2. Several dabrafenib related degradation prod-
cts were found in these windows indicating that the compound is
nstable in methanol when kept at −20 ◦C.
The stability of dabrafenib was further investigated at a con-
entration of 1 mg/mL  at ambient temperature in different organic
olutions; DMSO, methanol, water-methanol (50:50, v/v), ethanol
nd water-ethanol (50:50, v/v), exposed and protected from light.
old: not accepted.

After 144 h, no degradation was observed in all tested organic
solutions when the vials were protected from light. However,
exposed to light, profound degradation of dabrafenib was measured
in all alcohol containing solutions. Fig. 3 shows a UV  chromatogram
at 220 nm of a 1 mg/mL  dabrafenib in methanol directly after spik-
ing and after 144 h of light exposure. At least 5 degradation products
are formed and in Table 2 parent masses and UV spectra from the
main degradation products are presented. Similar degradation pat-
terns were observed in alcohol containing solutions whereas in
DMSO dabrafenib is fairly stable.

The MS  spectrum of degradation product 2 (Rt = 2.9 min) showed
an addition of 16 Da to the mass of dabrafenib indicating addition of
a hydroxyl group. This theory is corroborated by the UV  spectrum
of this peak which shows absorption peaks at longer wavelengths
which might point to hydroxyl addition and that this product is
only formed in methanol and ethanol. We  also propose the for-
mation of a degradation product with the loss of fluorine. The MS
spectrum of degradation product 3 (Rt = 3.3 min) showed a loss of
20 Da compared to dabrafenib, indicating the loss of HF. The MS
data also showed a degradation product co-eluting with dabrafenib
with a loss of 2 Da, indicating the loss of 2 [H]+. The structure of
the other degradation projects could not be elucidated using these
methods.

Based on these investigations, it was  decided to prepare the
stock and working solutions of dabrafenib and its internal stan-
dard in DMSO. Using DMSO as solvent, the stability problems were
not solved completely, because in time, when stored at −20 ◦C,

dabrafenib tends to adsorb to the container (PP tubes) at low con-
centrations. Therefore, calibration standards should be prepared
immediately after the preparation of the working solutions. In
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Fig. 5. Plasma concentrations of dabrafenib (A) and trametinib (B) of i

ddition 100% acetonitrile was chosen as reconstitution solvent, to
inimize degradation in the final extract after sample preparation.

.2. Validation procedures

.2.1. Calibration model
Calibration standards were prepared and analyzed in duplicate

n three analytical runs. The linear regression of peak area ratios
ersus the concentration (x) was weighted (1/x2) to obtain the
owest total bias with the simplest model. The calibration range
f dabrafenib in plasma was 50–5000 ng/mL and of trametinib
.5–50 ng/mL. Calibration curves were accepted if 75% of the non-
ero calibration standards, including a LLOQ and an ULOQ, had a
ias within ±15% of the nominal concentration (±20% at the LLOQ)
8,9]. All calibration curves (n = 3) of the analytes met  these criteria
nd correlation coefficients (r2) of 0.996 and 0.998, for dabrafenib
nd trametinib respectively, or better were obtained.

.2.2. Accuracy and precision
To assess the accuracy and precision of the assays, five replicates

f QC LLOQ, QC low, QC mid  and QC high in plasma were analyzed
n three analytical runs.

Table 3 summarises the intra- and inter-assay accuracies and
recisions of the assay. The biases and CVs were within the accep-
ance criteria (within ±20% and ≤20%, respectively, at the LLOQ
evel and within ±15% and ≤15% at the other QC levels).
.2.3. Lower limit of quantitation
The analytes responses at the LLOQ were at least 5 times the

esponse compared to a blank response in three validation runs. The
ual samples. The solid lines show the LLOQ and ULQ of both analytes.

lowest signal to noise ratio for dabrafenib was  25 and for trametinib
90. Fig. 4 shows representative ion chromatograms of dabrafenib
and trametinib in QC LLOQ samples and double blank samples.

3.2.4. Specificity and selectivity
Six different batches of control plasma (pooled) were spiked at

the LLOQ level with dabrafenib and trametinib to investigate the
specificity and selectivity. Single determinations were performed.
The mean deviations from the nominal concentrations from the
plasma assay were 14.9% and 14.9% with CV values of 6.5% and 5.3%,
respectively. There were no peaks observed with areas >20% of the
LLOQ in double-blank samples of these batches in any of the ana-
lytes and also no interferences were detected at the retention times
of the internal standards for both assays. Selectivity was  therefore
considered acceptable.

Cross-analyte and internal standard interference was tested by
spiking control human plasma at ULOQ level with all dabrafenib
and trametinib and all IS separately at the nominal concentration
(one level). The cross analyte and internal standard interference at
the retention time of both analytes were less than 20% of the peak
area of the LLOQ level. For the internal standard the interference
was less than 5%. For dabrafenib and trametinib the cross analyte
and internal standard interference was considered acceptable.

3.2.5. Dilution integrity
Five replicate plasma samples of dabrafenib and trametinib at
QC >ULOQ level were diluted 10-fold with control human plasma
(10 �L of sample was added to 90 �L control human matrix). For the
plasma assay 100 �L was  processed. For dabrafenib the intra-assay
bias and CVs were −9.0% and 9.1% respectively and for trametinib
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[9]  European Medicines Agency, Guide to Bioanalytical Method Validation,

Committee for Medicinal Products for Human Use and European Medicines
Agency, 2011, http://www.ema.europa.eu/docs/en GB/document library/
Scientific guideline/2011/08/WC500109686.pdf (Accessed at: 01.12.15.).
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12.3% and 9.1% respectively. The bias and CVs were within ±15%
nd ≤15% which indicates that the study samples can be diluted 10
imes in control matrix with acceptable accuracy and precision.

.2.6. Carry over
Carry over was investigated by injecting two double blank sam-

les after a ULOQ sample in three analytical runs. Eluting peaks
ith areas >20% of the LLOQ were not observed in the blank sam-
les injected after ULOQ samples. Thus, the criteria for carryover
ere fulfilled.

.2.7. Matrix factor
The matrix factor (MF) was determined in six plasma batches

pooled), at low and high concentration levels of dabrafenib
nd trametinib. Single determinations were performed. Processed
lank samples were spiked with working solutions and compared
o matrix free neat solutions.

The maximal CV of the internal standard-normalised MF  cal-
ulated from the six plasma batches for the low and high
oncentration was respectively 3.0% and 1.9% and fulfilled the cri-
eria (≤15%). The internal standard-normalized MF  ranged for both
nalytes from 0.961 to 1.09. These results (MF  around 1) indicate
hat the stable isotopes as internal standards are most effective in

inimizing the influence of matrix effects.

.2.8. Stability
The results of the stability experiments are displayed in Table 4.

ince non-freshly prepared calibration standards were used for the
alidation the stability of dabrafenib and trametinib at −20 ◦C in
lasma during the time of the validation had to be confirmed (bias
nd CV within ±15% and ≤15%). Dabrafenib and trametinib were
table at −20 ◦C in plasma for at least 20 days. Trametinib was  stable
n plasma for at least 24 h at ambient temperature, but dabrafenib

as not. Therefore stability for 6 h at ambient temperature and
t 2–8 ◦C (refrigerator) was tested. Dabrafenib was  stable for at
east 6 h at ambient temperature and at 2–8 ◦C. However after 6 h
t ambient temperature the dabrafenib concentration decreased
ith 10–11%. Therefore during sample collection the whole blood

amples should be centrifuged at 4 ◦C to collect plasma. In addition
amples should be thawed at 2–8 ◦C and prepared on an ice-bath
nd during all preparation steps amber tubes should be used. Under
hese conditions the analytes are stable. Dabrafenib and trame-
inib were stable for at least eight days in dry extract at 2–8 ◦C.
abrafenib was stable for at least six days in final extract at 2–8 ◦C
nd trametinib only 2 days at 2–8 ◦C. Long term stability in stock
DMSO) and plasma is still ongoing.

. Clinical application

The recommended dose of dabrafenib is 150 mg  bi daily and of
rametinib 2 mg  once daily. To test the applicability of this assay
abrafenib and trametinib concentrations were determined in 59
atient samples of patients that are treated with one or both drugs.
he results are shown in Fig. 5. Almost all values are within the val-
dated range of 50–5000 ng/mL for dabrafenib and 0.5–50 ng/mL

or trametinib. Only one patient sample of trametinib had a value
elow the LLOQ, but this patient stopped therapy. These results
emonstrate the applicability of this assay for clinical pharmacoki-
etic studies including TDM.
d Biomedical Analysis 125 (2016) 270–279 279

5. Conclusion

A sensitive LC–MS/MS assay for the quantification of dabrafenib
and trametinib in human plasma and urine was  developed and
validated. The validated assay ranges from 50 to 5000 ng/mL
for dabrafenib and 0.5–50 ng/mL for trametinib were linear with
correlation coefficient (r2) of 0.996 or better. Dilution integrity
experiments show that samples can be diluted 10-fold in con-
trol matrix prior to analysis. The extended concentration range for
dabrafenib is therefore from 50 to 25000 ng/mL and for trametinib,
from 0.5 to 250 ng/mL. Dabrafenib is degraded into at least 5 degra-
dation products under the influence of light and therefore amber
colored vials should be used for dabrafenib containing samples. This
assay is considered fit to support clinical pharmacologic studies of
dabrafenib and trametinib.

References

1] P.B. Chapman, A. Hauschild, C. Robert, J.B. Haanen, P. Ascierto, J. Larkin, R.
Dummer, C. Garbe, A. Testori, M.  Maio, D. Hogg, P. Lorigan, C. Lebbe, T. Jouary,
D.  Schadendorf, A. Ribas, S.J. O’Day, J.A. Sosman, J.M. Kirkwood, A.M.
Eggermont, B. Dreno, K. Nolop, J. Li, B. Nelson, J. Hou, R.J. Lee, K.T. Flaherty, G.A.
McArthur, Improved survival with vemurafenib in melanoma with BRAF V600E
mutation, N. Engl. J. Med. 364 (2011) 2507–2516.

2] P.B. Chapman, A. Hauschild, C. Robert, J.M.G. Larkin, J.B. Haanen, A. Ribas, D.
Hogg, O. Hamid, Updated overall survival (OS) results from BRIM-3, a phase III
randomizen, open-label, multicenter trial comparing BRAF inhibitor
vemurafenib (vem) with dacarbazine (DTIC) in previously untreated patients
with BRAF V600E-mutated melanoma, J. Clin. Oncol. 30 (2012).

3] A. Hauschild, J.J. Grob, L.V. Demidov, T. Jouary, R. Gutzmer, M.  Millward, P.
Rutkowski, C.U. Blank, W.H. Miller Jr., E. Kaempgen, S. Martin-Algarra, B.
Karaszewska, C. Mauch, V. Chiarion-Sileni, A.M. Martin, S. Swann, P. Haney, B.
Mirakhur, M.E. Guckert, V. Goodman, P.B. Chapman, Dabrafenib in
BRAF-mutated metastatic melanoma: a multicentre, open-label, phase 3
randomised controlled trial, Lancet (2012) S0140–S6736, http://dx.doi.org/10.
1016/s0140-6736(12)60868-X, DOI S0140-6736(12)60868-X [pii].

4] K.T. Flaherty, C. Robert, P. Hersey, P. Nathan, C. Garbe, M.  Milhem, L.V. Demidov,
J.C. Hassel, P. Rutkowski, P. Mohr, R. Dummer, U. Trefzer, J.M. Larkin, J. Utikal, B.
Dreno, M. Nyakas, M.R. Middleton, J.C. Becker, M.  Casey, L.J. Sherman, F.S. Wu,
D.  Ouellet, A.M. Martin, K. Patel, D. Schadendorf, Improved survival with MEK
inhibition in BRAF-mutated melanoma, N. Engl. J. Med. 367 (2012) 107–114.

5] K.T. Flaherty, J.R. Infante, A. Daud, R. Gonzalez, R.F. Kefford, J. Sosman, O.
Hamid, L. Schuchter, J. Cebon, N. Ibrahim, R. Kudchadkar, H.A. Burris III, G.
Falchook, A. Algazi, K. Lewis, G.V. Long, I. Puzanov, P. Lebowitz, A. Singh, S.
Little, P. Sun, A. Allred, D. Ouellet, K.B. Kim, K. Patel, J. Weber, Combined BRAF
and  MEK inhibition in melanoma with BRAF V600 mutations, N. Engl. J. Med.
367  (2012) 1694–1703.

6] R.K. Mittapalli, S. Vaidhyanathan, A.Z. Dudek, W.F. Elmquist, Mechanisms
limiting distribution of the threonine-protein kinase B-RaF(V600E) inhibitor
dabrafenib to the brain: implications for the treatment of melanoma brain
metastases, J. Pharmacol. Exp. Ther. 344 (2013) 655–664.

7] R.W. Sparidans, S. Durmus, A.H. Schinkel, J.H. Schellens, J.H. Beijnen, Liquid
chromatography-tandem mass spectrometric assay for the mutated BRAF
inhibitor dabrafenib in mouse plasma, J. Chromatogr. B: Anal. Technol. Biomed.
Life Sci. 925 (2013) 124–128.

8] US Food Drug Administration, FDA Guidance for Industry: Bioanalytical
Method Validation, US Department of Health and Human, Services Food and
Drug Administration, Center for Drug Evaluation and Research, 2001, http://
www.fda.gov/downloads/Drugs/./Guidances/ucm070107.pdf (Accessed at:

http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0010
dx.doi.org/10.1016/s0140-6736(12)60868-X
dx.doi.org/10.1016/s0140-6736(12)60868-X
dx.doi.org/10.1016/s0140-6736(12)60868-X
dx.doi.org/10.1016/s0140-6736(12)60868-X
dx.doi.org/10.1016/s0140-6736(12)60868-X
dx.doi.org/10.1016/s0140-6736(12)60868-X
dx.doi.org/10.1016/s0140-6736(12)60868-X
dx.doi.org/10.1016/s0140-6736(12)60868-X
dx.doi.org/10.1016/s0140-6736(12)60868-X
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30167-4/sbref0035
http://www.fda.gov/downloads/Drugs/./Guidances/ucm070107.pdf
http://www.fda.gov/downloads/Drugs/./Guidances/ucm070107.pdf
http://www.fda.gov/downloads/Drugs/./Guidances/ucm070107.pdf
http://www.fda.gov/downloads/Drugs/./Guidances/ucm070107.pdf
http://www.fda.gov/downloads/Drugs/./Guidances/ucm070107.pdf
http://www.fda.gov/downloads/Drugs/./Guidances/ucm070107.pdf
http://www.fda.gov/downloads/Drugs/./Guidances/ucm070107.pdf
http://www.fda.gov/downloads/Drugs/./Guidances/ucm070107.pdf
http://www.fda.gov/downloads/Drugs/./Guidances/ucm070107.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/08/WC500109686.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/08/WC500109686.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/08/WC500109686.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/08/WC500109686.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/08/WC500109686.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/08/WC500109686.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/08/WC500109686.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/08/WC500109686.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/08/WC500109686.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/08/WC500109686.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/08/WC500109686.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/08/WC500109686.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/08/WC500109686.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/08/WC500109686.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/08/WC500109686.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/08/WC500109686.pdf

	Simultaneous quantification of dabrafenib and trametinib in human plasma using high-performance liquid chromatography–tand...
	1 Introduction
	2 Materials and methods
	2.1 Chemicals
	2.2 Stock solutions, calibration standards and quality control samples
	2.3 Sample preparation
	2.4 Liquid chromatography–tandem mass spectrometry
	2.5 Validation procedures
	2.6 Photodegradation of dabrafenib
	2.7 Clinical application

	3 Results and discussion
	3.1 Development
	3.1.1 Mass spectrometry
	3.1.2 HPLC
	3.1.3 Photodegradation of dabrafenib

	3.2 Validation procedures
	3.2.1 Calibration model
	3.2.2 Accuracy and precision
	3.2.3 Lower limit of quantitation
	3.2.4 Specificity and selectivity
	3.2.5 Dilution integrity
	3.2.6 Carry over
	3.2.7 Matrix factor
	3.2.8 Stability


	4 Clinical application
	5 Conclusion
	References


