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Abstract

Assessment of Imatinib 

Exposure-Safety Response Relationship 

in Patients with Chronic Myeloid Leukemia

Suhyun Lee

Department of Clinical Pharmacy

College of Pharmacy

Seoul National University

  Imatinib is still the most commonly used for first line therapy 

of chronic myeloid leukemia (CML), although new generation 

tyrosine kinase inhibitors (TKIs) have been developed. At the 

approved dose of imatinib 400 mg/day for the treatment of 

chronic phase CML (CP-CML), imatinib can elicit adverse drug 

reactions (ADRs), which leads to low compliance or dose 

discontinuation. In advance to improve long-term treatment 

outcomes, it is necessary to prevent ADRs of imatinib. The 

purpose of this study was to assess the imatinib exposure–safety 

response relationship and to propose a weight-based dosage 

regimen of imatinib in patients with CP-CML.
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  The 48-week data were collected from a control arm of a 

multinational, randomized phase 3 involving the patients newly 

diagnosed with CP-CML who received imatinib at starting dose 

of 400 mg/day. Imatinib exposure was estimated as the initial 

dose (400 mg) adjusted for patients’ body weight (BW). A 

major safety parameter was the occurrence of dose-limiting 

toxicity (DLT) whose definition was the incidence of grade 3+ 

ADRs according to the NCI-CTCAE ver 3.0. A logistic 

regression analysis was used to determine the imatinib 

exposure–safety response relationships and the covariates 

affecting the safety response. The receiver operating 

characteristic (ROC) curve of the Dose/BW for DLT occurrence 

was generated. The ROC curve was used to determine the 

cut-off distinguishing the low and high DLT subgroups. 

Kaplan–Meier (K–M) analysis was performed to compare the 

DLT occurrence between the low and high DLT subgroups by 

using the log-rank test. The rates of DLT among the groups of 

patients divided into quintiles of Dose/BW were compared by 

using the chi-squared test. A p-value less than 0.05 was 

considered statistically significant.

  A total of 81 Asian patients were enrolled from 2011 to 2014. 

There were 39 patients with DLT by 48 weeks of imatinib 
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treatment, 34 patients without DLT for 48 weeks. Eight patients 

who had a dose interruption not related imatinib were excluded 

from the analysis. The logistic regression analysis demonstrated 

a significant positive relationship between the Dose/BW and the 

occurrence of DLT (p = 0.003). The AUC on the ROC curve 

was 0.703, indicating fair predictability of DLT. The distinctive 

cut-off of Dose/BW that separates the high and low risk of DLT 

was 7 mg/kg/day. In the K–M curve, there was a significant 

difference between the two subgroups of low- (40.3%) and 

high-risk (65.8%) DLT (log-rank test, p = 0.027). The 

covariate related to the DLT was the absolute neutrophil count 

(ANC) at baseline. The probability of DLT occurrence (P) in the 

multivariate logistic regression model (p = 0.001) was 

expressed as: 

Logit P = ln (P/1-P) 

= 0.509×(Dose/BW) – 0.023×(ANC) - 2.976 

The rates of DLT from the first to the fifth quintiles of 

Dose/BW were 33 (Q1), 38 (Q2), 47 (Q3), 63 (Q4) and 73% 

(Q5), respectively. The first quintile group (mean Dose/BW = 

5.02 mg/kg) of Dose/BW had the lowest DLT rate (Chi2 test, p 

= 0.006).

  Of the 67 patients with molecular response data, 24 patients 
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(35.8%) had achieved MMR by 48 weeks. As a result of logistic 

regression analysis, there was no significant relationship between 

Dose/BW and MMR achievement (p = 0.282).

  The imatinib Dose/BW–DLT relationship demonstrated that the 

CP-CML patients with a lower BW had a high likelihood of DLT 

occurrence (p = 0.003). This study suggests that patients 

weighing less than 60 kg start the treatment for CP-CML with 

imatinib 300 mg/day, which would improve compliance as well as 

the long-term therapeutic outcomes of imatinib.
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Chapter 1. Introduction 

Chronic myeloid leukemia (CML) is a hematopoietic stem cell 

disorder with a consistent chromosome abnormality. The 

characteristic genetic abnormality of CML, the Philadelphia (Ph) 

chromosome, results from the BCR-ABL1 gene, which is formed 

by translocation of the ABL and BCR genes, respectively, in the 

long arms of chromosomes 9 and 22 (Druker et al., 2008). The 

Ph chromosome product, BCR-ABL1 tyrosine kinase, led to the 

development of imatinib as a specific inhibitor of this kinase 

(Sawyers, 1999; Nowell, 2007). Imatinib blocks the binding of 

ATP to the BCR-ABL1 tyrosine kinase domain, thereby 

inhibiting the kinase activity (Baccarani et al., 2006; Massoud et 

al., 2017). 

  Imatinib is one of the standard treatments for CML since the 

drug was approved by the FDA in 2001 (O'Brien et al., 2003). 

The recommended dose for adults with chronic phase CML 

(CP-CML) is fixed at 400 mg once a day. At this dose, imatinib 

still elicits adverse drug reactions (ADRs), which can lead to 

premature cessation of treatment and poor adherence to imatinib 

(Hochhaus et al., 2008; Pinilla-Ibarz et al., 2011; Phillips et al. 

2013). Namely, a substantial minority of CP-CML patients do 
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not benefit from the therapy because of a high inter-patient 

variability in clinical response (Richter et al., 2014; Lee et al., 

2016). Physical size is known to affect the drug responses 

(Saberi Hosnijeh et al., 2013; Kanda et al., 2008; Sakai et al., 

2009; Kawaguchi et al., 2009). In advance to improve long-term 

treatment outcomes, it is necessary to prevent ADRs of imatinib. 

The purpose of this study was to assess the imatinib 

exposure–safety response relationship and to propose a 

weight-based dosage regimen of imatinib in Asian patients with 

CP-CML.
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Chaper 2. Materials and Methods

1. Patients and Study Design

  The data were obtained from a control arm of a multinational, 

multicenter, open-label, randomized phase 3 clinical study: 

Radotinib vs Imatinib in Newly Diagnosed CML (RERISE, 

NCT01511289). A total of 81 Asian adults who were newly 

diagnosed Ph+ CP-CML were included from 2011 to 2014. The 

patients administrated imatinib treatment to starting dose of 400 

mg once daily. The duration of follow-up was 48 weeks. The 

clinical study was conducted in accordance with the principles of 

the Declaration of Helsinki and the ICH Harmonized Tripartite 

Guidelines for Good Clinical Practice. The protocol was approved 

by the Institutional Review Boards at each participating site. All 

subjects provided written informed consent before screening. A 

detailed description of the study has been reported elsewhere 

(Kwak et al., 2017). 

  Imatinib exposure was estimated as the initial imatinib dose 

(400 mg) adjusted for patients' BW (kg) at baseline. A major 

safety parameter was the occurrence of dose-limiting toxicity 

(DLT) by 48 weeks. The definition of DLT was the occurrence 

with grade 3+ ADRs, and the need to interrupt or reduce initial 
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imatinib dose of 400 mg. ADRs following imatinib administration 

were graded according to the National Cancer Institute Common 

Terminology Criteria for Adverse Events (NCI-CTCAE) ver 3.0 

(NCI, 2006). The end points of efficacy was the achievement of 

major molecular response (MMR) and complete cytogenetic 

response (CCYR) at 48 weeks of imatinib treatment. MMR was 

defined as the BCR-ABL1/ABL1 trnscript level < 0.1% on the 

international scale (IS). CCYR was defined as elimination to 0% 

of Ph+ cell. 
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2. Statistical Analysis 

  Logistic regression analysis was used to investigate the 

exposure–response (DLT, MMR and CCYR) relationship of 

imatinib and to explore covariates affecting the response. As 

there was no relationship between exposure and efficacy 

response, subsequent analysis could not be performed. Data on 

DLT excluded from logistic regression analysis were as follows: 

if there was an interruption or reduction of imatinib 400 mg, but 

it was not related to imatinib or did not meet the DLT definition; 

if the patient continued to take the 400 mg dose but dropped out 

of the study within 48 weeks. Patients who dropped out within 

48 weeks after the DLT occurred were included in the analysis. 

  A receiver operating characteristic (ROC) analysis was 

generated. The area under the curve (AUC) of the ROC plot was 

calculated for the probability that the Dose/BW pedicted DLT 

occurrence. Mann–Whitney U tests were used to identify the 

significance of the ROC model. The ROC curve was used to 

determine the cut-off distinguishing the low and high DLT 

subgroups. The Youden index was used to find this cut-off 

value (Fluss et al., 2005). A Kaplan–Meier (K–M) curve was 

constructed to compare the time to occurrence of DLT between 

the two subgroups that were divided by the cut-off value. The 
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significance of the comparison between the two subgroups in the 

K–M curves was evaluated by the log-rank test. Covariates with 

p < 0.10 in the univariate logistic regression analysis were 

included in a multivariate logistic regression model, to investigate 

if the variables were associated. Stepwise selection was used, 

whereby variables that were not statistically significant (p > 

0.05) were removed. Distribution of DLT by the Dose/BW 

quintiles was assessed using the chi-squared test. Student’s 

t-test or Mann Whitney U test was used for comparisons of 

continuous variables. 

  All analyses were performed using SAS (ver 9.4, SAS 

Institute, Inc., Cary, NC, USA). A p-value less than 0.05 was 

considered statistically significant.



- 7 -

Chapter 3. Results

1. Patients’ Characteristics 

  Information for the baseline characteristics of the total 81 

patients can be found in Table 1. The median age was 45 

(interquartile range, IQR, 33 – 55) years. The mean ± standard 

deviation (SD) values of age was 44.9 ± 14.3 years. A total 50 

patients (62%) were male, and 89% of the patients were 

Korean. The others consisted of Thailand, Filipino, Indo Malayan, 

and Chinese. The mean BW and body surface area (BSA) were 

45 ± 14.3 kg and 63 ± 11.5 m2, respectively. The mean body 

mass index (BMI) was 22.82 ± 3.08 kg/m2. In detail, 56 of the 

total patients (73%) were in the normal BMI range (18.5 kg/m2

≤ BMI < 25 kg/m2). Underweight (BMI < 18.5 kg/m2), 

overweight (25 kg/m2 ≤ BMI < 30 kg/m2), and obese (BMI > 30 

kg/m2) patients were 4 (5%), 19 (20%), and 1 (1%), 

respectively (World Health Organization 2017). 
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Table 1. Participants’ Demographic and Clinical Characteristics

at Baseline

Characteristics Value

Gender, n (%) 　

Male 50 (62)

Female 31 (38)

Age, years

Mean ± SD 44.93 ± 14.27

Median (IQR) 45 (33 – 55)

Ethnicity, n (%)

Korean 72 (89)

Thailand 4 (5)

Filipino 3 (4)

Indo Malayan 1 (1)

Chinese 1 (1)

Body weight, kg

Mean ± SD 62.98 ± 11.51

Median (IQR) 62 (54.5 – 69.15)

Body surface area, m2

Mean ± SD 1.70 ± 0.18

Median (IQR) 1.69 (1.58 – 1.81)

Body mass index, kg/m2

Mean ± SD 22.82 ± 3.08

Median (IQR) 22.66 (20.89 – 24.73)
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Table 1. Continued

Characteristics Value

ANC, /mm3 　

Median (IQR) 4.3 (4.1 – 4.6)

eGFR, mL/min

Median (IQR) 77.3 (63.19 – 81.85)

Scr, mg/dL

Median (IQR) 0.8 (0.68 – 0.96)

Hgb, g/dL

Median (IQR) 11.05 (9.85 – 12.28)

WBC, /mm3

Median (IQR) 20.9 (4.86 – 71.64)

Platelet, /mm3

Median (IQR) 355 (253 – 635.8)

Total bilirubin, mg/dL

Median (IQR) 0.6 (0.5 – 0.79)

AST, IU/L

Median (IQR) 23 (17 – 28)

ALT, IU/L

Median (IQR) 17.5 (14 – 30)

Abbreviations: SD = standard deviation; IQR = interquartile range; ANC = absolute 

neutrophil count; eGFR = estimated glomerular filtration rate; Scr = serum 

creatinine; Hgb = hemoglobin; WBC = white blood cell; AST = aspartate 

transaminase; ALT = alanine transaminase

Note: eGFR was calculated by Modification of Diet in Renal Disease (MDRD) 

formular.
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2. Imatinib Exposure-Safety Response Relationship

2.1. Patients for the analysis

  Thirty-nine patients maintained administration of the initial 

dose (400 mg) without DLT by 48 weeks. Thirty-four patients 

with DLT consisted of 20 patients with continued 400 mg dose 

following interruption, nine patients with dose reduction (8 cases 

lowered to 300 mg, 1 case reduced to 200 mg), and five 

patients with permanent discontinuation. Eight patients were 

excluded from the analysis; 5 cases interrupted the first dose of 

400 mg but this was due to grade 1 or 2 toxicity, and 3 cases 

did not relate to the imatinib (Table 2).



- 11 -

Table 2. Patients Eligible for the Analysis

　 　 Value

Included in analysis

(n = 73)

Patients without DLT 39

Patients with DLT 34

Excluded in  analysis

(n = 8)

Grade 1 or 2 toxicity 5

Not related to the imatinib 3

Total　 　 81

Abbreviations: DLT = dose-limiting toxicity
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2.2. The type of occurrences of DLT

  The most common type of DLT was hematologic toxicity, 

cytopenia (24 cases, 61%) including thrombocytopenia (15 

cases) and neutropenia (9 cases). Non-hematologic DLT 

consisted of erythema or rash (4 cases), hyperlipasemia (2 

cases), stomatitis (2 cases), gastrointestinal disorder (2 cases), 

pneumonia (1 case), hepatotoxicity (1 case), and hemorrhagic 

ovarian cyst (1 case). In instances in which two or more 

symptoms occurred at the time of first occurrence of DLT, 

multiple counting was performed. At 32 weeks, no more DLT 

occurred in the patients (Figure 1).
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Figure 1. Frequency of the Occurrences of Dose-Limiting 

Toxicity (DLT) by 48 weeks

Each point indicates that onset of dose-limiting toxicity (DLT). 

The two bars on the top, thrombocytopenia and neutropenia, 

corresponded to hematologic DLT. Of the non-hematologic 

DLTs, erythema and rash were the most frequent (4 cases). As 

the frequency of other non-hematologic DLTs was 1 or 2, no 

individual bars were shown. In cases in which two or more 

symptoms occurred at the time of first occurrence of DLT, 

multiple counting was performed.
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2.3. Comparison of patients’ demographics and therapeutic 

responses by DLT incidence

  Comparison of characteristics between patients with and 

without DLT, and differences in the baseline BW, BSA, and BMI 

belonging to anthropometric characteristics were statistically 

significant (Student’s t-test, BW, p = 0.004; BSA, p = 0.006; 

BMI, p = 0.013). Gender and age had no significant difference 

(gender, p = 0.094; age, p = 0.521). In the efficacy response, 

there was no significant difference in patients achieving MMR as 

well as CCYR (Table 3).
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2.4. The logistic regression model for the probability of DLT 

  The logistic regression demonstrated a statistically significant 

relationship between the adjusted dose (Dose/BW) and the 

probability of DLT occurrence by 48 weeks (Figure 2). The 

p-value and the estimated odds ratio (OR) of the logistic 

regression model were 0.003 and 1.875 (95% CI, 1.19 – 2.95), 

respectively. The coefficient to be estimated representing the 

intercept and the effect (slope) of adjusted-dose on the log 

odds of the occurrence of DLT were all statistically significant 

(effect, p = 0.007; intercept, p = 0.006). For reference, the 

logistic regression analysis at other censoring times (12, 24, 36 

weeks) was also statistically significant, and the trend of the 

curves was similar. The p-values of the logistic regression 

analysis by 12, 24, and 36 weeks were 0.001, 0.007 and 0.007, 

respectively. At any points, as the adjusted dose increased, the 

probability of DLT occurrence significantly increased.
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Figure 2. Logistic Regression Curve for the Probability of

Dose-Limiting Toxicity (DLT)

The following logistic regression curve shows the probability of 

DLT occurrence by 48 weeks related to Dose/BW. As Dose/BW 

increased, the probability of DLT occurrence significantly 

increased (p = 0.003). Namely, as BW increased, the likelihood 

of DLT incidence decreased significantly.
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2.5. The receiver operating characteristic (ROC) curve for 

Dose/BW 

  The AUC based on the ROC curve for Dose/BW was 0.703 

(95% CI, 0.581 – 0.824), which means fair predictability (Figure 

3). The Dose/BW cut-off, the optimal value distinguishing 

between high and low DLT risk, was 7 mg/kg/day, with a 

sensitivity of 46.9% and a specificity of 78.1%. Based on this 

cut-off value, the rates of DLT incidence were 37% (18 

patients) in the low-risk of DLT group (patients with Dose/BW 

less than 7 mg/kg/day, n = 49) and 67% (16 patients) in the 

high-risk of DLT group (patients with Dose/BW more than 7 

mg/kg/day, n = 24). A chi-square test confirmed that the 

cut-off 7 mg/kg/day was the best (p = 0.016).
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Figure 3. Receiver Operating Characteristics (ROC) Curve for 

the Occurrences of Dose-Limiting Toxicity (DLT)

This ROC curve showed the predictability of dose per body 

weight (Dose/BW) for the occurrence of dose-limiting toxicity 

(DLT). The AUC was 0.703, which means fair predictability. By 

Youden index, the Dose/BW cut-off to best distinguish between 

patients with low- and high-risk of DLT was 7 mg/kg/day.
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2.6. Comparison of patients’ demographics and therapeutic 

responses between patients with high and low DLT risk

  Table 4 shows the comparison of demographic characteristics 

and therapeutic responses among patients with high- and 

low-risk of DLT based on the cut-off of 7 mg/kg/day. Among 

the 44 patients with low-risk of DLT and 29 patients with high 

DLT risk, the median ages were 47 years (IQR = 37 – 55 

years) and 41 years (IQR = 29 – 53.5 years), respectively (p = 

0.273). The BW, BSA, and BMI were higher in the low-risk  

DLT group compared to high DLT risk group (median BW: 66.6 

kg vs 51.6 kg, p < 0.001; median BSA: 1.77 m2 vs 1.51 m2, p < 

0.001; median BMI: 24 kg/m2 vs 19.8 kg/m2, p < 0.001). The 

proportion of male was also higher in the low-risk DLT group 

than the high-risk DLT group (83.6% vs 15.4%, p < 0.001). 

Conversely, there was no significant difference in efficacy 

responses, the achievement of MMR as well as CCYR (p = 0.66; 

p = 0.42).
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2.7. K-M curve for time to occurrence of DLT 

  According to the K–M curve for the time to the first 

occurrence of DLT, the overall K–M estimated rate of DLT 

occurrence was 48.5% (Figure 4). Most of the first DLTs were 

in the early part of the administration (to 12 weeks). There was 

a significant difference between the two subgroups of low-risk 

and high-risk DLT, based on the cut-off of 7 mg/kg/day 

(log-rank test, p = 0.027). The difference was the largest when 

using this cut-off value, and the K–M estimated rates of DLT 

were higher in the high DLT risk group compared to low-risk 

DLT group (65.8% vs 40.3%). Note that when using cut-off 

values other than 7 mg/kg/day, there was no statistically 

significant difference in the chi-square test, as well as the K–M 

curve.
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Figure 4. Kaplan–Meier (K-M) Curve for the Time to the 

Occurrence of Dose-Limiting Toxicity (DLT)

The graphs showed K-M curve of two subgroups divided low 

and high DLT risk based on the cut-off of 7 mg/kg/day. 

Difference between these two subgroups was significant (p =  

0.027). 
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2.8. The final multivariate logistic regression model for the

probability of DLT

  Covariates affecting DLT were identified by univariate and 

multivariate logistic regression analysis. BMI and BSA belonging 

to anthropometric characteristics were excluded from covariate 

candidates because they were highly correlated with the main 

variate, BW. Variables analyzed were age, gender, estimated 

glomerular filtration rate (eGFR), serum creatinine (Scr), 

hemoglobin (Hgb), white blood cell (WBC), absolute neutrophil 

count (ANC), platelet, total bilirubin, aspartate transaminase 

(AST), and alanine transaminase (ALT) at baseline. The 

covariate that significantly influenced the DLT was only ANC at 

baseline (p = 0.003). The others were not related to DLT 

occurrence (Table 5).
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The probability of DLT occurrence (P) in the final logistic 

regression model (p = 0.001) was expressed as: 

Logit P = ln (P/1-P) 

= 0.509×(Dose/BW) – 0.023×(ANC) - 2.976     (1)

≑ 0.509×(Dose/BW) – 2.976                        (2)

The Dose/BW had a positive relationship for the probability of 

DLT experience (OR: 1.66, 95% CI = 1.03 – 2.70; p = 0.039). 

In contrast, the ANC had a negative relationship (OR: 0.98, 95% 

CI = 0.960 – 0.997; p = 0.023) and minor impact on equation 

(1). The AUC on the ROC plot for the final model was 0.755 

(95% CI, 0.364 – 0.871), which was higher than that of the 

simple logistic regression model, but still showed fair 

predictability. Since the other factors except Dose/BW had little 

effect.Consequentially, it was reasonable that only Dose/BW was 

included as an effect to affect DLT occurrence (equation 2). 

2.9. Distribution of DLT between the patients divided into 

quintiles of Dose/BW

  The rates of DLT among the groups of patients divided into 

quintiles of Dose/BW were compared. The rates of DLT from 
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the first to the fifth quintiles of Dose/BW were 28 (Q1), 33 

(Q2), 43 (Q3), 57 (Q4) and 73% (Q5), respectively (Figure 5). 

According to the Cochran–Armitage test for trend, the incidence 

of DLT tends to increase significantly as the quintile of Dose/BW 

increases (p = 006). There were significant differences between 

the two groups by chi-squared tests (Q1 vs Q5, p = 0.016; Q2 

vs Q5, p = 0.028). The dose with the lowest DLT rate was 

5.02 mg/kg.
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Figure 5. Comparison of DLT Between the Patients Divided into 

Quintiles of Dose per Body Weight (Dose/BW)
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3. Imatinib Exposure-Efficacy Relationship

  Of the 67 patients with molecular response data, 24 patients 

(35.8%) had achieved MMR by 48 weeks. The rate of CCYR  

achievement was 87.7% by 48 weeks (65 patients with 

cytogenetic response data, 57 patients with CCYR achievement). 

As a result of logistic regression analysis, there was no 

significant relationship between Dose/BW and MMR achievement 

(p = 0.282). The Dose/BW – CCYR achievement relationship was 

not significant either (p = 0.617). In comparison of Dose/BW 

between patients with and without the achievement of MMR or 

CCYR, there was no significantly different (Student’s t-test, p 

= 0.289; p = 0.627).
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Chapter 4. Discussion

The study found that fixing the initial dose of imatinib was 

inadequate, and it was feasible to start treatment with imatinib at 

a lower dose. A higher Dose/BW was significantly related to a 

higher risk of DLT by 48 weeks. Interestingly, the achievement 

of MMR at 48 weeks was not associated with Dose/BW. 

Therefore, a low-dose imatinib treatment can be expected to 

reduce DLT as well as preserve MMR acquisition.

  It is speculated that a 400 mg of imatinib, which is required to 

be interrupted or reduced in dose owing to ADR, may be high 

exposure to CP-CML patients collected in this study. Of eligible 

patients, 52.3% experienced DLT at the approved dose of 400 

mg. As a result of the distribution of toxicity and achievement of 

MMR in each quintile of Dose/BW, the DLT incidence at the 

lowest dose was smaller than that at the highest dose. The 

difference in DLT occurrence was about tripled (28% vs 73%, p 

= 0.016). However, there was no trend in achieving the MMR or 

CCYR of the quintile of the Dose/BW, and no difference in any 

MMR or CCYR acquisitions between the any of two quintiles.  

The dose was 5.02 mg/kg where the lowest rate of DLT without 

any difference in the MMR achievement was observed. This dose 
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adjusted by average BW of East Asian (65 kg) were 326 mg. 

This means that about 300 mg of imatinib can be favorable for 

the safety of East Asian.

  The first incidence of DLT is meaningful because the 

experience of dose interruption and reduction occurs at the 

recommended dose. That is, the needs for dose interruption and 

reduction could mean that some patients were at risk of 

treatment-related toxicity due to high exposure at the approved 

dose. Since no first experience of DLT occurred after 34 weeks, 

it was justified to utilize the DLT occurrence by 48 weeks. 

  The overall rate of DLT experience in this study was 46.6% 

at the approved dose of 400 mg. A total 12.3% of patients 

eventually received a reduced dose. According to the IRIS study, 

8% of patients received less than 400 mg/day during the 5-year 

follow-up (Druker et al., 2006). Nonetheless, since the start of 

the development of imatinib dosing regimen for CP-CML 

treatment, only a fixed dose, irrespective of physical size, has 

been used. This study confirmed the need to re-evaluate the 

fixed dose of 400 mg.

  This study was the first, to date, to evaluate the dose–safety 

response relationship, using a logistic regression model for 

imatinib. Tyrosine kinase inhibitors including imatinib should be 
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only be taken over an extended time and so the safety response 

can have a greater impact on the treatment than other drugs. 

Hence, the clinical importance of clarifying the exposure–safety 

response relationship. However, most previous assessments for 

safety have focused on classification or listing of toxicity, 

whereas safety assessments linked to dose, are rare. We 

propose a model for the likelihood of DLT experience that 

reflects weight-based dosing. Furthermore, the prognosis for 

toxicity may provide the required impetus for close monitoring in 

patients at risk. 

  The first occurrence of DLT was mainly observed at the 

beginning of imatinib administration. This result was due to the 

appearance of hematologic toxicity, including thrombocytopenia 

and neutropenia, early in the administration. The relationship 

between Dose/BW and DLT occurrence by 48 weeks showed 

that the greater the Dose/BW, the higher the likelihood of 

experiencing DLT, significantly. Also, the relationship between 

Dose/BW and DLT occurrence at other censoring time points 

within 48 weeks showed a significant positive relationship. The 

covariate that influenced DLT was the ANC at baseline. 

However, this relationship is only statistically significant, and its 

clinical impact is negligible. Therefore, even in multivariate 



- 36 -

analysis, as well as the simple logistic regression model, dose 

per BW has a major impact on imatinib toxicity.

  Adjusting the dose by BW is a very simple and convenient 

way. In this study, the values of anthropometric characteristics 

including BW, BSA, and BMI were significantly higher in patients 

with low DLT risk than those with high DLT risk. Thus, patients 

with comparatively lower BSA and BMI, as well as BW, that is, 

lower physical size can be at increased risk of toxicity. BSA, 

BMI, and BW can be used to develop models for the likelihood 

of DLT. For reference, logistic regression analysis using the 

dose adjusted by BSA or BMI also showed a similar relationship 

to the Dose/BW–DLT relationship. Among them, Adjusting 

method by BW is the most intuitive and practical. 

  The cut-off Dose/BW was 7 mg/kg/day, which distinguished 

the high DLT risk group from the low DLT risk group, optimally. 

The chi-square test and the K–M curve confirmed that 7 

mg/kg/day was the optimal discrimination between the high- and 

low-risk of DLT. When comparing the demographics and 

responses between high- and low-risk of DLT patients, the 

proportion of males was higher in the low-risk group than the 

high-risk group (83.6% vs 15.4%, p < 0.001). This trend may 

be because males are mainly included in heavy weight groups. In 
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addition to differences in BW distribution by gender, other

gender effects can be investigated in a further study. The rate 

of DLT incidence in the high DLT risk group was almost two 

times higher than that in the low DLT risk group (66.7% vs 

36.7%). Interestingly, there was no difference in achieving MMR 

and CCYR between the high DLT risk group and the low DLT 

risk group. That is, the efficacy response is similar between the 

two subgroups (low- and high-toxicity risk groups).

  Since the fixed dose of imatinib was 400 mg, the distinct 

cut-off BW was 57 kg, meaning the patients with a BW less 

than about 60 kg had a high likelihood of DLT risk. Of note, the 

cut-off value was lower than the BW of the patients in this 

study (median = 62 kg) or the average BW of 62 kg (Walpole 

et al., 2012)in Asian. In the IRIS study (Druker et al., 2006), 

which determined an approved dose of 400 mg, the median BW 

was 83.6 kg. When compared to a BW of 62 kg, the difference 

was enormous. The negative relationship between BW and DLT 

found in this study indicated that there was a considerable 

number of patients with CP-CML at potential risk of DLT. It is 

no exaggeration to say that the BW cut-off was lower than the 

average BW.

  Considering the above, more careful selection of the initial 
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dose is necessary for a relatively low-weight patient population, 

such as Asians and females, especially patients with a BW below 

57 kg. Hence, based on the exposure–safety relationship, starting 

imatinib administration at a fixed dose for all CP-CML patients 

is inappropriate and low-weight patients need to be given a 

relatively lower initial dose. It should not be overlooked that the 

extent of dose reduction should be within a range in which 

satisfactory efficacy can be achieved.

  Several studies favorably support a reduced initial dose. In 

CML patients with a sustained deep response to the approved 

dose of imatinib, reducing to 300 mg daily significantly improved 

tolerability and preserved efficacy (Cervantes et al., 2017).  

Another study showed that a reduced imatinib dose of 300 

mg/day might be sufficient for the treatment of CML patients 

with a small BSA, particularly when intolerability arises 

(Kawaguchi et al., 2009). The long-term follow-up (median 

follow-up time: 65.2 months) of the JALSG CML202 study 

(Ohnishi et al., 2012) revealed no significant differences in 

overall survival and event-free survival between the 300- and 

400-mg imatinib groups. Although a daily dose of 400 mg 

imatinib was associated with better cumulative rates of 

cytogenetic or molecular responses, 300 mg imatinib could be 
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adequate for a considerable number of Japanese patients who are 

intolerant to 400 mg imatinib (Ohnishi et al., 2012).

  Picard et al. (2007) demonstrated that trough imatinib plasma 

levels at steady-state must exceed 1,002 ng/mL to obtain the 

best sensitivity in CML patients and that the plasma 

concentrations of imatinib are associated with clinical response. 

Encouragingly, Takahashi et al. (2010) found that there was no 

significant difference in plasma trough levels between patients 

receiving 300 and 400 mg/day. Both mean plasma concentrations 

exceeded the effective plasma threshold for trough imatinib 

levels (1,002 ng/mL). Based on these previous studies, it is 

possible to obtain the desired therapeutic response when the 

dose of imatinib is reduced to 300 mg.

  There are several limitations in this study. Most of the 

patients in this study were Koreans (89%), so this study 

population was not sufficient to represent the Asian cohort. Also, 

the age of the cohort (median = 45 years, IQR = 33 – 55 

years) was younger than the common age of CML patients 

(median = 57 – 60 years) (Hőglund et al., 2015). Therefore, the 

data was insufficient to represent demographic characteristics of 

Asian patients with CP-CML. The small sample size may have 

hindered more meaningful findings. The Dose/BW–efficacy 
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response relationship was not significant. The logistic regression 

curve between dose and efficacy was flat enough that the slope 

was close to zero. This outcome could be because imatinib may 

have no narrow therapeutic window range for efficacy response, 

to ignore the difference in Dose/BW. Data with a dose less than 

400 mg due to DLT (28%) may have contributed to the reduced 

efficacy response. A major limitation is the absence of 

pharmacokinetic data, including plasma concentration of imatinib. 

It remains unclear as to whether BW differences indeed led to 

interpatient pharmacokinetic variability, resulting in the safety 

parameters.

  Through developing a more accurate toxicity and efficacy 

model, further studies are needed to define an appropriate 

approved dose reduction and how to prepare an individualized 

dosing regimen, for example, and finally to develop personalized 

imatinib usage. 
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Chaper 5. Conclusion

In this study, it was found that a high dose of imatinib was not 

associated with MMR achievement, but increased the risk of DLT 

(p = 0.003). A dose of 300 mg imatinib may be sufficient to 

preserve MMR as well as improve toxicity for the treatment of 

CP-CML in patients with relatively smaller BW. This study 

suggests that patients weighing less than 60 kg start the 

treatment for CP-CML with imatinib 300 mg/day, which would 

improve comliance as well as the long-term therapeutic 

outcomes of imatinib.

Acknowledgement

I would like to acknowledge Jangik I. Lee, Dong-Wook Kim, as 

well as IL-YANG Pharm. Co., Ltd. for providing the data for this 

study.



- 42 -

Bibliography

Baccarani M, Saglio G, Goldman J, et al. Evolving concepts in

the management of chronic myeloid leukemia:

recommendations from an expert panel on behalf of the

European Leukemia Net. Blood 2006;108:1809-20.

Cervantes F, Correa JG, Pėrez I, et al. Imatinib dose reduction

in patients with chronic myeloid leukemia in sustained 

deep molecular response. Annals of Hematology 

2017;96:81–5. 

Druker BJ. Translation of the Philadelphia chromosome into 

therapy for CML. blood 2008;112:4808-17.

Druker BJ, Guilhot F, O'Brien SG. Five-Year Follow-up of 

Patients Receiving Imatinib for Chronic Myeloid 

Leukemia. New England Journal of Medicine 

2006;355:2408-17.

Fluss R, Faraggi D, Reiser B. Estimation of the Youden Index 

and its associated cutoff point. Biometrical Journal 

2005;47:458-72.

Hochhaus A, Baccarani M, Deininger M, et al. Dasatinib 

induces durable cytogenetic responses in patients with 

chronic myelogenous leukemia in chronic phase with 



- 43 -

resistance or intolerance to imatinib. Leukemia 

2008;22:1200.

Hőglund M, Sandin F, Simonsson B. Epidemiology of chronic 

myeloid leukaemia: an update. Annals of Hematology 

2015;94:241-7.

Kanda Y, Okamoto S, Tauchi T, et al. Multicenter prospective 

trial evaluating the tolerability of imatinib for Japanese 

patients with chronic myelogenous leukemia in the 

chronic phase: Does body weight matter? American 

Journal of Hematology 2008;83:835-9.

Kawaguchi T, Hamada A, Hirayama C, et al. Relationship 

between an effective dose of imatinib, body surface 

area, and trough drug levels in patients with chronic 

myeloid leukemia. International Journal of Hematology 

2009:642-8.

Kwak JY, Kim SH, Oh SJ, et al. Phase III clinical trial 

(RERISE study) results of Efficacy and safety of 

radotinib compared with imatinib in newly diagnosed 

chronic phase chronic myeloid leukemia. Clinical Cancer 

Research 2017.

Lee S-E, Choi S-Y, Song H-Y, et al. Imatinib withdrawal 

syndrome and longer duration of imatinib have a close 



- 44 -

association with a lower molecular relapse after 

treatment discontinuation: the KID study. Haematologica 

2016;101:717-23.

Massoud M, Sakr R, Kerbage F, et al. Analysis of Survival of 

Patients with Chronic Myeloid Leukemia Treated with 

Imatinib in the Last 15 Years in Lebanon. Clinical 

Lymphoma Myeloma and Leukemia 2017;17:S111-S5.

Nowell PC. Discovery of the Philadelphia chromosome: a 

personal perspective. Journal of Clinical Investigation 

2007;117:2033-5.

O'Brien SG, Guilhot F, Larson RA, et al. Imatinib Compared 

with Interferon and Low-Dose Cytarabine for Newly 

Diagnosed Chronic-Phase Chronic Myeloid Leukemia. 

The New England Journal of Medicine 2003;348.

Ohnishi K, Nakaseko C, Takeuchi J, et al. Long-term outcome 

following imatinib therapy for chronic myelogenous 

leukemia, with assessment of dosage and blood levels: 

the JALSG CML202 study. cancer science 

2012;103:1071–8.

Phillips KM. Quality of life outcomes in patients with chronic 

myeloid leukemia treated with tyrosine kinase 

inhibitors: a controlled comparison. Supportive Care in 



- 45 -

Cancer 2013;21:1097-103.

Picard S, Titier K, Etienne G, et al. Trough imatinib plasma 

levels are associated with both cytogenetic and 

molecular responses to standard-dose imatinib in 

chronic myeloid leukemia. Blood 2007;109:3496-9.

Pinilla-Ibarz J, Cortes J, Mauro MJ. Intolerance to tyrosine 

kinase inhibitors in chronic myeloid leukemia. Cancer 

2011;117:688-97.

Richter J, Sőderlund S, Lűbking A, et al. Musculoskeletal Pain 

in Patients With Chronic Myeloid Leukemia After 

Discontinuation of Imatinib: A Tyrosine Kinase Inhibitor 

Withdrawal Syndrome? Journal of Clinical Oncology 

2014;32:2821-3.

Saberi Hosnijeh F, Romieu I, Gallo V, et al. Anthropometric 

characteristics and risk of lymphoid and myeloid 

leukemia in the European Prospective Investigation 

into Cancer and Nutrition (EPIC). Cancer Causes & 

Control 2013;24:427-38.

Sakai M, Miyazaki Y, Matsuo E, et al. Long-term efficacy of 

imatinib in a practical setting is correlated with imatinib 

trough concentration that is influenced by body size: a 

report by the Nagasaki CML Study Group. International 



- 46 -

Journal of Hematology 2009;89:319-25.

Sawyers CL. Chronic Myeloid Leukemia. New England Journal 

of Medicine 1999;340:1330-40.

Takahashi N, Wakita H, Miura M, et al. Correlation Between 

Imatinib Pharmacokinetics and Clinical Response in 

Japanese Patients With Chronic-Phase Chronic Myeloid 

Leukemia. Clinical Pharmacology & Therapeutics 

2010;88:809-13.

U.S. National Cancer Institute National Institutes of Health 

Department of Health and Human Services 2006 

Common Terminology Criteria for Adverse Events v3.0 

Walpole SC, Prieto-Merino D, Phil Edwards P, et al. The 

weight of nations: an estimation of adult human 

biomass. BMC Public Health 2012;12:439.

World Health Organization 2017 BMI classification Global 

Database on Body Mass Index.



- 47 -

국문초록

  그동안 새로운 세대의 티로신 키나아제 억제제들이 개발되었으나, 이

매티닙은 여전히 만성골수성백혈병의 1차 치료제로 널리 사용되고 있다. 

만성기 만성골수성백혈병 치료 시, 이매티닙의 표준 용량 400 mg/day

에서도 이상반응이 자주 발생하고 있다. 약물의 이상반응은 낮은 복약 

순응도와 복용 중단, 나아가 치료 실패로 이어질 수 있다. 특히 이매티

닙과 같이 수년 간 복용이 필요한 약물은 장기적 치료반응의 향상을 위

해 이상반응의 발생을 사전에 방지하는 것이 중요하다. 본 연구는 이매

티닙 용량과 안전성 간 관계를 규명하고, 이를 통해 안전성을 개선할 수 

있는 이매티닙의 체중 기반 용량에 대해 고찰하고자 하였다.

분석에 사용된 데이터는 라도티닙의 다기관, 무작위 3상 임상시험에 

참여한 이매티닙 대조군으로부터 수집되었다. 새로 진단받은 만성기 만

성골수성백혈병 환자 81명은 이매티닙 1일 1회 400 mg으로 치료를 시

작하였다. 이매티닙의 용량은 치료 시작의 용량 (400 mg)을 환자의 체

중 (kg)으로 나누어 보정 하였다. 안전성 파라미터는 NCI-CTCAE ver 

3.0에 따라 3등급 이상의 위해반응에 해당하는 용량제한독성 (dose-

limiting toxicity, DLT)의 발생이었다. 로지스틱 회귀분석을 통해 이매

티닙 체중 당 용량과 안전성 간 관계를 규명하고, 약물의 안전성에 영향

을 미치는 공변량을 탐색하였다. Receiver operating characteristic 

(ROC) 분석을 이용해 DLT에 대한 체중 당 용량의 예측력과 DLT 발

생의 고위험과 저위험을 나누는 컷오프를 도출하였다. 고위험군과 저위



- 48 -

험군의 DLT 패턴은 카플란-마이어 곡선을 이용하여 비교하였다. 환자

의 체중 당 용량을 5분위로 나누고 각 그룹 간의 DLT 발생률을 카이제

곱 검정을 통해 비교하였다. 통계적 유의성은 p 값이 0.05 미만으로 판

정하였다. 

  48주까지 누적 DLT의 발생률은 53.4%이었다. 로지스틱 회귀분석을 

통해 이매티닙의 체중 당 용량이 증가할수록 DLT 발생이 유의적으로 

증가함을 확인하였다 (p = 0.003). DLT 발생의 예측력을 의미하는 체

중 당 용량의 ROC 곡선의 곡선하면적은 0.703, 체중 당 용량의 컷오프

는 7 mg/kg/day이었다. 환자의 체중 당 용량이 7 mg/kg/day 미만이면 

저위험 그룹, 7 mg/kg/day을 초과하는 경우 고위험 그룹으로 분류하여 

DLT에 대한 카플란-마이어 곡선을 비교한 결과, 고위험 그룹에서 

DLT 발생이 더 컸으며 두 그룹 간 차이는 유의적이었다 (log-rank 

test, p=0.027). DLT에 유의적인 영향을 주는 공변량은 절대호중구수

치 (ANC)가 유일하였다. DLT가 발생할 가능성을 P라 하면 로지스틱 

회귀 모델은 다음과 같다: 

logit P = 0.509 × (Dose/BW) – 0.023 × (ANC) – 2.976

(p = 0.001)

체중 당 용량의 5분위로 나눈 환자 그룹 중, 용량이 적은 그룹에서 

DLT 발생률이 가장 적었으며 (Chi2-test, p = 0.006) 이 그룹의 평균 

용량은 5.02 mg/kg이었다.

  이매티닙의 체중 당 용량이 증가할수록 DLT의 발생은 유의적으로 증

가하였다. 60 kg보다 적은 체중을 가진 만성골수성백혈병 환자들에게 



- 49 -

권장 용량보다 적은 300 mg 용량으로 이매티닙의 치료를 시작하는 것

은 이매티닙의 장기적 치료 반응의 향상을 위한 안전성 개선의 방법이 

될 수 있다.

주요어
이매티닙, 티로신 키나아제 저해제, 만성골수성백혈병, 

노출-반응 관계분석, 체중 당 용량

학번 2009-21703


	Chapter 1. Introduction  
	Chapter 2. Materials and methods
	1. Patients and Study Design 
	2. Statistical analysis 

	Chapter 3. Results
	1. Patients’ Characteristics 
	2. Imatinib Exposure-Safety Relationship 
	3. Imatinib Exposure-Efficacy Relationship 

	Chapter 4. Discussion  
	Chapter 5. Conclusion 
	Bibliography 
	국문 초록  


<startpage>11
Chapter 1. Introduction   1
Chapter 2. Materials and methods 3
 1. Patients and Study Design  3
 2. Statistical analysis  5
Chapter 3. Results 7
 1. Patients’ Characteristics  7
 2. Imatinib Exposure-Safety Relationship  10
 3. Imatinib Exposure-Efficacy Relationship  32
Chapter 4. Discussion   33
Chapter 5. Conclusion  41
Bibliography  42
국문 초록   47
</body>

