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abstract

introduction

Despite the outstanding results generally obtained with 
Imatinib in the treatment of chronic myeloid leukemia, 
some patients show sub-optimal or no response. To 
evaluate the relationship between steady-state trough 
plasma concentration and clinical response in CML 
patients. The objectives of this study were to assess the 
variability in Imatinib pharmacokinetics and to explore the 
effects of several demographic and biological covariates 
on the disposition of Imatinib.

Methods

A population pharmacokinetic analysis was performed on 
170 plasma samples from 74 adult Iranian chronic myeloid 
leukemia patients. A population pharmacokinetics model 
was developed to evaluate the influence of covariates on 
clearance and volume of distribution.

results

A one-compartment model with first-order absorption 
appropriately described the data, giving a mean (±SEM) 

clearance of 14.3l (±1.0) and a volume of distribution of 
347 l (±62). Clearance was influenced by body weight, 
age and gender. By considering these covariates the 
interindividual variability decreased from 47% to 19%.  A 
large proportion of the interindividual variability (19% of 
clearance and 45% of volume of distribution) remained 
unexplained by these demographic covariates. 

discussion and Conclusion

By considering morphological and biological covariates, 
a unique covariate model could be used to accurately 
describe Imatinib pharmacokinetics in our population and 
because of the pharmacokinetic variability of Imatinib 
and the reported relationships between its plasma 
concentration and efficacy and toxicity, the usefulness 
of therapeutic drug monitoring as an aid to optimizing 
therapy should be further investigated. 
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introduction
Imatinibmesylate is a tyrosine kinase inhibitor 

approved for use in treatment of chronic myeloid leukemia 
(CML), a myeloproliferative neoplasm associated with 
a specific chromosomal translocation known as the 
Philadelphia chromosome (Ph). Imatinib was rationally 
designed to selectively inhibit the action of the BCR-ABL1 
fusion protein and specifically inhibits proliferation of Ph 
expressing cells(1). Imatinib therapy for newly diagnosed 
CML patients was supposed to produce complete 
hematological and cytogenetic responses in most of 

patients(2-3). It was suggested that incidence of adverse 
events would be increased with advancing disease, but 
this rarely leads to discontinuation of therapy. Resistance 
to Imatinib is variable, especially during the blastic 
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phase. Although point mutations or activation of survival 
signaling pathways may induce resistance but host 
dependent mechanisms (modulation of Imatinib plasma 
protein binding or enhanced drug metabolism) may also 
result in the induction of resistance(4-5).

A daily oral dose of 400 mg was found to result in 
concentrations over 600ng/mL 24 hour after administration 
and plasma concentrations accumulation predictably 
increase by 1.5 to 3 fold when reaching steady state 
which exceeding the concentration needed for tyrosine 
kinase inhibition(6). Normalization of hematological 
parameters in the large majority of patients is irrespective 
of plasma drug concentrations but evaluation of the 
relationship between cytogenetic/molecular responses 
and pharmacokinetics parameters at steady state showed 
that a trough level of about 1000ng/mL was required for 
maximal pharmacodynamic effect and the responses 
were highly dependent on the administered doses (7-9). 
Variation in drug disposition (distribution and elimination) 
may result in excessive toxicity or suboptimal anticancer 
efficacy(9-10). 

Several population pharmacokinetics (PPK) studies 
have been done to identify patients’ characteristics that 
could be linked to the interindividual variability of Imatinib 
pharmacokinetics in CML patients and pharmacokinetic 
pharmacodynamic correlations(11-15). For example the 
clearance (CL) and the volume of distribution (Vd) of 
Imatinib may affect by age, race, gender, body weight 
(BW), plasma proteins, hemoglobin (Hb) level and WBC 
count. Also it was predicted that prolonged exposure 
may influence on the CL of Imatinib(16). Accordingly, in 
patients whose daily dosage was increased gradually, 
drug concentrations were lower than that was expected. 
By contrast, in another study a decrease in clearance was 
observed after one month(17). Because of such discrepancy, 
further investigation of Imatinib pharmacokinetics seems 
necessary, with particular respect to the identification 
of individual kinetic determinants that could modulate 
clinical response. Accordingly, the main objectives of this 
study were to characterize population pharmacokinetics 
of Imatinib and also determine whether different biological 
demographic covariates affect the pharmacokinetics of 
Imatinib and therapeutic responses in a Middle East CML 
(in chronic phase) patients population. The finding could 
help physicians to homogenize Imatinib concentrations in 
patients and in the perspective of drug monitoring allow 
to better identifying pharmacokinetic/pharmacodynamic 
characteristics.

Methods

Study design

Patient’s population and Characteristics

Adult patients (Ages between 18 to 70 years) with CML 
in chronic phase who initiated with the standard dose of 
400 mg per day as monotherapy were considered eligible 
(18-20). The diagnosis and treatment plan was based on CML 
guideline of NCCN (Version 4.2013). The other eligibility 
criteria included renal, hepatic, and cardiac function and 
performance status; no other serious concomitant illness; 
negative pregnancy test if appropriate.The consumer of 
drugs that may have possible metabolism interaction with 
Imatinib was also excluded. In case of severe adverse 
drug events (in accordance with the Common Toxicity 
Criteria of the National Cancer Institute), Imatinib was 
reduced to 200–300 mg/day or temporally discontinued 
until adverse events were ceased, and resumed from a 
low dose and increased gradually up to a tolerable dose. 
In contrast, Imatinib dose was escalated up to 800 mg/day 
if an optimal response was not achieved after treatment 
with the 400 mg dose(18).

Laboratory analyses and demographic covariates

A comprehensive set of demographic and biological 
data were recorded for each patient. Patients’ 
demographic data were recorded at screening with 
respect to age, sex, height and weight. For all the patients’ 
complete medical histories, a physical examination, 
and the following laboratory tests were done at each 
scheduled visit. Laboratory analyses included complete 
differential blood count, Hemoglobin (Hb), Creatinine, 
Uric acid, Albumin, Bilirubin, Glutamic oxaloacetic 
transaminase (SGOT), Glutamic pyruvic transaminase 
(SGPT), Alkaline phosphatase, Prothrombin test, activated 
partial Thromboplastin time and electrolytes. Creatinine 
clearance for individual patients was calculated based on 
creatinine concentration (µmol/L), weight (Kg) and gender 
according to the formula of Cockcroft and Gault (21). 

Definition of treatment response

The complete hematologic response (CHR) was 
defined as a reduction in the WBC count to less than 
10000/mm3 and platelet count to less than 450,000/
mm3, Myelocyte or Metamyelocyte  less than 5%, 
Basophils less than 20% and no immature cells (Blasts 
or Promyelocytes) in peripheral blood and maintained 
for at least four weeks. Cytogenetic responses (CyR) 
were determined by the percentage of Ph+ metaphases. 
Complete cytogenetic response (CCyR) was assessed as 
no Ph-positive metaphases and Partial response (PCyR) 
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defined with up to 35% and major response (0%-35%) 
combines both complete and partial responses. To assess 
major molecular response (MMR), total RNA was extracted 
from peripheral blood cells and BCR-ABL1 transcript 
levels were quantified using real-time quantitative PCR 
(RQ-PCR). A three or more log reduction in the BCR-
ABL1transcript levels was determined to be a MMR. The 
response to Imatinib was evaluated using the criteria 
proposed by European Leukemia Net (ELN) guideline as 
show in Table 1.(22-26).

Pharmacokinetic study 

Blood sampling

Several blood samples for PK study were obtained 
from patients at steady state conditions (i.e. no change 
in Imatinib dose for at least one month) on follow-up 
visits. Samples were collected prior to the dose (trough 
levels) and at least two other random but distinct times 
to the dose. Peripheral whole blood (10 mL) was obtained 
from patients in EDTA containing tubes, inverted several 
times, and centrifuged at 5000 g for 10 min to obtain the 
plasma fraction which was transferred into propylene 
tubes and stored at -20 °C until drug concentration 
analysis. Samples with unexpected values, probably due 
to poor patient compliance were not included in the study 
and patients suspected of poor compliance were asked 
for adherence consulting to obey the administrated dose 
and recommendation for one month and then again come 
back for sampling. 

Analytical Method

A validated and sensitive HPLC method coupled with 
UV detection was used to measure plasma Imatinib 
concentrations (27). The method was validated according to 
the US Food and Drug Administration (FDA) guidelines for 
bioanalytical method validation(28-29).The extract plasma 
was subjected to a solid-phase extraction and after matrix 
components elimination, Imatinib is eluted with methanol 

and the resulting is evaporated and reconstituted with 
methanol and was injected into the HPLC system (Pump 
HP100 model, Agilent Technology and a detector quatrro 
LCZ). The chromatographic separations were carried 
out on a C18 column (Nucleosil C18 column). Imatinib is 
analyzed using a gradient elution program with solvent 
mixture constituted of methanol, water, and ammonium 
acetate. Imatinib is detected by UV detector at 261 nm 
wavelength. Validation of the analytical method was 
performed in terms of the validation parameters. Imatinib 
Mesylate was provided by Persian Pharmaceutical 
Company (Tehran, IRAN). All other chemicals were of 
analytic or pharmaceutical grade and used as received. 
The lower limit of quantification for Imatinib was 50ng/
mL.The intraday accuracy (% nominal) was between 97.8 
and 107.0 and the interday accuracy was between 101 
and 104 %.The precision (SD for replicate analysis) was 
from 2.3 to 9.4 %.

Protocol registration

Study protocol was approved by the ethics committee 
of Kerman University of Medical Sciences and conducted 
in accordance with the Declaration of Helsinki and the FDA 
guidelines for Good Clinical Practice. It also registered in 
Protocol Registration System at ClinicalTrials.gov and in 
Iranian Registry of Clinical Trials (IRCT) by NCT02146846 
and 2014050612206N1 respectively. Written informed 
consent according to institutional regulation was obtained 
from the participants prior to study entry.

Statistical analysis

Data on plasma levels of Imatinib are presented as 
mean values with 95% confidence intervals (CI). The 
t-test was used to determine differences in Imatinib 
trough levels between different dose groups. Categorical 
parameters of the clinical characteristics were compared 
using the Chi-square or Fisher exact test, and the 
continuous parameters were compared using two-
sample t-test or the Wilcoxon Signed Rank test. Linear 

table 1: eln criteria for assessing treatment response in chronic phases CMl patients with imatinib
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regression or Spearman rank correlation coefficient 
was used to assess the correlation between plasma 
concentrations of Imatinib with covariates. All statistical 
analyses were performed using SigmaPlot® 11.0 (Systat 
Software, Inc) and P values of less than 0.05 were 
considered statistically significant. 

Population pharmacokinetic modeling

Plasma Imatinib concentrations were analyzed 
according to a nonlinear mixed (fixed and random) effects 
regression modeling using the Monolix®4.1.1 software 
(Lixoft, France).The first-order conditional estimation 
(FOCE) method for maximum likelihood estimation were 
applied to estimate population means and variances of 
pharmacokinetic parameters and to identify factors that 
may affect them. At first the model was build up without 
inclusion of any covariate and models were fit to the data 
and pharmacokinetic models (one and two compartment) 
were assessed with regarding CL and Vd. The individual 
pharmacokinetic parameters and random effects 
were assumed a normal distribution among patients. 
Exponential, additive, proportional, and combined error 
model was used to imply the interindividual variability and 
random residual error. The covariates were sequentially 
incorporated into the model and their influence on 
pharmacokinetic parameters was assessed by stepwise 
forward inclusion process and graphical examination of 
maximum a posteriori estimates of individual random 
effects versus covariates was carried out to evaluate 
their effects. To determine the statistical significance 
between models, different statistical criteria used that 
required a minimal drop of at least 3.84 (p < 0.05) in 
objective function value was required for a covariate to be 
considered significantly correlated with pharmacokinetic 
variable (Objective function value equal to minus twice 
the log likelihood of the data and is indicator of the 
goodness-of-fit of the model).

Model evaluation and validation

In order to assess the adequacy of the Imatinib PPK 
model, the final model was evaluated by assessment 
of diagnostic plots, visual predictive check method and 
nonparametric bootstrap. Prior population predictions 
adjusted to covariates (PRED) and posterior individual 
predictions (IPRED) were obtained, the latter ones by 
Bayesian feedback estimation based on prior population 
parameters and variances. Visual assessment was based 
on goodness-of-fit (GOF) plots of PRED and IPRED values 
versus observations and on visual predictive checks. 

The predictive check was used to evaluate the 
predictive performance of the model. For visual predictive 
checks, 1000 Monte Carlo simulations were performed 

using the final model and the 95% prediction intervals 
encompassing the 5th and 95th expected plasma 
concentration percentiles and median (50% quartile) were 
established and plotted for comparison with observed 
values. Covariates were simulated on the basis of means 
and standard deviations (SDs) in the patients, assuming 
normal distribution. The bootstrap analysis was done to 
assess 95% confidence interval of the model variable 
estimates. One thousand hundred bootstrap data sets 
were obtained and fitted with the same model to obtain 
variable estimates for each replicate. The 5th and 95th 
values of each variable were used to compute the lower 
and upper boundary of bootstrap 95% confidence interval 
and compared with the model estimates. The percentage 
of successful convergences for the bootstrap replicates 
was monitored.

results

Patient characteristics

A total of 170 plasma Imatinib concentration values 
were available from 74 patients for building the population 

figure 1: Plasma concentration-time profile of imatinib in 
all patients with CMl in chronic phase

table 2: demographic information of patients evaluated in 
the population pharmacokinetic analysis of imatinib
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model. Summary of demographic characteristics for 
the participated patients is provided in Table 2. Figure 1 
presents the observed Imatinib plasma concentration-
time profiles for all individuals in the study and ranged 
from 649 to 2079 ng/mL.

Population pharmacokinetic modeling

Based on the diagnostic plots and objective function 
value (OFV) from the initial analysis, a one-compartment 
model with zero order absorption (rapid absorption) and 
linear elimination kinetics was found to provide a better fit to 
the Imatinib plasma concentration-time data. This model 
indicates a proportional dose-concentration relationship 
over usual dosage ranges. The population bioavailability 
(F) was fixed to 1, in accordance with almost complete 
absorption. Two-compartment model did not significantly 
improve the fit, with a difference in the objective function 
value of 6.8 and P > 0.05.Anexponential model was used 
to describe both interpatient and intrapatient (residual) 
variability in Imatinib pharmacokinetics. Interindividual 
variability was estimated on CL and Vd.

For this model, CL (percent interindividual variability) 
was estimated to 9.18±0.95 L/h (33%), the Vdto 225±31L 
(38%), which are comparable with the previously reported 
values(30). The interindividual variability remained higher 
than the residual intraindividual variability and the random 
residual error coefficient of variation was estimated 
about 39%. Interindividual variability in pharmacokinetic 
variables was moderate in this population, with percent 
coefficient of variation (CV) ranging 30% to 40%. 
Introducing interoccasion variability into the basic model 
resulted in a significant decrease in OFV (P < 0.001).

The influence of the covariates on pharmacokinetic 
variables was examined. For determination of significant 
covariates, the number of covariates explored was 
determined based on mechanistic plausibility and prior 
scientific knowledge of factors that may affect the 
pharmacokinetics of the drug. Individual estimates of 
CL and Vd were derived for each patient from the model 
and plotted against all the covariates to identify potential 
influences. Among the demographic factors, BW, height, 
age, BSA, and gender showed some influence on Imatinib 
pharmacokinetics. Height and BSA being correlated to BW 
and were not further investigated. 

Visual inspection of plots of maximum a posteriori 
estimates of individual random effects on CL and Vd versus 
BW showed a correlation between the two parameters 
and weight. Body weight was incorporated in the model 
and resulted in significant drop in OFV and improvement 
in the diagnostic plot (Figure 2 and 3).

The combination of body weight and gender or age 
produced slight improvements compared with when 
weight alone was used (OFV=3.5). Finally, gender 
affected Vd (OFV=5.1). Although gender and age gave 
a fit of borderline statistical significance, but these 
covariates were neglected in the final model. A summary 
of pharmacokinetic variable estimates resulting from the 
final model are provided in Table 3. Accordingly, Body 
weight was the only covariate found to significantly 
affect CL and Vdof Imatinib. The covariate model enabled 
about the half of the interpatient variability be explained 
and the correlation between CL and BW was expected 
considering the large range of the patients’ morphology. 
The final model predicts the total Imatinib clearance and 
volume of distribution in a 70 kg adult to be 10.8 L/h and 
329 L, respectively and as shown the exponents on CL 
and Vd were fixed to 0.72 and 1.1, respectively leading to 
the following equations:

Where BW is expressed as the relative deviation of the 
individual body weight from the population mean (mean 
body weight = 70 kg) and θ1 and θ2 represent the final 
model estimates of clearance and Vd, respectively.

Model evaluation and validation

The evaluation of the final pharmacokinetic model 
was performed using internal evaluation based on 
standard diagnostic plots or predictive check method and 
a nonparametric bootstrap. Figure 4 shows scatter plots 
of population and individual predicted concentrations 
obtained from the final model plotted versus observed 
values and Figure 5 present weighted residuals versus 
predicted concentrations and time for the final model. 

table 3: Population Pharmacokinetic parameter estimates 
values of imatinib from the final model and bootstrap 
validation in patients with Chronic Myeloid leukemia

RSE: relative standard error; IIV: Interindividual variation; IOV: 
Interoccasion variation; ω: interpatient variability; σ: residual 
variability

* Data Obtained from 1000 bootstrap data sets analyses
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The correlation between predicted and observed plasma 
concentrations (Goodness-of-fit plots) showed no major 
bias and indicated a good fit of the final population model 
to the data and also most weighted residuals are randomly 
distributed and mostly lay within an acceptable range and 
did not exhibit any systematic trends and are generally 
featureless indicating that the structural and statistical 
models was robust and satisfactory. 

The 5th and 95th percentiles (prediction intervals) of 
the simulated data of the final model were calculated and 
plotted along with the observed concentrations as shown 
in Figure 6. Employing the visual predictive check method, 
more than 90% observed concentrations fell within the 
90% predicted interval of the model-based prediction 
for plasma concentration-time profile, and there was 
a good agreement between distribution of observed 
and simulated concentrations. The model adequately 
predicted the observed data because the prediction 
interval included most of the observed concentrations.

The final model obtained with the original dataset 
was subjected to a nonparametric bootstrap analysis. 
The nonparametric stratified bootstrapping results fitted 
from 1000 sampling datasets and the mean parameter 
estimates obtained from the bootstrap process, were 

consistent with the final model estimates previously 
obtained with the original dataset as shown in Table 2.The 
bootstrap analysis showed the original model stable and 
the estimated parameters to be precise, which shows a 
wide 90% CI. In general, the observed bootstrap medians 
were consistent with the typical population model 
parameters as well as random effect parameters and 
the 95% confidence interval for these parameters were 
relatively small, indicating reliability of the parameter 
estimates from the final model and the precision of the 
estimates seemed to be reasonable because the relative 
SE from the bootstrap analysis was lower than 30%.

Trough plasma concentrations and response 

The relationship between different dosage regimes 
and plasma trough levels of Imatinib is shown in Figure 
7 and Figure 8. As shown the increase in mean plasma 
level was proportional to the dose of Imatinib. Mean 
trough plasma levels of Imatinib at a standard dose (400 
mg/day) were not significantly different from patients 
receiving 300 mg/day (p > 0.05) and Both mean plasma 
concentrations exceeded the effective plasma threshold 
for trough Imatinib levels to give a favorable response. In 
contrast, a dose of 200 mg/day did not reach the effective 
plasma concentration. 

figure 2: imatinib Cl residuals (left) and vd residuals (right) 
versus weight. (Black circles are the individual data in the 
base model and the open circles are individual data after 
weight was incorporated into the model, the smooth lines 
are trendlines)

figure 3: Model predicted imatinib clearance (left) and 
volume of distribution (right) plotted against weight
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There was no relationship between trough plasma 
levels and achieving CHR as shown in Figure 9. But 
mean trough levels of Imatinib tended to be higher in 
patients with optima and suboptimal response (Figure 10) 
although statistical differences exist between patient with 
failure and those who achieved response (optimal and 
suboptimal) groups. 

discussion
Population pharmacokinetic analyses tend to be 

conducted systematically and specifically for anticancer 
drugs to identify the specific populations and patients’ 
covariates that correlate with pharmacokinetic variables 
and this study suggests a population pharmacokinetic model 

figure 4: goodness-of-fit plots for the final model. Plot 
of individual (iPred) and population (Pred) predicted 
concentrations of imatinib versus observed concentrations. 

figure 5: Weighted residuals (WreS) versus predicted 
concentrations and time for the final models

for Imatinib in the Iranian CML patients in chronic phase. 
The results of this population pharmacokinetic analysis 
complement recently published pharmacokinetics and 
pharmacodynamic study of Imatinib in patients with CML 
in Iran(31).The results shows that the pharmacokinetics of 
Imatinib in our population was similar to other population 
studies (30, 32) and by analyzing data a structural model was 
obtain which was based on a one-compartment model 
and adequately fit the plasma concentration data. The 
substantial variability observed implies that a given dose 
of Imatinib may give rise to, in some patients, plasma 
concentrations that depart markedly from those expected 
based on the mean pharmacokinetic profile. 

The use of a demographic covariates model confirmed 
the interindividual variability in Imatinib pharmacokinetics 
parameters, which can be explained only by some 
covariates and then they were sequentially incorporated 
into the model and tested for significance. Although the 
effect of population covariates on the pharmacokinetics 
parameters of Imatinib appeared to be minimal but 
body weight as a covariate which introduced in the 
equation could be Influential. Our estimates of CL and 
Vd for Imatinib obtained are consistent and compare 
well with the prior knowledge and values reported (16) 
and correlation between predicted and observed plasma 

figure 6: visual predictive checks estimation of final 
pharmacokinetic model: Median exposure profile (50th 
percentile, solid line) and 90% prediction intervals (5th 
and 95th percentiles, dotted lines) from model derived 
simulations, dashed lines the 5th and 95th percentiles of 
observed values
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figure 8: trough plasma imatinib concentrations achieved 
with the indicated daily doses in CMl patients. 

figure 7: distribution of trough plasma concentration of 
imatinib from all doses.

figure 9: Box plot of imatinib trough level in patients with 
complete hematological response (CHr) and without CHr. 
Medians and means represent by solid and dashed lines 
across each box, respectively and the error bars represent 
minimal and maximal values.

figure 10:  Box plots of imatinib trough plasma concentration 
in patients who were evaluated for response to imatinib 
therapy. Medians represent by solid line across each box 
and the error bars represent minimal and maximal values.

Imatinib concentrations indicated a good fit of the final 
population pharmacokinetic model to the data and this 
was further confirmed by a validation step. The increased 
Vd and CL associated with higher weight are consistent 
with increased body mass and adipose tissue. These 
observations are consistent with those observed in the 
previous population study showing that low CL was 
associated with low body weight (33-35).In conclusion, 
morphologic and biological characteristics allowed us to 
explain around half of the pharmacokinetic variability for 
Imatinib.

Bioavailability (F) was fixed to a value of one, although in 
some patients’ lower absorption and low bioavailability has 
been reported, but because Imatinib exhibits high intrinsic 
permeability and undergoes rapid dissolution which 
resulting in rapid absorption following oral administration 
the differences in bioavailability was neglected(36).
The major enzyme responsible for the metabolism of 
Imatinib is CYP3A4 and Other CYP isoenzymes, such as 
CYP2D6, play a minor role(37-38). Moreover about 10% 
of Imatinib is metabolized to N-desmethylate Imatinib 
which has similar in vitro potency to the parent drug(39).
The plasma exposure of the metabolite has been 
reported to be around 10% that of Imatinib and less than 

20% of oral dose and such a small amount may not be 
considerable and valuable and not impact significantly on 
pharmacokinetics and pharmacodynamic of Imatinib. On 
the other hand, because of large variability in both the 
expression and activity of CYP3A4 between individuals 
which results in larger differences between individuals in 
the fraction of Imatinib metabolized the data of Imatinib 
metabolite concentrations was neglected in modeling(37, 

40).In the present study none of the patients received co-
medications that could interact with Imatinib. Increased 
Imatinib CL and decreased plasma concentrations can 
occur in patients treated concomitantly with CYP3A4 
inducers such as Rifampicin. Conversely, increased plasma 
Imatinib concentrations can arise from co-administration 
of CYP3A4 inhibitors such as Ketoconazole(41-42). However, 
this study was not designed to investigate the effect of 
other drugs on the pharmacokinetics of Imatinib. 
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The majority of CML patients are expected to obtain 
a favorable outcome with standard dose of Imatinib. 
However, The Imatinib trough plasma levels monitoring 
throughout the study shows that some of the patients 
did not reach the levels that are necessary for optimal 
response and must be considered as non-optimally 
responder. Hematological response rate was 94.4% 
(CI 95%: 92.1-96.2) and there were no meaningful 
correlation between hematologic responses and Imatinib 
plasma trough concentration (Figure 9) and this may be 
due to the taking standard dose of Imatinib in the most 
of patients.

Previous studies showed that mean trough plasma 
concentrations of Imatinib were significantly lower 
in patients without optimal response (43-44) and there 
are evidences that supports the fact that high dose 
Imatinib can induce sustained responses in patients with 
suboptimal response and increase the response rate but 
it seems less effective in patients with treatment failure 
and the response rate was not significant and durable 
compared to those obtained response with standard 
dose (45-47). It could be the inferred that the reason 
for the observed difference in efficacy may be due to 
pharmacological rather than dispositional differences. 
For instance, the formulation active pharmaceutical 
ingredient polymorphism or compliance of patient during 
treatment period which causes further dose adjustments 
to achieve higher Imatinib concentrations (48). Although 
the mean trough plasma level value was a little lower 
in patients with failure but screening of other medicines 
taken by patients for possible drug-drug interactions and 
the monitoring of patients for their compliance may be 
helpful. The suboptimal and failure response patients and 
suspected non-adherence will attain the greatest benefit 
from therapeutic drug monitoring. 
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