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A B S T R A C T

Purpose
Long-term clinical outcome data have established imatinib 400 mg/d as standard front-line
treatment for newly diagnosed patients with chronic myeloid leukemia (CML).

Patients and Methods
The Rationale and Insight for Gleevec High-Dose Therapy (RIGHT) trial is a multicenter study of
imatinib 400 mg twice a day as initial therapy in 115 patients (70% Sokal low risk) with newly
diagnosed CML in chronic phase who were observed for both molecular and cytogenetic
responses for up to 18 months. Eighty-three patients (72%) completed the study, 10 patients (9%)
discontinued the study because of adverse events, and six patients (5%) discontinued because of
unsatisfactory therapeutic effect.

Results
Polymerase chain reaction analysis demonstrated rapid kinetics of major molecular response
(MMR), with 48% of patients achieving MMR by 6 months, 54% by 12 months, and 63% by 18
months. Corresponding complete molecular response rates were 39%, 44%, and 55%, respec-
tively. Median dose-intensity was 98%. Overall, 79% of patients who received at least 90%
dose-intensity achieved MMR. The most frequent adverse events included myelosuppression,
rash, fatigue, and musculoskeletal symptoms.

Conclusion
This study suggests that imatinib 400 mg twice a day results in more rapid reduction in tumor
burden than imatinib 400 mg/d with minimal added toxicity.

J Clin Oncol 27:4754-4759. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Imatinib 400 mg/d is standard front-line therapy for
the treatment of chronic myeloid leukemia (CML)
based on the phase III International Randomized
Study of Interferon and STI571 (IRIS) trial.1,2 Five-
year follow-up of the IRIS trial3 demonstrated that
achievementofcompletecytogeneticresponse(CCyR)
and major molecular response (MMR) within the
first 12 months of imatinib therapy is a prognostic
indicator for better long-term outcome.3 Given the
apparent benefit of early CCyR and MMR in terms
of long-term outcome, efforts have been made to
determine whether higher initial doses of imatinib
might result in more robust early responses and
improved outcomes.

Prior evidence suggests that higher doses of
imatinib may result in improved outcomes com-
pared with standard doses. A starting dose of 600

mg/d resulted in improved response rates, time to
progression, and overall survival in patients with
CML in accelerated or blast phase (BP).4,5 In a study
of patients with CML in chronic phase (CML-CP),
dose escalation to imatinib 800 mg/d induced re-
sponses in some patients resistant to imatinib 400
mg/d.6 High-dose imatinib (400 mg twice a day) was
first evaluated as a starting dose in patients with
CML-CP who had experienced treatment failure af-
ter receiving interferon alfa; it induced CCyR in
most patients, with high rates of molecular remis-
sion.7 High-dose imatinib was later demonstrated to
yield high response rates in patients with newly di-
agnosed CML-CP,8 with higher rates of complete
molecular response (CMR) compared with re-
sponses seen in earlier studies with imatinib 400
mg/d. High-dose imatinib was generally well toler-
ated in these single-institution studies. However, the
efficacy of high-dose imatinib across academic and
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community settings and the ability to deliver higher-dose imatinib for
sustained periods of time with acceptable toxicity remained to be
elucidated. Based on results from earlier studies, we implemented the
Rationale and Insight for Gleevec High-Dose Therapy (RIGHT) trial,
a multicenter study of imatinib 400 mg twice a day as initial therapy in
patients with newly diagnosed Philadelphia chromosome–positive or
Philadelphia chromosome–negative BCR-ABL–positive early CML-
CP. Here we report the findings of the RIGHT trial.

PATIENTS AND METHODS

Trial Design and Study Objectives

The RIGHT trial was a single-arm, phase II, open-label multicenter study
in nine academic and 26 community sites. The primary objective was to
determine the rate of MMR at 6, 12, and 18 months, defined as a � 3-log
reduction in BCR-ABL transcripts relative to a standardized baseline. Second-
ary end points included rate of and time to hematologic response, cytogenetic
response, CMR (defined as undetectable BCR-ABL transcript with a sensitivity
of � 4.5 logs), safety, and correlation between clinical outcomes and delivered
dose-intensity compared with historical data from the imatinib 400-mg/d arm
of the IRIS study. Patients who had received any treatment for CML for more
than 1 month, with the exception of hydroxyurea and/or anagrelide, were
excluded from the study. Nineteen patients had received imatinib before study
entry, 47 had received hydroxyurea, and four had received anagrelide. Study
duration was 18 months; after 18 months, patients could continue therapy off
study per their physician’s clinical judgment. Response rate calculations in-
cluded the number of patients who were still on study and those who had
experienced treatment failure at previous time points. The protocol and in-
formed consent form were reviewed by an institutional review board.

To be eligible, patients were required to be age � 18 years with a diagno-
sis of CML-CP within 6 months and previously untreated or treated with
imatinib for � 1 month. Criteria for CP were as described. Ten patients were
required to have an absolute neutrophil count of more than 1.5 � 109, a
platelet count of more than 100�109, adequate end organ function with levels
of aminotransferases less than 2.5� the upper limit of normal (ULN), and
serum bilirubin and creatinine � 1.5� ULN. Female patients must have had a
negative pregnancy test within 7 days, and all patients with reproductive
potential agreed to use birth control throughout the study and for up to 3
months following discontinuation of the study drug. Patients were excluded if
their Eastern Cooperative Oncology Group performance status was � 3; if
they had a severe and/or uncontrolled medical disease, grade 3 or 4 cardiac
problems, known chronic liver disease, or a significant history of nonadher-
ence; or if they were pregnant or breastfeeding. All patients gave written
informed consent according to institutional regulations.

Hematologic, Biochemical, and Cytogenetic Testing

Complete hematologic response was defined as absolute neutrophil
count � 1.5 � 109, platelet count � 100,000 � 109, and no circulating blasts
or extramedullary involvement. Bone marrow aspirate and cytogenetic analy-
ses were performed at screening and at 12 and 18 months. In case of insuffi-
cient metaphases, fluorescence in situ hybridization was used. Cytogenetic
responses (for both karyotype and fluorescent in situ hybridization) were
classified as complete (0% Philadelphia chromosome–positive metaphases),
partial (1% to 35%), major (0% to 35%), minor (36% to 65%), or minimal
(66% to 95%).

Molecular Testing

Molecular testing by quantitative real-time polymerase chain reaction
was performed by Quest Central Laboratory with validation at the Fred
Hutchinson Cancer Center (FHCRC) in Seattle, WA. The Quest quantitative
assay for BCR-ABL mRNA used ABL as the control gene, whereas the FHCRC
assay used �2 microglobulin.11,12

The Quest assay was validated by one of the laboratories used in the IRIS
trial. Of the 777 different PCR samples analyzed by Quest laboratory, 576
duplicate samples were also analyzed by the FHCRC laboratory. There was a

strong correlation in the measured transcript levels between Quest Central
Laboratory and FHCRC by both Pearson and Spearman coefficients (r2 � X
and Y, respectively; P � .0001 for both analyses).

At the Quest laboratory, the baseline ratio of BCR-ABL/ABL was calcu-
lated from all prestudy samples in this trial in addition to other diagnostic
samples assayed in this laboratory. A mean baseline BCR-ABL/ABL ratio of
3.797 was used to calculate log reductions of individual samples following
therapy. The Quest assay was capable of detecting BCR-ABL transcripts down
to a 4.5-log reduction from this baseline.

Statistical Considerations

Time to MMR and CMR was estimated by the Kaplan-Meier product-
limit method. The relationship between dose-intensity and log reduction in
quantitative BCR-ABL transcripts was assessed using Pearson’s and Spear-
man’s rank correlation. The relationship between median dose-intensity and
log reduction at 18 months was determined using Fisher’s exact test.

RESULTS

Patient Disposition

Baseline characteristics for the 115 enrolled patients are listed in
Table 1. Median age was 50 years (range, 19 to 81 years), with 79% of
patients younger than 65 years. Seventy percent had a low Sokal risk
score; three patients had clonal evolution at baseline. Eighty-three
patients (72%) completed the 18-month study. Median duration of
exposure to imatinib 400 mg twice a day on study was 17.0 months

Table 1. Patient Characteristics (N � 115)

Characteristic No. %

Age, years
Median 50
Range 19-81
� 65 91 79
� 65 24 21

Sokal risk score
Low 80 70
Intermediate 20 17
High 14 12
Missing 1 1

Previously treated with imatinib� 19 17
Duration of imatinib, days

Mean 19
Range 1-38

Time from diagnosis to first study dose, months
Median 0.96
Range 0.13-9.69

Hemoglobin, g/dL
Median 12.30
Range 7.9-16

Platelets, �109/L
Median 373
Range 46-4,284

Peripheral blasts
Median 0
Range 0-12

Clonal evolution† 3 3
Spleen size measured below the costal margin, � 0 cm 34 30
Philadelphia chromosome–positive metaphases � 100 21 18

�Received imatinib for � 1 month per protocol inclusion criteria.
†Clonal evolution is defined as the presence of additional chromosomal

abnormalities other than the Philadelphia translocation.
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(range, 0.2 to 19.8 months). Because imatinib was commercially avail-
able, expectations were that patients continued to receive imatinib
after termination of the study, but no further information was col-
lected after the final study visit. Of the 32 patients (28%) who discon-
tinued the study, 10 (9%) discontinued because of adverse events
(AEs), six (5%) because of unsatisfactory therapeutic effect, four (3%)
because of protocol violation, and 10 (9%) because of withdrawal of
consent. One patient (1%) died as a result of BP, and one patient (1%)
was lost to follow-up (Table 2).

Molecular Response

Molecular response rates in patients who received imatinib 400
mg twice a day increased over time, with MMR rates of 48% at 6
months, 54% at 12 months, and 63% at 18 months. CMR was
achieved in 39%, 44%, and 55% of patients at 6, 12, and 18 months,
respectively (Fig 1A). The median time to MMR was 8.3 months;
median time to CMR was 9.7 months.

Exposure, Dose-Intensity, and Molecular Response

The planned daily dose of imatinib was 400 mg twice a day.
Median dose duration was 17 months (range, 0.2 to 19.8 months),
and 89 patients (77%) had more than 12 months of exposure.
Dose-intensity was calculated as follows: [total dose (mg) of imatinib
taken during the study � 100%]/[800 � (last dose date � first dose
date � 1)].

The dose-intensity for imatinib was correlated with the molecu-
lar response (Fig 1B). The median dose-intensity (ie, actual dose
delivered/dose planned) was 98%, and the median average daily dose
was 784 mg. A dose-intensity of � 90% was attained by 74 (64%) of
115 patients. Dose-intensity was similar for patients younger than 65
years and those � 65 years (dose-intensity � 90% in 67% and 50% of
patients, respectively; P � .1232).

Overall, 74 patients (64%) required a treatment interruption of at
least 1 day, and 73 patients (63%) required a dose reduction. The
median duration of dose interruptions was 5 days (range, 0 to 120
days), and the median duration of dose reductions was 4 days (range,
0 to 568 days). Fifty-eight patients (50%) had 5 or fewer days of missed

doses. Patients who were dose reduced were re-escalated, when possi-
ble, after resolution of toxicity. At month 18, 74% of the patients on
study with dose data available were still taking imatinib 400 mg twice
a day.

Rates of molecular response at 18 months were correlated with
dose-intensity. Seventy-nine percent of patients who received � 90%
dose-intensity achieved an MMR, compared with 42% of patients
who received less than 90% dose-intensity (P � .0015; Fig 1B). Simi-
larly, CMR was achieved by 67% of patients who received � 90%
dose-intensity, compared with 29% of patients who received less than
90% dose-intensity (P � .0029; Fig 1B).

Hematologic, Cytogenetic, and Clinical Response

Complete hematologic response at 6, 12, and 18 months was
achieved and maintained in 93%, 94%, and 93% of evaluable patients,
respectively (Table 3). Cytogenetic response was first assessed at 12
months. The actual rate of major cytogenetic response (MCyR) was
90% at 12 months and 96% at 18 months, and the rate of CCyR was
85% at 12 months and 83% at 18 months. One patient transformed to
advanced phase (BP) and subsequently died. Four other patients re-
mained in CP but had increasing transcript levels (� 1 log) on PCR
testing without changes in hematologic or cytogenetic tests, for which
their physician discontinued them from study (“unsatisfactory thera-
peutic effect”). Of these four patients, two were tested for mutations,
one had an E255V mutation, and the other had no mutations.

Effect of CCyR on Molecular Response

Of 76 patients who had a CCyR at 12 months, 49 (64%) had an
MMR including 34 (45%) who had CMR. At 18 months, 54 (71%)

Table 2. Patient Disposition (N � 115)

Variable No. %

Enrolled 115 100
Included in the safety population� 115 100
Included in the intent-to-treat population† 115 100
Included in the per-protocol population‡ 101 88
Completed the study 83 72
Discontinued 32 28

Adverse events 10 9
Unsatisfactory therapeutic effect§ 6 5
Protocol violation 4 4
Patient withdrawal of consent 10 9
Loss to follow-up 1 1
Death 1 1

�All enrolled patients who received at least one dose of study drug.
†All enrolled patients who received study drug for at least 1 week.
‡All enrolled patients who were in the intent-to-treat population and did not

violate any major inclusion or exclusion criteria.
§Unsatisfactory therapeutic effect included two patients who were

not evaluable.
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Fig 1. Molecular response (MR) rates with high-dose imatinib. (A) Newly
diagnosed patients with chronic myeloid leukemia–chronic phase receiving
imatinib 800 mg/d achieved major MR (MMR) and complete molecular response
(CMR) rates that increased over time. (B) The relationship between median
dose-intensity and log reduction at 18 months was determined using Fisher’s
exact test.
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and 44 (58%) patients had MMR and CMR, respectively. Of the 70
patients who had a CCyR at 18 months, 55 patients (79%) had MMR
including 45 (64%) with CMR.

Results from the RIGHT trial were then evaluated in the context
of data obtained in a similar patient population from the IRIS trial,3,9

who received imatinib 400 mg/d. Molecular response rates at 12
months with high-dose imatinib (400 mg twice a day) were higher
compared with those reported for the historical control group (Fig 2).
At 12 months, MMR was 54% for patients in the RIGHT trial com-
pared with an estimated 39% for the 400 mg/d historical control
group.9 Similarly, cytogenetic response rates at 12 months with high-
dose imatinib were higher compared with those for the historical
control group (Fig 2). At 18 months, MCyR and CCyR rates were 90%
and 85%, respectively, in the RIGHT trial compared with an estimated
85% and 69%, respectively, in the historical control group that re-
ceived imatinib 400 mg/d.

AEs

High-dose imatinib was associated with a low frequency of grade
3 to 4 treatment-related hematologic and nonhematologic toxicity
(Table 4). Of hematologic AEs related to imatinib therapy, anemia was
the most frequent (41%, any grade; 5%, grade 3/4), whereas throm-

bocytopenia was the most frequently reported grade 3 or 4 AE (18%).
Of the nonhematologic imatinib-related AEs (any grade), nausea
(65%), diarrhea (57%), fatigue (57%), edema (52% periorbital, 40%
peripheral), vomiting (38%), and rash (33%) were the most frequent.

The most common grade 3 or 4 nonhematologic toxicities were
fatigue (6%), diarrhea, nausea, and rash (5% each). One patient with
extensive previous cardiac history (coronary artery disease, myocar-
dial infarction, and cardiac stents) had grade 4 congestive heart failure
after the occurrence of a second myocardial infarction while on study.
Ten patients discontinued from the study because of one or more AEs.
AEs leading to premature discontinuation included weight loss, liver
function abnormalities, secondary carcinomas, nausea, vomiting, fa-
tigue, musculoskeletal pain, pulmonary embolism, pleural effusion,
rash, thrombocytopenia, edema, and hand-foot syndrome. All 115
patients experienced at least one AE; 74 required either a dose adjust-
ment or a transient treatment interruption. The most common AEs

Table 3. Hematologic and Cytogenetic Response Rates of Imatinib 800 mg/d in Patients With Newly Diagnosed Chronic Myeloid Leukemia–Chronic Phase

Response

6 Months 12 Months 18 Months

All
(N � 115)

Evaluable�

(n � 104)
All

(N � 115)
Evaluable
(n � 89)

All
(N � 115)

Evaluable
(n � 84)

No. % No. % No. % No. % No. % No. %

CHR 97 90 97 93 84 73 84 94 78 68 78 93
MCyR NA NA 80 70 80 90 81 70 81 96
CCyR NA NA 76 66 76 85 70 61 70 83

Abbreviations: CHR, complete hematologic response; MCyR, major cytogenetic response; NA, cytogenetics not performed at 6 months; CCyR, complete
cytogenetic response.

�Evaluable patients are those with available data and those who were treatment failures.
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Fig 2. Comparison of molecular and cytogenetic response rates at 12 months
with imatinib 800 and 400 mg/d. Molecular and cytogenetic response rates were
compared between patients on the Rationale and Insight for Gleevec High-Dose
Therapy (RIGHT) trial receiving imatinib 800 mg/d and historical controls from the
International Randomized Study of Interferon and STI571 (IRIS) trial receiving
imatinib 400 mg/d. Values from the IRIS trial (400 mg/d) reflect the estimated
responses as published in the references listed; those from the RIGHT trial
(800 mg/d) reflect actual response rates. In the IRIS trial, a substudy analysis of
major molecular response (MMR) was performed for a group of patients
(n � 124) who achieved a complete cytogenetic response (CCyR). MCyR, major
cytogenetic response.

Table 4. Adverse Events Occurring With Imatinib 800 mg/d Experienced
by at Least 5% of Patients, Regardless of Causality

Adverse Event

Patients, % (N � 115)

Any Grade 1 Grade 2 Grade 3 Grade 4

Nonhematologic
Nausea 65 47 14 4 1
Diarrhea 57 44 9 4 1
Fatigue 57 36 15 6 0
Edema

Periorbital 52 44 8 0 0
Peripheral 40 30 8 3 0

Vomiting 38 24 10 3 1
Rash 33 20 8 4 1
Headache 30 26 4 0 0
Musculoskeletal events

Pain 8 5 3 1 0
Muscle spasms 25 23 2 0 0
Arthralgia 28 18 7 3 0
Myalgia 23 14 6 3 0

Abdominal pain 24 14 9 1 0
Nasopharyngitis 9 7 2 0 0
Pyrexia 23 16 5 2 0

Hematologic
Anemia 41 18 17 5 0
Neutropenia 26 3 10 13 1
Thrombocytopenia 25 3 4 16 2

Molecular Response to High-Dose Imatinib in CML-CP
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leading to dose adjustment or treatment interruption were thrombo-
cytopenia (17%), vomiting (12%), neutropenia (11%), and nau-
sea (11%).

When the incidence of AEs with imatinib 800 mg/d in the
RIGHT trial was compared with that seen in the IRIS trial,3 nonhema-
tologic grade 3/4 AEs occurred at a somewhat higher rate among
high-dose imatinib patients versus those who received standard-dose
imatinib (Table 5). Grade 3/4 neutropenia and anemia were similar in
both groups, whereas the incidence of thrombocytopenia was higher
among patients who received imatinib 400 mg twice a day versus
patients from the IRIS trial who received imatinib 400 mg/d. Some
grade 1/2 toxicities (eg, GI, edema, rash) were more frequent among
patients treated with high-dose imatinib.

DISCUSSION

The rationale for this multicenter study of high-dose initial therapy
in CML-CP is based on improved rates and earlier occurrence of
both molecular and cytogenetic responses seen with higher doses
of imatinib in single-institution trials, and the anticipated benefit of
achieving early molecular and cytogenetic responses with imatinib.
Therefore, the RIGHT trial was conducted to evaluate the effect of
imatinib 800 mg/d, given as 400 mg twice a day, in achieving early
molecular and cytogenetic responses. Although it is difficult to estab-
lish the real value of high-dose versus standard-dose imatinib without
a head-to-head, randomized clinical trial, comparisons with historical
data strongly suggest that higher dose may be associated with im-
proved clinical benefit. At 12 months from start of therapy, molecular
and cytogenetic response rates were higher among patients enrolled
onto the RIGHT trial (400 mg twice a day) compared with historical
data from the IRIS trial (400 mg once daily). Molecular response

occurred at a faster rate in patients receiving high-dose imatinib, with
12-month MMR of 54% compared with 39% receiving standard-dose
imatinib (Fig 2).9 The observed 12-month MCyR rate for evaluable
patients in the RIGHT trial was higher than the estimated best MCyR
rate in the IRIS trial (90% v 84%, respectively).2 The difference was
more significant for 12-month CCyR rates (85% v 65%, respectively).
Although response rates are lower on an intention-to-treat analysis,
there is no historical data available for comparison. Results from the
RIGHT trial were consistent with a previous study of patients with
newly diagnosed CML-CP conducted at a single institution compar-
ing imatinib 800 mg/d with historical controls given imatinib 400
mg/d,8 which demonstrated MMR rates statistically significantly
higher with imatinib 800 mg/d than with 400 mg/d historical controls.
CCyR rates in this study were also significantly greater in patients
receiving high-dose imatinib (90% v 74%; P � .01) with 15-month
follow-up. These data suggest that high-dose imatinib may induce
higher rates of cytogenetic and molecular responses compared with
standard-dose imatinib.

Prior reports using high-dose imatinib have come from single-
institution studies in which maintaining dose-intensity could be more
feasible compared with maintaining dose-intensity in multicenter
trials. However, in this multicenter study including both academic
and community institutions, dose-intensity of more than 90% was
achieved in most patients and was not influenced by age. Further-
more, dose-intensity significantly correlated with a reduction in BCR-
ABL transcripts. Patients who received higher dose-intensity had a
statistically significant increase in achievement of MMR and CMR
(Fig 1B). This supports the concept that higher exposure to imatinib is
associated with a more dramatic disease response by cytogenetic and
molecular parameters. Most patients who achieved CCyR at 12 and 18
months also achieved MMR, reinforcing the clinical benefit of ima-
tinib 800 mg/d by both molecular and cytogenetic assessments.

Patients receiving imatinib 800 mg/d had a relatively low fre-
quency of grade 3/4 toxicities irrespective of age. The incidence of AEs
in the RIGHT trial was comparable with that seen in the IRIS trial2

among patients who received the standard dose of imatinib (400
mg/d). The RIGHT and IRIS trials had similarly low rates of grade 3/4
AEs except for a slightly higher rate of GI toxicities in the RIGHT trial,
suggesting that high-dose imatinib had tolerability comparable to that
of standard-dose imatinib. Additionally, the incidence of nonhema-
tologic AEs in the RIGHT trial was consistent with that previously
reported in a single-institution study that also investigated 800 mg/d,
given as 400 mg twice a day, in newly diagnosed patients.8 These
results suggest that high-dose imatinib could be reliably delivered and
consistently maintained for prolonged periods across a variety of
patient care settings. Still, fully assessing patient compliance remains a
challenge for oral drugs because investigators cannot account for
variations not reported to physicians. Ongoing randomized trials
comparing standard- and high-dose imatinib will definitively address
and may confirm these results.

In conclusion, patients with CML-CP treated with imatinib 400
mg twice a day as initial therapy achieved rapid and deep responses.
Median dose-intensity was high, with no difference in dose-intensity
among patients younger or older than age 65 years and no difference
in the types or rates of AEs at any severity in these age groups. Thus,
imatinib 800 mg/d is a feasible and effective dosing strategy for achiev-
ing early cytogenetic and molecular responses in patients with newly
diagnosed CML-CP. Whether these early responses were influenced

Table 5. Adverse Events Occurring With Imatinib 400 mg/d From the
International Randomized Study of Interferon and STI571 (IRIS) Trial2

Experienced by at Least 5% of Patients, Regardless of Causality

Adverse Event

Patients, % (N � 553)

Any Grade 1/2 Grade 3/4

Nonhematologic
Nausea 44 43 1
Diarrhea 33 31 2
Fatigue 35 34 1
Superficial edema 56 55 1
Vomiting 17 15 2
Rash 34 32 2
Headache 31 31 0
Musculoskeletal events

Pain 37 34 3
Muscle spasms 38 37 1
Arthralgia 28 26 2
Myalgia 21 19 2

Abdominal pain 27 25 2
Nasopharyngitis 22 22 0
Pyrexia 13 12 1

Hematologic
Anemia 45 42 3
Neutropenia 61 47 14
Thrombocytopenia 57 49 8

Cortes et al
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by the high proportion of Sokal low-risk patients and will translate
into an improved long-term outcome for patients remains to be de-
termined in ongoing randomized clinical trials.
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