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Abstract

A sensitive method for the determination of lapatinib (GW572016) in human plasma was developed using high-performance liquid chroma
graphic separation with tandem mass spectrometric detection. Plasma sampj€s)@@@e prepared using solid phase extraction (SPE) columns,
and 6.0uL of the reconstituted eluate was injected onto a PhenonteGexoSil-PFP i analytical column (50 mnx 2.0 mm) with an isocratic
mobile phase. Analytes were detected with a PE SCIEX API-365 LC-MS/MS system at unit (Q1) and low (Q3) resolution in positive multipl
reaction monitoring moder{/z 581 (precursor ion) te:/z 364 (product ion) for lapatinib). The mean recovery for lapatinib was 75% with a lower
limit of quantification of 15 ng/mL (S/N =11.3, C¥ 14%). This method was validated over a linear range of 100-10,000 ng/mL, and results from
a 5-day validation study demonstrated good within-day and between-day precision and accuracy. This method has been used to measure p
lapatinib concentrations in a Phase | study in children with cancer.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction EGFR and another EGFR or ErbB family monomer, respectively
[1,2]. ErbB2, which seems to have no direct ligand, preferen-
The ErbB or epidermal growth factor (EGF) family of recep- tially heterodimerizes with EGFR and other ErbB monomers.
tor tyrosine kinases plays an important role in both normaln both instances, dimerization leads to autophosphorylation of
and aberrant cellular proliferation and survival. Two prominentadjacent ErbB monomer tyrosine residi&4], and recruitment
members of the ErbB family include the epidermal growth factorof signaling proteins that stimulate cell division, growth, and
receptor (EGFR or ErbB1) and HER#2/: (ErbB2) receptors, survival [1,5]. Since both ErbB1 and ErbB2 are catalytically
which are expressed in a variety of tissues. Overexpression @apable of activating such proliferative pathways, a compound
constitutive activation of EGFR and ErbB2 have been notedhat would simultaneously target both receptors would have the-
in several malignancies, and are associated with poor clinieretical advantages.
cal outcomes. Ligand binding to an EGFR monomer results in  Lapatinib (GW572016; GlaxoSmithKline, Research Trian-
homodimerization or heterodimerization between ligand-boundjle Park, NC) is an orally active 4-anilinoquinazoline inhibitor
of both ErbB1 and ErbB2 tyrosine kinases. Lapatinib has exhib-
ited cytostatic or cytotoxic activity in various cell lines and
mponding author at: Department of Pharmaceutical Sciences, St. JuxenOQraf-t‘dl-4'6_8-]’ an-d has demantrated its tolerability in early
Children’s Research Hospital, 332 N. Lauderdale, Memphis, TN 3810;5, USAB(?~Iase C"”"?a' t_nals_m adu'_ts with Canc[g!' Two Ph_ase | and
Tel.: +1 901 495 3665 fax: +1 901 525 6869, pharmacokinetic clinical trials of lapatinib are being planned
E-mail address: clinton.stewart@stjude.org (C.F. Stewart). in both adults and children with brain tumors. The character-
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ization of lapatinib disposition in these two study populationswater was distilled, deionized, and further purified via a Mil-

will require a highly sensitive and specific assay; one that alstipore Milli-QUV plus and Ultra-Pure Water System (Tokyo,

exhibits sufficient accuracy and precision. To date only one analapan) (resistance 18.Xdj. Other chemicals were purchased

lytical method (i.e., LC-MS/MS) for lapatinib has been reportedfrom standard sources and were of the highest quality available.

in the literature[10]. However, this complex method mainly

focuses on an on-line extraction technique and utilizes custom 2. Apparatus and chromatographic conditions

equipment not available to most biomedical laboratories. Here

we describe a sensitive and specific LC-MS/MS method wit.2. ;. Chromatographic conditions

a deuterated Iapatinib (GW572016R) as internal standard for The HPLC system consisted of a Shimadzu (Kyoto,

quantification of lapatinib (GW572016) in human plasma. Japan) system controller (SCL-10AVP), pump (LC-10ADVP),
autosampler (SIL-10ADVP), and online degasser (DGU-14A).

2. Experimental Reconstituted plasma extracti(6) was injected onto a Phe-
nomenex (San Francisco, CA) CuroSil-PHe8 analytical col-
2.1. Chemicals umn (50 mmx 2.0 mm) preceded by a guard column of the same

material (30 mmx 2.0 mm). Flow rate was 0.20 mL/min with a

Lapatinib Fig. 1, GW572016, 98.6% purity) and deuter- mobile phase consisting of acetonitrile/5.0 mM ammonium for-
ated lapatinib Fig. 1, GW572016R, 98.0% purity), as the mate (pH 3.0)/formic acid (v/v/v=1000:50:1). The column was
internal standard (ISTD), were supplied by GlaxoSmithK-maintained at 60C by HotPocket (Keystone Scientific, Inc.,
line (Collegeville, PA, USA) and used for preparation of cal- Bellefonte, PA). Under these conditions, the typical retention
ibrators and control samples. HPLC grade acetonitrile andime was 1.63 min for both lapatinib and its internal standard,
methanol were obtained from Burdick & Jackson (MuskegonWith a total run time for each sample of 3.0 min. We observed
MI, USA), whereas formic acid (minimum 95%) amdN-  backpressure values of approximately 32 bars.
dimethylformamide were purchased from Sigma (St. Louis,
MO, USA). Ammonium hydroxide and ammonium formate 2.2.2. Mass spectrometric conditions
were obtained from Fisher (Fairlawn, NJ, USA). Blank human Detection was performed with a PE SCIEX API 365 triple
plasma was obtained from Lifeblood (Memphis, TN, USA). All quadrupole mass spectrometer (Toronto, Canada) equipped

Lapatinib (GW572016)

CH, F

O/G\\/O\——’NH / \ HN Cl
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Fig. 1. Chemical structure of lapatinib and deuterated-lapatinib.
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Fig. 2. (A) Scan positive-ion mass spectra for parent molecular ion for lapatinit 581.0; (B) collision induced dissociation spectra for lapatinib to the predominant
ionmlz 363.7; (C) scan positive-ion mass spectra for parent molecular ionsH#agiatinib atn/z 586.8, and (D) collision induced dissociation spectra fed@patinib
to the predominant iom/z 366.4.

with a Turbo lonSpray® source (thermally and pneumaticallyThe lapatinib working solutions (2.0, 10.0, and 10@dgimL)
assisted electrospray), which was run at the unit-resolution ofvere prepared at the time of assay from the 1.0 mg/mL stock
Q1 and the low resolution of Q3 in positive mode with mul- solutions by making dilutions with 80% methanol water. An
tiple reaction monitoring (MRM). Full-scan positive-ion mass ISTD working solution (50.(hg/mL) was prepared from its
spectra Fig. 2) showed the parent molecular ion for lapatinib 1.0png/mL stock solution in the same manner.

at m/z 581 to the predominant ion at/z 364, and the parent

molecular ion for GW572016R (lSTD) ai/z 587 to the pre-  2.3.2. Calibration curve and qualnjy controls

dominantion atn/z 366, respectively. The optimized conditions  Calibrators were made by adding lapatinib working solu-
of MS/MS with electrospray conditions were as follows: 5@0  tions to blank plasma in correct proportions to give final con-
ion spray source temperature, 55 kPa nebulizer (NEB) pressurgentrations of 100, 250, 500, 1000, 2500, 5000, 7500, and
41 kPa psi curtain (CUR) gas pressure, 5L/min turbo gas flow1 0,000 ng/mL with 2000 ng/mL ISTD. Plasma controls were
4900 V ionspray voltage (IS), and 3.0 units collision gas (CAD);prepared in triplicate using the same methodology at concen-
45V declustering potential (DP), 232V focusing potential (FP),trations at 200, 1500, and 9000 ng/mL.

10V entrance potential (EP), 20V collision cell entrance poten-

tial (CEP), 60V collision energy (CE), and 38V collision exit 3 3 3 pjasma sample preparation

potential (CXP). The mass spectrometer was interfaced to a A total of 100uL of plasma or patient plasma was spiked
computer workstation running Analyst software (Version 1.4yith |STD, and added to a 2.0 mL amber microcentrifuge tube.
Applied Biosystems, Foster City, CA) for data acquisition andrne spiked plasma was then treated withu2095% formic

processing. acid followed by 50Q.L deionized water. The solution was
vortexed and then 5Q0L of the mixture was transferred to

2.3. Sample preparation a vacuum-assisted Phenomenex (San Francisco, CA) Strata-
X tube (60 mg/3mL; PN: 8B-S100-UBJ) preconditioned with

2.3.1. Stock solutions 3 x 1 mL methanol washes followed by-31 mL washes with

Stock solutions were prepared by separately dissolving eithewvater. The loaded sample was then washed with045 mL of
lapatinib or ISTD inN-N-dimethylformamide to yield a concen- 5% acetonitrile in water. The sample was eluted with a mixture
tration of 1.0 mg/mL. The stock solutions were stored@°C,  of acetonitrile/methanol (v/v=60/40) and dried under nitrogen
and less than 5% of their nominal values were lost over 6 monthgor 30 min. The sample was reconditioned with 3A0mobile
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phase and a volume of 6.l injected by the autosampler onto —80°C until processing for analysis. After solid phase extrac-
the LC-ESI-MS/MS system. tion (SPE), samples were reconstituted and then analyzed using
the described method.
2.3.4. Patient sample collection
Patient blood samples (2mL) were collected in green3. Results and discussion
top (heparin sodium) Vacutainer tubes (Franklin Lakes, NJ),
aliquoted into microcentrifuge tubes, and centrifuged at3.l. Chromatography
7000x g for 2min to separate the plasma that was stored in
—80°C. The plasma samples were then processed as describedRecently, the PFP column (pentafluorophenyl bonded to sil-

for calibrators and controls for analysis. ica) has been preferentially used in place of traditionglo€
Ci8 columns for reversed-phase HPLC separation of molecules
2.4. lon suppression effects containing aromatic groups primarily due to its higher selec-

tivity for, and improved retention of, such moleculd2,13]
lon suppression was evaluated with a comprehensiveapatinib is a small molecule (MW =581) that contains five

approach that uses a post-column infusion of the anflyite =~ aromatic rings Fig. 1), and thus a small PFP column presents
Briefly, a neat lapatinib sample (100 ng/mL) was infused, postitself as a logical choice for the HPLC separation linked to
column, through a Valco zero dead volume tee using a Harvard mass spectrometer. Therefore, we chose a 5&rar mm
Apparatus syringe pump 11 (Harvard Apparatus, Holliston, MA,CuroSIL PFP 3um column to achieve the most efficient sep-
USA) at a constant flow rate of 5u/min into the LC effluent  aration of lapatinib prior to detection with mass spectroscopy.
(150uL/min) prior to entering the mass spectrometer. Differ- Beyond column selection, other conditions including the com-
ent blank plasma samples £3) and mobile phase solution position of mobile phase and column temperature were opti-
were then injected onto CuroSil-PFP column. Effluent frommized to increase mass signal strength for lapatinib in terms
the HPLC combined with the infused neat lapatinib, enteredf counts per second. Increasing the percentage of acetonitrile
the electrospray interface and was analyzed under the operatiingthe mobile phase from 80 to 95% improved the signal in a
conditions for lapatinib to measure the “matrix effect,” not only proportional manner, whereas adjusting the ammonium formate
from one run, but also from late-eluting compounds that maybuffer (pH 3.0) concentration to 5.0 mM resulted in an opti-
not be detected until after several sequential analyses had besaral signal response. Additionally, a trace amount of formic acid

performed. (MP/HCOOH =v/v=1000/1) was added to improve protonation
of lapatinib in the positive ionization mode. Column temperature
2.5. Assay validation was tested at 25, 40, 50, 60, and°™) respectively. According

to ion intensity, retention time, and peak shapes of both lap-
The method developed for lapatinib quantitation in humaratinib and ISTD, the PFP column performaned best &G0
plasma was validated over 5 days by analysis of lapatinilherefore, final HPLC conditions selected were a mobile phase
plasma quality control samples, and the within-day and betweerconsisting of acetonitrile/ammonium formate buffer (5.0 mM,
day precision and accuracy for the method were determine¢ghH 3.0)/formic acid = v/v/v=95/5/0.1 and a column tempera-
Two calibration curves were analyzed during this validation.ture of 60°C.
The linear regression of the ratio of lapatinib/ISTD peak
area was weighted by & The coefficient of determina- 3.2. Solid phase extraction
tion (R?) was used to evaluate the linearity of the calibration
curve. Lapatinib is a strong non-polar hydrophobic compound with
The limit of detection (LOD) and limit of quantitation (LOQ) a logP’ greater than 4.6; thus, it should be retained on a non-
were defined as the minimum value at which the ratio of sigpolar Gg SPE stationary phase. During our studies to develop
nal/noise was 3 and>10, respectively. These were determinedan extraction method for lapatinib in plasma, we observed that
by triplicate analysis of an extensive calibration curve in the lowlapatinib is indeed strongly retained in a Strata-»¢ SPE tube
concentration range (5—-100 ng/mL). even when using 100% methanol or acetonitrile as eluting solu-
The stability of lapatinib at 4 and-20°C in the reconsti- tion. We pretreated plasma lapatinib with base and acid before
tuted extracted plasma sample for up to 72h, and8D°C  solid phase extraction process. Our results showed that base
for three months were evaluated at two concentrations (200 arte-treatment (15-30% NDH) yielded an average recovery

9000 ng/mL). of 45% lapatinib from plasma in comparison to acid pretreat-
ment (20-95% HCOOH), which yielded an average recovery
2.6. Application of method to patient samples of 62%. We hypothesized that under the basic conditions, the

lapatinib molecule was essentially neutral and less polar. Thus,

Serial blood samples (2 ml) were collected from a pediatriovhen the solid phase was pretreated with base the lapatinib
patient following a 300 mg oral lapatinib dose. Each blood sambecame more hydrophobic, and increased its binding to the
ple collected into a green-top (heparin sodium) vacutainer tub€,g media. However, when the sample is pretreated with acid,
(Franklin Lakes, NJ) and centrifuged at 700@ for 2min  lapatinib becomes charged, which reduces the overall hydropho-
to separate the plasma. All plasma samples were stored hicity of the molecule, and makes the compound more polar.
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Fig. 3. Infusion chromatogram for lapatinib—a neat lapatinib (100 ng/mL) was constantly infused, post-column, at a flow rait¢/ofif.0hto the LC effluent
that included the tested samples: (A) mobile phase solution, (B) blank human plasma 1, (C) blank human plasma 2, and (D) blank human plasma 3.

This results in easy elution of lapatinib from thegGtation-  and in the relative time range in this developed LC-MS/MS
ary phase by an organic solvent. It was finally determined thamethod.

pretreating the plasma lapatinib sample with formic acidyR0

95% formic acid with 10Q.L plasma lapatinib sample), and ; 4 Assay validation

subsequently eluting with acetonitrile/methanol (v/v=60/40)

mixture produced an acceptable average lapatinib solid phase 14 assess within-day and between-day precision and accu-
extraction recovery of 75% over the concentration range of,cy we evaluated validation parameters for lapatifih(e 3.
100-10,000 ng/mL. Moreover, using an acidified mobile phasgep jnjections of low, medium, and high lapatinib concentra-
(@mmonium formate buffer pH 3.0) with formic acid 0.1%) (o control samples as described previously were made on
resulted in a favorable elution of lapatinib from the CuroSILdays 1 and 2 to assess within-day variability and again on
PFP column (i.e., improved retention and peak shape). days 3-5 to evaluate between-day variability. The LOD and

LLOQ in plasma for this method were 4.2 ng/mL (S/N=3.2,
3.3. Ion suppression

PR ; : .. Table 1
lon suppression is an important factor affecting the quantltavali dation parameters of lapatinib in human plasma

tive performance of a mass detector, especially with electrospray

interface[14]. We studied this ion suppression effect from both Quality control Within-day (= 10) Between-dayi(=5)
lapatinib (ng/mL)

SPE extracted human blank plasme=@3) and mobile phase %R.S.D.  %Error %R.S.D.  %Error
solution. Depicted ifrig. 3A—D are the results from these stud- 25 2.9 79 163
ies that illustrate the response obtained from the applied posix o8 11 6.9 47
column infusion. Since lapatinib and its isotope (ISTD) coelutethooo 2.0 3.7 3.4 24

at the same time in this method, only lapatinib at 100 ng/mL wa

. . .. . 3’ ninjections of low, medium, and high quality control of lapatinib plasma sam-
infused in this ion suppression StUdy' The results demonStrat%ﬁes were run within 1 day to assess within-day variability and fifteen injections

the absence of either relevant suppression or enhancement@fre run within 5 days to evaluate between-day variability. Variability reported
lapatinib ion intensity at retention time of 1.62 miRig. 4), as relative standard deviation (%RSD) and percentage error (%Error).
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Fig. 4. MRM chromatogram of human plasma spiked with lapatinib agdepatinib (internal standard). Note that both components are eluted simultaneously at
1.62min.

n=3)and 15ng/mL (S/N=11.3,=3,CV < 11%),respectively. over three months. Internal standard was added to stability
The extraction recovery of plasma lapatinib in comparison tesamples prior to SPE extraction and analysis. As depicted in
the neat lapatinib at the same concentration w@s% (=3, Table 2b for lapatinib in plasma at-80°C, the decrease of
S.D.=3.06, CV% =4.09) at the spiked lapatinib concentrationpeak area ratioAlaptinib:ISTD) was less than 10% within 3

of 200, 1500, and 9000 ng/mL in triplicate. The calibration months. Thus, lapatinib is stable in plasma-&0°C for at least
curves for human plasma were linear from 100 to 10,000 ng/mL3 months.

with correlation coefficientsk?) greater than 0.995.

3.6. Application of assay in patient blood sample
3.5. Stability b ! yop r

To show the applicability of the method, we analyzed plasma

To assess the stability of lapatinib in reconstituted extractegammes from a child enrolled on a Phase | pharmacokinetic
plasma, we evaluated three lapatinib concentrations (200, 15005/ of lapatinib. Serial plasma samples were collected, pro-
and 9000 ng/mL) at 4C for 24h and at-20°C for up to 72h  egged, and analyzed by the methods described in this report.
after solid phase extraction and then reconstituted in mobilg, plasma samples were stored at80°C until analysis.
phase. As depicted ifiable 23 we observed less than a 6% A representative plasma concentration—time profile for lap-
decrease in lapatinib peak area at both testing conditions. Thug;inib after oral administration is depicted Fig. 5 This
lapatinib is considered stable in extracted plasma samplé€at4 ethod developed to quantitate lapatinib in human plasma sam-
for 24h and at-20°C for 72h. o ples possesses sufficient precision (C¥%.9%) and accuracy

To test the long-term stability of lapatinib in plasma at(_5 < erroro< 5.0), for large-scale application in clinical stud-
—80°C, we evaluated two concentrations (200 and 9000 ng/MLjes of |apatinib pharmacokinetics in both pediatric and adult

populations.
Table 2a
Stability of lapatinib in extracted human plasma

O Table 2b

Extra.ct.ed <ilh 24hat4C 72hat-20°C Stability of lapatinib in human plasma a80°C
lapatinib (ng/mL) n=2) (n=2)

Plasma lapatinib <1 day 15 days 45 days 90 days

200 102.2 98.8 97.9

1500 95.6 98.3 95.6 200 ng/mL ¢=2) 100 96 92 92
9000 107.7 94.8 104.7 9000 ng/mL £=2) 100 91 91 92

The reconstituted lapatinib samples were separately stored (in duplicate) atSpiked plasma samples with high and low lapatinib concentrations were aliquot-
and—20°C and analyzed up to 72 h. Stability was assessed by the ratio of peated in duplicate and stored at80°C. The samples were then assayed over 3
area (Alapatinib:ISTD). Data is expressed as mean percent of initial peak rationonths. Stability was assessed by the ratio of peak area (lapatinib/ISTD). Data
of two samples tested. presented is mean percent of initial peak ratio of two samples tested.
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