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Abstract: A sensitive liquid chromatographic-single quadrupole mass spectrometric method was developed
and validated for the determination of lapatinib in human plasma. Following a liquid-liquid extraction with
methyl #-butyl ether, lapatinib and isotope labelled lapatinib, used as an internal standard (IS), were separated
from the endogenous compounds on a Zorbax SB-C18 (150 x 3 mm, 3.5 tm) column. An isocratic elution with
the mobile phase consisting of formic buffer and the mixture of acetonitrile, methanol and formic acid was used.
Mass spectrometry with positive electrospray ionization in a single ion monitoring mode was applied. The pro-
posed method provides the satisfactory recovery of lapatinib from human plasma and a sensitivity comparable
to numerous tandem mass spectrometric methods, with a lower limit of quantification of 5 ng/mL. The vali-
dated method may be applied to pharmacokinetic studies in humans following a single 250 mg oral dose.
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Breast cancer is the second most frequent
cause of cancer related death in women in developed
countries with over 1.67 million cases diagnosed
worldwide in 2012 (1). It is recognized that in
15-20% of patients breast cancer exhibits an over-
expression of the epidermal growth factor receptor 2
(HER2), which is associated with a more aggressive
course of the disease (2). Lapatinib acting as a tyro-
sine kinase inhibitor is able to inhibit the HER2
receptors and therefore remains a valuable choice of
treatment of the HER2-positive carcinoma. The
addition of lapatinib to capecitabine in the treatment
of HER2-positive advanced breast cancer signifi-
cantly improves the median time to progression by
8.5 weeks. However, the estimated cost of introduc-
ing this tyrosine kinase inhibitor to the combination
therapy is nearly $20,000 per patient (3).
Considering the need for pharmaco-economic can-
cer treatments, it is essential to develop reliable and
sensitive bioanalytical method for lapatinib determi-
nation in human plasma in order to conduct bioe-
quivalence studies of new generic drug products.

Lapatinib is available as 250 mg tablets. After
the oral administration of a single 250 mg dose,
maximum lapatinib plasma concentrations occur
within 3 to 6 h (mean 4 h) and range from 192
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ng/mL to 524 ng/mL (mean — 317 ng/mL) (4).
According to the European Medicines Agency
guideline (5), a method designed for the application
in bioequivalence studies should allow to assess
maximum drug concentrations and analyze the area
under the plasma concentration curve from the
administration to the last observed concentration at
a time t, AUC,,, which covers at least 80% of the
area extrapolated to the infinity time, AUC..,
Taking into account the above recommendations
and available pharmacokinetic data (4), the linearity
range of 5.00-800.00 ng/mL seems to be suitable for
bioequivalence studies.

Presently, several methods based on tandem
mass spectrometry coupled with high-performance
liquid chromatography (6—13), ultra-performance
liquid chromatography (14) or without the separa-
tion technique (15) have been reported for lapatinib
quantification in human plasma or serum samples.
They were linear in the concentration ranges of
1-1000 ng/mL (6), 5-5000 ng/mL (8, 13), 10-5000
ng/mL (14), 20-10000 ng/mL (12), 25-10000
ng/mL (15), 50-3500 ng/mL (11), 50-5000 ng/mL
(9), 100-5000 ng/mL (10) and 100-10000 ng/mL
(7). However, a majority of the reported methods
were designed for the measurement of lapatinib fol-
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lowing higher doses used in routine clinical practice.
Hence, only three methods seem to be sensitive
enough for pharmacokinetic studies following a 250
mg dose (6, 8, 13). The triple quadrupole detector
was also used for the determination of intracellular
levels (16). A high cost of the instrumentation is the
main limitation of these assays, making them unat-
tainable to many routine biomedical laboratories.
The application of ultraviolet detection was present-
ed during the American Association for Cancer
Research 103rd Annual Meeting. However, the
poster presentation did not provide details concern-
ing this assay (17). To the best of our knowledge, no
method using a single quadrupole mass spectromet-
ric detector has been reported for lapatinib quantifi-
cation in human plasma so far.

The most widely employed sample preparation
methodology was the precipitation of proteins (PP)
(8,9, 11, 12, 15). In spite of the high throughput of
PP, large amounts of residual endogenous com-
pounds may significantly contaminate instrumenta-
tion, especially if thousands of samples are to be
measured. A more effective sample cleanup can be
achieved by a solid-phase (7, 14) and liquid-liquid
extraction (13). Solid-phase extraction methods,
though very effective, significantly increase the cost
of sample analysis and with high sample load they
may require automated solution handling in order to
obtain suitable sample throughput. Another alterna-
tive is the application of special on-line extraction
columns (6, 10). However, this technique is avail-
able only to more complex equipment setups.
Therefore, the liquid-liquid extraction seemed to be
most practical for the present study.

The aim of the present study was to develop
and validate a sensitive liquid chromatographic-sin-
gle quadrupole mass spectrometric method for the
determination of lapatinib in human plasma suitable
for pharmacokinetic studies following a single 250
mg oral dose.

EXPERIMENTAL

Chemicals and reagents

Reference standards: lapatinib, N-[3-chloro-4-
[(3-fluorophenyl)methoxy]phenyl]-6-[5-[[[2-
(methylsulfonyl)ethyl]amino]methyl]-furan-2-
yl]quinazolin-4-amine, as ditosylate monohydrate
(CAS number: 388082-78-8) was synthesized at the
Pharmaceutical Research Institute (Warszawa,
Poland) (18), [“C,’H,]-lapatinib was supplied by
Alsachim (Strasbourg, France).

Methanol (HPLC and LC/MS grade), sodium
carbonate and formic acid 98—100% (both of analyt-
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ical grade) were purchased from POCH (Gliwice,
Poland). Methyl #-butyl ether (HPLC grade) was
obtained from Chem-Lab (Zedelgem, Belgium).
Acetonitrile (HPLC and LC-MS grade) and 25%
ammonium hydroxide solution (analytical grade)
were purchased from J.T.Baker (Deventer,
Netherlands). Purified water from Milli-Q system,
Millipore (Molsheim, France), was used throughout
the study.

Instrumentation

The Shimadzu LC/MS system (Duisburg,
Germany), consisting of two LC-10ADVP pumps,
an SIL-HTA autosampler, a CTO-10A column
oven, a DGU-20A, degasser and an LCMS-2010
single quadrupole mass spectrometer, was used for
lapatinib determination in human plasma. Data inte-
gration was performed with Shimadzu LCMS
Solution software (version 2.05).

Chromatographic conditions

The chromatographic separation from endoge-
nous compounds was performed on a Zorbax SB-
C18 column (150 X 3 mm, 3.5 um) from Agilent
Technologies (Santa Clara, CA, USA). The HPLC
column was preceded by a SecurityGuard C-18
guard column (4 X 3 mm) purchased from
Phenomenex (Torrance, CA, USA). The mobile
phase, consisting of 10 mM formic buffer pH 4.0
(phase A) and acetonitrile/methanol/formic acid (25
175 : 0.1, v/v/v) (phase B) mixed in the ratio A : B
25 : 75, v/v, was delivered at the flow rate of 0.45
mL/min. The sample volume of 50 pL. was injected
onto the column. The column and the autosampler
were maintained at 35 £ 2°C and 20 £ 5°C, respec-
tively. The total chromatographic run time was 11.0
min with the retention time of lapatinib was approx-
imately 3.5 min.

Mass spectrometric conditions

The mass spectrometer was equipped with an
electrospray ionization source operated in the posi-
tive mode, using single ion monitoring (SIM) as the
data acquisition mode. Ions of lapatinib and the IS
were monitored at m/z ratio of 581.0 and 589.1,
respectively. The probe high voltage was 3.0 kV and
nitrogen at 4.0 L/min was used as the nebulizer gas.
The block temperature was 280°C, whereas the
curved desolvation line temperature and voltage
were 290°C and 75 V, respectively. The Q-Array
lens voltages were 74 V, 55 V, 32 V, respectively.
The detector voltage was 1.2 kV. Data were collect-
ed in 0.4 s intervals.
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Solution preparation Sample preparation

Stock solutions of lapatinib and the IS were Twenty microliters of the IS solution and 250
prepared by dissolving the appropriate amounts of mL of the 2M sodium carbonate solution were
the substances in methanol. The stock solutions added to the 250 mL aliquot of human plasma and

were further diluted with 75% methanol to the work- vortex mixed in a glass, screw cap extraction tube.
ing solutions. The working solutions used to prepare Then, 2 mL of methyl #-butyl ether were added and
the calibration standards and quality control samples shaken on a vibrax mixer for 10 min. After centrifu-
were obtained from different stock solutions. The gation, the aqueous phase was frozen and the organ-
stock solutions were stored in a freezer at tempera- ic layer was transferred to a glass tube and evapo-
ture = —6°C and in a refrigerator at temperature = rated to dryness under the stream of nitrogen. The
12°C and the working solutions were stored in a dry residue was reconstituted in 200 mL of the
refrigerator at temperature = 12°C. mobile phase and mixed. After centrifugation, the

supernatant was transferred into an autosampler
Preparation of the calibration standards and vial.
quality control samples
The calibration standards contained lapatinib at Method validation

the following concentration levels: 5.00, 15.00, The validation parameters were defined
50.00, 100.00, 200.00, 400.00, 600.00 and 800.00 according to the European Medicines Agency as
ng/mL. The quality control samples contained lapa- well as the Food and Drug Administration guide-

tinib at the concentration levels: 15.00, 200.00 and lines (19, 20). The study was performed in compli-
600.00 ng/mL. The calibration standards and quali- ance with the principles of Good Laboratory

ty control samples were prepared by spiking blank Practice. For the calculation of the precision, accu-
human plasma with the appropriate working solu- racy, calibration curve parameters and selected sta-
tion of lapatinib. The calibration standards were pre- bility results, a normal distribution of measurements
pared directly before the analysis and the quality was assumed. The statistical analysis of the stability
control samples were stored in a freezer at tempera- included the comparison of two sets of experimental
ture = —14°C. data, assuming the log-normal distribution of mea-
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Figure 1. Positive ion electrospray mass scan spectra of lapatinib and IS. As reported previously (7, 9), the [M + H]* peak of m/z 581 was
the most abundant one for lapatinib
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surements’ results and it was based on the applica-
tion of confidence intervals (21, 22). The construc-
tion of confidence intervals depends on the variance
equality, therefore the F-Snedecor test (significance
level 0.01) was applied to test the hypothesis on the
variance equality.

RESULTS

Method development

Manufacturing method of lapatinib of pharma-
ceutical purity was recently developed in Chemistry
Department of the Pharmaceutical Research
Institute (18). In this work, the chromatographic
conditions, especially the chromatographic column
and the composition of the mobile phase, were
selected by subsequent iterations in order to achieve
a suitable lapatinib retention and acceptable peak
shape. To improve the peak shape a number of dif-
ferent mobile phases, sample solvents and reversed-
phase columns including several brands of octadecyl
and C6-phenyl phases were tested. Mobile phases
consisted of acetonitrile and methanol mixed with
0.1% acetic acid or 10 mM formic buffer (pH 4.0) in
various ratios changed to modify lapatinib retention
or limit the back-pressure. Four sample solvents
were used acetonitrile/0.1% formic acid and
methanol/0.1% formic acid in two ratios 75 : 25 and
25 :75 (v/v). It was found that the greatest influence
on the peak shape had the composition of the sam-
ple solvent and no acceptable shape could be
obtained unless the solvent was identical with the
mobile phase. The selected mobile phase, which was
used throughout the validation, consisted of a 10
mM formic buffer (pH 4.0) and acetonitrile/meth-
anol/formic acid (25 : 75 : 0.1, v/v/v) in the ratio 25
: 75, v/v. Among tested reverse-phase columns, the
best sensitivity with acceptable retention was
obtained for a Zorbax SB-C18 column (150 x 3 mm,

Table 1. Validation summary.
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3.5 um, Agilent Technologies). Lapatinib and the IS
were eluted at 3.5 min.

Positive ion electrospray mass scan spectra of
lapatinib and the IS are shown in Figure 1. The [M
+ HJ* peak of m/z 581.0 and [M + HJ* peak of m/z
589.1 were the most abundant for lapatinib and the
IS, respectively, and were selected for the analysis.

During the development of sample prepara-
tion, the extraction efficiencies using various
extracting solvents were tested. Polar solvent like
methyl #-butyl ether provided a much higher lapa-
tinib recovery than the non-polar mixture of hexa-
ne and isopropanol and was selected for the sam-
ple cleanup. The influence of a modifier on
extracting conditions was also studied. Saturated
(2 M) sodium carbonate solution and 10 mM
formic buffer pH 4.0 were tested as modifiers. The
best results were achieved for the sodium carbon-
ate. Finally, the optimization of the extraction time
and extracting solvent volume led to the conclu-
sion that shaking time of 10 min and the volume of
2 mL of methyl #-butyl ether are sufficient to
obtain the high recovery (71-82%) of both lapa-
tinib and the IS.

Method validation
Linearity and lower limit of quantification

The calibration curve was linear within the
range of 5.00-800.00 ng/mL regarding the peak area
ratio of lapatinib to the IS versus the nominal con-
centration of lapatinib. The curve was obtained by a
weighted linear regression analysis with the weight-
ing factor of 1/y’ selected according to the minimum
sum of percentage relative errors (23). The values of
regression parameters for the curve, described by
the equation: y = ax + b, were: a = 2.727¢*, b =
2.016 e* and r=0.9997 (n = 6), where x was the lap-
atinib nominal concentration, y was the lapatinib/IS
instrument response ratio, a and b were slope and

Linear range [ng/mL] 5.00 — 800.00
Lapatinib concentration [ng/mL] 5.00 15.00 200.00 600.00

Extraction recovery of lapatinib [%] - 82.0 82.4 71.4

Matrix effect — RSD [%] - 6.22 5.31 2.55
Within-run precision [%]* 4.75-11.37 4.33-10.38 2.19-5.26 1.80-4.32
Within-run accuracy [%]* 89.3-99.9 91.0-100.7 96.9-101.8 94.2-98.2
Between-run precision [%]* 2.37-11.37 3.02-10.38 2.19-14.69 1.11-5.34
Between-run accuracy [%]* 89.3-100.9 90.4-100.7 93.2-106.9 92.9-98.2

*The accuracy and precision results are expressed as the 90% confidence intervals.
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Figure 2. Chromatogram of the extracted plasma sample containing lapatinib at 5.00 ng/mL and the working concentration of the IS (the

retention time of lapatinib and the IS — 3.5 min)

intercept, respectively (Table 1). All regression
parameters were statistically significant (signifi-
cance level 0.05, df = n -2).

The lower limit of quantification was deter-
mined at 5.00 ng/mL and met international accept-
ance criteria for the accuracy and precision (Table 1,
Fig. 2).

Selectivity and carry-over

To confirm the method selectivity, blank
human plasma from six different sources, including
hemolyzed and lipophilic plasma, was analyzed.
The chromatograms showed no peaks influencing
the quantification near the retention times of lapa-
tinib and the IS (Fig. 3).

The carry-over experiment, in which blank
human plasma samples were analyzed immediately
after the highest concentration calibration standards
(procedure repeated six times), showed no peaks
influencing the quantification.

Matrix effect and recovery
To determine the extraction recovery of lapa-
tinib for three quality control sample levels, blank

human plasma samples from six different sources,
including hemolyzed and lipophilic plasma, were
spiked with both lapatinib and the IS before the
extraction (pre-extraction spiked plasma samples)
and after the extraction of the plasma sample (post-
extraction spiked plasma samples). The calculation
of the lapatinib and IS recovery was based on the
ratio of the peak areas determined in the pre- and
post-extraction spiked plasma samples (24). The
extraction recovery of lapatinib was stable across
the studied concentration range and did not influ-
ence the recovery of the IS (Table 1).

The matrix factor was studied for lapatinib at
three concentration levels and for the IS at the work-
ing concentration. It was calculated as the ratio of
the instrument response for the substance in the
presence of the matrix (post-extraction spiked plas-
ma samples) to the instrument response in the
absence of the matrix (standard solutions) (19). The
matrix effect was evaluated from the RSD of the IS-
normalized matrix factor (i.e., the ratio of the matrix
factors calculated for lapatinib and the IS) calculat-
ed for six different sources of plasma, including
hemolyzed and lipophilic plasma. The calculated
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RSD did not exceed 15%, which confirmed the
absence of matrix effects (Table 1).

Accuracy and precision

The results of the within-run (one sequence, n
= 6 for each concentration) and between-run (three
sequences, n = 6 for each concentration) accuracy
and precision for the lower limit of quantification
and three quality control sample levels are pre-
sented in Table 1. For the lower limit of quantifi-
cation, the accuracy was within the acceptance cri-
teria range of 80-120% and the precision was
below the acceptance limit of 20%. For each qual-
ity control sample level, the accuracy was within
the acceptance criteria range of 85—-115% and the
precision was below the acceptance limit of 15%
(Table 1).

Stability
The results of the stability tests: autosampler,
freeze and thaw, short-term and long-term at two
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storage temperatures for 53 days, are presented in
Table 2. For each concentration level, the 90% con-
fidence interval for the mean stability met the
acceptance criteria falling within the range of
85-115%. Moreover, respective stability tests con-
firmed the stability of lapatinib and the IS in the
stock and working solutions (Table 3).

DISSCUSION AND CONCLUSION

To the best of our knowledge, the method
developed is the first application of a single quadru-
pole mass spectrometry for the determination of lap-
atinib in human plasma. It offers an attractive lower
limit of quantification of 5.00 ng/mL. Previously
published tandem mass spectrometric methods pre-
sented wide linearity ranges, however, only one of
them provided better sensitivity (6). Based on phar-
macokinetic data (4), the upper limit of quantifica-
tion proposed in this paper seems to be sufficient for
the determination of lapatinib in plasma following a

Table 2. The stability of lapatinib in plasma expressed as the 90% confidence intervals (n = 6).

Stability Short-term Freeze-thaw Autosampler Long-term Long-term
Temperature Ambient <-14°C 20 + 5°C <-14°C <-65°C
temperature
Storage period 4h 3 cycles 18 h 53 days 53 days
Lapatinib 15.00 96.4-109.9 98.7-110.2 91.3-100.8 96.2-112.7 96.2-109.7
concentration
[ng/mL] 600.00 101.3-105.4 90.3-100.2 99.1-100.3 91.8-98.8 92.1-99.5
Table 3. The stability of lapatinib and the IS in the solutions expressed as the 90% confidence intervals (n = 6).
Analyte Concentration Temperature Storage period Stability
<-6°C 64 days 104.2-109.4
é Lapatinib 1.00 mg/mL <12°C 7 days 103.3-104.8
% Ambient temperature 24 h 101.6-103.9
« <—6°C 64 days 95.3-98.9
=]
7] IS 0.10 mg/mL <12°C 7 days 98.2-100.9
Ambient temperature 24 h 98.7-102.3
<12°C 57 days 99.4-102.5
& 100.00 L
.5 . pe/m Ambient temperature 24 h 100.4-106.7
E Lapatinib
S < 12°C 64 days 91.7-102.1
y 62.50 L
%D ng/m Ambient temperature 24 h 94.2-105.4
e
5 <12°C 57 days 97.7-103.7
= IS 5.00 pg/mL -
Ambient temperature 24 h 101.0-105.5
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Figure 3. Chromatogram of the extracted blank plasma sample

250 mg oral dose. For economic reasons triple
quadrupole mass spectrometers are not so widely
available as the single quadrupole detectors.
Therefore, the present method expands the list of
instrumental setups applicable to the analysis of the
drug and represents an attractive alternative
approach for many biomedical laboratories.

Sample preparation is a critical part of the
quantitative bioanalysis. Selecting a proper tech-
nique is always a good practice even with mass
spectrometric detectors, as it limits matrix effects,
improves the selectivity and sensitivity, extends col-
umn life as well as protects the liquid chromato-
graphic system and the ion source from impurities.
Protein precipitation is less effective in the removal
of endogenous compounds compared to the extrac-
tion techniques and thus carries the highest risk of
ion suppression (25-27). It also makes necessary a
frequent ion source cleaning. Although a solid-
phase extraction provides a selective sample
cleanup, the use of expensive columns limits its
availability. The liquid-liquid extraction procedure
described in this paper allowed to obtain high sensi-
tivity and good recovery (above 70%) of the method
as well as avoid significant matrix effects.

The method was fully validated with respect to
the European Medicines Agency and the Food and
Drug Administration requirements, proving its reli-
ability, and may be applied to pharmacokinetic
studies in humans following a single 250 mg oral
dose.
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