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Imatinib mesylate (IM), 400 mg daily, is
the standard treatment of Philadelphia-
positive (Ph�) chronic myeloid leukemia
(CML). Preclinical data and results of
single-arm studies raised the suggestion
that better results could be achieved with
a higher dose. To investigate whether the
systematic use of a higher dose of IM
could lead to better results, 216 patients
with Ph� CML at high risk (HR) according

to the Sokal index were randomly as-
signed to receive IM 800 mg or 400 mg
daily, as front-line therapy, for at least
1 year. The CCgR rate at 1 year was 64%
and 58% for the high-dose arm and for the
standard-dose arm, respectively (P � .435).
No differences were detectable in the
CgR at 3 and 6 months, in the molecular
response rate at any time, as well as in
the rate of other events. Twenty-four (94%)

of 25 patients who could tolerate the full
800-mg dose achieved a CCgR, and only
4 (23%) of 17 patients who could toler-
ate less than 350 mg achieved a CCgR.
This study does not support the exten-
sive use of high-dose IM (800 mg daily)
front-line in all CML HR patients. This trial
was registered at www.clinicaltrials.gov
as #NCT00514488. (Blood. 2009;113:
4497-4504)

Introduction

The clinical development of imatinib mesylate (IM, previously
known as STI571) was rapid. Because a phase 1 study had
shown that IM was highly effective and well tolerated at a dose
of 300 mg daily or higher,1 a dose of 400 mg daily was selected
for a phase 2 study of patients with Philadelphia-positive (Ph�)
chronic myeloid leukemia (CML) in chronic phase (CP) who
were resistant to or intolerant of interferon-alpha (IFN�),2 and
for a phase 3 study of patients with previously untreated Ph�

CML in early CP, in which IM was compared with IFN� and
low-dose cytarabine.3 These 2 studies led to approval, registra-
tion, and worldwide use of the drug (Gleevec or Glivec;
Novartis Pharma, Basel, Switzerland) at a dose of 400 mg once
daily. On the basis of 2 other studies of IM in patients with CML
in accelerated phase (AP) and blastic phase (BP), the recom-
mended daily dose for these patients in advanced phases was set
at 600 mg daily,4,5 and the recommendation of increasing the IM
dose to 600 and also 800 mg daily was rapidly extended also to
patients in CP, in case of unsatisfactory response to 400 mg, or
response loss. These recommendations were confirmed by a

panel of experts appointed by European LeukemiaNet.6 Several
prospective but nonrandomized studies reported that responses
to IM were more rapid and better in the patients who were
treated with 600 or 800 mg.7-10 Moreover, the interest on the
best dosing of IM was fostered by other arguments, all favoring
a dose increase, including the fact that the maximum tolerated
dose had never been determined, that a higher blood drug level
could neutralize the mechanisms limiting drug concentration in
the target cells, and that several BCR-ABL kinase domain point
mutations were still sensitive to IM at concentrations that can be
easily achieved in vivo with higher IM doses. On the basis of
these premises, we designed and performed a prospective
randomized study comparing daily dosing of IM 800 mg with
400 mg front-line, for the treatment of patients with Ph� CML in
early CP. The study was limited to the patients who were high
risk (HR) according to the Sokal prognostic classification,11

because it was already known that in HR patients the response to
IM standard dose was inferior,12,13 and it was thought that in
these patients there was more need for improvement.
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Methods

Study population, design, and protocol

All patients, at least 18 years old, with Ph� and BCR-ABL–positive CML
in early CP (within 6 months from diagnosis and previously untreated or
treated only with hydroxyurea), and HR according to the Sokal prognostic
classification,11 were eligible, provided that the common eligibility criteria
were met (Table S1, available on the Blood website; see the Supplemental
Materials link at the top of the online article).

The screening procedures included medical history, physical examina-
tion, electrocardiogram, chest x-ray, HCV/HBV/HIV serology, AST, ALT,
bilirubin and creatinine, blood counts and differential, cytogenetics, and the
determination of BCR-ABL transcripts type and level. Once the screening
procedures were completed, the patient was randomly assigned to receive
IM either 400 mg (once daily) or 800 mg (400 mg twice daily). The dose of
IM was adapted according to side effects and toxicity, as reported in
Table 1. The core trial time was 1 year, during which time the treatment was
continued at the assigned dose, discontinued in case of adverse events (AEs;
Table 1), or changed in case of failure. After 1 year, the dose of IM could be
modified at investigators’ discretion.

The protocol required a visit every month for 1 year, blood chemistry
monthly; blood counts and differentials weekly for the first 3 months and
monthly thereafter; a bone marrow aspirate with cytogenetics after 3, 6, and
12 months; and a quantitative determination of BCR-ABL transcripts level
after 3, 6, and 12 months. Informed consent was obtained in accordance
with the Declaration of Helsinki. All procedures were performed according
to Good Clinical Practice and were approved by the institutional review
boards of all participating institutions.

Definition of phase, risk, response, and failures

The accelerated/blast phase (AP/BP) was identified by a blood myeloblasts
or myeloblasts and promyelocytes percentage of at least 10% or 30%,
respectively, or by any extramedullary blast involvement, excluding spleen
and liver.

The relative risk (RR) was calculated and defined according to Sokal et
al11 as follows:

RR � EXP 0.0116 (age � 43.4) � 0.0345 (spleen � 7.51)

� [(platelet/700)2 � 0.563] � 0.0887 (percentage of blasts � 2.10),

where EXP indicates exponential, age indicates age in years, spleen
indicates the maximum distance (in centimeters) from the costal margin,
platelet indicates platelet count (in � 109/L), and blasts indicates the
percentage of myeloblasts in peripheral blood. Categories of RR are low
(� 0.80), intermediate (0.80-1.20), and high (� 1.20).

The hematologic response (HR) and the cytogenetic response (CgR)
were defined as previously reported1-3,6-10 (Table S2). The molecular
response was defined as major (MMolR) if the BCR-ABL ratio was less
than 0.10% on the International Scale (IS),14 whereby 0.10 is equal to a
3-log reduction from a standard baseline level as defined in the IRIS
(International Randomized IFN vs ST1571) study.13

Treatment failures were originally defined as lack of complete
hematologic response (CHR) at 6 months, or less than minor CgR at
6 months, or loss of CHR, or loss of complete cytogenetic response
(CCgR). From 2006 on, the failure criteria of European LeukemiaNet
were adopted6 (no HR at 3 months, less than CHR or no CgR at
6 months, less than partial cytogenetic response [PCgR] at 12 months,
less than CCgR at 18 months, loss of CHR, loss of CCgR).

Cytogenetics

Cytogenetic studies were performed by chromosome banding analysis of at
least 20 marrow cell metaphases, after short-term culture (24 or 48 hours or
both) with standard G or Q banding techniques. Fluorescence–in situ
hybridization (FISH) of interphase cells was not required, but it was
recommended if less than 20 metaphases were evaluable and was per-
formed with BCR-ABL extra-signal, dual-color, dual-fusion probes (Vysis
LSI BCR-ABL Translocation Prob; Abbott Molecular, Abbott Park, IL), or
D-FISH probe (QBiogene, Montreal, QC). FISH was used only for the
definition of CCgR, when the number of positive marrow cell interphase
nuclei was less than 2 of 200 (� 1%).15-18 Cytogenetic data were not
centrally reviewed.

BCR-ABL transcripts level

BCR-ABL transcripts level assessment was performed by real-time quanti-
tative polymerase chain reaction (RT-Q-PCR) according to suggested
procedures and recommendations.14,19 BCR-ABL transcript levels were
expressed as a percentage according to the IS,14 taking advantage of the
ongoing international initiatives that allow researchers to standardize the
quantitation of BCR-ABL transcripts through the use of a conversion factor
and consequently to express their results according to the IS.19-22 The
reference laboratories that performed most of the RT-Q-PCR analyses on

Table 1. Protocol guidelines for IM dose adaptation according to hematologic and nonhematologic toxicity

400-mg arm 800-mg arm

For hematologic toxicity

Grades 1 and 2

(ANC � 1.0 � 109/L,

platelet count � 50 � 109/L)

No dose reduction No dose reduction

Grade 3

(ANC � 0.5-1.0 � 109/L,

platelet count � 10-50 � 109/L)

IM D/C until less than grade 2, hence 400 mg

daily

IM D/C until less than grade 2, hence 400 mg

daily for 2 weeks, hence 800 mg daily

Grade 4

(ANC � 0.5 � 109/L,

platelet count � 10 � 109/L)

IM D/C until less than grade 2, hence 300 mg

daily for 2 weeks, hence 400 mg daily

IM D/C until less than grade 2, hence 400 mg

daily for 4 weeks, hence 800 mg daily

For nonhematologic toxicity

Grade 1 No dose reduction No dose reduction

Grade 2 for more than 2 days IM D/C until less than grade 2, hence 400 mg

daily

IM D/C until less than grade 2, hence 800 mg

daily

Grade 3 IM D/C until less than grade 2, hence 300 mg

daily for 2 weeks, hence 400 mg daily

IM D/C until less than grade 2, hence 400 mg

daily for 4 weeks, hence 800 mg daily

Grade 4 IM D/C forever IM D/C forever

In case of hematologic toxicity grade 3 or 4 or nonhematologic toxicity grade 3 recurring for more than 3 times, the investigator was allowed to adapt the dose as tolerated or
to discontinue the treatment forever.

ANC indicates absolute neutrophil count; and D/C, discontinuation.
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this study and that were responsible for the validation of the results
performed in local laboratories (Table S3) were located in Bologna (Italy),
Orbassano-Turin (Italy), Uppsala (Sweden), Istanbul (Turkey), and Tel
Hashomer (Israel). Representative samples were cross-checked among
these laboratories. The materials, the reagents, and the methods that were
used were developed within the international collaborative studies for the
harmonization of BCR-ABL mRNA quantification which were performed
according to Heidelberg-Mannheim20,22 and Adelaide19,21 laboratories.

Statistics

The primary hypothesis was that treatment with 800 mg IM would lead to a
higher proportion of CCgR at 1 year. Therefore, the primary end point was a
binary variable in which all randomly assigned patients were classified at
1 year as a CCgR or not, according to the intention-to-treat principle. From
the IRIS study, the expected CCgR rate of HR patients after 12 months of
treatment at 400 mg daily was 50%.13 To detect an absolute difference of
20% (a CCgR rate of 70% in the experimental arm), with a power 1-� of
80% and � of 0.05 two-sided, the number of patients to accrue was
established as 100 for each treatment arm.23 All comparisons were made
using the Student t test and the Yates corrected 	2 test, as appropriate.
Overall survival (OS), progression-free survival (PFS), failure-free survival
(FFS), and event-free survival (EFS) were calculated by the Kaplan-Meier
method,24 from the date of the first IM dose to death (OS), to progression to
AP or BP or death (PFS), to failure or death (FFS), and to any events,

including treatment discontinuation for AEs or severe AE (SAE), failure,
progression to AP or BP, or death, whichever came first (EFS).

Results

Two hundred sixteen eligible patients were enrolled during a 3-year
period (March 2004 to April 2007). The main clinical and
hematologic characteristics at diagnosis are reported in Table 2.
The median follow-up time of living patients was 26 months in
both arms (range, 13-51 months).

Treatment results are reported in Table 3. At 12 months the
number of patients who were in CCgR was 69 (64%) of 108 in the
high-dose arm and 63 (58%) of 108 in the standard-dose arm
(P � .435). In addition, the number of failures and the number of
patients who discontinued treatment for any reasons were not
different. At 3 and 6 months, no difference between the 2 arms
could be detected (Table 3).

Molecular response is shown in Table 4. At any time point the
proportion of MMolR was slightly but nonsignificantly higher in
the high-dose arm than in the standard-dose arm, and the BCR-
ABL transcript levels were slightly but no significantly lower in the
800-mg arm than in the 400-mg arm.

Table 2. Clinical and laboratory features at diagnosis

800-mg arm (n � 108) 400-mg arm (n � 108)

Sex, male/female, no. (%) 60/48 (55/45) 62/46 (57/43)

Median age, y (range) 51 (18-84) 51 (18-81)

Performance status (ECOG) 1 or less, n (%) 103 (95) 106 (98)

Median spleen, cm (range)* 10 (0-38) 10 (0-31)

Median Hb, g/L (range) 107 (68-145) 112 (53-155)

Median platelet count, � 109/L (range) 520 (130-2586) 480 (80-4553)

Median WBC count, � 109/L (range) 148 (14-500) 160 (19-478)

Median blood myeloblasts, % (range) 5 (0-11) 5 (0-13)

Median blood eosinophils, % (range) 3 (0-12) 2 (0-17)

Median blood basophils, % (range) 4 (0-19) 3 (0-15)

Additional chromosome abnormalities, no. (%) 3 (3) 5 (5)

Median Sokal score (range) 1.57 (1.22-7.61) 1.57 (1.21-8.25)

High risk by Hasford score, no. (%) 47 (43) 43 (40)

No difference was significant. Fifty-eight percent of the patients in the 800-mg arm and 55% of the patients in the 400-mg arm had a short course of treatment with
hydroxyurea.

*Maximum distance from costal margin, by manual evaluation.

Table 3. Cytogenetic response (CgR), failure, dropouts and treatment discontinuation for adverse events (AE) and severe AE (SAE) at 3, 6,
and 12 months

At 3 mo At 6 mo At 12 mo

800-mg arm 400-mg arm 800-mg arm 400-mg arm 800-mg arm 400-mg arm

CgR, complete 27 (25) 21 (19) 56 (52) 54 (50) 69 (64) 63 (58)

CgR, partial 25 (23) 23 (21) 10 (9) 12 (11) 5 (5) 17 (16)

CgR, major (C�P) 52 (48) 44 (41) 66 (61) 66 (61) 74 (68) 80 (74)

CgR, minor 9 (8) 13 (12) 3 (3) 4 (4) 0* 0*

CgR, minimal/none 15 (14) 26 (24) 2 (2) 6 (6) 0* 0*

CgR, nonevaluable 24 (22) 21 (19) 14 (13) 12 (11) 0 0

Failure 1 (1) 0 11 (10) 10 (9) 16 (15) 18 (17)

Off for AE/SAE 2 (2) 1 (1) 4 (4) 5 (5) 9 (8) 5 (5)

Dropouts 5 (5) 3 (3) 8 (7) 5 (5) 9 (8) 5 (5)

At each time point, the rates are calculated on all randomly assigned patients (intention-to-treat principle). No difference is significant. The CCgR rate at 12 months was
based on FISH test in 10 patients in the high-dose arm and in 6 patients in the standard-dose arm. If these cases were considered nonevaluable, the respective CCgR rates
would become 55% (59 of 108) in the high-dose arm and 53% (57 of 108) in the standard-dose arm. Dropouts include major protocol violations, refusal to continue treatment,
and loss to follow-up. In the high-dose arm, 7 patients went off treatment for AE (skin rash, 2 patients; interstitial pneumonitis, pulmonary hypertension, AST/ALT increase,
chronic diarrhea, and persistent thrombocytopenia, 1 patient each), and 2 patients for SAE (including 1 case of death by Staphylococcus aureus septicemia, without
neutropenia, and 1 case of myocardial infarction). In the standard-dose arm, 5 patients went off treatment for AE (AST/ALT increase, 3 cases; skin rash and persistent
neutropenia, 1 case each). Total number of patients in each treatment arm was 108. Data are number of patients; percentage in parentheses.

*At 12 months, the patients with a minor or a minimal CgR or with no CgR were classified as failures.
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The dose of IM that was actually taken, and the relation between
that dose and the response, was calculated in all the patients who
completed 1 year of treatment, or failed during the first year of
treatment. In the high-dose arm, the median average daily dose was
720 mg, but there was a considerable spread from 800 to less than
350 mg daily (Table 5). The CCgR rate was highest (96%) in the
25 patients who could take the whole assigned 800-mg dose and
was lowest (20%) in the 10 patients who could take only less than
400 mg daily. In the standard-dose arm, the median average daily
dose was 400 mg, and the CCgR rate was 66% for those who took
100% of the dose (400 mg), and 77% for those who had a small
dose reduction (350-399 mg; Table 5). Also in this arm, the CCgR
rate of the patients who had a substantial dose reduction (� 350 mg
daily) was low (27%).

OS, PFS, FFS, and EFS were not different, as shown in
Figures 1, 2, 3, and 4, respectively.

Discussion

This study represents the largest randomized study on therapy for HR
patients with CML to date. Contrary to the expectation, we could not
show a significant benefit of increased IM dose. The expectation was
based on preclinical, clinical, and pharmacokinetic data. Although
pharmacokinetic studies did not show a significant relation between the

dose of IM, body weight, body surface, or age,25-28 in the IRIS study IM
trough plasma levels ranged from less than 200 ng/mL to more than
2000 ng/mL and correlated significantly with response and event-free
survival.29 Asimilar relation between IM plasma level and response was
found in an independent study of 68 patients, in which the data
suggested that the trough plasma IM level threshold for MMolR could
be set at 1002 ng/mL.30 These data are not surprising, because the
therapeutic effects of IM depend on the concentration of the drug in the
milieu and in the target cells, which in turn are affected by the factors
governing intestinal absorption and liver metabolism,27,28 and by the
molecular mechanisms affecting the transport of the drug in and out of
leukemic cells.29-36

The IM concentration that inhibits 50% of BCR-ABL enzy-
matic activity and 50% of BCR-ABL� cell in vitro growth (IC50)
ranges between 500 and 1000 ng/mL and can be easily reached in
vivo with a single 400-mg daily dose.25-30 Because inhibition is
concentration dependent, a higher IM concentration may be
required to inhibit completely BCR-ABL and to optimize therapeu-
tic efficacy. Moreover, during IM treatment several BCR-ABL
kinase domain point mutations can develop, conferring resistance
to standard-dose IM, but some of them are still sensitive to IM, in
vitro, at concentrations below or around 1500 ng/mL.37-41

When this study was planned, the results of the IRIS trial had
already been published, confirming the therapeutic efficacy of
400 mg daily,3 and other studies had already reported that a higher

Table 4. Molecular response

At 3 mo At 6 mo At 12 mo

800-mg arm 400-mg arm 800-mg arm 400-mg arm 800-mg arm 400-mg arm

No. of patients

Randomly assigned 108 108 108 108 108 108

Off treatment for AE, SAE, dropouts 7 4 12 10 18 10

RT-Q-PCR not done 21 15 15 13 3 11

Evaluable for MolR 80 89 81 85 87 87

MMolR

No. of patients 13 8 34 27 43 36

Randomly assigned, % 12 7 31 25 40 33

Evaluable, % 16 9 42 32 49 41

BCR-ABL transcripts level (BCR-ABL to ABL %)

Median of evaluable 1.122 2.085 0.168 0.378 0.036 0.084

Median of CCgRs 0.186 0.258 0.040 0.102 0.030 0.060

The percentage of major molecular responses (MMolRs) was calculated both according to the intention-to-treat principle (percentage of randomly assigned patients) and
on the patients who were evaluable for molecular response, including failures (percentage of evaluables). No difference was significant.

Table 5. Distribution of the patients according to the average daily dose actually taken during the first 12 months or until failure and the
rate of CCgR according to the average daily dose actually taken

Average daily dose (mg)

No. of patients (%) until failure No. of CCgRs (%)

800-mg arm 400-mg arm 800-mg arm 400-mg arm

800 25 (28) NA 24/25 (96) NA

700-799 21 (23) NA 18/21 (86) NA

600-699 11 (12) NA 7/11 (64) NA

500-599 11 (12) NA 7/11 (64) NA

400-499 12 (13) 56 (57) 11/12 (92) 37/56 (66)

350-399 5 (6) 30 (31) 1/5 (20) 23/30 (77)

Less than 350 5 (6) 12 (12) 1/5 (20) 3/12 (27)

Total 90 (100) 98 (100) 69/90 (77) 63/98 (64)

The data of the patients who dropped out or went off treatment for AE or SAE (18 in the high-dose arm and 10 in the standard-dose arm) are not included. The median
average daily dose was 720 mg in the 800-mg arm and 400 mg in the 400-mg arm. In the high-dose arm 24 of 25 patients who could tolerate the assigned 800-mg dose
achieved a CCgR, and only 2 of 10 patients who could take less than 400 mg achieved a CCgR. In the standard-dose arm, the CCgR rate was alike in the patients who could
take the assigned 400-mg dose (66%), and in the patients who underwent a small dose reduction (350-399 mg; 77%). In both arms, the patients who could take only less than
350 mg daily rarely achieved a CCgR. There is an impressive difference between the CCgR rate of the patients who could tolerate 350-399 mg in the high-dose arm (1 of
5 patients, or 20%) and in the standard-dose arm (23 of 30 patients, or 77%). This may be simply accounted by small numbers, but it could be explained also because the
5 patients in the high-dose arm were treated discontinuously, whereas the 30 patients in the standard-dose arm were treated more continuously.
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IM dose could improve or increase the response.7-9 A single-arm
study of 112 patients who were treated front-line with IM 800 mg
daily reported a CCgR rate of 90% that compared favorably with
the CCgR rate of 74% that was reported for 49 patients treated
front-line with 400 mg daily at the same institution.10 More
recently, the results of a prospective, single-arm study of 103 pa-
tients who were assigned to receive a dose of 600 mg front-line,
with dose escalation to 800 mg in case of suboptimal response,
were published, reporting a 12-month CCgR and MMolR rate of
88% and 47%, respectively.42 Another prospective, yet single-arm,
study of patients with Sokal intermediate risk who were treated
front-line with IM 800 mg daily reported a 12-month CCgR of 88%
and a MMolR rate of 56%.43 Although these studies were of
single-arm design, this trial was designed to compare 800 and
400 mg in a prospective, intention-to-treat, randomized fashion.
The CCgR at 12 months was chosen as primary end point, because
it was, and still is, the best surrogate marker of later out-
come.2,3,6,10,44-46 The results were calculated on all randomly
assigned patients, using the intention-to-treat principle. The inter-

pretation of these results is straightforward, because no significant
difference could be detected between the experimental arm and the
standard arm, for the primary end point, as well as for any other
measure of efficacy, toxicity, and compliance (Tables 3,4;
Figures 1-4). Some reasons can be discussed. First, detecting or not
detecting a difference in cytogenetic and molecular response may
depend on methodologic issues.14,19-22,47,48 However, different
methods could account for differences between this study and other
studies, whereas in this study all cytogenetic and molecular tests
were performed in the same laboratories and at the same time, for
patients in both arms. Second, this study focused exclusively on
Sokal HR patients, who account for approximately 25% of patients
with CML, whereas all prior single-arm studies enrolled more low-
and intermediate-risk patients than HR patients. Moreover, the
boundaries between high-risk and AP are not always sharp, also
because the definition of AP may vary.6 On the basis of platelet count
and blast cell percentage, 7 of our patients could have been classified in
AP, but if these patients were not counted, the CCgR rate at 12 months
would have been the same, 64% in the high-dose arm and 59% in the

Figure 1. Overall survival. At 36 months the actuarial proportion
of patients alive was 91% (95% CI, 87%-94%) in the high-dose
arm (HDA) and 84% (95% CI, 78%-90%) in the standard-dose
arm (SDA). P � .79, log-rank test. No patient was censored
before last contact or death. Total number of deaths was 7 in the
HDA and 8 in the SDA.

Figure 2. Survival-free from progression to AP or BP. At
36 months the actuarial proportion of patients alive and progression-
free was 88% (95% CI, 84%-92%) in the high-dose arm (HDA) and
86% (95% CI, 82%-90%) in the standard-dose arm (SDA). P � .63
log-rank test. No patient was censored before last contact, death,
or progression. Total number of progressions was 9 in the HDA and
11 in the SDA.
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standard-dose arm. Third, we could not show a difference because the
sample size was determined to detect an absolute difference of 20%
between the expected CCgR rate in the standard-dose arm, which was
set at 50% based on the IRIS study13 but was actually slightly higher
(58%), and the predicted CCgR rate in the high-dose arm, which was
arbitrarily set at 70% but was actually slightly lower (64%). Fourth,
although almost all the patients who were assigned to 400 mg could take
the full dose, or at least more than 350 mg, many patients who were
assigned to 800 mg required a substantial dose decrease (Table 4).
Although no subgroup analysis by dose was planned, it cannot be
overlooked that the 12-month CCgR rate of the patients who could take
the full 800-mg dose, or a dose of 700 to 799 mg, was high (96% and
86%, respectively). However, it is important to notice that in both arms
the patients who received less than 350 mg failed almost completely to
respond. Fifth, although the number of dropouts and the number of
patients who went off treatment for AE and SAE was not significantly
different in the 2 arms, it was slightly higher in the high-dose arm (18%
or 16.6% vs 10% or 9.2%; P � .156). If these patients were not included
in the calculation, so violating the intention-to-treat principle, the

12-month CCgR rate would have become 69 (77%) of 90 patients in
the high-dose arm versus 63 (64%) of 98 patients in the standard-dose
arm (P � .09).

The results of this study were reported for the first time at the
13th Congress of the European Haematology Association,
June 2008.49 At the same Congress, 2 other prospective, controlled,
randomized studies of IM 400 mg versus 800 mg were presented.
One was a spontaneous study of 400 mg versus 800 mg in 227 pa-
tients in late chronic phase who were resistant or intolerant to
IFN�, reporting a higher CCgR rate at 6 months but not at
12 months, with 800 mg.50 The other was a company-sponsored
study of 476 patients, any risk, who were assigned front-line to
receive 800 mg or 400 mg.51 In that study, the end point was the
MMolR rate at 12 months, that appeared somewhat higher, but
nonsignificantly, in the 800-mg arm.

It is acknowledged that the Sokal prognostic classification, while still
providing the most important baseline prognostic factor, may be coming
of age and will be modified or replaced, based on the biologic
characteristics of leukemia. The reasons why high-risk patients are less

Figure 3. Failure-free survival. See “Methods” for the definition
of failure. At 36 months the actuarial proportion of patients alive
and failure-free was 72% (95% CI, 66%-78%) in the high-dose
arm (HAD) and 74% (95% CI, 70%-78%) in the standard-dose
arm (SDA). P � .66, log-rank test. The patients who dropped out
or discontinued the treatment for AEs or SAEs were censored.

Figure 4. Event-free survival. Events were treatment discontinu-
ation for AEs or SAEs, failure, progression to AP or BP, or death,
whichever came first. At 36 months, the actuarial proportion of
patients who were alive and event-free was 62% (95 CI, 56%-
68%) in the high-dose arm (HDA) and 66% (95% CI, 61%-71%) in
the standard-dose arm. P � .89, log-rank test.
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responsive to any therapy, with the possible exception of allogeneic stem
cell transplantation, are not clear. We hypothesize that the age, the
involvement of the megakaryocytic lineage, the higher blast cell
proportion, and the greater burden of extramedullary hemopoiesis may
all be a cause or a consequence of a greater genomic instability.
However, there are no reports of a significant association of Sokal risk
with the gene expression profile of leukemic cells or other candidate
prognostic factors. It is also acknowledged that the primary end point of
this study was the CCgR rate at 12 months, which is a potent and
recognized early surrogate marker of survival, but it is only a surrogate.
Other prospective studies were designed, and are on the way, to test the
effect of IM initial dose on survival.51-53 The concept of IM dose
optimization is complex, and probably it cannot be pursued, or applied,
in all patients irrespective of response, tolerance, and also pharmacoki-
netic data. Future improvements may lie in identifying subgroups that
could benefit from dose escalation or other agents. However, on the
basis of this controlled study, the standard initial or front-line dose of IM
for patients with Sokal HR Ph� CML should be 400 mg once daily.
Although the projected 36 months OS was of note (84% in the
standard-dose arm and 91% in the high-dose arm), the EFS, which
provides a measure of the proportion of patients who are still on therapy
and have not failed, was 66% and 62%, respectively, suggesting that HR
patients are still in need of improved therapy.
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“L. and A. Seràgnoli,” S Orsola-Malpighi Hospital, Via Massar-
enti, 9, 40138 Bologna, Italy; e-mail: michele.baccarani@unibo.it.

References

1. Druker BJ, Talpaz M, Resta DJ, et al. Efficacy and
safety of a specific inhibitor of the BCR-ABL ty-
rosine kinase in chronic myeloid leukemia. N Engl
J Med. 2001;344:1031-1037.

2. Kantarjian H, Sawyers C, Hochhaus A, et al. He-
matologic and cytogenetic responses to imatinib
mesylate in chronic myelogenous leukemia.
N Engl J Med. 2002;346:645-652.

3. O’Brien SG, Guilhot F, Larson RA, et al. Imatinib
compared with interferon and low-dose cytara-
bine for newly diagnosed chronic-phase chronic
myeloid leukemia. N Engl J Med. 2003;348:994-
1004.

4. Talpaz M, Silver RT, Druker BJ, et al. Imatinib in-
duces durable hematologic and cytogenetic re-
sponses in patients with accelerated phase
chronic myeloid leukemia: results of a phase 2
study. Blood. 2002;99:1928-1937.

5. Sawyers CL, Hochhaus A, Feldman E, et al. Ima-
tinib induces hematologic and cytogenetic re-
sponses in patients with chronic myelogenous
leukemia in myeloid blast crisis: results of a
phase II study. Blood. 2002;99:3530-3539.

6. Baccarani M, Saglio G, Goldman J, et al. Evolv-
ing concepts in the management of chronic my-
eloid leukemia: recommendations from an expert
panel on behalf of the European LeukemiaNet.
Blood. 2006;108:1809-1820.

7. Zonder JA, Pemberton P, Brandt H, Mohamed
AN, Schiffer CA. The effect of dose increase of
imatinib mesylate in patients with chronic or ac-
celerated phase chronic myelogenous leukemia
with inadequate hematologic or cytogenetic re-

sponse to initial treatment. Clin Cancer Res.
2003;9:2092-2097.

8. Kantarjian HM, Talpaz M, O’Brien S, et al. Dose
escalation of imatinib mesylate can overcome
resistance to standard-dose therapy in patients
with chronic myelogenous leukemia. Blood. 2003;
101:473-475.

9. Cortes J, Giles F, O’Brien S, et al. Result of high-
dose imatinib mesylate in patients with Philadel-
phia chromosome-positive chronic myeloid leuke-
mia after failure of interferon-alpha. Blood. 2003;
102:83-86.

10. Kantarjian H, Talpaz M, O’Brien S, et al. High-
dose imatinib mesylate therapy in newly diag-
nosed Philadelphia chromosome-positive chronic
phase chronic myeloid leukemia. Blood. 2004;
103:2873-2848.

11. Sokal JE, Cox EB, Baccarani M, et al. Prognostic
discrimination in “good risk” chronic granulocytic
leukemia. Blood. 1984;63:789-799.

12. Rosti G, Trabacchi E, Bassi S, et al. Risk and
early cytogenetic response to imatinib and inter-
feron in chronic myeloid leukemia. Haemato-
logica. 2003;88:256-9.

13. Hughes TP, Kaeda J, Branford S, et al. Fre-
quency of major molecular responses to imatinib
or interferon alfa plus cytarabine in newly diag-
nosed chronic myeloid leukemia. N Engl J Med.
2003;349:1423-1432.

14. Hughes T, Deininger M, Hochhaus A, et al. Moni-
toring CML patients responding to treatment with
tyrosine kinase inhibitors: review and recommen-
dations for harmonizing current methodology for

detecting BCR-ABL transcripts and kinase do-
main mutations and for expressing results. Blood.
2006;108:28-37.

15. Dewald GW, Wyatt WA, Juneau AL, et al. Highly
sensitive fluorescence in situ hybridization
method to detect double BCR/ABL fusion and
monitor response to therapy in chronic myeloid
leukemia. Blood. 1998;91:3357-3365.

16. Primo D, Tabernero A, Rasillo A, et al. Patterns of
BCR/ABL gene rearrangements by interphase
fluorescence in situ hybridization (FISH) in BCR/
ABL� leukemias: incidence and underlying ge-
netic abnormalities. Leukemia. 2003;17:1124-
1129.

17. Raanani P, Ben-Bassat I, Gan S, et al. Assess-
ment of the response to imatinib in chronic my-
eloid leukemia patients: comparison between the
FISH, multiplex and RT-PCR methods. Eur J
Haematol. 2004;73:243-250.

18. Marzocchi G, Luatti S, Amabile M, et al. A pro-
spective study in Ph� CML patients: FISH is
effective as conventional cytogenetics for defi-
nition of cytogenetic response to imatinib: cor-
relation with molecular response (a GIMEMA
WP analysis). Haematologica. 2007;92(suppl
1):50.

19. Branford S, Cross NC, Hochhaus A, et al. Ratio-
nale for the recommendations for harmonizing
current methodology for detecting BCR-ABL tran-
scripts in patients with chronic myeloid leukae-
mia. Leukemia. 2006;20:1925-1930.

20. Müller MC, Saglio G, Lin F, et al. An international

IMATINIB DOSING IN HIGH-RISK CML 4503BLOOD, 7 MAY 2009 � VOLUME 113, NUMBER 19

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/113/19/4497/1484357/zh801909004497.pdf by guest on 18 M

ay 2024



study to standardize the detection and quantita-
tion of BCR-ABL transcripts from stabilized pe-
ripheral blood preparations by quantitative RT-
PCR. Haematologica. 2007;92:970-973.

21. Branford S, Fletcher L, Cross NC, et al. Desirable
performance characteristics for BCR-ABL mea-
surement on an international reporting scale to
allow consistent interpretation of individual pa-
tient response and comparison of response rates
between clinical trials. Blood. 2008;112:3330-
3338.

22. Müller MC, Erben P, Saglio G, et al. Harmoniza-
tion of BCR-ABL mRNA quantification using a
uniform multifunctional control plasmid in 37 inter-
national laboratories. Leukemia. 2008;22:96-102.

23. A’Hern RP. Sample size tables for exact single-
stage phase II designs. Stat Med. 2001;20:859-
866.

24. Kaplan EL, Meier P. Nonparametric estimation
from incomplete observations. J Am Stat Assoc.
1958;53:457-481.

25. Peng B, Hayes M, Resta D, et al. Pharmacokinet-
ics and pharmacodynamics of imatinib in a phase
I trial with chronic myeloid leukemia patients.
J Clin Oncol. 2004;22:935-942.

26. Schmidli H, Peng B, Riviere GJ, et al. Population
pharmacokinetics of imatinib mesylate in patients
with chronic-phase chronic myeloid leukaemia:
results of a phase III study. Br J Clin Pharmacol.
2005;60:35-44.

27. Gschwind HP, Pfaar U, Waldmeier F, et al. Metab-
olism and disposition of Imatinib Mesylate in
healthy volunteers. Drug Metab Dispos. 2005;33:
1503-1512.

28. Peng B, Lloyd P, Shran H. Clinical pharmacoki-
netics of imatinib. Clin Pharmacokinet. 2005;44:
879-894.

29. Larson RA, Druker BJ, Guilhot F, et al. Imatinib
pharmacokinetics and its correlation with re-
sponse and safety in chronic-phase chronic my-
eloid leukemia: a subanalysis of the IRIS study.
Blood. 2008;111:4022-4028.

30. Picard S, Titier K, Etienne G, et al. Trough ima-
tinib plasma levels are associated with both cyto-
genetic and molecular responses to standard-
dose Imatinib in chronic myeloid leukemia. Blood.
2007;109:3496-3499.

31. Illmer T, Schaich M, Platzbecker U, et al. P-glyco-
protein-mediated drug efflux is a resistance
mechanism of chronic myelogenous leukemia
cells to treatment with imatinib mesylate. Leuke-
mia. 2004;18:401-408.

32. Thomas J, Wang L, Clark RE, Pirmohamed M.
Active transport of imatinib into and out of cells:
implications for drug resistance. Blood. 2004;104:
3739-3745.

33. White DL, Saunders VA, Dang P, et al. OCT-1-
mediated influx is a key determinant of the intra-

cellular uptake of imatinib but not nilotinib
(AMN107): reduced OCT-1 activity is the cause of
low in vitro sensitivity to imatinib. Blood. 2006;
108:697-704.

34. White DL, Saunders VA, Dang P, et al. Most CML
patients who have a suboptimal response to ima-
tinib have low OCT-1 activity: higher doses of
imatinib may overcome the negative impact of
low OCT-1 activity. Blood. 2007;110:4064-4072.

35. Hu S, Franke RM, Filipski KK, et al. Interaction of
imatinib with human organic ion carriers. Clin
Cancer Res. 2008;14:3141-3148.

36. Dulucq S, Bouchet S, Turcq B, et al. Multidrug
resistance gene (MDR1) polymorphisms are as-
sociated with major molecular responses to stan-
dard-dose imatinib in chronic myeloid leukemia.
Blood. 2008;112:2024-2027.

37. Corbin AS, La Rosée P, Stoffregen EP, Druker BJ,
Deininger MW. Several Bcr-Abl kinase domain
mutants associated with imatinib mesylate resis-
tance remain sensitive to imatinib. Blood. 2003;
101:4611-4614.

38. Branford S, Rudzki Z, Walsh S, et al. Detection of
BCR-ABL mutations in patients with CML treated
with imatinib is virtually always accompanied by
clinical resistance, and mutations in the ATP
phosphate-binding loop (P-loop) are associated
with a poor prognosis. Blood. 2003;102:276-283.

39. Soverini S, Martinelli G, Rosti G, et al. ABL muta-
tions in late chronic phase chronic myeloid leuke-
mia patients with up-front cytogenetic resistance
to imatinib are associated with a greater likeli-
hood of progression to blast crisis and shorter
survival: a study by the GIMEMA Working Party
on Chronic Myeloid Leukemia. J Clin Oncol.
2005;23:4100-4109.

40. Martinelli G, Soverini S, Rosti G, Baccarani M.
Dual tyrosine kinase inhibitors in chronic myeloid
leukemia. Leukemia. 2005;19:1872-1879.

41. Jabbour E, Kantarjian H, Jones D, et al. Fre-
quency and clinical significance of BCR-ABL mu-
tations in patients with chronic myeloid leukemia
treated with imatinib mesylate. Leukemia. 2006;
20:1767-1773.

42. Hughes TP, Branford S, White DL, et al. Impact of
early dose intensity on cytogenetic and molecular
responses in chronic phase CML patients receiv-
ing 600 mg/day of imatinib as initial therapy.
Blood. 2008;112:3965-3973.

43. Rosti G, Castagnetti F, Amabile M, et al. Imatinib
high dose (800 mg) in intermediate Sokal risk
CML patients in chronic phase: results of a Phase
II trial of the GIMEMA CML WP [abstract].
Haematologica. 2007;92(suppl):205. Abstract
0550.

44. Druker BJ, Guilhot F, O’Brien SG, et al. Five-year
follow-up of patients receiving imatinib for chronic
myeloid leukemia. N Engl J Med. 2006;355:2408-
2417.

45. Kantarjian H, O’Brien S, Shan J, et al. Cytoge-
netic and molecular responses and outcome in
chronic myelogenous leukemia: need for new re-
sponse definitions? Cancer. 2008;112:837-845.

46. de Lavallade H, Apperley JF, Khorashad JS, et al.
Imatinib for newly diagnosed patients with chronic
myeloid leukemia: incidence of sustained re-
sponses in an intention-to-treat analysis. J Clin
Oncol. 2008;26:3358-3363.

47. Saldanha J, Silvy M, Beaufils N, et al. Character-
ization of a reference material for BCR-ABL (M-
BCR) mRNA quantitation by real-time amplifica-
tion assays: towards new standards for gene
expression measurements. Leukemia. 2007;21:
1481-1487.

48. Zhang T, Grenier S, Nwachukwu B, Wei C, Lipton
JH, Kamel-Reid S; Association for Molecular Pa-
thology Hematopathology Subdivision. Inter-labo-
ratory comparison of chronic myeloid leukemia
minimal residual disease monitoring: summary
and recommendations. J Mol Diagn. 2007;9:421-
430.

49. Baccarani M, Haznedaroglu I, Porkka K, et al. A
prospective randomized study of imatinib 400 mg
vs 800 mg as a frontline therapy in Sokal high risk
(HR) Ph pos chronic myeloid leukemia [abstract].
Haematologica. 2008;93(suppl):161. Abstract
0405.

50. Andreas AP, Wolf DW, Fong DF, et al. High doses
of imatinib mesylate (800 mg/day) significantly
improve rates of major and complete cytogenetic
remissions (MCR, CCR) – results from the first
planned interim analysis of a multicenter, ran-
domised, 2 arm phase III study comparing ima-
tinib standard dose (400 mg/day) with imatinib
high dose [abstract]. Haematologica. 2008;
93(suppl):162. Abstract 0406.

51. Cortes JG, Baccarani M, Guilhot F, et al. First re-
port of the TOPS study: a randomized phase III
trial of 400 mg vs 800 mg imatinib in patients with
newly diagnosed, previously untreated CML in
chronic phase using molecular endpoints [ab-
stract]. Haematologica. 2008;93(suppl):160. Ab-
stract 0402.

52. Hehlmann R, Saussele S, Lauseker M, et al.
Randomized comparison of Imatinib 400 mg Vs.
Imatinib � IFN Vs. Imatinib � AraC Vs. Imatinib
after IFN Vs. Imatinib 800 mg: optimized treat-
ment and survival. Designed first interim analysis
of the German CML Study IV [abstract]. Blood.
2008;112:Abstract 184.

53. Guilhot F, Mahon F-X, Guilhot J, et al. Random-
ized comparison of Imatinib versus Imatinib com-
bination therapies in newly diagnosed chronic
myeloid leukemia (CML) patients in chronic
phase (CP): first results of the phase III (SPIRIT)
trial from the French CML Group (FI LMC) [ab-
stract]. Blood. 2008;112:Abstract 183.

4504 BACCARANI et al BLOOD, 7 MAY 2009 � VOLUME 113, NUMBER 19

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/113/19/4497/1484357/zh801909004497.pdf by guest on 18 M

ay 2024


