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Abstract

Imatinib mesylate (Gleevec, Glivec, STI571) is a targeted, small molecule inhibitor of the oncogenes, BCR/ABL and
c-KIT, and has striking antitumor activity in patients with chronic myelogenous leukemia or gastrointestinal stromal tumors.
We have developed a liquid chromatographic–electrospray ionization mass spectrometric (LC–MS) method for quantifying
imatinib and its main metabolite (CGP 74588) in plasma. The assay uses deuterated imatinib as the internal standard;
acetonitrile deproteination; a Phenomenex Luna C (2) (5mm, 5034.6 mm) reversed-phase analytical column; a gradient18

mobile phase of 0.1% formic acid in methanol and water; and mass spectrometric detection using electrospray positive mode
electron ionization. The assay has a lower limit of quantitation (LLOQ) of 30 ng/ml and is linear between 30 and 10 000
ng/ml for both imatinib and CGP 74588. We demonstrated the suitability of this assay for imatinib using it to quantify the
concentrations of imatinib and CGP 74588 in plasma of a patient given a 200-mg dose of imatinib orally. We believe that
this LC–MS assay should be an important tool for future pharmacokinetic studies of imatinib.
   2003 Elsevier Science B.V. All rights reserved.

Keywords: Imatinib; CGP 74588

1 . Introduction ABL-positive chronic myelogenous leukemia (CML)
[1,8–12] or gastrointestinal stromal tumors (GIST)

Imatinib mesylate [1], also known as Gleevec, that harbor c-KIT mutations [13–20]. Based on its
Glivec, STI571, is a targeted, small molecule inhib- activity against CML and GIST, imatinib is undergo-
itor of the receptor kinases c-KIT [2,3]and PDGF-R ing extensive evaluation for its activity against other
[2,4], the non-receptor kinases c-ABL and c-ARG, tumor types [21,22] and its utility when combined
and the related fusion oncogene BCR/ABL [5–7]. with other agents. As a result of these activities,
Imatinib has striking activity in patients with BCR/ there is an ongoing, and in fact increasing, need for

evaluation of imatinib pharmacokinetics so that
issues such as pharmacokinetic /pharmacodynamic*Corresponding author. Tel.:11-412-624-9272; fax:11-412-
relationships, drug–drug interactions, and patient648-9856.

E-mail address: egorinmj@msx.upmc.edu(M.J. Egorin). adherence to daily oral therapy can be evaluated. To
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date, two assays for imatinib have been published 74588. As a result, samples containing 30, 300, or
[23,24]. While these assays provided the sensitivity 3000 ng/ml included 1.5% methanol, and samples
and speed that were necessary for initial dose containing 100, 1000, or 10 000 ng/ml included
escalation studies and pivotal registration trials of 0.5% methanol. Ten microliters of a 10mg/ml
imatinib, each uses LC–MS–MS technology, which solution of internal standard (imatinib-D ) in metha-8

is unfortunately not widely available at sites likely to nol were added to each tube. One milliliter of
be performing the imatinib studies described above. acetonitrile was then added to each tube, and the
Furthermore, LC assays with absorbance detection tubes were then vortexed briefly and centrifuged at
have proven insufficiently sensitive for application to 12 000g for 5 min. One-milliliter aliquots of the
clinical pharmacology studies of imatinib. The LC– resulting supernatants were transferred to 12375
MS assay for imatinib that is described in the current mm, borosilicate glass tubes and evaporated to
article was developed based on: (1) recognition of dryness under a stream of nitrogen at 278C. Each
the great need to generate imatinib pharmacokinetic dried residue was redissolved in 100ml of methanol /
data; (2) understanding that such a need would distilled water (20:80, v /v), vortexed briefly, trans-
require a facile, sensitive assay for imatinib and its ferred to HPLC autosampler vials, and 3ml were
main metabolite, CGP 74588; and (3) recognition of injected into the LC–MS system.
the need for such an assay to use less expensive and
more widely accessible instrumentation than that 2 .2.2. LC–MS system
required in previously published assays. The LC system consisted of an Agilent model

1100 Autosampler (Agilent Technologies, Palo Alto,
CA, USA), an Agilent 1100 Quaternary pump, and a

2 . Experimental Phenomenex Luna C (2) (5mm, 5034.6 mm)18

reversed-phase analytical column (Phenomenex,
2 .1. Materials Torrance, CA, USA). The mobile phase was a linear

gradient consisting of 0.1% formic acid in both
Imatinib, imatinib-D , and CGP 74588 were sup- methanol and water with the following program:8

plied by Novartis Pharmaceuticals (East Hanover,
NJ, USA). Methanol (Optima grade) and acetonitrile

Time Flow rate Methanol Water(Optima grade) were purchased from Fisher (Fair
(min) (ml /min) (%) (%)Lawn, NJ, USA). Formic acid (minimum 95%) was

purchased from Sigma (St Louis, MO, USA). Con- 0 1 20 80
trol human plasma was prepared by centrifugation of 6 1 60 40
outdated, citrate-anticoagulated blood obtained from 7 2 100 0
the Central Blood Blank (Pittsburgh, PA, USA). 9 2 100 0
Medical grade nitrogen and liquid nitrogen were 10 2 20 80
purchased from Praxair (Pittsburgh, PA, USA). 13 2 20 80

13.1 1 20 80
2 .2. Procedure

2 .2.1. Sample preparation Overall run time was 14 min. Column eluate was
Three triple standard curves were prepared as then split by a P-470 micro-splitter valve (Upchurch,

follows. Initially 1, 0.1, 0.01, and 0.001 mg/ml Oak Harbor, WA, USA) so that 10% of the flow
solutions of both imatinib and CGP 74588 were entered the mass spectrometer. Column eluate was
prepared in methanol–water (50:50, v /v). The appro- analyzed with a ThermoFinnigan aQa Mass Spec-
priate amount of these solutions was then added to trometer (ThermoQuest, San Jose, CA, USA) oper-
0.2 ml of human plasma, in 1.5-ml microcentrifuge ating in electrospray, positive-single-ion mode to
tubes, to produce final concentrations of 30, 100, monitor 493.7m /z for imatinib, 479.7m /z for CGP
300, 1000, 3000, or 10 000 ng/ml imatinib and CGP 74588 and 501.7m /z for the internal standard. The
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insert probe temperature was set at 2508C with 5000
V applied as the ion spray voltage and 10 V as the
orifice voltage. Nitrogen gas flow was fixed by the
tank head unit set at 75 p.s.i. (520 kPa). The system
was operated with ThermoFinnigan Excalibur Soft-
ware installed on a Gateway 2000 (N. Sioux City,
SD, USA) Pentium II 300 MHz computer. The I.S.
ratio was calculated for each standard by dividing the
analyte peak area by the peak area of the internal
standard. Standard curves of imatinib and CGP
74588 were constructed by plotting the I.S. ratio
versus the known concentration of analyte in each
sample. Standard curves were fit by linear regression

2with weighting by 1/y , followed by back calcula-
tion of concentrations.

2 .2.3. Demonstration of applicability to biological
samples

To demonstrate the applicability of this LC–MS
method to pharmacokinetic samples, it was used to
quantify concentrations of imatinib and CGP 74588
in the plasma of a patient who received a 200-mg
dose of imatinib orally. Prior to treatment, this
patient gave written, informed consent as approved
by the Institutional Review Board. Blood samples
were collected into heparinized tubes before imatinib
delivery and at 0.5, 1, 2, 3, 4, 8, 12, 24, 36, 48 and
72 h after administration of imatinib. Each sample
was centrifuged at approximately 1000g for 10 min,
and the resulting plasma layer was stored at270 8C
until analyzed with the procedure described above.
Imatinib and CGP 74588 concentrations were calcu-
lated by comparing the I.S. ratio measured for each
sample to the weighted, linear function derived from
the standard curve that related the I.S. ratio to Fig. 1. Chromatogram of 1000 ng/ml imatinib, 1000 ng/ml CGP
imatinib or CGP 74588 concentration. 74588, and 500 ng/ml imatinib-D internal standard extracted8

from control, human plasma. (A) Total ion current monitoringm /z
480, 494, and 502; (B) monitoringm /z 494 (imatinib); (C)
monitoring m /z 480 (CGP 74588); (D) monitoringm /z 5023 . Results
(imatinib-D internal standard).8

With the chromatographic conditions described,
imatinib, CGP 74588 and imatinib-D eluted at taining 100 or 10 000 ng/ml of each compound were8

approximately 4.0, 3.7, and 3.9 min, respectively analyzed as described above. When compared to
(Fig. 1). There was baseline separation of imatinib three direct injections of an equivalent amount of
and CGP 74588, and no endogenous materials either compound in mobile phase, the recovery of
interfered with measurement of any compound of imatinib was 9961% (mean6SD) whereas that for
interest. To assess the recovery of imatinib and CGP CGP 74588 was 8561%. The assay also proved
74588 from plasma, three identical samples con- suitable for use with an autosampler as there was no
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decay in peak shape or area of imatinib, CGP 74588 could be quantified for the entire 72-h phar-
or imatinib-D solutions that were prepared in macokinetic study period that was planned before8

mobile phase and monitored during a 24-h incuba- daily dosing was initiated, whereas concentrations of
tion at room temperature. In addition, gleevec and CGP 74588 fell below the LLOQ of the assay after
CGP 74588 proved to be stable over 38 weeks stored 36 h. As indicated, the ability to quantify imatinib
at 220 8C and repetitive freeze–thaw cycles (24). and CGP 74588 for this period of time allowed

The correlation coefficients for three successive appropriate definition of the terminal phase of both
imatinib triplicate standard curves were 0.9924, imatinib and CGP 74588 concentration versus time
0.9916, and 0.9943, respectively. Back-calculated curves.
values for imatinib varied by 4–15 and 7–11% from
the theoretical values of 30 ng/ml and 10 000 ng/
ml, respectively. When expressed as percentage4 . Discussion
coefficient of variation, the within-day variation in
imatinib triplicate standards was always,7.2% at Although LC assays for imatinib and CGP 74588
all concentrations. Between-day variation in three, have been published previously [23,24], their
successive, triplicate imatinib standard curves was suitability for clinical pharmacology studies of im-
also minimal, as the coefficient of variation of the atinib is decreased by the relatively restricted availa-
slopes associated with these repeated standard curves bility of the LC–MS–MS instrumentation on which
was 1.63%. Also, the coefficients of variation were they rely. LC methodology with absorbance detec-
5.2 and 2.2% at 100 and 10 000 ng/ml, respectively, tion has proven insufficiently sensitive for applica-
when these concentrations of imatinib were added to tion to clinical pharmacology studies of imatinib.
2 ml of plasma, and 10 replicate 0.2-ml aliquots were The LC–MS method described in the current manu-
analyzed. script is: sufficiently sensitive; applicable to bio-

The correlation coefficients for three successive logical matrices; and capable of being implemented
CGP 74588 triplicate standard curves were 0.9914, in laboratories with standard LC–MS instrumen-
0.9927, and 0.9931, respectively. Back-calculated tation.
values for CGP 74588 varied by 2–12 and 5–11% The incentive for performing additional clinical
from the theoretical values of 30 and 10 000 ng/ml, pharmacology studies of imatinib is multifactorial.
respectively. When expressed as percentage coeffi- Although imatinib has striking activity against CML
cient of variation, the within-day variation in trip- [1,8–12] and GIST [13–20] and is licensed for
licate CGP 74588 standards was always,9.8% at treatment of those diseases, its complete spectrum of
all concentrations. Between-day variation in three, activity remains undefined. Numerous studies are
successive, triplicate CGP 74588 standard curves actively investigating the utility of imatinib treatment
was also minimal, as the coefficient of variation of in a variety of solid [21,22] and hematologic malig-
the slopes associated with these repeated standard nancies. Additional studies are investigating the
curves was 1.3%. To test the precision and accuracy potential for combining imatinib with various other
of the assay, 10 quality control samples containing antitumor agents as disparate as traditional cytotoxic
100 or 10 000 ng/ml of both imatinib and CGP drugs and monoclonal antibodies. In each of these
74588 were prepared and analyzed. The mean values studies, there is a need to evaluate potential phar-
obtained for imatinib were 105 and 8754 ng/ml, macokinetic /pharmacodynamic relationships and/or
with coefficients of variation of 5.2 and 2.2%, potential drug–drug interactions. Of even more
respectively. The mean values obtained for CGP importance may be the need to define a number of
74588 were 108 and 9019 ng/ml, with coefficients critical pharmacokinetic issues related to the use of
of variation of 3.7 and 2.6%, respectively. imatinib in treating diseases for which it has docu-

When plasma samples from a patient receiving mented activity [1,8–20] and is licensed for use.
200 mg of imatinib orally (Figs. 2 and 3) were These obvious and overwhelming arguments for
analyzed, concentrations of imatinib and CGP 74588 generating increased pharmacokinetic data in patients
were within the linear range of the assay. Imatinib treated with imatinib indicate an equally obvious
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Fig. 2. Chromatograms of plasma samples obtained from a patient before and at 1 h after ingestion of his first dose of 200 mg of imatinib.
(A) Total ion current monitoringm /z 480, 494, and 502; (B) monitoringm /z 494 (imatinib); (C) monitoringm /z 480 (CGP 74588); (D)
monitoring m /z 502 (imatinib-D internal standard).8
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