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Aim: To investigate the pharmacokinetics of imatinib in Chinese chronic myelogenous leukemia (CML) patients.

Methods: Fourty-six naive Chinese CML patients treated with imatinib (400 and 600 mg daily, =36 and 10, respectively) were
recruited. The correlations of imatinib (400 mg) trough plasma concentrations (C,,,s) with the patients’ characteristics and responses
were analyzed.

Results: The overall mean (xSD, CV%) steady-state C,,.s forimatinib at 400 mg (n=36) and 600 mg (n=10) daily was 1325.61 ng/mL
(£583.53 ng/mL; 44%) and 1550.90 ng/mL (+462.63 ng/mL; 30%), respectively, and no statistically significant differences were
found between them (P=0.267). At 400 mg daily, female patients had significantly higher C,,,s than the male patients (P=0.048), and
molecular responses were not correlated with imatinib C,,.s, but they were correlated with time elapsed before imatinib therapy.
Conclusion: The results suggest that Chinese CML patients have higher imatinib C,,,s than their Caucasian counterparts and that the
optimal initial imatinib dose for them requires further investigation.
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Introduction
Chronic myelogenous leukemia (CML) is a clonal myelopro-
liferative disorder of the primitive hematopoietic stem cell.
It is characterized by the hybrid oncogene BCR-ABL, which
codes for the novel BCR-ABL oncoprotein. This oncoprotein
has uncontrolled kinase activity that triggers the excessive
proliferation and reduced apoptosis of CML cells! ?. Imatinib
mesylate (Gleevec, Glivec), a potent and specific inhibitor of
the BCR-ABL tyrosine kinase, is now the first-line treatment
for CML. Imatinib has significantly improved the prognosis
of CMLPL The International Randomized Study of Interferon
and STI571 (IRIS) trial found an estimated cumulative com-
plete cytogenetic response rate (CCyR) and overall survival of
87% and 89%, respectively, among 553 patients who received
first-line imatinib for five years!".

Despite the impressive rate of response, some CML patients
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show primary resistance to imatinib or relapse after an initial
response (acquired resistance)”. Resistance to imatinib caused
by BCR-ABL gene amplification or increased levels of mRNA
can be overcome by increasing the imatinib dosel®®. More
recently, it has been suggested that variations in imatinib
trough plasma concentrations (C,,s) could affect cytogenetic
and molecular responses in CML. Picard et al reported that
imatinib C,,;,s were associated with both CCyR and major
molecular response (MMR) to standard-dose imatinib (400
mg daily) in CML, with a plasma threshold of 1002 ng/mL
in vivo. A subanalysis of the IRIS trial indicated that patients
with high imatinib exposure had better rates of CCyR and
MMRM™. " Singh et al™ also reported that the mean C,,, of
imatinib responders were significantly higher than those of
non-responders. However, it was also reported that there was
no correlation between mean C,,;,s and CCyR or MMRM,

The pharmacokinetics of imatinib has been extensively
studied in Caucasian CML patients, and very recently Sakai
et al™ found that a lower dose of imatinib could maintain
enough imatinib C,,, and provided excellent results for the
treatment of CML in a Japanese registry. However, few stud-
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ies have been reported in a Chinese population. In the present
study, we measured steady-state C,,s in CML patients who
received imatinib for at least 12 months (400 mg or 600 mg
daily) and described the pharmacokinetic features of Chinese
CML patients. We assessed how Chinese patients” character-
istics correlated with imatinib C,.;,,s and how imatinib C,;, cor-
related with complete molecular response (CMR). Finally, a
rough comparison between Chinese patients and the patients
of the IRIS was performed to gather clues to the optimal initial
imatinib dose for Chinese CML patients.

Materials and methods

Patients

The study was conducted in accordance with the Declaration
of Helsinki, and all patients provided written informed con-
sent. Ethics approval was obtained from the Independent Eth-
ics Committee of Union Hospital, Tongji College, Huazhong
University of Science and Technology. All CML out-patients
who visited the hospital between the 1st and 31st of October
2008 were considered for our study. Inclusion criteria were
a) first chronic-phase or accelerated-phase CML treated orally
with standard-dose imatinib (400 mg and 600 mg once daily
for chronic-phase and accelerated-phase CML, respectively)
and b) imatinib treatment duration 212 months. In total, 160
CML patients were considered for participation in the study.
Exclusion criteria were a) blast crisis before or during imatinib
therapy, b) blood collection performed out of the trough con-
centration time limits, c) poor compliance with treatment, or
d) identification of gene mutation(s) in the kinase domain of
BCR-ABL.

Of those considered, 114 patients were excluded because
of inadequate blood collection performed out of time limits,
use of a nonstandard drug dose, recognized poor compliance
with therapy (one patient) or progression to blast phase (two
patients). Ultimately, 46 patients with CML were included
for investigation: 36 and 10 were treated with 400 mg and 600
mg imatinib daily, respectively. All patients were in chronic
phase, except two patients treated with 600 mg IM daily in
accelerated phase. There were 30 male and 16 female patients.
Median age was 38 years (range, 17-79 years). The mean body
weight was 61.72+9.67 (SD) kg (median, 60.00 kg; range, 40.0-
85.0 kg), and the mean body surface area (BSA) was 1.66+0.14
m? (median, 1.64 m?; range, 1.36-1.97 mz). The median dura-
tion of imatinib therapy at the time of C,,s testing was 28.57
months (range, 12-74 months).

Sample collection and disease response analysis

Bone marrow was aspirated from the posterior iliac crest of
the patients for cytogenetic evaluation. This was performed
at diagnosis and every 6 months for the first 2 years, and then
yearly thereafter, unless clinical or laboratory features sug-
gested disease progression. CCyR was defined as all 20 bone
marrow metaphases analyzed being Ph-"". However, because
of frequent failure of bone marrow aspiration in CML patients
receiving imatinib therapy, collection of bone marrow was
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severely disrupted. Thus, owing to limited data collection, the
correlation between C,,;,, and achievement of CCyR was not
shown and analyzed.

To assess molecular responses, we extracted total RNA from
peripheral blood cells and quantified BCR-ABL transcript con-
centrations using real-time quantitative reverse-transcriptase
polymerase chain reaction (RQ-PCR)M"), according to recently
proposed recommendations for harmonization of results".
CMR was defined as undetectable BCR-ABL transcripts by RQ-
PCR. The most recent RQ-PCR results were used to determine
molecular response.

Sample collection and pharmacokinetic analysis

For imatinib plasma quantification, blood samples were col-
lected 21-27 h after the last drug administration but before
the next administration. Plasma was isolated by centrifuga-
tion and frozen plasma samples (-20 °C) were sent to WuXi
PharmaTech (Shanghai, China) to be analyzed using liquid
chromatography/tandem mass spectrometry (LC-MS/MS).
The limit of quantification of imatinib was 2.00 ng/mL (range
2.00-10 000 ng/mL).

Statistical analysis

The Student’s t-test or Wilcoxon signed-rank test was used to
compare means between the two groups. The chi-square test
or Fisher’s exact text was used for comparisons of proportions.
Pearson correlation or Spearman’s correlation analysis of Cpns
and patients’ characteristics (including age, weight, BSA, time
elapsed before imatinib therapy and duration of therapy) was
performed in patients treated with 400 mg IM daily.

Results
Imatinib plasma trough concentrations of Chinese CML patients
receiving the standard dose
Thirty-six patients in first chronic phase —23 males and 13
females —were treated with 400 mg imatinib daily. Their
mean imatinib C;, was 1325.61+583.53 ng/mL, with 44 % inter-
patient variability. For the 23 males, the mean body weight
was 64.70£10.81 kg (median, 63.00 kg; range, 40.0-85.0 kg), and
the mean body surface area (BSA) was 1.72+0.14 m* (median,
1.70 m% range, 1.40-1.97 mz). For the 13 females, the mean
body weight was 56.39+6.68 kg (median, 59.0 kg; range, 46.0-
65.0 kg), and the mean BSA was 1.55£0.11 m? (median, 1.61 m2
range, 1.36-1.68m”). For all patients, the median age was 38
years (range, 17-79 years), the mean elapsed time before ima-
tinib therapy was 24.75 months (range, 1-84 months), and the
median duration of imatinib therapy at the time of C,,;, testing
was 28.97 months (range, 12-74 months). Table 1 shows the
clinical characteristics of the 36 patients who were given 400
mg IM daily. Only body weight (P=0.017) and BSA (P=0.001)
were significantly higher in males than in females.

The mean C,;, of the 10 patients treated with 600 mg im
daily was 1550.90+462.63 ng/mL, with 30% interpatient vari-
ability.
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Table 1. Patient clinical parameters according to their molecular response to 400 mg imanitib daily.

1001

Characteristics

Number (% or range)

All patients Female patients Male patients
Number of patients 36 13  (36) 23 (64)
Age (years) 38 (17-79) 42 (22-79) 36 (17-64)
Body weight (kg) 61.69 (40-85) 56.39 (46-65) 64.70 (40-85)
BSA (m?) 1.67 (1.36-1.97) 1.55 (1.36-1.68) 1.72 (1.40-1.97)
Time elapsed (months) 24.75 (1-84) 22.38 (1-84) 26.09 (1-66)
Duration (months) 28.97 (12-74) 33.77 (12-65) 22.26 (12-74)
Molecular response
CMR 28/36 (78) 10/13 (77) 18/23 (78)
No CMR 8/36 (22) 3/13 (23) 5/23 (22)

Trough imatinib plasma concentration (ng/mL)

1325.61 (363-2900)

1579.69 (798-2360) 1182.00 (363-2900)

Correlation of imatinib plasma trough concentrations with
patients’ characteristics and molecular responses
After Pearson or Spearman’s correlation analysis, we found
no significant correlation of imatinib C,,, with age, time
elapsed before imatinib therapy and duration of imatinib
therapy. However, female patients had significantly higher
imatinib C;,s than male patients (1579.69+510.50 ng/mL
vs 1182.00+£582.97 ng/mL, P=0.048). Because of the limited
number of patients, the same correlation analysis was not
performed in patients treated with 600 mg imatinib daily.
No significant differences were found between patients
treated with 400 mg (1=36) and 600 mg (n=10) imatinib daily
(1325.61£583.53 ng/mL vs 1550.90+462.63 ng/mL, P=0.267).
As shown in Table 2, patients who received imatinib
therapy earlier had a significantly higher likelihood of achiev-
ing CMR (time elapsed before imatinib therapy: CMR vs no
CMR, 20.57+17.21 months vs 39.384£23.11 months, P=0.016).
Although the female patients have higher imatinib C,,s than
the males, they did not have a significantly higher rate of CMR
(77% wvs 78%, P=1.000). There was no statistically significant
difference in imatinib C,;,, between patients in the CMR group
and the no-CMR group (CMR vs no CMR, 1263.39+£532.55 ng/
mL vs 1543.38+734.11 ng/mL, P=0.237). Interestingly, the ima-
tinib C,ns Were higher in the no-CMR group, but this result
was not statistically significant (Figure 1).
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Figure 1. Steady-state imatinib trough levels in chronic-phase CML
patients who did and did not achieve CMR. The mean plasma imatinib
trough levels were 1263.39+532.55 ng/mL and 1543.38+734.11 ng/mL
for patients who did (n=28) and did not (n=8) achieve CMR, respectively
(P=0.237). The top and bottom walls of each C,,, (trough level) plot box
represent the 75th and 25th percentiles, respectively.

Comparison of imatinib C,,,. between Chinese patients and
patients in the IRIS study

Patients in the IRIS study were all treated with 400 mg daily.
The mean C,,s of male patients, female patients and all
patients were 921+531, 1078+515, and 979+530 ng/mL, respec-
tively[w]. As shown in Table 3, the mean imatinib C,;, of the

Table 2. Patient clinical parameters according to their molecular response to 400 mg imanitib daily.

Variable CMR (n=28) No CMR (n=8) P value
Imatinib plasma trough concentrations (ng/mL) 1263.39+532.55 1543.38+734.11 0.237
Age (years) 38.391+12.35 39.38+14.18 0.849
Weight (kg) 62.54+9.72 58.75+12.17 0.365
BSA (m?) 1.67+0.14 1.61+0.18 0.338
Time elapsed (months) 20.57+17.21 39.38+23.11 0.016
Duration (months) 30.14+13.86 24.88+20.50 0.401
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Table 3. Patient clinical parameters according to their molecular response to 400 mg imanitib daily.

Male Female
Chinese (n=23) IRIS (n=221) Chinese (n=13) IRIS (n=130)
Mean C;, (ng/mL) 1182.00+582.97 9214531 1579.69+510.50 10781515
Body weight (kg) 64.70+£10.81 85.9+16.8 56.3916.68 72.4+18.1
BSA (m?) 1.72+0.14 2.0+0.2 1.55+0.11 1.8+0.2

patients in the present study seem to be higher than that of
the IRIS study (1325.61+583.53 ng/mL vs 9794530 ng/mL),
and the patients” body weight and BSA also seem to be signifi-
cantly different between the two studies.

Discussion

The pharmacokinetics of imatinib has been extensively stud-
ied in Caucasian CML patientsm’z”. However, few studies
have been reported on naive Chinese. Recently, Wang et
al®! reported the effects of imatinib on the pharmacokinet-
ics of metoprolol, a CYP2D6 substrate, in Chinese patients
with CML. Although the authors paid more attention to the
pharmacokinetics of metoprolol than imatinib, the study
suggested significant differences between Caucasian and
naive Chinese patients treated with 400 mg im twice daily. It
suggested that the plasma C,,,x and AUC values of imatinib
observed in Chinese patients —4245 ng/mL and 39 041 ng-mL
Lh", respectively —were approximately 15% higher than those
in Caucasian patients receiving the same dose (800 mg daily)
in the phase I study, 370241434 ng/mL and 34 200+14 900
ng mL"h”, respectively. The estimated effective half-life
was approximately 25 h, somewhat longer than the approxi-
mately 20 h for Caucasian patients. The clearance in Chinese
patients (11.3 L/h) appeared to be in the lower end of the val-
ues reported for Caucasian patients, between 10 and 14 L/h.
Our data provided the mean imatinib C, for Chinese CML
patients treated with 400 mg or 600 mg im daily. We also
found that female CML patients treated with 400 mg imatinib
daily had significantly higher C,;,s than males (P=0.048), a
disparity that may originate in differences in body weight and
BSA, as reported[m]; however, no correlations were found in
the other characteristics of the patients with imatinib Cs.

In the correlation analysis of disease responses with
patients’ characteristics, molecular responses to 400 mg
imatinib daily are correlated only with time elapsed before
imatinib therapy. It suggests that taking imatinib as soon as
possible helps to achieve CMR. Our data agree with the con-
clusion that imatinib C,;, are not correlated with molecular
response[u]. An odd result was that the mean imatinib C,;.s
in our patients were a littler higher in the no-CMR group than
in the CMR group (P=0.237). Picard et al! concluded that
imatinib plasma trough concentrations were correlated with
both cytogenetic and molecular responses to standard-dose
imatinib in CML, and the plasma threshold for C,;, was set
at 1002 ng/mL because it provided the best discrimination
potential for achieving MMR. This conclusion was supported
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by other studies!"” ", The inability to find a significant dif-

ference between patients in the CMR group and the no-CMR
group is probably due to the fact that all of our patients had
exceeded the plasma threshold of 1002 ng/mL, and this can
in part explain why the patients treated with 600 mg ima-
tinib daily didn’t have significantly higher C,,, than patients
treated with 400 mg daily (P=0.267).

In the rough comparison of imatinib C,;,s between Chinese
patients and IRIS patients, similar results were found in Chi-
nese and Caucasian patients, such as the large interpatient
variability in imatinib C,,s and higher imatinib C,s in female
patients due to lower body weight and BSA. As other reports
have explained®", the reason for the interpatient variability
in imatinib C,;,s may be the intrinsic variability of the CYP
system and drug efflux/influx transporters, such as P-gly-
coprotein (P-gp or ABCB1), breast cancer resistance protein
(BCRP or ABCG2), multidrug resistance protein 1 (MRP1 or
ABCC1) and human organic cation transporter-1 (OCT1). The
difference in imatinib C,;,, between Chinese and Caucasians
patients was unavoidable. The difference between the results
of the present study and IRIS seems to be due to different
body weight and BSA. Our findings, which are in agreement
with the only finding®™ in Chinese CML patients, suggest that
imatinib exposure in Chinese CML patients was higher than in
Caucasian patients.

It was reported that dose intensity was critical to optimize
response in CML®?. Based on higher drug exposure in Chi-
nese patients and dose-proportional imatinib exposure!' '%,
a rational conjecture is that Chinese patients would have a
better disease response. We can infer that the patients in our
studies had have better disease responses, even though CMR
was not monitored in the IRIS study, in which BCR-ABL tran-
scripts in the blood samples were measured only at 1 and 4
years in 124 patients who had a CCyR. After 1 year, levels
of BCR-ABL transcripts had fallen by at least 3 log in 66 of
124 patients (53%); after 4 years, levels had fallen in 99 of 124
patients (80%)™. In our study, after a mean follow-up of 28.97
months (range 12-84 months), no BCR-ABL transcripts were
detected in 78% of the patients treated with 400 mg imatinib
daily regardless of whether they acquired CCyR. However,
because of the small number of patients, this conclusion
requires further investigation. Another reason that we could
not report the exact CMR rate of the patients in our hospital
was that some patients with suboptimal response received a
dose escalation from 500 mg to 800 mg daily.

Higher drug exposure also leads to more adverse events.
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As we previously reported, in CML patients treated with a 1133-4.
standard dose of imatinib, grade 3 leukocytopenia occurred in 8 White DL, Saunders VA, Dang P, Engler J, Venables A, Zrim S, et al.

16.0% of the patients and grade 3 thrombocytopenia occurred
in 18.0% of the patients, respectively™. In Japanese studies,
grade 3 or 4 neutropenia and/or leukocytopenia occurred in
33.3% of patients, and grade 3 thrombocytopenia occurred in
12.8% of patients™. Given Asians’ lower body weight and
BSA, both Korean and Japanese doctors doubted whether 400
mg daily of imatinib was an optimal initial dose for Asian
patients and proposed a lower dose . We found that the
imatinib plasma trough concentration of Chinese patients who
received 400 mg imatinib daily was higher than that of Cau-
casian patients, which provides convincing proof that Asian
patients with lower body weight or BSA need a lower dose of
imatinib than Caucasian CML patients.

In summary, our work provides a study of the pharma-
cokinetics of imatinib in Chinese CML and suggests that
receiving imatinib treatment as soon as possible is helpful to
achieve CMR. Imatinib C,, are not correlated with molecular
response in Chinese CML patients in chronic phase treated
with 400 mg imatinib daily. Chinese CML patients seem
to have higher imatinib C,,, than Caucasian CML patients,
which probably results in a better disease response. However,
it causes more severe adverse events, and so the optimal initial
imatinib dose for Chinese patients requires further investiga-
tion.
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