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SUMMARY. Vemurafenib (propane-1-sulfonic acid{3-[5-(4-chlorophenyl)-1H-pyrrolo[2,3-b]pyridine-3-
carbonyl]-2,4difluoro-phenyl}-amide) is a BRAF enzyme inhibitor approved by the U.S. Food and Drug
Administration (FDA) for the treatment of late stage melanoma. Reversed phase high performance liquid
chromatography (RP-HPLC) method was developed and validated for the determination of vemurafenib
and erlotinib was used as an internal standard. Erlotinib (IS) and vemurafenib were separated by using a
X-Terra RP-18 column (250 x 4.60 mm, ID 5 μm) and detected by a DAD detector set at 249 nm. The mo-
bile phase consisted of a mixture of acetonitrile:water 60:40 (v/v) at a flow rate of 1.0 mL/min. Isocratic
separation was performed in less than 7 min. The calibration was found to be linear in the range 0.2-10
mg/L. Inter-day and intra-day precision was less than 0.72 %. This analytical method was successfully ap-
plied in spiked samples of human urine. 

RESUMEN. Vemurafenib (ácido propano-1-sulfónico{3-[5-(4-clorofenil)-1H-pirrolo[2,3-b] piridina-3-carbonil]-
2,4difluoro-fenil}-amida) es una inhibidor enzimático del BRAF aprobado por la Administración de Drogas y
Alimentos de los Estados Unidos (FDA) para el tratamiento del melanoma en etapa tardía. El método de croma-
tografía líquida de alto rendimiento de fase inversa (RP-HPLC) fue desarrollado y validado para la determina-
ción de vemurafenib y se utilizó erlotinib como estándar interno. Erlotinib (IS) y vemurafenib se separaron me-
diante el uso de una columna X-Terra RP-18 (250 x 4,60 mm, ID 5 μm) y se detectaron mediante un detector
DAD configurado a 249 nm. La fase móvil consistió en una mezcla de acetonitrilo: agua 60:40 (v/v) a un caudal
de 1,0 mL/min. La separación isocrática se realizó en menos de 7 min. Se encontró que la calibración era lineal
en el rango de 0.2-10 mg/L. La precisión interdía e intradía fue inferior al 0,72%. Este método analítico se aplicó
con éxito en muestras enriquecidas de orina humana.

INTRODUCTION
Mutated BRAF is a new target for the treat-

ment of advanced melanoma and provides an
important opportunity for new therapies. Vemu-
rafenib, a drug which is indicated as an option
for first-line therapy in patients with unre-
sectable or metastatic melanoma with the BRAF
V600E mutation, was approved by the FDA in
August 2011. Vemurafenib is an ATP competi-
tive small molecule, which act as a BRAF
(V600E) kinase inhibitor that binds to V600E
and inhibits oncogenic BRAF. This drug inacti-
vates this protein, thereby inhibiting down-
stream proliferation and signalling, resulting in
cancer cell apoptosis. Vemurafenib is the first

selective inhibitor of mutated BRAF and has
proven effective in the treatment of melanoma
in many clinical trials 1-5.

High performance liquid chromatography
(HPLC) is a versatile separation technique that
separates analytes by passing them through a
column packed with micrometer sized particles.
HPLC is the most common used method among
all analytical separation techniques. The reason
for the fact that the method is so widespread,
sensitivity is readily adaptable to the correct
quantitative determinations, non-volatile species
or easily degradable species with temperature.
In the HPLC method, finding the best chromato-
graphic separation conditions is the most impor-
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tant aim of optimization studies. Various param-
eters such as column type, mobile phase com-
position, column temperature, flow rate, pH
should be optimized simultaneously in order to
develop the method in HPLC.

The literature survey revealed that few re-
versed phase liquid chromatography and liquid
chromatography –mass spectrometry (LC-
MS/MS) methods have been reported for the
analysis of vemurafenib in human plasma and
pharmaceutical dosage form 6-14. 

The aim of this work that development of a
new LC method with good selectivity, sensitivi-
ty, simple, rapid and fully validated for the anal-
ysis of vemurafenib (Fig. 1). There are no publi-
cation about the optimization the co-effects of
mobile phase composition and pH on vemu-
rafenib detection. Moreover, in the publications
so far, vemurafenib has been studied in plasma
samples intensively, but there are no publica-
tions for vemurafenib detection in urine speci-
mens.

MATERIAL METHODS
Chemicals and reagents

Vemurafenib standard (99.5%) was kindly
donated by Roche F. Hoffmann-LaRoche Ltd
(Basel, Switzerland). Erlotinib (IS) was supplied
from Nobel (Istanbul, Turkey). HPLC grade ace-
tonitrile, dimethyl sulfoxide (DMSO), phospho-
ric acid and sodium hydroxide were purchased
from Merck (Darmstadt, Germany). HPLC grade
water was prepared by through a 0.45 µM Milli-
pore filter (Millipore Company, USA).

Apparatus
The LC system used for method develop-

ment consisted of an Agilent Technologies 1260
Infinity LC system equipped with a quaternary
pump-G1311B, auto injector-G1329B and diode
array detector-G4212B. The detection was car-
ried out at 249 nm. An X-Terra RP-18 (4.60 ×
250 mm I.D., 5 µm) column was used as station-
ary phase. The pH of mobile phase was mea-
sured by a digital pH meter WTW 315i (Weil-
heim, Germany).

Figure 1. Chemical structure of vemurafenib.

Chromatographic conditions
The mobil phase ratio was optimazed in iso-

cratic conditions. Three different mobile phase
ratios of acetonitrile-water (57.5, 60.0, and
62.5%, v/v) were used to investigate the effect
of mobile phase composition on chromato-
graphic separation. Each mobile phase contain-
ing 12.5 mM o-phosphoric acid was adjusted to
different pH values from 7.0 to 10.0 by adding
of 1 M NaOH. Chromatographic measurements
were done at 30 °C with an eluent flow rate of 1
mL/min. The detection was performed at 249
nm. Three injections (10 µL) of each solution
were injected into the HPLC system.

Preparation of standard solution
Stock solution of vemurafenib and erlotinib

were prepared in DMSO, to give 0.1 mg/mL
concentration.  Working solutions of vemu-
rafenib for calibration standards were prepared
at five concentrations (0.2, 0.5, 1.0, 5.0, and 10.0
µg/mL) by dilution in mobile phase of the stock
solution. The prepared stock solution was
stored at 4 °C. 

Calibration standards were prepared in the
concentration range of 0.2-10.0 µg/mL for the
determination vemurafenib in urine samples.
The concentration of IS (erlotinib) was fixed at
a constant level of 2 µg/mL. Appropriate vol-
umes of stock standard solution of analyte and
IS were adjusted with mobile phase in 10 mL
volumetric flasks. 10 µL of standard solution
was injected into the chromatographic system.
The chromatogram at 249 nm was selected for
monitoring of vemurafenib. The calibration
curves were constructed by plotting the ratio of
the peak area against the drug concentration.

Preparation of human urine samples
Human urine sample was obtained from

healthy volunteers. One mL of urine sample was
diluted 1:5 with deionized water. Two mL of di-
luted urine sample was transferred to a cen-
trifuge tube, 3 mL of acetonitrile (IS) was added
and known amount of vemurafenib was spiked.
This solution was diluted to 10 mL with mobile
phase, mixed in a vortex for 1 min and was fil-
tered through a 0.45 µm membrane filter. The
total dilution factor of urine sample was 1:25
fold. 

RESULTS AND DISCUSSION
Chromatographic conditions were optimized

for RP-LC determination of vemurafenib. The in-
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fluence of pH on the mobile phase, organic sol-
vent composition and column temperature were
examined to provide good resolution of the an-
alyte. The different mobile phase ratios (57.5,
60.0 and 62.5 % v/v) of acetonitrile-water were
used to develop an efficient and reproducible
method. pH values between 7.0 and 10.0 were
tested and pH 9.0 was selected as shorter analy-
sis time. Four column temperatures (25, 30, 40,
and 50 °C) were tested and 30 °C was selected
because of shorter analysis time. The optimal
separation condition was achieved when mobile
phase is 12.5 mM phosphate buffer containing
acetonitrile (60:40 v/v) at pH 9.0, producing
well resolved and symmetrical peak shapes
without any tailings. X-Terra RP-18 (250 × 4.60
mm, ID 5 µm) column was used for separation
and DAD detector set at 249 nm.

Erlotinib was selected as an internal standard
because it is an EGF receptor tyrosine kinase in-
hibitor used in non small lung cancer treatment.
Additionally, it was observed that shorter reten-
tion times with better peak shape and resolution
was found with the investigated compound. 

System suitability tests are an important part
of the development of the LC method. The USP
Pharmacopoeia recommends that these tests can
be performed before the analysis 15. These tests
include parameters such as asymmetry factor,
retention time, plate number, capacity factor, se-
lectivity and RSD % of peak height or area for
repeated injections. The theoretical plate num-
bers (N) were 24350 for erlotinib (IS) and 22857
for vemurafenib. Asymmetry factors of 0.912
and 0.862 were obtained for erlotinib (IS) and
vemurafenib, respectively. The selectivity factor
and resolution were obtained as 1.708 and 8.588
for vemurafenib, respectively. The retention
times of erlotinib and vemurafenib were 5.17
and 6.69, respectively. In the proposed HPLC
method, approximately 7 min is sufficient for
the separation of the compounds (Fig. 2).

The USP requirements were met with the re-
sults obtained from the system suitability tests.
The linearity of the calibration curve was shown
by least squares linear regression analysis. Three
replicate injections of the standard solutions
were made and the peak area of the chro-
matogram was plotted against the concentration
of studied drug to obtain the corresponding cal-
ibration graph.

The constructed calibration curve was linear
in the range of 0.2-10.0 µg/mL. The regression
equations of the plots were calculated by least

Figure 2. Optimized chromatogram of proposed
method. (1) 2 µg/mL erlotinib and (2) 10 µg/mL ve-
murafenib. 

             Compounds                           Vemurafenib

    Retention time (min)                     6.69

  Linearity range (µg/mL)                 0.2-10.0

              Slope                               0.492

            Intercept                            0.0119

   Correlation coefficient                   0.9999

  Detection limit (µg/mL)                  0.0482

Quantitation limit (µg/mL)                 0.146

Table 1. Statistical evalution of the calibration data of
vemurafenib by RP-HPLC.

square regression method. The assay showed
that correlation coefficient was higher than
0.999 (Table 1). 

The limit of detection (LOD) and limit of
quantification (LOQ) values were determined by
the following equations by the help of the stan-
dard deviation of response (s) and the slope (m)
of the corresponding calibration curve: LOD =
3.3 s/m and LOQ = 10 s/m.

Calculated LOD and LOQ values were found
to be 0.0482 and 0.146 µg/mL, respectively.
These results indicate that the method provided
adequate sensitivity. This LOQ value for vemu-
rafenib is lower than previously reported with
HPLC-UV methods 6-7 but it is fairly close to that
reported with LC-MS/MS 8-14. 

Repeated analyses of standard solutions in
the mobile phase were performed to demon-
strate the precision and reproducibility of the
method. Intra-day reproducibility was deter-
mined by repeated analysis of standard solu-
tions containing vemurafenib at two different
concentrations (0.5 and 5.0 µg/mL). The inter-
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day reproducibility of the method was deter-
mined by repeated analysis of standard solu-
tions at two different concentration levels on
three different days. Repeatability and repro-
ducibility were expressed by mean recovery and
RSD and the results are given in Table 2. The
results show that there is no significant differ-
ence for the assay, as tested by inter- and intra-
days. For this reason, all the results indicate that
the method has good precision.

This proposed test was successfully applied
for the determination of vemurafenib in the
urine media. For this, urine samples were col-
lected from healthy people, and were spiked
with vemurafenib and erlotinib. Before the test,
the urine samples were diluted as 25-fold. Chro-

Intra-day assay

        Concentration (µg/mL)                                 0.500                                     5.000

        Calculated mean ± SD                            0.495 ± 0.017                          4.960  ± 0.018

                 Recovery                                          99.106                                    99.194

                   RSD %                                            1.451                                     0.374

Inter-day assay

        Concentration (µg/mL)                                 0.500                                     5.000

        Calculated mean ± SD                           0.5035 ± 0.008                          4.904 ± 0.035

                 Recovery                                         100.704                                   98.085

                   RSD %                                            1.648                                     0.720

Table 2. Summary of repeatability (intra-day) and reproducibility (inter-day) precision data.

Figure 3. Chromatograms. (A) Blank human urine at 249 nm; (B) Human urine spiked with 2 µg/mL erlotinib
(1) and 5 µg/mL vemurafenib (2).

             Spiked urine concentration (µg/mL)                                    1.000                                                 5.000

                   Calculated mean ± SD                               1.020 ± 0.017                            5.075 ± 0.072

                            Recovery                                            102.041                                   101.491

                             RSD %                                               0.227                                      1.419

Table 3. Results of the determination of vemurafenib in the presence of human urine.

matograms of blank and spiked urine sample
are shown in Fig. 3. The urine matrix does not
interfere with the determination of the vemu-
rafenib.

The accuracy of the method for the analysis
of urine samples was determined by recovery
experiments. The recoveries and RSDs were cal-
culated for five individual spiked urine samples,
containing 1.0 and 5.0 µg/mL vemurafenib
(Table 3). Very satisfactory results were ob-
tained for vemurafenib. The peak areas were
used to establish the internal standard. The re-
covery values for vemurafenib was calculated
between 100.1 and 102.33%, by using the con-
centration ranges of (in triplicate) 1.0-5.0 µg/mL
(in the presence of urine).
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CONCLUSION
A new, simple, validated and rapid (about

7.5 min) HPLC method was developed for ve-
murafenib. An acceptable chromatographic res-
olution is obtained between vemurafenib and
erlotinib. Inter-day and intra-day tests were
found to be as similar. 

This developed method could be easily ap-
plied to urine samples without pretreatment. It
also observed that, there was no interference
from the urine matrix for the determination of
the vemurafenib. It can be concluded from
these results that, this method can be used for
routine analysis of vemurafenib in quality con-
trol and clinical monitoring purposes. 
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