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A B S T R A C T

Introduction: Imatinib has favorable pharmacokinetic properties, but primary and secondary resistance me-
chanisms may cause a decrease in clinical response over time. There is a positive correlation between serum
imatinib concentrations and treatment response. Our aim was to develop a method for the measurement of
imatinib and its' active metabolite N-desmethyl imatinib.
Methods: Serum imatinib and N-desmethyl imatinib levels were determined by liquid chromatography-tandem
mass spectrometry (LC-MS/MS) and validation studies were carried out according to CLSI (The Clinical &
Laboratory Standards Institute) protocols. Serum samples were collected from 40 patients with chronic myeloid
leukemia (CML) and analyzed with LC-MS/MS and ultra high-performance liquid chromatography (UHPLC)
methods.
Results: The linearity range and correlation coefficient were 12.2–12,500 ng/mL and 0.9987 for LC-MS/MS
method, respectively. Limit of quantitation was determined as 24.4 ng/mL. The retention times of imatinib and
N-desmethyl imatinib were 1.66 and 1.60min, respectively. There was no statistically significant difference
between the results of both methods.
Discussion: This LC-MS/MS method is cost-effective and has adavantages such as using low serum volumes,
requiring simple pretreatment steps (only protein precipitation) and reduced turnaround times for analysis.

1. Introduction

Tyrosine kinases are key mediators for the cell signaling cascade
and these enzymes play a critical role in regulation of various biological
processes such as cell growth, proliferation, modulation of apoptosis
[1]. Overexpression of tyrosine kinases lead to cell proliferation defects
and this is usually associated with tumor invasion, metastasis, angio-
genesis. Therefore, several tyrosine kinase enzymes are considered as
target molecules for the anti-cancer drug discovery [2]. Imatinib was
the first tyrosine kinase inhibitor that was approved for the cancer
treatment [3]. Imatinib is a potent and selective inhibitor for tyrosine
kinases such as PDGFR A and B (Platelet Derived Growth Factor

Receptor A and B), c-KIT (Stem Cell Factor Receptor) and especially for
BCR-ABL (Breakpoint cluster region-Abelson) [4]. Thus, imatinib has
been successfully used in the treatment protocols of chronic myeloid
leukemia (CML) and gastrointestinal stromal tumors [5]. Imatinib was
approved by FDA (Food and Drug Administration) in 2001 and ac-
cepted as a milestone for the treatment of CML. According to compar-
ison of BCR-ABL tyrosine kinase-targeted and conventional therapy, 5-
year survival rates of patients increased from 20% to 80–90% [1,6].

Imatinib has pharmacokinetic properties such as high oral bioa-
vailability (> 98%), linear dose-response curve, rapid absorption from
gastrointestinal system [7]. Its' half-life is 20 h and can be used as a
daily single dose [8]. Imatinib administration is usually well tolerated
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by patients and minimal adverse effects are observed [9]. Nevertheless,
various adverse effects such as anemia, thrombocytopenia, neutropenia
can be observed following the treatment; [10]. The efficiacy of imatinib
treatment may eventually decrease due to BCR-ABL kinase mutations,
lack of patient adherence to treatment, inter-individual differences in
enzyme activities and drug transporters that play central roles in drug
metabolism [7,11]. Imatinib is mainly metabolized by CYP3A4,
CYP3A5 and CYP2C8 [12]. N–desmethyl imatinib is primary metabolite
of imatinib and has similar pharmacological properties [13]. There are
wide inter-patient variations of imatinib metabolism [14]. In addition
to the variations in enzyme and transporter activities, plasma imatinib
concentrations may differ due to factors such as age, gender, body size,
liver and kidney functions, drug interactions and adherence to the
treatment. Blood imatinib concentrations were ranged between 109 and
4980 ng/mL after 24 h following the standard dose of 400mg/day [15].
There is a positive correlation between plasma imatinib concentration
and clinical response [16]. In order to achieve optimal treatment re-
sponse and avoid serious adverse effects such as neutropenia and
thrombocytopenia, plasma imatinib concentrations should be main-
tained in the range of 1000–3000 ng/mL. Therapeutic drug monitoring
provides a new strategy for faster evaluation of clinical response com-
pared to cytogenetic and molecular tests [15]. Serum and plasma im-
atinib levels were measured with methods such as capillary electro-
phoresis, ELISA (Enzyme-Linked ImmunoSorbent Assay), HPLC-UV
(High-Performance Liquid Chromatography-Ultraviolet), LC-MS (Liquid
Chromatography-Mass Spectrometry), LC-MS/MS (Liquid Chromato-
graphy-Tandem Mass Spectrometry) [17].

In this study, our aim was to develop a method for the measurement
of serum imatinib and its'active metabolite N-desmethyl imatinib levels.

2. Materials and methods

2.1. Study design

2.1.1. Patients
Serum samples were collected from patients who admitted to

Department of Haematology, Selcuk University Faculty of Medicine,
Konya, Turkey. The study was carried out with 40 CML patients using
imatinib for at least 3 months at 400mg/day doses. 3 mL blood samples
were obtained to serum separator gel tubes after 24 h of drug usage, and
centrifuged at 3500 rpm for 10min. Serum samples were aliquoted and
stored at −80 °C until LC-MS/MS and UHPLC (Ultra High-Performance
Liquid Chromatography) analyses. This study was approved by local
ethics committee (Selcuk University ethics committee Number:
050.01.04, Date:18/01/2018).

2.1.2. Chemicals
Imatinib mesylate (≥98% (HPLC); cat no: CDS022105), acetonitrile

(CAS Number: 75-05-8), HPLC grade water (CAS Number: 7732-18-5),
formic acid (CAS Number: 64-18-6), ammonium formate (CAS Number:
540-69-2) were obtained from Sigma Aldrich (St. Louis, MO, USA).

Imatinib mesylate was dissolved in HPLC grade water at a con-
centration of 50mg/mL. Working solutions were prepared at con-
centration range of 12.2 ng/mL to 12,500 ng/mL using serial dilution.
The internal standard, nilotinib was prepared in dimethyl sulfoxide at a
concentration of 5000 ng/mL. Solutions of imatinib and nilotinib were
stored at 4 °C and −20 °C until analysis, respectively.

2.1.3. LC-MS/MS analysis
Sample preparation was performed using the procedure described

by Caterino et al. with a slight modification [18]. Briefly; 100 μL of the
internal standard (5000 ng/mL of nilotinib) was added to 200 μL stan-
dard solution or serum sample and vortexed for 30 s. Protein pre-
cipitation was achieved by adding 500 μL of acetonitrile. The mixture
was centrifuged at 12000 rpm for 10min. The supernatants were taken
into glass tubes and evaporated with nitrogen gas. The residue was

dissolved in 200 μL acetonitrile:water (10:90; v:v%) and 25 μL was
enjected into LC-MS/MS system.

Chromatographic separation was performed with Shimadzu
Prominence HPLC system and Phenomenex Luna C18
(50×4.6mm,5 μm; part no: 00B-4041-E0). The mobile phase A and B
were HPLC grade water containing 0.05% formic acid, 4 millimolar
ammonium formate and 100% acetonitrile, respectively. Total run time
was 5min.

API 3200 triple quadrupole mass spectrometer (Applied
Biosystems/MDS Sciex, Toronto, Canada) coupled with electrospray
ionization source was performed at the positive mode for the study.
Imatinib, nilotinib and N-desmethyl imatinib ions were identified in
MRM mode with Q1/Q3 transitions such as 494.3/394.2, 531.0/290.0,
480.0/394.0, respectively. Declustering, entrance, collision cell exit
potential, collision energy, ionspray voltage, source temperature, cur-
tain and CAD gas values were adjusted to 30, 10, 5, 25 V, 5000 V,
400 °C, 20 and 6, respectively.

2.1.4. UHPLC analysis
Sample preparation was performed using modified procedure de-

scribed by Ivanovic et al. [19]. Briefly, 200 μL of nilotinib internal
standard was added to 500 μL serum samples or standards. Proteins
were precipitated by adding 750 μL of acetonitrile/methanol (50:50, v/
v%). After 30 s vortexing, the mixture was centrifuged at 13000 rpm for
5min. and supernatants were injected into the UHPLC system.

The chromatographic analysis was performed on Thermo Ultimate
3000 UHPLC system (Thermo Scientific, Germering, Germany). The
chromatographic seperation was carried out with Phenomenex Luna
C18 (50×4.6mm, 5 μm; part no:00B-4041-E0) column and isocratic
40% solvent A (water:methanol:triethylamine/72.5:25:2.5, pH 9.3),
20% methanol, 40% acetonitrile mixture was used as mobile phase. The
column oven temperature and flow rate were 35 °C and 0.5mL/min.
Column output was monitored 267 nm wavelength. Total analysis time
was 5min.

2.1.5. Validation
The validation study was designed according to CLSI (The Clinical &

Laboratory Standards Institute) protocols [20]. Thus, accuracy, line-
arity, precision, recovery, selectivity parameters were evaluated.

2.1.6. Statistical analysis
Statistical analysis was carried out by MedCalc version 9.2.0.1 sta-

tistics program, EP Evaluator Release 8 version and Excel (2011).
Bland-Altman, Passing-Bablok, Deming regression analyses were per-
formed in the method comparison study, p < .05 was accepted as
statistically significance level.

Table 1
Precision study results of imatinib mesylate.

Concentration Intra-assay Inter-assay

Mean SD %CV Mean SD %CV

3125 ng/mL 3164 99.6 3.1 3172 100.7 5
781 ng/mL 777.1 24.8 3.2 761.5 37.9 3.2

Table 2
Imatinib mesylate % recovery and matrix effect results.

Recovery Matrixeffect

Concentration(ng/mL) 2500 625 781 3125 1563 781
% Results 98.80 99.04 100.50 −7.91 −13.1 −15.03
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3. Results

3.1. Method validation of imatinib

Linearity study was performed according to the CLSI EP6-A protocol
and the results were calculated using Ep Evaluator Release 8 program.
Correlation coefficient, slope and intercept parameters were calculated
as 0.9987, 0.00275 and 0, respectively. Correlation coefficient was>
0.99. The method was linear at the 12.2–12,500 ng/mL concentration
range.

Limit of detection and quantitation levels were determined as
12.2 ng/mL and 24.4 ng/mL by using signal to noise ratio (> 3 and 10,
respectively) according to the CLSI EP17-A protocol.

Precision study was performed according to CLSI EP5-A protocol.
For intra-day and inter-day precision studies, two concentration levels
were selected properly with the medical decision points. Results were
expressed in Table 1.

Recovery and the matrix effect studies were performed according to
CLSI EP6-A protocol and procedure used by Chambers et al. (20), re-
spectively. Results were expressed in Table 2.

Stability studies were performed for samples that were freezed and
thawed for 4 cycles and kept frozen at −20 °C. Results were expressed
in Table 3.

Carry-over study was performed according to CLSI EP10-A. Low and
high level standards were analyzed sequentially then mean and stan-
dard deviations of groups were calculated with EP Evaluator Release 8
program. The carry-over value was calculated as 88.4 ng/mL.

Interference study was performed with icteric, hemolysis and li-
pemic samples according to CLSI EP7-A. Interference values from li-
pemia, icterus and hemolysis were in the range of −4.22% to 11.3%.
No significant interference was observed at 40mg/dL bilirubin, samples
at 600mg/dL triglyceride and at 1000mg/dL haemoglobin. Results
were expressed in Table 4.

Method comparison study was carried out in accordance with the
CLSI EP 9 protocol. LC-MS/MS and UHPLC results ranged between 107
and 5000 ng/mL with a mean value of 1561.5 ng/mL and 196 to
4951 ng/mL with a mean value of 1642.7 ng/mL, respectively.
Correlation coefficients and standard error were calculated as 0.977
and 154.6, respectively. The intercept and slope values were found as
5.32 (95% confidence interval: -62.45–56.55) and 1 (95% confidence
interval: 0.96–1.049), respectively. Method comparison study results
were expressed in Figs. 1, 2 and Table 5.

3.2. Therapeutic drug monitoring

Imatinib and N-desmethyl imatinib levels of 40 serum samples were
analyzed by LC-MS/MS. Imatinib serum levels ranged between 107 ng/
mL to 5000 ng/mL, mean value was 1561.5 ng/mL. N-desmethyl im-
atinib serum levels ranged between 16 ng/mL to 850 ng/mL and mean
value was 202.9 ng/mL. An example chromatogram of imatinib and N-
desmethyl imatinib in a sample of a CML patient were presented in
Fig. 3.

4. Discussion

Tyrosine kinase inhibitors have become one of the most investigated

Table 3
Imatinib mesylate stability study %bias results.

Concentrations(ng/mL) Frozen (−20° C) for 45 day Freeze-thaw stability

15.Day (%) 30.Day (%) 45.Day (%) 2. (%) 3. (%) 4. (%)

781 1.52 5.33 5.96 −5.1 −12.6 −27.5
3125 2.4 5.6 7.2 −5.0 −11.9 −21.9

Table 4
Imatinib interference study %bias results.

Lipemic Hemolysed Icteric

D1 D2 D3 D1 D2 D3 D1 D2 D3

781 ng/ml %bias −0.88 −1.13 −3.25 −2.34 −5.62 −7.22 3.12 6.23 11.12
3125 ng/ml %bias −1.92 −1.86 −1.38 −0.9 −4.93 −6.91 2.31 5.24 11.36

% Bias values of lipemic, icteric and hemolysed samples; D1: 25%, D2: 50%, D3: 100% interfering level.

Fig. 1. Comparison of LC-MS/MS and UHPLC results with Bland-Altman plot.

Fig. 2. Comparison of UHPLC and LC-MS/MS results.
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drug groups for cancer treatment in recent years. With the im-
plementation of imatinib mesylate in the treatment of CML in 2001,
there has been a revolution in the therapy of this disease. Imatinib is
usually well tolerated by patients, but primary and secondary resistance
mechanisms may cause a reduction in treatment response over time.
There is a correlation between blood imatinib concentration and
treatment response. Therefore, monitorization of blood imatinib con-
centration is important.

Serum and plasma imatinib levels were measured with methods

such as HPLC-UV, ELISA, capillary electrophoresis, LC-MS, LC-MS/MS
up to date. Though, LC-MS/MS is superior compared to other methods
in terms of high sensitivity, specificity and selectivity, thus it is con-
sidered as a reference method for therapeutic drug monitoring.

Several LC-MS/MS methods were reported for measurement of im-
atinib levels. However, our method has some advantages rather than
other methods. Rezende et al. reported an LC-MS/MS method for im-
atinib measurement and its' total run time was 13min [21]. Our
method was very fast (5 min) and cost effective. Zhang et al. developed

Table 5
Passing and Bablok regression analysis results.

Variable X LC_MS_MS_ng_mL_
LC-MS/MS(ng/mL)

Variable Y UHPLC_ng_mL_
UHPLC(ng/mL)

Sample size 40

Variable X Variable Y

Lowest value 107,0000 196,0000
Highest value 5000,0000 4951,0000
Arithmetic mean 1651,5250 1642,7400
Median 1625,0000 1585,0000
Standard deviation 977,7462 978,7108
Standard error of the mean 154,5952 154,7478

Regression equation
y= 5,318,400+ 1,001,917 x

Systematic differences
Intercept A 53,184
95% CI −62,4498 to 56,5456

Proportional differences
Slope B 10,019
95% CI 0,9593 to 10,485

Random differences
Residual Standard Deviation (RSD) 107,2058
±1.96 RSD Interval −210,1234 to 210,1234

Linear model validity
Cusum test for linearity No significant deviation from linearity (P=0,53)
Steady-state concentrations (ng/mL) UPLC: 1585 (196–4951); LC-MS/MS:1625 (107–5000)

Fig. 3. Chromatogram from patient sample for the quantification of imatinib and N-desmethyl imatinib. A: Chromatogram of imatinib, N-desmethyl imatinib and
nilotinib (internal standart), B: Chromatogram of nilotinib, C: Chromatogram of N- desmethyl imatinib, D: Chromatogram of imatinib.
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a method that requires 400 μL sample volume [22]. Our method can
perform imatinib measurement with a small amount of sample (200μL).
Some methods use extraction procedures for the measurement of im-
atinib and these methods require long turnaround time and pretreat-
ment steps, or lack of N-desmethyl imatinib detection in the same
chromatogram. Goswami et al. [23] and Roth et al. [24] performed the
solid phase extraction and liquid-liquid extraction procedure, respec-
tively. These methods could solely measure imatinib levels. Our method
is simple,practical and requires just a protein precipitation step and no
other extraction, N-desmethyl imatinib levels can be concurrently
measured by imatinib.

The method fulfilled the optimal validation properties compared to
other methods. Awidi et al. developed LC-MS/MS method using liquid-
liquid extraction for imatinib measurements [25]. This method was
linear between 10 and 4000 ng/mL and correlation coefficient was>
0.99. Our method was linear between 12.2 and 12,500 ng/mL and
correlation coefficient> 0.99.

The quantification limit was reported as 78.1 ng/mL and 10 ng/mL
by Francia et al. [26] and Titier et al. [27], respectively. Our limit of
quantitation was 24 ng/mL and suitable for clinical evaluation,

Adriamanana et al. [28] reported intra-day precision CVs as 6.5%,
5.8%, 5.4% for 150, 750 and 1500 ng/mL, respectively. Inter-day CVs
were 5.3%, 6.4%,5.9% for 150, 750 and 1500 ng/mL, respectively. Our
precision results were also comparable.

Zeng et al. [29] reported recovery values between 53.2% to 67.9%
and our recovery were between %98.8 to %99.4.

UHPLC and LC-MS/MS imatinib results were compared in this study
and there was no statistically significant difference between these re-
sults.

5. Conclusion

A spesific, sensitive, rapid, simple and robust LC-MS/MS method
was developed and validated for analysis of imatinib and N-desmethyl
imatinib. This method was proper and suitable for routine imatinib
analysis. Plasma imatinib and its metabolite concentration can be
measured to determine whether patients continue the treatment with
optimal drug doses. By mass spectrometric determination, levels of this
drug might be evaluated for treatment prognosis.

Declaration of Competing Interest

The authors declare that they have no conflict of interest relevant to
the content of this manuscript.

Acknowledgements

This work was supported by the Teaching Staff Training Program of
Selcuk University (grant numbers: 2016-OYP-002). The authors would
like to thank the Selcuk University for funding this project.

References

[1] N. Iqbal, N. Iqbal, Imatinib: a breakthrough of targeted therapy in cancer,
Chemother. Res. Pract. 2014 (2014) 357027, , https://doi.org/10.1155/2014/
357027.

[2] Q. Jiao, L. Bi, Y. Ren, S. Song, Q. Wang, Y.S. Wang, Advances in studies of tyrosine
kinase inhibitors and their acquired resistance, Mol. Cancer 17 (2018) 36, https://
doi.org/10.1186/s12943-018-0801-5.

[3] J.T. Hartmann, M. Haap, H.G. Kopp, H.P. Lipp, Tyrosine kinase inhibitors - a review
on pharmacology, metabolism and side effects, Curr. Drug Metab. 10 (2009)
470–481.

[4] H.P. Gschwind, U. Pfaar, F. Waldmeier, M. Zollinger, C. Sayer, P. Zbinden,
M. Hayes, R. Pokorny, M. Seiberling, M. Ben-Am, B. Peng, G. Gross, Metabolism and
disposition of imatinib mesylate in healthy volunteers, Drug Metab. Dispos. 33
(2005) 1503–1512, https://doi.org/10.1124/dmd.105.004283.

[5] F. Guilhot, Indications for imatinib mesylate therapy and clinical management,
Oncologist. (3) (2004) 271–281, https://doi.org/10.1634/theoncologist.9-3-271.

[6] E. Jabbour, H. Kantarjian, Chronic myeloid leukemia: 2018 update on diagnosis,
therapy and monitoring, Am. J. Hematol. 93 (2018) 442–459, https://doi.org/10.

1002/ajh.25011.
[7] R.A. Larson, B.J. Druker, F. Guilhot, S.G. O’Brien, G.J. Riviere, T. Krahnke,

I. Gathmann, Y. Wang, IRIS (International Randomized Interferon vs STI571) Study
Group, Imatinib pharmacokinetics and its correlation with response and safety in
chronic-phase chronic myeloid leukemia: a subanalysis of the IRIS study, Blood.
111 (2008) 4022–4028, https://doi.org/10.1182/blood-2007-10-116475.

[8] Y. Yin, J. Xiang, S. Tang, J. Chen, Q. Yu, B. Zhang, A lower dosage of imatinib in
patients with gastrointestinal stromal tumors with toxicity of the treatment,
Medicine. 95 (2016), https://doi.org/10.1097/MD.0000000000005488 e5488-
e5488.

[9] A. Arora, E.M. Scholar, Role of tyrosine kinase inhibitors in cancer therapy, J.
Pharmacol. Exp. Ther. 315 (2005) 971–979, https://doi.org/10.1124/jpet.105.
084145.

[10] T.I. Mughal, A. Schrieber, Principal long-term adverse effects of imatinib in patients
with chronic myeloid leukemia in chronic phase, Biologics. 4 (2010) 315–323,
https://doi.org/10.2147/BTT.S5775.

[11] E. Jabbour, J.E. Cortes, H.M. Kantarjian, Suboptimal response to or failure of im-
atinib treatment for chronic myeloid leukemia: what is the optimal strategy? Mayo
Clin. Proc. 84 (2009) 161–169, https://doi.org/10.1016/S0025-6196(11)60824-0.

[12] D.H. Josephs, D.S. Fisher, J. Spicer, R.J. Flanagan, Clinical pharmacokinetics of
tyrosine kinase inhibitors: implications for therapeutic drug monitoring, Ther. Drug
Monit. 35 (2013) 562–587, https://doi.org/10.1097/FTD.0b013e318292b931.

[13] B. Peng, P. Lloyd, H. Schran, Clinical pharmacokinetics of imatinib, Clin.
Pharmacokinet. 44 (2005) 879–894, https://doi.org/10.2165/00003088-
200544090-00001.

[14] M. Birch, P.E. Morgan, S. Handley, A. Ho, R. Ireland, R.J. Flanagan, Simple meth-
odology for the therapeutic drug monitoring of the tyrosine kinase inhibitors da-
satinib and imatinib, Biomed. Chromatogr. 27 (2013) 335–342, https://doi.org/10.
1002/bmc.2796.

[15] M. Miura, Therapeutic drug monitoring of imatinib, nilotinib, and dasatinib for
patients with chronic myeloid leukemia, Biol. Pharm. Bull. 38 (2015) 645–654,
https://doi.org/10.1248/bpb.b15-00103.

[16] L. Gotze, A. Hegele, S.K. Metzelder, H. Renz, W.A. Nockher, Development and
clinical application of a LC-MS/MS method for simultaneous determination of
various tyrosine kinase inhibitors in human plasma, Clin. Chim. Acta 413 (2012)
143–149, https://doi.org/10.1016/j.cca.2011.09.012.

[17] P. Herviou, E. Thivat, D. Richard, L. Roche, J. Dohou, M. Pouget, A. Eschalier,
X. Durando, N. Authier, Therapeutic drug monitoring and tyrosine kinase in-
hibitors, Oncol. Lett. 12 (2016) 1223–1232, https://doi.org/10.3892/ol.2016.
4780.

[18] M. Caterino, G.M. Casadei, R. Arvonio, S.D. Francia, E. Pirro, F.M. Piccione, F. Pane,
M. Ruoppolo, Quantification of imatinib plasma levels in patients with chronic
myeloid leukemia: comparison between HPLC–UV and LC–MS/MS, Int. J. Pept. Res.
Ther. 19 (2013) 109–116, https://doi.org/10.1007/s10989-012-9321-0.

[19] D. Ivanovic, M. Medenica, B. Jancic, A. Malenovic, Reversed-phase liquid chro-
matography analysis of imatinib mesylate and impurity product in Glivec capsules,
J. Chromatogr. B Anal. Technol. Biomed. Life Sci. 800 (2004) 253–258.

[20] Clinical & Laboratory Standards Institute: CLSI Guidelines, https://clsi.org/
standards/, (2018) , Accessed date: 13 July 2018.

[21] V.M. Rezende, A.J. Rivellis, M.M. Gomes, F.A. Dörr, M.M.Y. Novaes, L. Nardinelli,
A.L. de L. Costa, D. de A.F. Chamone, I. Bendit, Determination of serum levels of
imatinib mesylate in patients with chronic myeloid leukemia: validation and ap-
plication of a new analytical method to monitor treatment compliance, Rev. Bras.
Hematol. Hemoter. 35 (2013) 103–108, https://doi.org/10.5581/1516-8484.
20130030.

[22] Y. Zhang, S. Qiang, Z. Yu, Z. Xu, L. Yang, A. Wen, T. Hang, LC-MS-MS determination
of imatinib and N-desmethyl imatinib in human plasma, J. Chromatogr. Sci. 52
(2014) 344–350, https://doi.org/10.1093/chromsci/bmt037.

[23] D. Goswami, S. Gurule, A. Lahiry, A. Anand, A. Khuroo, T. Monif, Clinical devel-
opment of imatinib: an anticancer drug, Future Sci. OA 2 (2016), https://doi.org/
10.4155/fso.15.92.

[24] O. Roth, O. Spreux-Varoquaux, S. Bouchet, P. Rousselot, S. Castaigne, S. Rigaudeau,
V. Raggueneau, P. Therond, P. Devillier, M. Molimard, B. Maneglier, Imatinib assay
by HPLC with photodiode-array UV detection in plasma from patients with chronic
myeloid leukemia: comparison with LC-MS/MS, Clin. Chim. Acta 411 (2010)
140–146, https://doi.org/10.1016/j.cca.2009.10.007.

[25] A. Awidi, I.I. Salem, N. Najib, R. Mefleh, B. Tarawneh, Determination of imatinib
plasma levels in patients with chronic myeloid leukemia by high performance liquid
chromatography-ultraviolet detection and liquid chromatography-tandem mass
spectrometry: methods’ comparison, Leuk. Res. 34 (2010) 714–717, https://doi.
org/10.1016/j.leukres.2009.08.005.

[26] S.D. Francia, A. D’avolio, F.D. Martino, E. Pirro, L. Baietto, M. Siccardi, M. Simiele,
S. Racca, G. Saglio, F. Di Carlo, G. Di Perri, New HPLC-MS method for the si-
multaneous quantification of the antileukemia drugs imatinib, dasatinib, and ni-
lotinib in human plasma, J. Chromatogr. B Anal. Technol. Biomed. Life Sci. 877
(2009) 1721–1726, https://doi.org/10.1016/j.jchromb.2009.04.028.

[27] K. Titier, S. Picard, D. Ducint, E. Teilhet, N. Moore, P. Berthaud, F.X. Mahon,
M. Molimard, Quantification of imatinib in human plasma by high-performance
liquid chromatography-tandem mass spectrometry, Ther. Drug Monit. 27 (2005)
634–640.

[28] I. Andriamanana, I. Gana, B. Duretz, A. Hulin, Simultaneous analysis of anticancer
agents bortezomib, imatinib, nilotinib, dasatinib, erlotinib, lapatinib, sorafenib,
sunitinib and vandetanib in human plasma using LC/MS/MS, J. Chromatogr. B
Anal. Technol. Biomed. Life Sci. 926 (2013) 83–91, https://doi.org/10.1016/j.
jchromb.2013.01.037.

[29] J. Zeng, H.L. Cai, Z.P. Jiang, Q. Wang, Y. Zhu, P. Xu, X. lan Zhao, A validated UPLC-
MS/MS method for simultaneous determination of imatinib, dasatinib and nilotinib
in human plasma, J. Pharm. Anal. 7 (2017) 374–380, https://doi.org/10.1016/j.
jpha.2017.07.009.

D.E. Onmaz, et al. Clinica Chimica Acta 497 (2019) 120–124

124

https://doi.org/10.1155/2014/357027
https://doi.org/10.1155/2014/357027
https://doi.org/10.1186/s12943-018-0801-5
https://doi.org/10.1186/s12943-018-0801-5
http://refhub.elsevier.com/S0009-8981(19)31975-8/rf0015
http://refhub.elsevier.com/S0009-8981(19)31975-8/rf0015
http://refhub.elsevier.com/S0009-8981(19)31975-8/rf0015
https://doi.org/10.1124/dmd.105.004283
https://doi.org/10.1634/theoncologist.9-3-271
https://doi.org/10.1002/ajh.25011
https://doi.org/10.1002/ajh.25011
https://doi.org/10.1182/blood-2007-10-116475
https://doi.org/10.1097/MD.0000000000005488
https://doi.org/10.1097/MD.0000000000005488
https://doi.org/10.1124/jpet.105.084145
https://doi.org/10.1124/jpet.105.084145
https://doi.org/10.2147/BTT.S5775
https://doi.org/10.1016/S0025-6196(11)60824-0
https://doi.org/10.1097/FTD.0b013e318292b931
https://doi.org/10.2165/00003088-200544090-00001
https://doi.org/10.2165/00003088-200544090-00001
https://doi.org/10.1002/bmc.2796
https://doi.org/10.1002/bmc.2796
https://doi.org/10.1248/bpb.b15-00103
https://doi.org/10.1016/j.cca.2011.09.012
https://doi.org/10.3892/ol.2016.4780
https://doi.org/10.3892/ol.2016.4780
https://doi.org/10.1007/s10989-012-9321-0
http://refhub.elsevier.com/S0009-8981(19)31975-8/rf0095
http://refhub.elsevier.com/S0009-8981(19)31975-8/rf0095
http://refhub.elsevier.com/S0009-8981(19)31975-8/rf0095
https://clsi.org/standards/
https://clsi.org/standards/
https://doi.org/10.5581/1516-8484.20130030
https://doi.org/10.5581/1516-8484.20130030
https://doi.org/10.1093/chromsci/bmt037
https://doi.org/10.4155/fso.15.92
https://doi.org/10.4155/fso.15.92
https://doi.org/10.1016/j.cca.2009.10.007
https://doi.org/10.1016/j.leukres.2009.08.005
https://doi.org/10.1016/j.leukres.2009.08.005
https://doi.org/10.1016/j.jchromb.2009.04.028
http://refhub.elsevier.com/S0009-8981(19)31975-8/rf0135
http://refhub.elsevier.com/S0009-8981(19)31975-8/rf0135
http://refhub.elsevier.com/S0009-8981(19)31975-8/rf0135
http://refhub.elsevier.com/S0009-8981(19)31975-8/rf0135
https://doi.org/10.1016/j.jchromb.2013.01.037
https://doi.org/10.1016/j.jchromb.2013.01.037
https://doi.org/10.1016/j.jpha.2017.07.009
https://doi.org/10.1016/j.jpha.2017.07.009

	Determination of serum imatinib and its' metabolite in patients chronic myeloid leukemia
	Introduction
	Materials and methods
	Study design
	Patients
	Chemicals
	LC-MS/MS analysis
	UHPLC analysis
	Validation
	Statistical analysis


	Results
	Method validation of imatinib
	Therapeutic drug monitoring

	Discussion
	Conclusion
	mk:H1_15
	Acknowledgements
	References




