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Background
This study evaluates the correlation between imatinib trough plasma concentrations  (Cmin) and
clinical response and safety in patients with newly diagnosed Philadelphia chromosome-posi-
tive chronic myeloid leukemia in chronic phase in the Tyrosine Kinase Inhibitor OPtimization
and Selectivity  (TOPS) trial.

Design and Methods
Patients were randomized 1:2 to 400 mg/day or 800 mg/day imatinib. Imatinib Cmin levels were
collected at pre-dose before treatment, and at the end of months 1 (day 29), 6, 9, and 12.

Results
Imatinib Cmin were stable over time in the 400 mg/day dose arm, but showed a slight decrease
in the 800 mg/day arm due to dose adjustments between months 1-6. The overall median ima-
tinib Cmin levels were 1040, 1200, 1935, and 2690 ng/mL for the actual 300, 400, 600, and 800
mg/day doses, respectively. The rates of major molecular response (MMR) at 3, 6, 9, and 12
months, and complete cytogenetic response (CCyR) at 6 and 12 months were significantly
lower among patients with the lowest imatinib Cmin levels at Day 29 (<1165 ng/mL, 25th per-
centile). There was an apparent association between high imatinib Cmin and the occurrence of
grade 3/4 neutropenia and all-grade rash, diarrhea, arthralgia/myalgia, and all-cause edema. 

Conclusions
Imatinib Cmin levels were relatively stable over time and proportional to the dose administered.
Patients with an imatinib Cmin above 1165 ng/mL on Day 29 achieved MMR faster and had higher
MMR and CCyR rates at 12 months. There appeared to be an association between imatinib Cmin

and the frequency of some adverse events. This trial was registered at http://www.clinicaltrials.gov as
NCT00124748.
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Introduction

Imatinib (Gleevec®/Glivec®, Novartis Pharmaceuticals
Corporation, East Hanover, NJ) at 400 mg/day is approved
as initial therapy for patients with newly diagnosed
Philadelphia chromosome-positive (Ph+) chronic myeloid
leukemia in chronic phase (CML-CP) based on results of
the International Randomized Study of Interferon and
STI571 (IRIS) trial, which established the superiority of
imatinib over interferon-alpha plus cytarabine.1-4 Long-
term results from IRIS show that hematologic and cytoge-
netic responses to imatinib are durable, with cumulative
complete cytogenetic response (CCyR) of 83%, cumula-
tive major molecular response (MMR) of 86%, and overall
survival (OS) of 85% at 8-year follow up.5 Previous phar-
macokinetic (PK) analyses have suggested that achieving
and maintaining an imatinib plasma level of at least 1000
ng/mL is associated with better clinical response.6-9
Several studies have suggested that the use of 800

mg/day imatinib as starting dose or dose escalation above
the standard 400 mg/day dose might have better efficacy
in newly diagnosed patients with CML-CP, particularly
among higher risk patients.10-16 The phase III, randomized,
open-label TOPS (Tyrosine Kinase Inhibitor Optimization
and Selectivity) trial of imatinib at 400 mg/day versus 800
mg/day in patients with newly diagnosed, previously
untreated CML-CP showed that both MMR and CCyR
occurred faster among patients randomly assigned to ima-
tinib 800 mg/day compared with those in the 400 mg/day
arm, although there was no significant difference in MMR
and CCyR rates at 12 months and there were more fre-
quent grade 3/4 adverse events (AEs) on the 800 mg/day
arm.17 The present study evaluates the dose-exposure rela-
tionship and the correlation between imatinib Cmin levels,
clinical responses, and safety parameters within the first
12 months of the TOPS study. 

Design and methods

Patients and definitions of response on TOPS
Patients with newly diagnosed Ph+ CML-CP were ran-

domized 1:2 to imatinib 400 mg/day (once daily) or 800
mg/day (400 mg twice daily). The eligibility criteria and
study design of the TOPS study have been previously
reported.17
Cytogenetic response was assessed by bone marrow

evaluations at baseline and every six months thereafter
until patients achieved CCyR. Complete cytogenetic
response was defined as 0% Ph+ metaphase cells out of at
least 20 examined. Once patients achieved a CCyR, eval-
uations were performed annually. Major molecular
response was defined as a standardized ratio of BCR-ABL
to control gene ratio of 0.1% or under by real-time quan-
titative polymerase chain reaction (RQ-PCR) in peripheral
blood expressed according to the international scale.18-20
Major molecular response was assessed at baseline,
months 1, 2, 3, 6, 9, and 12, and every three months there-
after. 

Pharmacokinetic sampling
Imatinib Cmin levels were collected at pre-dose before

treatment, and at the end of months 1 (day 29), 6, 9, and
12 for all patients, whenever possible. The trough sample
was defined as the blood sample collected in the morning

prior to the morning dose, generally between 8 and 11 am
(i.e. within 24±3 h from the last dose for once-daily dosing
or 12±3 h from the last dose for twice-daily dosing). On
the day of PK sampling, a 3 mL blood sample was collect-
ed from patients before treatment without modification of
their daily dosing schedule. Plasma concentrations of ima-
tinib and CGP74588 (the N-demethylated metabolite)
were measured by the Drug Metabolism and
Pharmacokinetics Department at Novartis
Pharmaceuticals Corporation using liquid chromatogra-
phy and tandem mass spectrometry with deuterated ima-
tinib as the internal standard.21 The assay was fully vali-
dated, with a limit of quantification of  20 ng/mL for both
imatinib and its primary active metabolite CGP74588.

Pharmacokinetic data analysis
Imatinib and CGP74588 trough plasma concentrations

(Cmin) and the metabolite to imatinib Cmin concentration
ratios were summarized by dose and by month using the
following summary statistics: mean, median, standard
deviation, and coefficient of variation. Since dose adjust-
ments were allowed in the study, the dose-to-Cmin propor-
tionality was examined over the actual doses received.
Summary statistics or simple correlation analysis were
used to evaluate the effects of the patient’s demographic
parameters (age, gender, body weight, race) on imatinib
Cmin. The effects of co-medications were not studied
because potent cytochrome P450 3A4/3A5 inhibitors and
inducers that could affect imatinib PK exposure were pro-
hibited according to the protocol.

Analyses of exposure and response and exposure 
and safety
For exposure/response and exposure/safety analyses,

the data from the two dose groups were combined to
increase the sample size for statistical analyses. The asso-
ciation between imatinib Cmin and clinical response and
safety parameters was assessed by investigating the differ-
ences in the response and Adverse Event (AE) rates across
the quartiles of the Cmin levels measured on day 29. The PK
Cmin quartiles at day 29 were defined as follows:(6) the
lower quartile (Q1) was the 25% of patients with the low-
est imatinib Cmin values; quartiles 2 and 3 (Q2 and Q3)
comprised patients whose Cmin levels were within the
interquartile range; the upper quartile (Q4) was the 25%
of patients with the highest imatinib Cmin values. These
three PK categories (Q1, Q2-Q3, and Q4) were used for
stratification as appropriate. 
The response data included MMR rates at 3, 6, 9, and 12

months, and CCyR at 6 and 12 months based on patients
with available PK and molecular/cytogenetic sampling.
Time to MMR was analyzed by Cmin quartiles at day 29
using the Kaplan-Meier method. Safety data included the
most frequently reported hematologic and non-hemato-
logic AEs regardless of assigned relationship. Adverse
events were analyzed by Cmin quartiles at day 29 according
to the start date of the AE episode (ie, within three or 12
months of initiation of treatment). All analyses reported
herein are considered exploratory, and P values have been
provided for descriptive purposes.

Ethical considerations
This study was conducted in accordance with the

Declaration of Helsinki. The study protocol was reviewed
and approved by the ethics committee or institutional
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review boards of all participating centers. All 476 patients
randomly assigned to TOPS gave written informed con-
sent to participate in the clinical trial and the PK sampling.  

Results

Pharmacokinetic patient populations 
and dose adjustments

Pharmacokinetic samples were taken at least once in
423 of 476 (89%) patients, including baseline and at
months 1, 6, 9, or 12. The baseline PK samples taken
before treatment were to confirm the absence of imatinib
in blood and thus were not used in the PK data analysis.
Overall, 353 patients had at least one Cmin value available,
with 240, 251, 226, and 236 patients with samples at
months 1, 6, 9, and 12, respectively; 106 patients had sam-
ples available at all four time points. The overall median
age was 46 years (range 18-75 years), median body weight
was 72.4 kg (range 37.5-131.4 kg), median body surface
area was 1.86 m2 (range 1.2-2.5 m2), and 56.7% of patients
were male. The distribution of demographic characteris-
tics was similar between arms.
Of the patients who remained on treatment at 12

months, 5% of patients in the standard 400 mg dose arm
had increased their dose, while 10% had required a dose
reduction. In the high-dose arm, 23% of patients were tak-
ing less than their assigned dose on day 29, a proportion
that reached 37% at month 6 and 38% at month 12. 

Imatinib and CGP74588 trough plasma concentrations
over dose and over time
Median imatinib Cmin levels were relatively stable over

time in the 400 mg/day arm (Figure 1). There was a slight
decrease in imatinib Cmin between months 1 and 6 in the
800 mg/day arm which was likely due to dose adjust-
ments in this period (Online Supplementary Table S1). The
Cmin levels for imatinib and CGP74588 appeared to be pro-
portional to the actual dose administered. In a pooled
analysis of patients from both arms and all available time
points (months 1 [Day 29], 6, 9, and 12), the overall medi-
an imatinib Cmin levels were 1040 ng/mL, 1200 ng/mL,
1935 ng/mL, and 2690 ng/mL for the actual 300 mg/day,
400 mg/day, 600 mg/day, and 800 mg/day doses, respec-

tively (Figure 2). The metabolite to parent drug Cmin ratio
was approximately 20-25%. The detailed Cmin values for
imatinib and CGP74588 and their ratios for each month
are summarized in the Online Supplementary Table S2. The
intra- and interpatient PK variability for imatinib Cmin was
assessed on data from patients with all four Cmin values at
months 1, 6, 9, and 12 and without dose changes within
the 12-month period. The intra- and interpatient variabili-
ty was 27.8 and 37.7%, respectively, for the 400 mg/day
group (n=40), and 35.7 and 53.8%, respectively, for the
800 mg dose group (n=66).

Imatinib exposure by patient demographic 
characteristics 
Analysis of the correlation between imatinib Cmin levels

and patient demographics showed that the median ima-
tinib Cmin in females in the 400 mg/day dose group was
slightly higher (approximately 30%) than in males; 1375
ng/mL (n=38) versus 1060 ng/mL (n=49), respectively. A
similar finding was observed for the 800 mg/day group;
2905 ng/mL (n=70) versus 2600 ng/mL (n=83), but the dif-
ference was smaller (12%).
The median body weight and median age in the present

study were 73 kg and 46 years, respectively. The median
body weight was 75.5 kg for males and 65.0 kg for
females, a difference of approximately 15%. Patients with
higher body weight or body surface area had a lower ima-
tinib Cmin and elderly patients had a higher imatinib Cmin

(data not shown); these results were similar to earlier find-
ings.6
Of the 240 patients with day 29 Cmin data, 162 were

white, 53 were Asian, and 25 were of other/unknown eth-
nic group. At the 400 mg/day dose, 54 whites, 19 Asians,
and 14 other/unknown had median Cmin values of 1225,
1120, and 1395 ng/mL, respectively. At the 800 mg/day
dose, 108 whites, 34 Asians, and 11 other/unknown had
median Cmin values of 2695, 2770, and 2900 ng/mL, respec-
tively. The metabolite CGP74588 to imatinib Cmin ratios
were similar among different ethnic groups and between
different dose levels (Online Supplementary Table S3). The
median baseline body weight for Asians was 61 kg versus
76 kg for whites. 
Patients with Cmin data represented all Sokal risk groups:

101 had a low Sokal score, 78 had an intermediate Sokal
score, and 61 had a high Sokal score. Considering the vari-
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Figure 1. Imatinib Cmin over time
for the 400 mg/day and 800
mg/day protocol dose groups.
Box plots show the median, 25th

percentile, 75th percentile, and
joined mean values. The whiskers
extend up to 1.5 times the
interquartile range from the
boxes. #: values which exceed 1.5
times the interquartile range; D:
values > 7500 ng/mL.
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ability of the data, no major differences in patients’ Cmin

values or the metabolite to imatinib Cmin ratios were
observed (Online Supplementary Table S4). 

Imatinib Cmin levels and their association with clinical
responses (MMR and CCyR) at 12 months
To increase the sample size for statistical analyses, the

PK and clinical data were pooled from the two dose
groups (Online Supplementary Figure S1); the underlying
assumption for the exposure/response correlation analysis
was that PK plasma exposure is a better predictor for clin-
ical response than dose. The zero concentrations consti-
tuted less than 5% of the data and are not likely to have
impacted the correlation analysis. In the pooled popula-
tion (400 mg/day and 800 mg/day data combined), the
lowest quartile (Q1) of the Day 29 Cmin values included
patients with imatinib Cmin less than 1165 ng/mL (n=60),
the middle 50% of patients (Q2-Q3) had imatinib Cmin

between 1165 and 3180 ng/mL (n=120), and the highest
quartile (Q4) was defined by imatinib Cmin levels over 3180
ng/mL (n=60). Out of the 60 patients in Q1, two-thirds
were from the 400 mg/day arm (41 of 60) and one-third
from the 800 mg/day arm (19 of 60). Out of the 60 patients
in Q4, 57 (95%) were from the 800 mg/day arm. 
Among evaluable patients with Cmin and RQ-PCR deter-

minations, MMR rates increased with increasing imatinib
Cmin levels. The MMR rates at 3, 6, 9, and 12 months for
patients with imatinib Cmin less than 1165 ng/mL (Q1) at
day 29 were significantly lower than those with imatinib
Cmin of 1165 ng/mL or over (Q2-4) (Table 1). The MMR
and CCyR rates were similar between Q2 and Q3 (data not
shown). The differences between Q1 and all other quartiles
combined (Q2-Q4) were significant at months three, six,
nine and 12, with P values < 0.01. Patients in the upper
quartiles (Q2-Q4) with higher Cmin at Day 29 achieved
MMR faster than patients in Q1 (P=0.0304) (Figure 3). The
time to MMR was similar between the two upper groups,
Q2-Q3 and Q4. The CCyR rates at six and 12 months
were also significantly lower in Q1 than in the Q2-Q4
groups combined (Table 1). A receiver operating character-
istic (ROC) analysis of MMR on imatinib Cmin was per-
formed, but the analysis did not show a sufficient thresh-

old using only imatinib Cmin as a predictor (data not shown).
Sokal risk groups were evenly distributed between

treatment arms and within Cmin quartiles (Online
Supplementary Table S4). The MMR rate was lower for
patients with high Sokal risk scores (Online Supplementary
Figure S2). For the high Sokal risk group, the MMR rate
was worse for patients with Cmin levels less than 1165
ng/mL, especially within the first 12 months (Online
Supplementary Figure S2). For the low and intermediate
Sokal risk groups, patients with Cmin less than 1165 ng/mL
had slower time to MMR and lower MMR rates overall,
but this trend was not as apparent as for the high Sokal
risk group.

Association between imatinib Cmin levels 
and safety outcomes
The level of association between imatinib Cmin on Day

29 and the frequency of AEs appeared to be dependent on
the type of AE. Higher imatinib Cmin on Day 29 (Q4, Cmin

>3180 ng/mL) was associated with the frequency of all-
grade neutropenia, anemia, and leukopenia observed
within the first three months of therapy and, to a lesser
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Figure 2. Cmin (mean ± SD)-dose relationship for imatinib (upper panel) and its metabolite CGP74588 (lower panel) over the actual imatinib
dose administered in the first 12-month period (pooled analysis of patients from both arms). Dashed line represents the linear regression
line forced to the origin to test the dose-to-Cmin proportionality.

Table 1. MMR rates at months 3, 6, 9, and 12, and CCyR rates at 6 and
12 months by imatinib Cmin at day 29.

Imatinib Cmin at day 29 (ng/mL)
Q1 Q2-Q3 Q4 P value* P value* P value*

<1165 1165-3180 >3180 Q1 vs. Q1 vs. Q1 vs.
Q2-Q3 Q4 Q2-Q4

MMR, n/N (%)

Month 3 0/54 (0) 15/108 (14) 10/56 (18) 0.003 0.001 0.0009
Month 6 8/51 (16) 38/103 (37) 22/54 (41) 0.008 0.005 0.0032
Month 9 21/57 (37) 60/103 (58) 29/52 (56) 0.013 0.056 0.0087
Month 12 21/56 (38) 62/107 (58) 30/51 (59) 0.014 0.034 0.0084
CCyR, n/N (%)

Month 6 26/44 (59) 68/86 (79) 37/46 (80) 0.022 0.038 0.010
Month 12 33/47 (70) 79/92 (86) 32/34 (94) 0.040 0.010 0.010
Cmin: trough imatinib concentration; MMR: major molecular response; CCyR: complete
molecular response; Q: quartile. * Two-sided probability by Fisher’s exact test.

0 200 400 600 800 1000
Imatinib dose (mg/day)

y = 2.97x + 274.3
R2=0.9765

y = 3.43x
R2=0.9499

y = 0.5475x + 69.41
R2=0.9728

y = 0.6641x
R2=09228

M
ed

ia
n 
CG

74
88

 C
m
in
(n
g/
m
L)

M
ed

ia
n 
im

at
in
ib
 C

m
in
(n
g/
m
L)

1000

800

600

400

200

0

5000

4000

3000

2000

1000

0
0 200 400 600 800 1000

Imatinib dose (mg/day)



extent, all-grade thrombocytopenia (Table 2). A similar
trend of association was observed between imatinib Cmin

on Day 29 and anemia and leukopenia within 12 months
of treatment. Differences in frequency of neutropenia and
thrombocytopenia were less pronounced between Cmin

groups, probably due to dose adjustment over time. Grade
3/4 neutropenia within three months and within 12
months was also more common in the Q4 group com-
pared with the lower quartiles. A trend of association was
observed between imatinib Cmin and grade 3/4 anemia and
leukopenia, but no definitive conclusion could be made
due to the low frequencies of these AEs.
Grade 3/4 non-hematologic AEs were infrequent, and

no major association with imatinib Cmin on Day 29 was
observed (Table 3). Imatinib Cmin on Day 29 was associated
with frequency of all-grade rash, all-cause edema, nausea,
diarrhea, vomiting, arthralgia, myalgia, and extremity pain
within the first three months of treatment. Muscle
spasms, fatigue, and headache were similar among the
quartiles, whereas abdominal pain was less frequent
among patients in Q4. A similar pattern was observed for
all grades of AEs experienced within 12 months.

Discussion 

Imatinib Cmin was stable over 12 months in this PK
analysis of the TOPS study. The slight decrease in Cmin

from Day 29 to six months in the 800 mg/day arm was
likely due to dose reductions in this high-dose group.
There were zero concentration values on Day 29 for both
dose groups, especially the 800 mg dose group (n=1 for
400 mg/day and n=10 for 800 mg/day), suggesting toxici-
ty-related dose interruption prior to Day 29 PK sampling.
The zero concentrations were included in the PK and cor-
relation analysis to better represent the clinical setting.
Removing these values (<5%) did not affect the correla-
tion analysis results (data not shown). When dose adjust-
ment was taken into consideration, imatinib Cmin was pro-
portional to the actual dose administered between 300 mg
and 800 mg/day at months 1, 6, 9, and 12. The metabolite
to imatinib Cmin ratio also showed similar values within
the 12-month period, suggesting that the metabolism and

clearance of imatinib were stable over time. 
The average and median Cmin values observed with the

400 mg/day imatinib dose in the present study (1425
ng/mL and 1200 ng/mL, respectively) were somewhat
higher than those observed in the IRIS study at the same
dose level (979 ng/mL and 879 ng/mL, respectively6). All
samples in both studies were analyzed in the same labora-
tory using liquid chromatography and tandem mass spec-
trometry with deuterated imatinib as the internal stan-
dard.21 The exact reason for the difference is unclear but
may be related to several factors, such as demographic dif-
ferences between the patient populations. For example,
there were more Asian patients in the TOPS (22% in the
PK population) than in IRIS, where nearly 100% of
patients were white. The median body weight in the pres-
ent study was 73 kg versus 82 kg in IRIS. This is likely relat-
ed to the difference in racial makeup between the two
studies. As has been shown previously,6,22 body weight
and age were significant covariates for imatinib clearance
and plasma exposure in the present study, although their

Plasma exposure of imatinib in TOPS
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Figure 3. Time to MMR by imatinib Cmin at Day 29 (pooled analysis
of patients from both arms; Kaplan-Meier analyses). Patients with-
out MMR were censored at last assessment on study treatment.
MMR: major molecular response.

Table 2. Frequency of hematologic AEs (all grades and grades 3 or 4) during the first 3- and 12-month treatment periods by imatinib Cmin on
day 29.

All grades, n (%) Grades 3 and 4, n (%) 
Q1 Q2-Q3 Q4 Q1 Q2-Q3 Q4

<1165 ng/mL 1165-3180 ng/mL >3180 ng/mL <1165 ng/mL 1165-3180 ng/mL >3180 ng/mL
AEs within 3 months (n=60) (n=120) (n=60) (n=60) (n=120) (n=60)

Neutropenia 13 (22) 33 (28) 20 (33) 10 (17) 27 (23) 19 (32)
Thrombocytopenia 16 (27) 27 (23) 18 (30) 11 (18) 15 (13) 10 (17)
Anemia 10 (17) 19 (16) 21 (35) 2 (3) 1 (1) 3 (5)
Leukopenia 4 (7) 10 (8) 9 (15) 1 (2) 4 (3) 4 (7)

AEs within 12 months

Neutropenia 21 (35) 40 (33) 23 (38) 17 (28) 33 (28) 22 (37)
Thrombocytopenia 22 (37) 30 (25) 20 (33) 14 (23) 17 (14) 11 (18)
Anemia 13 (22) 29 (24) 26 (43) 3 (5) 2 (2) 5 (8)
Leukopenia 6 (10) 13 (11) 11 (18) 1 (2) 4 (3) 4 (7)
AE: adverse event; Cmin: trough imatinib concentration; Q: quartile.
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overall impact on imatinib Cmin was small due to the large
interpatient PK variability.6 Minor effects due to compli-
ance and food intake cannot be excluded in explaining the
differences in Cmin between the two phase III studies.     
In the present study, imatinib Cmin levels were correlated

with MMR and CCyR rates. Imatinib Cmin levels ≥1165
ng/mL at Day 29 were associated with faster time to
MMR (P=0.0304) and higher rates of MMR at months 3, 6,
9, and 12, as well as higher rates of CCyR at months 6 and
12. This suggests that Day 29 imatinib level is a good
prognostic parameter for achieving both MMR and CCyR
at 12 months. The MMR and CCyR rates were similar
between Q2 and Q3,  and between the Q2-Q3 (1165-3180
ng/mL) and Q4 (> 3180 ng/mL) groups, suggesting that
response rates approach a plateau at 12 months with Cmin

levels above 1165 ng/mL in patients with CML-CP. This

may help to explain the clinical results of the TOPS study
in which CCyR and MMR were achieved faster in the 800
mg/day arm but CCyR and MMR rates at 12 months were
comparable between arms.17
As stated earlier, ROC analysis did not show a sufficient

threshold using only imatinib Cmin as a predictor, probably
due to the heterogeneity of the population with respect to
Sokal risk and other factors. As has been shown previous-
ly,3,4,6 patients with higher Sokal risk had decreased rates of
CCyR and MMR. This is consistent with previous data
from patients treated with imatinib on IRIS, where Sokal
risk group and imatinib trough level were independent
predictors for achievement of CCyR.6 Thus, achieving and
maintaining an adequate imatinib trough level (above
1000 ng/mL) might be particularly important for patients
with a high Sokal risk score. Further studies are warranted
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Table 3. Frequency of non-hematologic AEs (all grades and grades 3 or 4) during the first 3- and 12-month treatment periods by imatinib Cmin
on day 29.

All grades, n (%) Grades 3 and 4, n (%)
Q1 Q2-Q3 Q4 Q1 Q2-Q3 Q4

<1165 ng/mL 1165-3180 ng/mL >3180 ng/mL <1165 ng/mL 1165-3180 ng/mL >3180 ng/mL
AEs within 3 months (n=60) (n=120) (n=60) (n=60) (n=120) (n=60)

Nausea 29 (48) 48 (40) 31 (52) ⎯ 1 (1) ⎯

Diarrhea 10 (17) 40 (33) 21 (35) ⎯ 1 (1) 1 (2)
Periorbital edema 14 (23) 33 (28) 21 (35) ⎯ ⎯ ⎯

Muscle spasms 15 (25) 29 (24) 15 (25) ⎯ 1 (1) ⎯

Rash 7 (12) 31 (26) 21 (35) ⎯ 11 (9) ⎯

Peripheral edema 10 (17) 29 (24) 18 (30) ⎯ ⎯ ⎯

Vomiting 12 (20) 24 (20) 18 (30) ⎯ ⎯ ⎯

Arthralgia 15 (25) 18 (15) 20 (33) 1 (2) 3 (2) ⎯

Fatigue 13 (22) 25 (21) 13 (22) ⎯ 3 (2) ⎯

Myalgia 10 (17) 21 (18) 16 (27) 1 (2) 1 (1) 2 (3)
Headache 17 (28) 19 (16) 10 (17) 2 (3) ⎯ 1 (2)
Pain in extremity 5 (8) 20 (17) 14 (23) 1 (2) 2 (2) 3 (5)
Face edema 3 (5) 18 (15) 13 (22) ⎯ 1 (1)
Eyelid edema 4 (7) 11 (9) 16 (27) ⎯ 1 (1) 1 (2)
Upper abdominal pain 8 (13) 16 (13) 3 (5) ⎯ ⎯ ⎯

AEs within 12 months

Nausea 32 (53) 61 (51) 33 (55) ⎯ 1 (1) ⎯

Periorbital edema 20 (33) 40 (33) 25 (42) 1 (2) ⎯ ⎯

Rash 12 (20) 38 (32) 24 (40) ⎯ 11 (9) 1 (2)
Muscle spasms 24 (40) 42 (35) 23 (38) ⎯ 1 (1) ⎯

Arthralgia 16 (27) 21 (18) 23 (38) 1 (2) 3 (3) ⎯

Diarrhea 30 (33) 57 (48) 31 (52) 1 (2) 3 (3) 1 (2)
Myalgia 15 (25) 22 (18) 18 (30) 1 (2) 1 (1) 3 (5)
Peripheral edema 17 (28) 36 (30) 19 (32) ⎯ ⎯ ⎯

Vomiting 16 (27) 36 (30) 22 (37) ⎯ 2 (2) ⎯

Fatigue 16 (27) 42 (35) 18 (30) ⎯ 5 (4) ⎯

Pain in extremity 6 (10) 23 (19) 16 (27) 2 (3) 2 (2) 3 (5)
Eyelid edema 6 (10) 12 (10) 17 (28) ⎯ 1 (1) 1 (2)
Headache 20 (33) 32 (27) 12 (20) 2 (3) ⎯ 2 (3)
Face edema 5 (8) 21 (18) 15 (25) ⎯ 1 (1) ⎯

Upper abdominal pain 10 (17) 20 (17) 4 (7) ⎯ ⎯ ⎯

AE: adverse event; Cmin: trough imatinib concentration; Q: quartile.



to better characterize the relationship between PK and
response considering other factors, such as dose changes
or interruptions, race, and transporter-related factors.
Unlike CCyR and MMR response parameters, which

are known to be associated with imatinib inhibition of
BCR-ABL kinase activity, the underlying cause of AEs may
be multifactorial. As a result, the correlation between ima-
tinib concentration and AEs may not be as straightforward
as it is with efficacy parameters. This appeared to be the
case in TOPS, where a slightly higher incidence of the
most frequently reported AEs, such as rash, diarrhea,
arthralgia/myalgia and all-cause edema was observed in
patients in the highest imatinib Cmin quartile (Q4, Cmin

>3180 ng/mL), and these Q4 patients had higher rates of
treatment-related neutropenia, anemia, and leukopenia.
On the other hand, muscle spasms, fatigue, and headache
were similar among the quartiles, and abdominal pain was
less frequent among patients in Q4. There were no major
differences in the frequency of grade 3/4 non-hematologic
AEs among patients in different quartiles. However, PK
correlation analysis with grade 3/4 AEs is challenging
since grade 3/4 AEs typically result in immediate dose
interruption. Thus, the Cmin level associated with grades
3/4 AEs may be underestimated. Grade 3/4 AEs should be
avoided since it has been reported that dose interruptions
due to grade 3/4 AEs could compromise clinical
response.23,24
Numerous factors can contribute to the variability of

imatinib Cmin observed in the present study and in clinical
practice. Among these is poor adherence to medication,
which is an issue for many oral and chronic therapies,25,26
and has been shown to be a concern for imatinib
patients.27-29 Since imatinib is primarily metabolized by the
cytochrome P450 enzyme CYP3A4 (30), concomitant med-
ications which induce or inhibit CYP3A4 may affect ima-
tinib levels, as can interpatient variability in metabolizing
enzyme activities.7,22,31 Drug transporter activities may also
impact response.32-39 For example, low activity of the OCT-
1 drug influx pump has been associated with suboptimal
cytogenetic and molecular response to imatinib,35,40
although some controversial findings related to the involve-
ment of OCT-1 have been reported.36,41 Pharmacokinetic
sampling time error could be another source of variability,
although all PK samples were collected within three hours
more or less than the acceptable sampling window.42
The results of the TOPS PK substudy demonstrate that

imatinib Cmin levels are proportional to dose and stable over

the 12-month period studied, and support previous find-
ings that imatinib Cmin is associated with response. Imatinib
Cmin levels above 1165 ng/mL were associated with
improved MMR and CCyR rates at six and 12 months, and
Cmin levels above 3180 ng/mL were associated with a high-
er frequency of some grade 3/4 AEs (e.g. neutropenia). This
empirical estimate of effective Cmin (1165 ng/mL) is consis-
tent with the 1000 ng/mL threshold, as indicated in early
studies.6,7 Thus, maintaining imatinib Cmin above approxi-
mately 1000 ng/mL might be beneficial for achieving an
optimal response, especially for patients with high Sokal
risk score. However, the upper limit of the therapeutic
window could not be easily determined since the extent of
association, if any, differed among different AEs. Further
studies are needed to better define the therapeutic window
for an individual patient considering the individual
patient’s BCR/ABL mutation status, Sokal risk scores, and
overall AE profiles, as well as factors which could poten-
tially be transporter-related as discussed above. Monitoring
the plasma level of imatinib may help to optimize therapy
or guide a switch to a more effective agent, such as nilo-
tinib or dasatinib, both of which have been shown to be
superior to imatinib in randomized trials of newly diag-
nosed patients with CML-CP.43,44
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