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Influence of CYP3A5 and drug transporter
polymorphisms on imatinib trough concentration and
clinical response among patients with chronic phase
chronic myeloid leukemia

Naoto Takahashi1, Masatomo Miura2, Stuart A Scott3, Hideaki Kagaya2, Yoshihiro Kameoka1,
Hiroyuki Tagawa1, Hirobumi Saitoh1, Naohito Fujishima1, Tomoko Yoshioka1, Makoto Hirokawa1

and Kenichi Sawada1

Imatinib mesylate (IM) trough concentration varies among IM-treated chronic myeloid leukemia (CML) patients. Although IM

pharmacokinetics is influenced by several enzymes and transporters, little is known about the role of pharmacogenetic variation

in IM metabolism. In this study, associations between IM trough concentration, clinical response and 11 single-nucleotide

polymorphisms in genes involved in IM pharmacokinetics (ABCB1, ABCC2, ABCG2 CYP3A5, SLC22A1 and SLCO1B3) were

investigated among 67 Japanese chronic phase CML patients. IM trough concentration was significantly higher in patients with

a major molecular response than in those without one (P¼0.010). No significant correlations between IM trough concentration

and age, weight, body mass index or biochemical data were observed. However, the dose-adjusted IM trough concentration was

significantly higher in patients with ABCG2 421A than in those with 421C/C (P=0.015). By multivariate regression analysis,

only ABCG2 421A was independently predictive of a higher dose-adjusted IM trough concentration (P¼0.015). Moreover,

previous studies have shown that the ABCG2 421C4A (p.Q141K) variant is prevalent among Japanese and Han Chinese

individuals and less common among Africans and Caucasians. Together, these data indicate that plasma IM concentration

monitoring and prospective ABCG2 421C4A genotyping may improve the efficacy of IM therapy, particularly among Asian

CML patients.
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INTRODUCTION

Imatinib mesylate (IM) is a potent and selective inhibitor of BCR–
ABL tyrosine kinase activity, and is approved for the treatment of
Philadelphia chromosome-positive chronic myeloid leukemia
(CML).1,2 Despite the outstanding results obtained with IM for the
treatment of CML, cases of treatment failure or of suboptimal
response are sometimes seen. A number of factors likely underlie
IM resistance, including (i) biological factors, such as the baseline
presence or later emergence of bcr–abl and/or other mutations;
(ii) clinical features, such as the disease status of the patient or the
Sokal risk score at baseline; and (iii) constitutional pharmacogenetic
variation affecting IM metabolism and/or transport.3

Recently, two studies suggested that plasma IM trough concentra-
tion variability influences clinical response among CML patients.4,5 In
addition, Picard et al. reported that the threshold for IM trough

concentration should be set above 1002 ng ml–1, as this level was
significantly associated with a major molecular response (MMR).5

Although several important clinical trials indicated that 400 mg of
IM should be the standard daily dose for chronic phase CML
patients,1,2 in clinical practice, lower doses of IM are administered
to B40% of Japanese patients.6,7 This is largely because of the fact that
for some Japanese patients, lower IM doses have sufficient trough
concentration for therapeutic CML treatment.7 Although this inter-
individual variability in IM pharmacokinetics is observed among
Japanese CML patients, little is known about potential pharmaco-
genetic variation influencing IM metabolism and drug transport efficacy.

The cytochrome-P450 (CYP) system is involved in the
oxidative metabolism of IM and the major pathway is catalyzed by
CYP3A4/5.2,8,9 Although few common CYP3A4 polymorphisms have
been identified with in vivo effect on enzyme activity, CYP3A5
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expression is strongly correlated with a single-nucleotide polymor-
phism (SNP) within intron 3 (6986A4G; CYP3A5*3).10 This allele is
prevalent among Japanese individuals,11 suggesting that germline
CYP3A5 SNPs may influence IM trough concentration and drug
efficacy in this population.

IM is transported by P-glycoprotein (MDR1), organic cation
transporter 1 (OCT1) and breast cancer resistance protein
(BCRP).12–15 P-Glycoprotein, which is encoded by the ABCB1 gene,
is a membrane efflux transporter normally expressed in the small
intestine, in biliary canalicular front of hepatocytes and in renal
proximal tubules.16 Previous studies have investigated whether SNPs
in ABCB1, including 1236T4C, 2677G4T/A and 3435T4C, affect
IM pharmacokinetics; however, the role of ABCB1 genetic variation in
IM trough concentration is still unclear.17,18 OCT1, which is encoded
by SLC22A1, is primarily expressed on hepatocytes, suggesting that it
has a role in substrate uptake into the liver.19–21 Although IM is a
substrate of OCT1,15,22,23 no association between IM and SLC22A1
286C4T or 1498G4A, variants not common in the Japanese popula-
tion, was previously observed.24,25 In addition, in vitro studies have
shown that organic anion-transporting polypeptide 1B3 (OATP1B3),
which is encoded by SLCO1B3, contributes to IM uptake into
hepatocytes.24 However, to date, the influence of SLCO1B3 SNPs on
the pharmacokinetics of IM has not been reported.

IM is excreted into bile predominantly by BCRP, which is encoded
by ABCG2, and less so by multidrug-resistance protein 2 (MRP2),
which is encoded by ABCC2, and MDR1.12–14 BCRP also belongs to
the ABC efflux transporter superfamily26 and is widely expressed in
the small intestine, liver and placenta, influencing the absorption and
disposition of a variety of substrates.27,28 It is noteworthy that Petain
et al. reported that IM clearance in patients carrying the ABCG2 421C/A
genotype was significantly lower than in those with the 421C/C
genotype.29

To investigate the role of pharmacogenetic variation in IM
metabolism and efficacy, SNPs within important IM exposure genes
(ABCB1 (MDR1), ABCC2 (MRP2), ABCG2 (BCRP), CYP3A5,
SLC22A1 (OCT1) and SLCO1B3 (OATP1B3)) were analyzed in
IM-treated CML patients. In addition, IM trough concentration was
determined in all patients to assess the association between IM
pharmacokinetics and efficacy.

MATERIALS AND METHODS

Patients
A total of 67 chronic phase CML patients (37 male and 30 female) from 15

major hospitals in Akita Prefecture, Japan, all of whom were being treated with

IM, were enrolled in this study. The study protocol was approved by the Ethics

Committee of Akita University School of Medicine and all patients gave written

informed consent. Among them, 34 (51%) were treated with 400 mg of IM

daily, 17 (25%) with 300 mg, 14 (21%) with less than 300 mg and two (3%)

with more than 400 mg. Although the standard daily dose of IM for chronic-

phase CML is 400 mg, dose reduction or dose escalation was required for some

patients because of adverse events or IM resistance, respectively. Patient

characteristics are listed in Table 1. No patients had any serious renal or

hepatic dysfunction.

Clinical parameters including response to therapy
A complete cytogenetic response (CCyR) was defined as no Philadelphia-

positive metaphases in 20 or more examined cells. In some cases, fluorescent

in situ hybridization analysis of the bcr–abl fusion gene in peripheral blood

neutrophils was also performed.30 A MMR was defined as a threefold log

reduction in bcr–abl transcripts measured using real-time reverse transcriptase-

mediated quantitative-PCR. The samples used for IM response evaluation were

obtained from patients on the same day as samples used for measurement of

plasma trough levels. In patients without a CCyR, mutation analysis of the

bcr–abl fusion transcript was performed using the Invader assay,31 which

detects 25 mutations, including M244V, L248VR, G250E, Q252H, Q252R,

Y253F, Y253H, E255K, E255V, E279K, F311L, T315A, T315I, F317L, M351T,

F359IV, V379I, L387M, H396P, H396R, S417Y, E459K and F486S.

Measurement of plasma IM concentration
Blood samples were collected by venipuncture 24 h (± 2 h) after oral admin-

istration of IM. Plasma was then isolated by centrifugation at 1900�g for

15 min and stored at �40 1C until further analysis. IM trough concentration

was determined by high-performance liquid chromatography equipped with a

mass spectrometric detector from Toray Research Center, Inc. (Nihonbashi,

Tokyo, Japan),32,33 which is the only Novartis Global authorized platform

in Japan.

Genotyping
DNA was extracted from peripheral blood samples using the QIAamp Blood

Mini Kit (Qiagen, Tokyo, Japan) and stored at �80 1C until analyzed.

CYP3A5*3 (6986A4G (rs776746)) and SLC22A1 (156T4C (rs1867351),

480G4C (rs683369), 1022C4T (rs2282143) and 1222A4G (rs628031))

genotyping was performed by PCR–RFLP, as previously described by Fukuen

et al.34 and Itoda et al.,25 respectively. Similarly, ABCC2 (�24C4T (rs717620))

and ABCB1 (1236T4C (rs1128503), 2677G4T/A (rs2032582) and 3435T4C

(rs1045642)) were genotyped as described by Naesens et al.,35 Wu et al.,36

Tanaka et al.37 and Cascorbi et al.,38 respectively. ABCG2 421C4A (rs2231142)

was genotyped as described by Kobayashi et al.,39 and SLCO1B3 (334T4G

(rs4149117)) as described by Tsujimoto et al.40 All genotype frequencies were

tested for Hardy–Weinberg equilibrium.

Statistical analyses
Statistical analyses were carried out using SPSS statistical software (SPSS Japan,

Tokyo, Japan, version 17.0). Differences in IM trough concentration between

subgroups were evaluated using the Student’s t-test. Clinical parameters were

compared using one-way analysis of variance with the post hoc Tukey multiple

comparison procedure. The w2-test or Fisher’s exact test was used to compare

MMR and specific genotypes. Pearson’s product moment correlation was

applied to assess the relation between dose-adjusted IM trough concentrations

and clinical variables (age, weight, body mass index and biochemical data).

Stepwise forward selection multiple regression analysis for dose-adjusted IM

trough concentrations and stepwise forward selection multiple logistic analysis

for MMR were performed to determine the effect of the variables examined in

the univariate analysis. Positive and negative predictive values for selected

genotypes and MMR were determined by standard calculations. Only variables

Table 1 Patient characteristics and dose-adjusted imatinib trough

concentration

Variables Mean (range)

Correlation with

imatinib

concentration (r) P-value

Male 2.69 (0.37–8.30) 0.970a

Female 2.61 (1.03–5.30)

Age (years) 57.8 (20–81) 0.066 0.421

Weight (kg) 59 (39–92) �0.079 0.329

Body mass index (kg m–2) 22.6 (17.4–29.1) �0.040 0.272

Body surface area (m2) 1.61 (1.20–2.16) �0.081 0.479

Aspartate transaminase (IU L–1) 28.1 (15–63) �0.013 0.847

Alanine transaminase (IU L–1) 21.9 (9–63) �0.183 0.070

Serum albumin (g per 100 ml) 4.1 (2.6–5.2) 0.065 0.929

Total bilirubin (mg per 100 ml) 0.5 (0.2–1.1) 0.045 0.861

Serum creatinine (mg per 100 ml) 1.18 (0.45–2.23) �0.170 0.693

Data are correlation coefficient (r) or mean values and ranges.
aStudent’s t-test.
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for which the correlation coefficient (r) was 40.2 in the Pearson product

moment correlation coefficient test or for which the P-value was o0.1 in the

univariate analysis were included in the multivariate analysis. Clinical variables

(age and genotypes) were considered for possible inclusion in the multivariate

analysis. P-values of o0.05 were considered significant.

RESULTS

Patient characteristics and response to imatinib therapy
A total of 67 Japanese CML patients participated in the study. Among
them, five patients without a CCyR were excluded from correlating IM
trough concentration with clinical response because of the identifica-
tion of ABL kinase domain mutations (G250E, G250E, E279K, T315I

and F317L, respectively). Of the remaining 62 patients, 51 (82%)
showed a CCyR and 34 (55%) showed an MMR.

Clinical characteristics of the 62 patients with (all doses, n¼34;
400 mg, n¼21) or without (all doses, n¼28; 400 mg, n¼10) an MMR
are summarized in Table 2. Notably, IM trough concentration was
significantly higher in patients with an MMR than in those who did
not achieve an MMR (P¼0.010; Figure 1). Furthermore, when
restricting the analysis to the 31 patients treated with 400 mg of IM
daily, the median IM trough concentration was again significantly
higher in patients with an MMR (P¼0.017). No association between
plasma IM trough concentrations and CCyR was observed (data not
shown).

Genotype and response to imatinib therapy
The genotypes of all patients and their molecular responses to IM
therapy are summarized in Table 3. For the 62 patients without an
ABL kinase domain mutation, the percentage with an MMR was
significantly higher among those with the SLC22A1 1222G/G genotype
than in those carrying the A allele (P¼0.013). Moreover, logistic
regression models revealed that patients with SLC22A1 1222G/G had
a greater likelihood of achieving an MMR, with an odds ratio of 3.71
(95% confidence interval (CI): 1.288–10.685, P¼0.015). The positive
and negative predictive values of SLC22A1 1222A4G for MMR in
CML were 70.6 and 60.7%, respectively. However, among the
31 patients treated with 400 mg of IM daily, there was no significant
SLC22A1 1222A4G genotype-dependent difference in the percentage
of patients who achieved an MMR.

Genotype and imatinib trough concentration
The five patients with an ABL kinase domain mutation were included
in this analysis, as these mutations presumably would not affect IM
exposure. For all patients, the mean IM trough concentration was
904.8±795.2 ng ml–1. No significant correlations between age, weight,
body mass index or biochemical data and IM trough concentration
were observed (Table 1).

The dose-adjusted plasma IM trough concentrations for each
ABCB1, ABCC2, ABCG2, CYP3A5, SLC22A1 and SLCO1B3 genotype
were determined and are listed in Table 4. There were no significant
differences in dose-adjusted IM trough concentrations among the
ABCB1, ABCC2, CYP3A5, SLC22A1 or SLCO1B3 genotype. However,

Table 2 Patient characteristics and molecular response to imatinib therapy

All doses (62) 400mg (31)

Characteristics (No. of patients) No MMR (28) MMR (34) P-value No MMR (10) MMR (21) P-value

Quantitative features

Imatinib concentration (ngml–1) 649.9±305.8 887.9±383.1 0.010 703.3±302.6 1056.7±285.2 0.017

Age (year) 62.4±13.9 55.0±15.0 0.050 51.8±13.2 54.3±12.3 0.612

Body weight (kg) 60.4±9.7 59.0±12.6 0.619 59.8±7.9 62.6±13.9 0.569

Body surface area (m2) 1.623±0.171 1.622±0.209 0.979 1.631±0.124 1.691±0.226 0.445

Duration of imatinib therapy (days) 1467±729 1571±558 0.526 1334±739 1505±476 0.526

Qualitative features

Gender (male/female) 16/12 17/17 0.575 6/4 13/8 0.919

Daily imatinib dose

o300 mg per 300 mg per 400 mg 7/11/10 7/6/21 0.089 0/0/10 0/0/21 1.000

Sokal risk group

Low/Int/High 11/9/8 16/10/8 0.766 7/3/0 11/4/6 0.167

Data are means (±s.d.) for quantitative features. Quantitative variables were compared using Student’s t test. Qualitative variables were compared using the w2 or Fisher¢s exact test.
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Figure 1 Box plots of steady-state IM trough concentrations at all doses in

patients with and without an MMR. Boxes span data between two quartiles
(interquartile range), with medians represented by bold horizontal lines.

The ends of the whiskers (vertical lines) represent the smallest and largest

values that are not outliers. Outliers (circles) are values between 1.5 and

3 interquartile ranges from the end of a box. The median IM trough concen-

trations were 779ngml–1 (range 353–1950ngml–1) and 701.5 ngml–1

(111–1210 ngml–1) among patients with and without an MMR, respectively.
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the dose-adjusted IM trough concentration was significantly higher in
the 25 patients with ABCG2 421C/A or 421A/A than in the 42 patients
with 421C/C (P¼0.015). The mean dose-adjusted IM trough con-
centration in the ABCG2 421C/A+A/A and 421C/C genotypes was
3.18 and 2.34 ng ml–1 mg–1, respectively. Moreover, by multivariate
regression analysis, only ABCG2 421A was independently predictive
of a higher dose-adjusted IM trough concentration (P¼0.015). The
identified prediction formula was as follows: dose-adjusted IM trough

concentration (C0/dose) ¼�0.845 (standard error 0.339)�G +3.183
(standard error 0.207), where G¼1 for the ABCG2 421C/C genotype
and 0 for other genotypes.

DISCUSSION

In this study, a significant correlation was identified between
steady-state IM trough concentration and MMR, but not CCyR;
however, it is possible that the number of patients without a CCyR

Table 3 Genotype and molecular response to imatinib therapy

All doses (62) 400mg (31)

Genotype (No. of patients) n No MMR (28) MMR (34) P-value n No MMR (10) MMR (21) P-value

ABCB1 1236C4T

C/C+C/T 32 16 16 0.429 18 8 10 0.088

T/T 30 12 18 13 2 11

ABCB1 2677G4T/A

G/G 10 6 4 0.552 4 2 2 0.073

G/T+G/A 34 15 19 19 8 11

T/T+T/A+A/A 18 7 11 8 0 8

ABCB1 3435C4T

C/C 15 8 7 0.753 9 4 5 0.216

C/T 37 16 21 17 6 11

T/T 10 4 6 5 0 5

ABCC2 -24C4T

C/C 30 12 18 0.429 16 3 13 0.097

C/T+T/T 32 16 16 15 7 8

ABCG2 421C4A

C/C 41 17 24 0.414 21 7 14 0.853

C/A+A/A 21 11 10 10 3 7

CYP3A5

*1/*1+*1/*3 22 9 13 0.618 12 4 8 0.919

*3/*3 40 19 21 19 6 13

SLC22A1 156T4C

T/T 27 13 14 0.640 16 7 9 0.334

T/C 28 13 15 14 3 11

C/C 7 2 5 1 0 1

SLC22A1 480C4G

C/C 39 16 23 0.390 21 7 14 0.853

C/G+G/G 23 12 11 10 3 7

SLC22A1 1022C4T

C/C 37 17 20 0.879 19 6 13 0.919

C/T 25 11 14 12 4 8

SLC22A1 1222A4G

A/A+A/G 27 17 10 0.013 11 5 6 0.244

G/G 35 11 24 20 5 15

SLCO1B3 334T4G

T/T 8 1 7 0.398 5 0 5 0.397

T/G 22 12 10 9 4 5

G/G 32 15 17 17 6 11

Qualitative variables were compared using the w2 or Fisher’s exact test.
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in our study (11 patients, 18%) was too small for statistical significance
to be reached. Moreover, in patients with an MMR, the median trough
concentration (1020 ng ml–1) was greater than the 1002 ng ml–1 thresh-
old reportedly required for efficacy,5 further supporting the observed
statistical association between plasma IM levels and clinical response.
In addition, our study identified a significant correlation between
ABCG2 421C4A (p.Q141K) and IM trough concentration, suggesting
an important role for the BCRP efflux transporter in IM metabolism.

In addition, the SLC22A1 1222A4G polymorphism appears to be an
independent factor associated with clinical response to IM. Although
SLC22A1 1222A4G was associated with achieving an MMR in our
study among patients treated with less than 400 mg of IM (P¼0.048), a
larger patient cohort is needed to confirm this finding. The level of
SLC22A1 (OCT1) likely correlates with intracellular IM concentration,
as primary CML cells with high levels of OCT1 previously had greater
uptake than those exhibiting a more modest OCT1 expression.22,23 This
may be why, in our patients treated with lower doses of IM, clinical
response was dependent on SLC22A1 (OCT1), whereas in patients with
plasma IM levels above the 1002 ng ml–1 threshold, IM exposure seemed
to be more dependent on ABCG2 (BCRP).

The dose-adjusted IM trough concentration was significantly higher
in CML patients with ABCG2 (BCRP) 421A than in those with the
421C/C genotype, indicating that interindividual variation in plasma
IM concentration may reflect the activity of the BCRP efflux trans-
porter. IM is predominantly excreted through the biliary-fecal route41

and BCRP is highly expressed in the small intestine and bile canaliculi
of the liver.42,43 The presence of BCRP in the small intestine suggests
that it contributes to the regulation of substrate uptake from the
gastrointestinal tract through back-transport of substrates reentering
the gut lumen. Given the fact PA317 cells transfected with ABCG2
421A have reduced BCRP expression compared with wild type,44 the
plasma IM concentration for patients carrying the ABCG2 421C/C
genotype is therefore thought to be lower than in those carrying the
421A allele.

Orally administered IM has an absolute bioavailability of 98% in
patients with CML,2 and the intracellular uptake of IM is reportedly
associated with the organic anion transporting polypeptide SLCO1A2
(OATP1A2).24 In the human intestine, OATP1A2 is expressed on the
apical brush-border membrane of human enterocytes,45 which sug-
gests that net absorption of IM may reflect a situation in which there is
greater uptake by SLCO1A2 (OATP1A2) than efflux by ABCG2 (BCRP).
In this study, SLCO1A2 genotyping was not performed because SNPs
that affect OATP1A2 transport activity are not typically found in the
Asian population.46 Consequently, the disposition of IM may be altered
by ABCG2 421C4A, such that polymorphism-dependent differences in
IM trough concentration reflect a difference in hepatic IM biliary
excretion rather than a difference in intestinal IM absorption.

Although SLC22A1 (OCT1) has a major role in determining the
clinical efficacy of IM in CML cells,22,23 its role relating to IM exposure
in hepatocytes is likely to be minor. For example, patients with the
SLC22A1 (OCT1) 480G variant tended to have slightly higher IM
trough concentrations, but multivariate analysis showed that only
ABCG2 421A was significantly associated with a higher dose-adjusted
IM trough concentration. Notably, when our multivariate regression
prediction formula for the dose-adjusted IM trough concentration
(C0/dose ¼�0.845�G+3.183, where G¼1 for ABCG2 421C/C and
0 for other genotypes) was applied to the reported 1002 ng ml–1

plasma threshold by Picard et al.,5 the predicted IM dose for patients
with ABCG2 421C/C is 400 mg, and that for patients with 421C/A or
421A/A is 300 mg. This is particularly pertinent, given the fact that the
Japanese and Han Chinese populations have markedly higher ABCG2
421C4A allele frequencies (30.7 and 28.9%, respectively) than do
Caucasian (11.7%) and African-American populations (2.3%).47–49

Our group is currently pursuing a prospective clinical study to validate
this prediction formula.

Both ABCB1 (MDR1) and ABCG2 (BCRP) display high affinity for
IM and can confer IM resistance in vitro by extruding IM from
hematopoietic cells.50,51 Moreover, both transporters show elevated
expression in CML stem cells,52,53 and several known SNPs modify

Table 4 Genotype and dose-adjusted imatinib trough concentration

C0/D (ngmL–1mg–1)

Genotype n Mean Range P-value

ABCB1 1236C4T

C/C+C/T 36 2.63 (0.53–8.03) 0.902a

T/T 31 2.68 (0.37–8.30)

ABCB1 2677G4T/A

G/G 12 2.66 (1.03–8.03) 0.651b

G/T+G/A 36 2.52 (0.37–4.88)

T/T+T/A+A/A 19 2.90 (0.66–8.30)

ABCB1 3435C4T

C/C 17 2.31 (1.47–3.10) 0.393b

C/T 39 2.70 (0.53–8.03)

T/T 11 3.04 (0.37–8.30)

ABCC2 -24C4T

C/C 34 2.82 (0.53–8.30) 0.337a

C/T+T/T 33 2.49 (0.37–5.30)

ABCG2 421C4A

C/C 42 2.34 (0.37–5.30) 0.015a

C/A+A/A 25 3.18 (1.50–8.30)

CYP3A5

*1/*1+*1/*3 23 2.54 (0.37–4.88) 0.645a

*3/*3 44 2.71 (0.53–8.30)

SLC22A1 156T4C

T/T 27 2.70 (0.53–8.30) 0.587b

T/C 30 2.49 (0.37–5.30)

C/C 10 3.02 (1.47–8.03)

SLC22A1 480C4G

C/C 43 2.48 (0.37–8.03)

C/G+G/G 24 2.96 (0.66–8.30) 0.184a

SLC22A1 1022C4T

C/C 42 2.60 (0.37–8.03) 0.667a

C/T 25 2.75 (0.53–8.30)

SLC22A1 1222A4G

A/A+A/G 28 2.82 (0.66–8.30) 0.409a

G/G 39 2.53 (0.37–8.03)

SLCO1B3 334T4G

T/T 8 2.36 (1.03–3.40) 0.808b

T/G 24 2.66 (0.66–8.30)

G/G 35 2.72 (0.37–8.03)

aStudent’s t-test.
bANOVA.
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their activity.18,54 For example, Dulucq et al. reported that ABCB1
polymorphisms were associated with MMR in CML.55 More recently,
Kim et al. described three SNPs in ABCG2, CYP3A5 and SLC22A1 that
were significantly associated with treatment outcomes following IM
therapy.56 Although they did not investigate the relationship between
the tested SNPs and plasma IM concentration, the authors noted that
interindividual variation in hepatic IM uptake and clearance could
lead to changes in systemic IM concentration.

Our results should be interpreted within the context of the study
limitations, which primarily involve the sample size of the study. As
noted, only variables with univariate P-values below 0.1 were included
in the multivariate analysis. With respect to MMR and imatinib
trough concentration, the only variables that reached the significance
threshold were the SLC22A1 1222A4G and ABCG2 421C4A geno-
type, respectively. For the ABCG2 421C4A two-sample t-test power
calculation, a sample size of 16 subjects per genotype group was
necessary to obtain a detection power of 90% (a¼0.05 and b¼0.1),
satisfying statistical sample size. However, for the SLC22A1 1222A4G
two-sample comparison of proportions power calculation, when 37.0
and 68.6% of patients with the SLC22A1 1222 A/A+G/A and G/G
genotype, respectively, arrived at an MMR, a sample size of 51 subjects
for one genotype was necessary to obtain a detection power of 90%. In
addition, multivariate modeling covariates cannot be specified with
this sample size, suggesting that a confirmatory study using a larger
patient cohort may be warranted.

Similar to bcr–abl mutation analyses, IM plasma monitoring may
be useful in clinical practice when the expected response is not
achieved during IM therapy. However, the clinical feasibility of this
approach requires further consideration. For example, similar to
previous studies on IM plasma level quantitation,4,5 our study used
high-performance liquid chromatography equipped with a mass
spectrometric detector. This method is not always available in stan-
dard hospital laboratories and the running costs are more expensive
than those for high-performance liquid chromatography with an
ultraviolet detector. As such, a validated high-performance liquid
chromatography-ultraviolet assay may be a more practical platform
for measuring IM plasma concentration in actual clinical practice.

In conclusion, ABCG2 421C4A may influence the interindividual
variation in plasma IM concentration observed among Japanese CML
patients. Although a prospective study with a larger patient popula-
tion is necessary to validate these findings, plasma IM concentration
monitoring and clinical ABCG2 421C4A genotyping may improve
IM therapy for CML, particularly in Asian populations.
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