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a  b  s  t  r  a  c  t

Flumatinib  is  an  antineoplastic  tyrosine  kinase  inhibitor  used  for  the treatment  of chronic  myelogenous
leukemia  (CML).  Its  major  metabolites  in the  circulation  are  N-desmethyl  flumatinib  (M1)  and  amide
hydrolysis  product  (M3).  To  investigate  the  pharmacokinetics  of flumatinib  in CML  patients,  a simple,
specific  and  rapid  liquid  chromatography–tandem  mass  spectrometry  (LC–MS/MS)  method  was  devel-
oped and  validated  for the  simultaneous  determination  of flumatinib  and  its  two  major  metabolites  in
patient  plasma.  After  a simple,  one-step  protein  precipitation  with  methanol,  flumatinib,  its  two  metabo-
lites,  and  internal  standard  (HHGV-E)  were  separated  on  a C18 column  using  an  isocratic  mobile  phase  of
methanol:5  mM  ammonium  acetate:formic  acid (60:40:0.4,  v/v/v).  A  total  chromatographic  run  time  of
4.2 min  was  achieved.  The  detection  was  performed  in  multiple  reaction  monitoring  mode,  using  the  tran-
sitions  of  m/z  563  → m/z  463  for flumatinib,  m/z  549  →  m/z  463  for M1, m/z  303  →  m/z  175  for  M3,  and  m/z
harmacokinetics 529  →  m/z  429  for HHGV-E.  The  method  was  linear  over  the concentration  ranges  of 0.400–400  ng/mL for
flumatinib,  0.100–100  ng/mL  for M1,  and  0.200–200  ng/mL  for M3, using  only  50  �L  of  plasma.  The  intra-
and  inter-day  precisions  were  less  than  8.5%  for flumatinib,  9.8%  for  M1,  and  10.6%  for  M3  in  terms  of the
relative  standard  deviation.  The  accuracy  was within  ±2.2%  for flumatinib,  ±6.0%  for  M1,  and  ±9.9%  for
M3 in  terms  of  relative  error.  The  validated  method  was successfully  applied  to  clinical  pharmacokinetic
studies  of flumatinib  mesylate  in  CML  patients  following  oral  administration  at  all  dosage  regimens.
. Introduction

Chronic myelogenous leukemia (CML) is a myeloproliferative
isorder caused by the neoplastic transformation of pluripotent
tem cells. A reciprocal translocation between chromosomes 9 and
2 results in an abnormal chromosome, called the Philadelphia
hromosome. The translocation generates the BCR-ABL oncogene
hich expresses protein with constitutively tyrosine kinase activ-

ty, causing the development of CML  [1].  Imatinib mesylate, a
elective inhibitor of BCR-ABL protein, is the first effective therapy
or CML. For almost 10 years, it has become the standard therapy
ecause of its high efficiency and mild toxicity. However, resistance
o imatinib has been observed during CML  treatment, which led to

he development of other tyrosine kinase inhibitors of BCR-ABL,
uch as dasatinib and nilotinib.

∗ Corresponding author at: Shanghai Institute of Materia Medica, Chinese
cademy of Sciences, 501 Haike Road, Shanghai 201203, PR China.
el.: +86 21 50800738; fax: +86 21 50800738.

E-mail address: xychen@mail.shcnc.ac.cn (X. Chen).
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Flumatinib (4-(4-methyl-piperazin-1-ylmethyl)-N-[6-methyl-
5-(4-pyridin-3-yl- pyrimidin-2-yl-amino)-pyridin-3-yl]-3-trifluor
omethyl-benzamide), a structural analogue of imatinib, has been
shown to be slightly more potent than imatinib as a BCR-ABL
inhibitor [2].  It is administrated orally as its mesylate salt and it is
currently undergoing a phase II clinical trial as a treatment for CML.
The metabolism of flumatinib in CML  patients has been reported
by our laboratory [3].  Base on the peak area ratios of the metabo-
lites to the parent drug, the major metabolites in human plasma
are identified as N-desmethyl flumatinib (M1) and amide hydrol-
ysis product (M3). M1  has been demonstrated to exhibit similar
pharmacodynamic activity with the parent drug. According to the
USFDA guidelines issued in 2008, if the systemic exposure of any
human drug metabolite reaches more than 10% of the parent drug
systemic exposure at steady sate, a separate safety testing should be
required [4].  Therefore, the simultaneous quantification of fluma-
tinib, M1  and M3 in patient plasma was necessary to evaluate their
circulating levels.
All the subjects participating in clinical studies are CML  patients,
and plasma samples are collected in low volumes. Hence, a
high sensitive and reliable analytical method that is precise and
accurate even at sample volumes below 100 �L is needed. In

dx.doi.org/10.1016/j.jchromb.2012.03.008
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:xychen@mail.shcnc.ac.cn
dx.doi.org/10.1016/j.jchromb.2012.03.008
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ddition, high throughput analysis was also required since large
umbers of plasma samples need to be analyzed in pharmacoki-
etic/pharmacodynamic studies. To the best of our knowledge,
o study has been reported for the individual or simultaneous
etermination of flumatinib and its major metabolites in biological
amples.

In the present study, a sensitive, simple, and rapid liquid
hromatography–tandem mass spectrometry (LC–MS/MS) method
as developed and validated for the simultaneous quantification

f flumatinib, M1  and M3  in the plasma of CML  patients, and
t has been successfully applied to characterize the pharmacoki-
etic profiles of flumatinib, M1  and M3  after oral administration of
umatinib mesylate at all possible dosage regimens.

. Experimental

.1. Materials

Reference substances of flumatinib mesylate, M1,  M3,  and
HGV-E [4-(4-methyl-piperazin-1-ylmethyl)-N-[6-methyl-5-(4-
yridin-3-yl-pyrimidin-2-yl-amino)-pyridin-3-yl]-3-chlorobenza
ide), internal standard (IS)] were provided by Jiangsu Han-

oh Pharmaceutical Co., Ltd. (Lianyungang, China). HPLC grade
ethanol was purchased from Sigma–Aldrich Chemical Co. (St.

ouis, MO,  USA). HPLC grade formic acid and ammonium acetate
ere supplied by Tedia (Fairfield, OH, USA). Deionized water

18.2 m�  and TOC ≤ 50 ppb) was purified by a Millipore Milli-Q
radient Water Purification System (Molsheim, France).

.2. Preparation of calibration standards and quality control (QC)
amples

Stock solutions of flumatinib, M1,  and M3  at 1.00 mg/mL  were
repared in duplicate by dissolving the accurately weighed ref-
rence substances in methanol for preparation of calibration
tandards and QC, respectively. The concentration of each ana-
yte was calculated as free base. Standard combined dilutions

ere prepared in methanol at 20.0/5.00/10.0, 3.00/0.750/1.50,
.300/0.075/0.150 and 0.040/0.010/0.020 �g/mL for flumatinib, M1
nd M3.  Calibration standards were prepared at 0.400/0.100/0.200,
.00/0.250/0.500, 2.00/0.500/1.00, 5.00/1.25/2.50, 15.0/3.75/7.50,
0.0/12.5/25.0, 150/37.5/75.0 and 400/100/200 ng/mL by adding
mall volumes of standard combined dilutions (a maximum of
% of the total volume) to analyte-free plasma. The QC samples
ere similarly prepared at concentrations of 0.400/0.100/0.200,

.00/0.250/0.500, 15.0/3.75/7.50 and 320/80.0/160 ng/mL for lower
imit of quantification (LLOQ), low QC (LQC), medium QC (MQC)
nd high QC (HQC), respectively. IS working solution at 20.0 ng/mL
as prepared by diluting the HHGV-E stock solution (1.00 mg/mL)
ith methanol. All solutions were kept refrigerated (4 ◦C) and were

rought to room temperature before use. Calibration standards and
C samples were prepared and dispatched in 500 �L aliquots and

tored in plastic tubes at −20 ◦C until analysis.

.3. Sample preparation

A 25 �L aliquot of IS solution (20.0 ng/mL HHGV-E, with final
lasma concentration of 10.0 ng/mL) and 200 �L of methanol was
dded to 50 �L of plasma sample. The mixture was vortex-mixed

or 1 min, and centrifugated at 11,000 × g for 5 min. A 120 �L aliquot
f the supernatant was then transferred to another tube and mixed
ith 80 �L of 5 mM ammonium acetate. A 10 �L aliquot of the
ixture was injected into the LC–MS/MS system for analysis.
 895– 896 (2012) 25– 30

2.4. LC–MS/MS instrumentation and analytical conditions

A Shimadzu LC-30AD HPLC system consisting of a DGU-20A5
vacuum degasser, a LC-30AD binary pump, a CTO-30A column oven
and a SIL-30AC autosampler (Shimadzu Corporation, Kyoto, Japan)
was used for solvent and sample delivery. A Qtrap 5500 tandem
mass spectrometer (AB Sciex, Forster City, CA, USA) equipped with a
TurboIon Spray ionization (ESI) source was employed for mass anal-
ysis and detection. Data acquisition and processing were performed
with Analyst 1.5.1 software (AB Sciex).

Chromatographic separation was carried out on a Zorbax SB-
C18 column (150 mm × 4.6 mm i.d., 5 �m,  Agilent, Santa Clara, CA,
USA) using an isocratic condition. The mobile phase consisted of
methanol–5 mM  ammonium acetate–formic acid (60:40:0.4, v/v/v)
and was  delivered at a flow rate of 0.6 mL/min. The column tem-
perature was  maintained at 40 ◦C.

The mass spectrometer was operated in a positive ion mode. The
temperature of the ionization source was  maintained at 550 ◦C and
the ion spray voltage was set at 5500 V. The nebulizer, heater, and
curtain gas were set to 55, 50 and 35 psi, respectively. The colli-
sion activated dissociation (CAD) gas level was  set at medium. Four
MRM  transitions (m/z 563 → m/z 463, flumatinib; m/z 549 → m/z
463, M1;  m/z 303 → m/z 175, M3;  m/z 529 → m/z 429, IS) were
recorded and used for quantification. The optimized collision ener-
gies for the transitions of flumatinib, M1,  M3,  and IS were set at 32,
46, 50, and 39 eV, respectively. The dwell time for each transition
was set at 100 ms.

2.5. Method validation

The method was validated for selectivity, linearity, precision and
accuracy, matrix effect, recovery and stability according to the FDA
guidelines [5].

To investigate the selectivity, blank plasma from six different
donors were extracted and analyzed. The responses were compared
with the LLOQ. The peak area of coeluting interferences should be
less than 20% of the peak area of the LLOQ.

Calibration standards were prepared and analyzed in duplicate
in three consecutive days. The peak area ratios (each analyte to
IS) versus the nominal analyte concentrations were calculated to
construct the calibration curves. The calibration curves were fitted
via a 1/x2 weighted linear least-squares regression model.

The accuracy and precision of the method were determined by
analyzing the QC samples at four concentrations in six replicates on
three consecutive days. The accuracy and precision are expressed
in terms of relative error (RE) and relative standard deviation (RSD),
respectively. The intra and inter-run precision should not exceed
20% for LLOQ, and 15% for QC samples. Accuracy should be within
±20% for LLOQ, and ±15% for QC samples.

The recovery of flumatinib, M1  and M3  were determined at three
QC levels by comparing the mean peak areas of QC samples (n = 6)
with those of the blank plasma samples (n = 3) spiked with working
solutions after extraction. The recovery of IS was  determined using
a similar method with the MQC  level as a reference.

To evaluate the matrix effect in the experiment, six differ-
ent lots of blank plasma were extracted and then spiked with
QC solutions. Chromatographic peak areas of each analyte from
the spike-after-extraction samples were compared to those of the
solution standards at equivalent concentrations [6].  In the present
study, the matrix effect was  evaluated at two concentration levels
(LQC and HQC) for each analyte. The matrix effect for IS was deter-
mined in a similar way  at 10.0 ng/mL. Inter-subject variability at

the matrix effect should be less than 15% [7].

The stability of flumatinib, M1  and M3  were investigated by
analyzing replicates (n = 3) of plasma samples at two concentration
levels (LQC and HQC), which were exposed to different conditions
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ig. 1. Product ion spectra of [M+H]+ ions: (A) flumatinib using a CE of 32 eV; (B) 

umatinib using a CE of 47 eV.

time and temperature). The analytes were considered stable when
5–115% of the nominal concentrations were found.

. Results and discussion

.1. Mass spectrometry

M3  has a basic piperazine ring and a carboxyl group in its struc-
ure. Hence, it can produce a mass spectrometric (MS) response
n both positive and negative ionization mode. The signal inten-
ity under different ionization polarity was compared. M3  showed
imilar MS  intensity in both positive and negative ionization mode.
owever, the MS  responses of flumatinib and M1  were too low to be

ecorded in negative mode. Finally, positive ion detection mode was
hosen. In addition, each analyte exhibited higher MS responses
nder ESI source than under atmospheric pressure chemistry ion-

zation (APCI) source. In the Q1 full scan experiment, distinct
rotonated molecules were observed for flumatinib (m/z 563), M1
m/z 549), M3  (m/z 303), and IS (m/z 529), and no adductive ions
ere detected. In the product ion full scan experiment, flumatinib,
1 and IS have similar base peak of [M+H − 100]+, which was gen-
rated by the neutral loss of the N-methylpiperazine moiety from
M+H]+. The most abundant fragment ion was selected in the MRM
ransitions. For M3,  the most abundant ion was observed at m/z 58.
owever, the background noise of the transition (m/z 303 → m/z
ing a CE of 46 eV; (C) M3 using a CE of 50 eV; (D) HHGV-E using a CE of 39 eV; (E)

58) was too high to satisfy the quantification requirement. There-
fore, the MRM  transition of m/z 303 → m/z  175 was chosen as
it provided a better signal-to-noise ratio (S/N), reproducibility
and response than the other transitions (Fig. 1). The highest MS
response of flumatinib (m/z 563 → m/z 463) was achieved when the
CE value was  set at 47 eV. However, the MS  response of flumatinib
tended to be saturated when high concentrations of calibration
standards were analyzed. Consequently, the CE value of flumatinib
was finally set at 32 eV (Fig. 1) to achieve a similar MS  response as
those of M1  and M3.

3.2. Chromatography

The chromatographic behavior of M3  (tR = 2.7 min) was con-
siderably different from those of flumatinib (tR > 10 min), M1
(tR > 10 min) and IS (tR > 10 min) when methanol: 5 mM ammonium
acetate (60:40, v/v) was  used as the mobile phase at a flow rate of
0.6 mL/min. Therefore, it is a challenge how to retain all analytes on
the same HPLC stationary phase in a short chromatographic time.

During method development, when the proportion of acidic
modifier increased in the mobile phase, the retention times of

flumatinib, M1,  and IS were distinctly shortened, whereas the
retention time of M3  was  slightly prolonged. These different
changes in the retention behavior may  be explained by the relation-
ship between the reverse-phase chromatography (RPC) retention
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Fig. 2. Typical MRM  chromatograms of flumatinib, M1,  M3  and HHGV-E (IS) in the plasma of CML patients: (A) blank plasma sample; (B) blank plasma spiked with 0.400 ng/mL
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Structure analogue was first considered because stable isotopi-
umatinib, 0.200 ng/mL M1,  0.100 ng/mL M3 and 10.0 ng/mL HHGV-E (IS); (C) plasm
or  28 consecutive days. Peaks I, II, III, and IV correspond to flumatinib, M1,  M3 and

nd the ionization of compounds. Flumatinib, M1,  and IS all con-
ain a basic piperazine ring in the structure. Their pKa values were
alculated as 7.4 ± 0.4, 8.7 ± 0.4 and 7.5 ± 0.4, respectively, using
he Advanced Chemistry Development software (ADME Suite, Ver-
ion 5.0). When the mobile-phase pH decreases below the pKa of
he analytes, piperazine rings gain a proton and become ionized
nd more hydrophilic. As a result, their retention in RPC signifi-
antly decreased. M3  is an amphoteric molecule that contains one
cidic (pKa3.6 ± 0.4) and one basic (pKa7.5 ± 0.4) group. It could
e ionized over a wide pH range and its retention in RPC does not
hange much with pH. At intermediate pH values (3.6 < pH < 7.5),
he carboxyl and piperazine groups are ionized, and the molecule
s maximally ionized. When the mobile-phase pH decreases below
he pKa of the carboxyl group, basic piperazine ring remains ion-
zed.

In the present study, the pH of the mobile phase was  optimized
y varying the proportion of the acidic modifier. The addition of
.4% formic acid in mobile phase was found to be optimal. The pH of
he optimized aqueous phase was 2.24. Under the optimized chro-

atographic condition, all analytes could be retained in the C18
olumn without sacrificing analysis time (Fig. 2). According to the
H of the mobile phase, a Zorbax SB-C column was chosen as
18
he analytical column, and it presented better retention and peak
ymmetry for each analyte at 40 ◦C.
ple 12 h after multiple administration of 400 mg of flumatinib mesylate once daily
-E, respectively.

3.3. Sample preparation

Considering that large batches of plasma samples would be
analyzed during the clinical trials, a simple sample preparation
procedure was required. Protein precipitation (PPT) was firstly con-
sidered for its simplicity and efficiency. However, PPT is well known
as a nonselective purification method, which may introduce high
amounts of endogenous components and can cause signal suppres-
sion or enhancement, especially with an ESI ionization source. A
post column infusion method was employed to evaluate the matrix
effect [8]. Human blank plasma (50 �L) was  precipitated with
methanol and injected into the LC–MS/MS whereas a drug cocktail
(flumatinib/M1/M3 at 10.0/2.50/5.00 ng/mL) in methanol: 5 mM
ammonium acetate:formic acid (60:40:0.4, v/v/v) was introduced
into the system by a post column syringe operated at 7 �L min−1. No
signal suppression or enhancement was observed at the retention
time of each analyte (Fig. 3).

3.4. Selection of internal standard
cally internal standard of flumatinib is difficult to be synthesized.
Imatinib was  firstly employed as the IS during the early stage of the
study. The subjects participating in the current study were CML
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Table 1
Accuracy and precision for the analysis of flumatinib, M1,  and M3 in human plasma
(n = 3 days, six replicates per day).

Analyte Concentration (ng/mL) RSD (%) RE (%)

Added Found Intra-day Inter-day

Flumatinib 0.400 0.406 4.8 14.3 1.4
1.00 1.02 4.6 8.5 2.2

15.0 15.0 5.2 7.6 −0.3
320 321 3.3 7.3 0.4

M1 0.100  0.0944 11.6 5.7 −5.7
0.250 0.248 9.8 2.6 −1.0
3.75 3.52 7.2 10.3 −6.0

80.0 78.2 4.0 5.5 −2.3

M3 0.200  0.209 10.0 15.4 4.7
0.500 0.525 5.4 10.0 4.9

T
S

C

ig. 3. MRM  chromatograms of processed human blank plasma on the post-column
nfusion system. I, II and III mean the retention times of flumatinib, M1 and M3,
espectively.

atients, and some of them have received and were resistant or
ntolerant to imatinib during the clinical treatment. If imatinib was
hosen as the IS, the residual imatinib in the patient plasma may
ncrease the peak area of the IS, producing a lower calculated con-
entration. Consequently, HHGV-E, another structural analogue of
umatinib, was finally chosen as the IS.

.5. Validation

.5.1. Assay selectivity
The validated method was high selective for each analyte

ecause no significant interference was observed in the blank
lasma samples from six different sources. Fig. 2 shows the typ-

cal chromatograms of flumatinib, M1,  M3 and IS in a blank plasma
ample, and blank plasma sample spiked with flumatinib, M1,  and
3 at the LLOQ and IS, a plasma sample obtained 12 h after the last

dministration of 400 mg  flumatinib mesylate to a CML  patient. The
etention times for flumatinib, M1,  M3  and IS were 3.4, 3.5, 2.9 and
.9 min, respectively.
.5.2. Linearity of calibration curve and lower limit of
uantification

The linear regression of the peak ratios versus concen-
rations were fitted over the plasma concentration ranges of

able 2
tability of flumatinib, M1  and M3  in human plasma (n = 3).

Conditions Flumatinib M1  

Conc. (ng/mL) RE Con

Nominal Found (%) Nom

Ambient,
15 h

1.00 0.985 −1.5 0.2
320  307 −4.1 80.0

Three  freeze/thaw cycles 1.00 1.00 0.5 0.2
320  334 4.5 80.0

Autosampler, 24 h 1.00 1.04 4.3 0.2
320  330 3.0 80.0

−20 ◦C, 3 months 1.00 1.09 8.7 0.2
320 322 0.5 80.0

onc., concentration.
7.50 7.71 4.6 10.6 2.8
160 167 3.0 9.8 4.3

0.400–400 ng/mL for flumatinib, 0.100–100 ng/mL for M1, and
0.200–200 ng/mL for M3.  The mean linear regression equations
of the calibration curves generated during the validation were as
follows:

Flumatinib  : y =  (0.0298  ±  0.0021)x  +  (0.000995  ± 0.000401)  (r  =  0.9992  ±  0.0004);
M1 :  y = (0.0254  ±  0.0034)x  + (0.000450  ± 0.000106)  (r  =  0.9979  ± 0.0004);
M3 : y = (0.0284  ±  0.0010)x  +  (0.000136  ±  0.000044)  (r  =  0.9993  ± 0.0001);

where y represents the peak area ratio of each analyte to the IS, and
x is the nominal concentration of the analytes. The LLOQ of fluma-
tinib, M1 and M3  were 0.400, 0.100, and 0.200 ng/mL, respectively,
with acceptable accuracy and precision (Table 1).

3.5.3. Precision and accuracy
Table 1 summarizes the intra and inter-day precision and accu-

racy values for the QC samples. The intra and inter-day precisions
for flumatinib were less than 8.5%, while accuracy was within
±2.2%. The inter and intra-day precisions for M1  were less than
10.3%, while accuracy was within ±6.0%. For M3,  inter and intra-day
precisions were less than 10.6, while accuracy was  within ±4.9%.
The accuracy and precision data indicate that method is reliable
and reproducible.

3.5.4. Recovery and matrix effect
The recovery levels of flumatinib at 1.00, 15.0, and 320 ng/mL

were 90.2%, 102% and 99.8%, respectively. Recovery levels of M1  at

0.250, 3.75, and 80.0 ng/mL were 89.6%, 88.8%, and 93.7%, respec-
tively. For M3,  the recoveries at 0.250, 3.75 and 80.0 ng/mL were
99.1%, 101% and 102%, respectively. The recovery of IS at 10.0 ng/mL
was 105%.

M3

c. (ng/mL) RE Conc. (ng/mL) RE

inal Found (%) Nominal Found (%)

50 0.234 −6.3 0.500 0.516 3.2
 73.1 −8.7 160 167 4.2

50 0.260 4.0 0.500 0.481 −3.8
 85.1 6.3 160 155 −3.3

50 0.238 −4.9 0.500 0.563 12.5
 79.4 −0.8 160 168 5.0

50 0.241 −3.5 0.500 0.492 −1.5
 80.1 0.1 160 157 −2.1
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Fig. 4. Mean plasma concentration–time curves of flumatinib, M1,  M3  at steady
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[
[

[

[

tate in CML  patients after multiple administration of 400 mg flumatinib mesylate
nce daily for 28 consecutive days. All data indicate mean ± SD.

The matrix effects for flumatinib determined at 1.00 and
20 ng/mL were 98.1% and 97.1%, respectively. The matrix effects
or M1  determined at 0.250 and 80.0 ng/mL were 109% and 96.9%,
espectively. The matrix effects for M3 determined at 0.500 and
60 ng/mL were 101% and 101%, respectively. The matrix effects
or IS determined at 10.0 ng/mL was 103%. The inter-subject vari-
bility of matrix effects for each analyte was below 9.5%. As a result,
he matrix effect for flumatinib, M1,  M3,  and IS was negligible in
resent conditions.

.5.5. Stability
No significant degradation occurred during chromatography,

xtraction and sample storage processes for each analyte in human
lasma samples. Stability data are shown in Table 2. Standard stock
olutions of flumatinib, M1,  and M3  were stable for at least 90 days
t 4 ◦C.
.6. Method application

This validated method was applied to the determination of
he plasma concentrations of flumatinib, M1  and M3  in the CML

[

[

 895– 896 (2012) 25– 30

patients. The clinical studies were approved by the Ethics Com-
mittees. Two  groups of patients were evaluated: the first received
once-daily flumatinib mesylate administration at three dose levels
(200, 400 and 600 mg)  for 28 days, the second received twice-daily
administration at three dose levels (100, 200 and 300 mg) for 28
days. Blood samples were collected as the flowing times: pre-dose
and at 0.5, 1, 2, 3, 4, 6, 8, 12 and 24 h after the first dose; pre-dose and
at 3 h after the 6th, 7th, 8th and 15th doses; pre-dose and at 0.5, 1, 2,
3, 4, 6, 8, 12, 24, 48 and 72 h after the last dose. Plasma samples were
separated by centrifugation (2000 g for 10 min) and then stored at
−20 ◦C until analysis. The mean plasma concentration–time curves
of flumatinib, M1,  and M3  at steady state after multiple administra-
tions of 400 mg  flumatinib mesylate to 3 CML  patients are presented
in Fig. 4. A significant inter-individual variation in plasma concen-
tration of flumatinib, M1  and M3  was  observed, which could be
explained by the different physical state of CML  patients and the
small sample size (n = 3).

4. Conclusion

The optimized method was  validated to guarantee the reliable
determination of flumatinib and its two major metabolites in the
plasma of CML  patients. The LLOQ of the method are 0.400, 0.200,
and 0.100 ng/mL for flumatinib, M1,  and M3,  using a 50 �L plasma
sample. The strong acidic mobile phase enhanced the retention of
M3 and decreased the retention of flumatinib, M1  and IS, which
confirmed the retention of all analytes in a short chromatographic
run time (4.2 min). A simple one-step protein precipitation proce-
dure made the method easily applied to clinical trials.
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