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Abstract 

Purpose: Imatinib is currently used for the treatment of chronic myeloid leukemia (CML) 

patients. The main metabolite CGP74588 has similar potency to that of imatinib and is a 

product of CYP3A4 and CYP3A5 metabolism. However, the clinical significance of the 

metabolism on therapeutic response and pharmacokinetics is still unclear. We designed this 

study to investigate the role of the CYP3A activity in the response to imatinib therapy.  

Methods: Fourteen CML patients were phenotyped for in vivo CYP3A activity using quinine 

as a probe drug. The plasma concentration ratio of quinine and its CYP3A metabolite was 

used for assessing CYP3A activity. The patients were divided into complete molecular 

responders with undetectable levels of BCR-ABL transcripts after 12 months of therapy and 

into partial molecular responders who had failed to achieve a complete molecular response.  

Results: Patients that achieved complete molecular response showed significantly (Mann-

Whitney U-test, p = 0.013) higher in vivo CYP3A activity (median quinine metabolic ratio = 

10.1) than patients achieving partial molecular response (median = 15.9).  

Conclusions: These results indicate a clinical significance of the CYP3A activity and its 

metabolic products in CML patients treated with imatinib. 
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Introduction 

Imatinib is a potent BCR-ABL tyrosine kinase inhibitor currently used for the treatment of 

chronic myeloid leukemia (CML). Pharmacokinetic studies of imatinib in healthy volunteers 

and patients with CML show that orally administered imatinib is well absorbed and has an 

absolute bioavailability of 98% irrespective of the oral dosage form (solution, capsule, tablet) 

or dosage strength (100 mg, 400 mg) [1, 2]. The terminal elimination half-life of imatinib is 

approximately 18 hours [2] and the main elimination pathway is via the biliary-fecal route [3]. 

In the liver, imatinib is metabolized mainly by cytochrome P450 (CYP) 3A4 and 3A5, 

although CYP1A1, CYP1A2, CYP1B1, CYP2D6, CYP2C9, and CYP2C19 might also 

contribute to a minor extent [4, 5]. The main metabolite in plasma, CGP74588, is mainly 

formed by CYP3A4 and present in concentrations of around 20% of that of the parent drug 

but with a large interindividual variation. CGP74588 has a longer terminal half-life (85-95 h) 

than imatinib as measured after discontinuation of therapy [6, 7].  The activity of CYP 

isoenzymes is known to play an important role in the fate of anticancer agents in patients, but 

so far there have been relatively few clinical studies that evaluate the influence of drug 

metabolism  on therapeutic outcome.  Furthermore, data from various non-oncologic studies 

have demonstrated a dramatic contribution of CYP enzymes to the interindividual variability 

of drug pharmacokinetics, which is in turn reflected in the variability in therapeutic efficacy 

and toxicity [8].  

 

Imatinib induces complete molecular responses in the majority of patients with CML in the 

chronic phase. However, a subgroup of patients is refractory. Unfortunately, in many patients, 

resistance to imatinib develops a few months or years after starting the treatment [9]. Several 

mechanisms of resistance have been revealed: mutations or amplification of the target protein, 

modification of drug disposition, and chromosomal aberrations [8, 9]. Some of the resistance 

might be overcome by administering a higher dose of imatinib, and Larson et al. showed that 

a higher plasma level of imatinib correlates with better cytogenetic and molecular responses 

[6]. In addition,  the main CYP3A4 metabolite, CGP74588 is pharmacologically active and 

has a potency and selectivity similar to those of imatinib [2]. However, the influence of the 

metabolic pathway and imatinib metabolites on the therapeutic effect of imatinib therapy 

remains unclear. In this pilot study we investigate the role of the drug metabolizing enzyme 

activity, i.e. the CYP3A activity in vivo, in the response to imatinib treatment of CML 

patients.  
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Materials and Methods 

Patient samples 

Fourteen Caucasian CML patients treated with 300-600 mg of imatinib (Glivec
®

) daily were 

included in the study. Ten patients started on 400 mg/day and two started on 300 mg and 600 

mg, respectively. Twelve were in chronic phase and two had reached blast crisis.  To assess 

the in vivo CYP3A activity at inclusion, the patients were given a 250 mg quinine tablet 

(Kinin NM Pharma); 16 h later a blood sample was collected and the plasma concentration of 

quinine and 3-hydroxyquinine was measured using HPLC as previously described [10, 11]. 

Thereafter, the quinine/3-hydroxyquinine ratio was determined to estimate the activity of 

CYP3A. Five patients were phenotyped before start of imatinib therapy and after 2 months 

(range 1-6 months) following the same procedure. Four patients were phenotyped during 

imatinib therapy and five patients were phenotyped after imatinib therapy was stopped. None 

of the patients were co-treated with known CYP3A4 inhibitors or inducers at the time for 

CYP3A phenotyping. Patient blood status was followed weekly during the first month of 

imatinib therapy and then every third month of the first year. Leukopenia was evaluated 

according to the Common terminology criteria for adverse events (CTCAE) version 3.0 and 

correlated to CYP3A activity. For evaluation of thrombocytopenia, CTCAE grading and the 

percentage of maximum decrease in platelets compared to baseline were used for correlation 

to the CYP3A activity. The molecular response to imatinib therapy was evaluated using BCR-

ABL/glucuronidase-beta (GUS) ratios and the patients were divided into complete molecular 

responders (CMRs) within 12 months and partial molecular responders (PMRs) who had 

failed to achieve a CMR status within 12 months. CMR status was defined as undetectable 

levels of BCR-ABL transcripts. Written informed consent was obtained from all patients 

before inclusion and the study was approved by the Regional Human Ethics Committee in 

Linköping, Sweden. 

 

Chemosensitivity assay 

The chemosensitivities to imatinib and its main metabolite CGP74588 (kindly supplied by 

Novartis, Basel, Switzerland) were assessed using the MTT assay [12]. In brief, the chronic 

myeloid leukemia cell line K562 (American Type Culture Collection (ATCC), Manassas, 

USA) were seeded in 96-well plates (100 µL/well, 2x10
5 

cells/mL) and incubated for 72h in 

the absence or presence of 9 different drug concentrations in triplicate. Post drug exposure, 10 

µL/well of MTT solution (5 mg/mL 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
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bromide) was added and the cells were re-incubated for 4 hours at 37°C. To dissolve the 

formed formazan salt crystals 100 µL of 10% SDS in a 10 mM HCl solution were added 

followed by incubation overnight at 37°C. The absorbance was measured at 580 nm in a plate 

reader (Synergy HT, Bio-Tek, USA) and the chemosensitivity was expressed as IC50.  

Statistical analysis 

The nonparametric Mann-Whitney U test and GraphPad Prism 4.0 software (GrapPad 

Software Inc., San Diego, USA) were used to analyze the difference in CYP3A activity 

between CMRs and PMRs. A statistical difference with a p-value less than 0.05 was 

considered significant. 

 

Results  

After 12 months of imatinib therapy 6 patients (5 males and 1 female, median age 41, range 

20-53) had achieved CMR and 8 patients (3 males and 5 females, median age 65, range 39-

79) had only achieved PMR status. Median values of the prognostic Hasford score [13] were 

1059 and 791 in the CMR and PMR groups, respectively. CMRs showed significantly (p = 

0.013) higher CYP3A activity (low quinine ratio, median = 10.1) than PMRs (high quinine 

ratio, median = 15.9) as presented in Fig 1. The correlation between CYP3A activity and 

molecular response is still statistically significant after excluding the 2 patients in blast crisis. 

Five patients were assessed again for CYP3A activity after 2 months of imatinib therapy. 

Three of these patients showed no change in CYP3A activity, 1 CMR patient had an increased 

activity and 1 PMR patient had decreased activity (Fig 2), indicating that imatinib does not 

greatly alter CYP3A activity. However, it is not known whether intra-individual CYP3A4 

activity is changed upon long-term imatinib therapy, although it has been shown that 

CYP3A4 inducers and inhibitors may alter the pharmacokinetics of imatinib [14-16]. The 

MTT data demonstrate potencies in the same range for imatinib (IC50 = 0.32 µM, n=3, CV = 

12%) and its main metabolite (IC50 = 0.91 µM, n=3, CV = 15%), as demonstrated by others 

[2]. Four patients experienced grade 1-2 leukopenia and 2 patients suffered grade 3-4. The 

decrease in platelets in the patients ranged from 5-94% and two patients suffered grade 4 

thrombocytopenia during the first year of therapy. Neither leukopenia nor thrombocytopenia 

could significantly be correlated to CYP3A activity in this material. For three patients 

imatinib therapy was omitted before the end of the first year. One patient had a blast crisis 

after eight months of imatinib and received stem cell transplantation. Two patients had to stop 

imatinib therapy due to adverse events after one and two months of therapy, respectively. The 
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adverse events were skin rash and hepatotoxicity and these patients had low CYP3A activity 

with a quinine metabolic ratio of 33.3 and 16.6, respectively. Some patients also had shorter 

discontinuations of therapy or changed dosing due to adverse events. 

 

Discussion 

These results indicate that the metabolic CYP3A activity is important for the response of 

imatinib in CML patients. It is noteworthy that CML patients with high CYP3A activity 

(probably leading to a higher amount of metabolite) respond better to imatinib therapy than 

patients with low activity. Recently, the plasma concentration of imatinib was shown to be 

important for the response [6], and our results indicate that the effect and potency of the 

metabolites might also be of clinical importance. One explanation for the importance of the 

CYP3A activity might be that CGP74588 or other CYP3A products of imatinib are active 

against sequence variations of the BCR-ABL which are not affected by imatinib. We know 

that the main metabolite is present in concentrations of around 20% of that of the parent drug 

after one month of therapy, but with a large interindividual variation which might be 

explained by differences in CYP3A activity [6, 7]. The metabolite also has a long terminal 

half-life (85-95 h)[6, 7], indicating that it might reach steady state and contribute to the 

clinical effects at a later time point during therapy. The plasma concentration of the 

metabolite is also above the effective concentration of the substances in an in vitro setting [7], 

also indicating that the metabolite might have clinical significance. Rochat et al. have shown 

that several other metabolites than CGP74588 are present in plasma at concentrations equal to 

or in the same range as the main metabolite. Some of these metabolites have also shown to be 

CYP3A4 products in vitro [5]. If any of these are pharmacologically active they might 

contribute to the effect of CYP3A activity on the therapeutic response reported here. It should 

be noted that the number of patients in this study is small and that the study should be 

regarded as a pilot study. There might be a number of confounding factors such as different 

disease phase, that some patients were phenotyped during imatinib therapy and other factors 

might as well influence imatinib pharmacokinetics such as body weight and α-acid 

glycoprotein plasma levels [4, 6, 17, 18].  
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Conclusions 

This study indicates that the CYP3A activity correlates with the tumor response after imatinib 

therapy and patients with higher CYP3A activity seem to respond better to imatinib. Although 

the study is small in scale, the results indicate that CYP3A activity is important for the effect 

of imatinib. It is known from the IRIS and CML91 trials that patients that achieve complete 

cytogenetic response by 12 months have a higher survival rate, compared to patients that do 

not achieve complete cytogenetic response [19]. It has also been shown that patients not 

achieving an early response to therapy are at higher risk for treatment failure and has lower 

chances of eventually achieving a complete cytogenetic response or major molecular response 

[20]. Clinically, it would therefore be advantageous to identify patients who do not respond as 

quickly a priori since they may benefit from more aggressive or alternative therapy. 

Determining the CYP3A activity in CML patients prior to treatment might be a way to 

individualize imatinib dosing in the future. However, results from larger studies are needed 

before the influence of the CYP3A activity can be definitively determined. 
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Fig. 1 

 

 

Fig. 2 

Patient Characteristic 
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Figure legends 

 

Fig 1. The effect of in vivo CYP3A activity on the response to imatinib treatment. The 

CYP3A activity was determined by measuring the metabolic ratio of quinine/3-OHquinine 

(low ratio = high activity). The patients’ molecular response was evaluated after 12 months 

and the patients were grouped into complete molecular responders and partial molecular 

responders. The line represents the median activity in each group. Two patients had reached 

blast crisis when starting imatinib therapy which are shown as diamonds in the figure. 

 

Fig 2. The induction/decrease in in vivo CYP3A activity after 2 months of imatinib therapy. 
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