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Laimonas Griskevicius, Hemant Malhotra, Christine Powell, Karïn Gogat, Athena M. Countouriotis,
and Carlo Gambacorti-Passerini

Jorge E. Cortes and Hagop M. Kantar-
jian, The University of Texas MD Ander-
son Cancer Center, Houston, TX;
Christine Powell, Pfizer, Cambridge,
MA; Athena M. Countouriotis, Pfizer, La
Jolla, CA; Dong-Wook Kim, Seoul St
Mary’s Hospital, Seoul, South Korea;
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A B S T R A C T

Purpose
Bosutinib is an oral Src/Abl tyrosine kinase inhibitor. The phase III Bosutinib Efficacy and Safety in
Newly Diagnosed Chronic Myeloid Leukemia (BELA) trial compared bosutinib with imatinib in
newly diagnosed, chronic-phase chronic myeloid leukemia (CML).

Patients and Methods
A total of 502 patients were randomly assigned 1:1 to bosutinib 500 mg per day or imatinib 400
mg per day.

Results
The complete cytogenetic response (CCyR) rate at 12 months was not different for bosutinib
(70%; 95% CI, 64% to 76%) versus imatinib (68%; 95% CI, 62% to 74%; two-sided P � .601);
therefore, the study did not achieve its primary end point. The major molecular response (MMR)
rate at 12 months was higher with bosutinib (41%; 95% CI, 35% to 47%) compared with imatinib
(27%; 95% CI, 22% to 33%; two-sided P � .001). Time to CCyR and MMR was faster with
bosutinib compared with imatinib (two-sided P � .001 for both). On-treatment transformation to
accelerated/blast phase occurred in four patients (2%) on bosutinib compared with 10 patients
(4%) on imatinib. A total of three CML-related deaths occurred on the bosutinib arm compared
with eight on the imatinib arm. The safety profiles of bosutinib and imatinib were distinct; GI and
liver-related events were more frequent with bosutinib, whereas neutropenia, musculoskeletal
disorders, and edema were more frequent with imatinib.

Conclusion
This ongoing trial did not meet its primary end point of CCyR at 12 months, despite the observed
higher MMR rate at 12 months, faster times to CCyR and MMR, fewer on-treatment transforma-
tions to accelerated/blast phase, and fewer CML-related deaths with bosutinib compared with
imatinib. Each drug had a distinct safety profile.

J Clin Oncol 30:3486-3492. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Chronic myeloid leukemia (CML) is characterized
by a constitutively active Bcr-Abl fusion protein,
which is produced by a chromosomal transloca-
tion that forms the Philadelphia chromosome
(Ph).1 Imatinib, a Bcr-Abl tyrosine kinase inhibi-
tor (TKI), is currently indicated as first-line ther-
apy of Ph-positive chronic-phase (CP) CML.2,3 A
recent study of imatinib in newly diagnosed CML
showed a correlation with major molecular re-
sponse (MMR) by 12 months, including better
progression-free survival (99% v 94% with no
MMR; P � .0023) and improved overall survival
(99% v 93% with no MMR; P � .0011) at 3 years.4

In recent phase III studies, dasatinib and nilotinib
have also demonstrated efficacy in newly diag-
nosed CP CML.5-9

Bosutinib (SKI-606) is an oral, dual Src/Abl
TKI with more potent inhibitory activity against
Bcr-Abl than imatinib in CML cell lines10,11 and
minimal inhibitory activity against c-KIT or
platelet-derived growth factor receptor,10,12 2 non-
specific targets potentially associated with toxicities
reported for other second-generation TKIs.10,12-14

Bosutinib demonstrated clinical activity in patients
with CP CML who had resistance or intolerance to
prior TKI therapy.15,16 The current phase III trial
(Bosutinib Efficacy and Safety in Newly Diagnosed
Chronic Myeloid Leukemia [BELA]) compared the
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efficacy and safety of bosutinib with imatinib in newly diagnosed
CP CML.

PATIENTS AND METHODS

Patient Eligibility

Eligible patients were adults with new (� 6 months) diagnosis of Ph-
positive CP CML17-19 who had received no prior antileukemia treatment
(except � 6 months of anagrelide or hydroxyurea). Full eligibility criteria are
listed in Appendix Table A1 (online only).

The study was conducted in accordance with the Declaration of Helsinki.
All patients provided written informed consent, and the protocol was ap-
proved by institutional review boards at each site. The trial was registered at
ClinicalTrials.gov (identifier: NCT00574873).

Study Design and Treatment

BELA is an open-label, randomized, multinational, phase III study. Pa-
tients were randomly assigned 1:1 to bosutinib 500 mg per day or imatinib 400
mg per day. Patients could continue study treatment until disease progression
or early discontinuation. Patients were discontinued from treatment if they
could not tolerate at least 300 mg per day of bosutinib or imatinib. Dose
escalation to 600 mg per day of either bosutinib or imatinib was allowed for
patients not achieving an optimal response per current European Leukemi-
aNet guidelines20 if no grade 3 or 4 or persistent grade 2 drug-related toxicity
had been observed.

Efficacy and Safety Assessments

The primary efficacy end point was complete cytogenetic response
(CCyR) at 12 months. Key secondary and exploratory efficacy end points
included MMR, major cytogenetic response, and complete hematologic re-
sponse (CHR) at 12 months; time to on-treatment transformation to acceler-
ated phase (AP) or blast phase (BP) CML; time to first response; duration of
response; response by Sokal risk group; on-treatment event-free survival
(EFS); and overall survival (Appendix Table A2, online only).

Cytogenetic assessments were based on at least 20 metaphases or fluores-
cence in situ hybridization with at least 200 cells on peripheral blood or bone
marrow (if cytogenetics were not available). Molecular assessments were based
on quantitative reverse transcriptase polymerase chain reaction for Bcr-Abl in
peripheral blood, all performed at one central laboratory (Molecular MD,
Portland, OR). Molecular response was categorized as major (Bcr-Abl/Abl
ratio of � 0.1% on the International Scale) or complete (Bcr-Abl/Abl ratio
of � 0.01% on the International Scale with a sensitivity of 4.0 logs). The
definition of CHR was standard15 and required confirmation after at least 4
weeks (Appendix Table A2). Assessments were performed every 3 months in
the first year during study treatment.

Safety was assessed on an ongoing basis by physical examination (includ-
ing vital signs), laboratory testing, and adverse event (AE) reporting. AEs were
graded using the National Cancer Institute Common Terminology Criteria for
Adverse Events, version 3.0.

Statistical Analyses

Response rates were calculated along with associated 95% CIs for each
treatment arm (Appendix Table A3, online only). These analyses were strati-
fied by Sokal risk group (low, score � 0.8; intermediate, score of 0.8 to 1.2;
high, score � 1.2) and geographic region based on a Cochran-Mantel-
Haenszel test (two-sided P value) unless an unstratified test based on the
Fisher’s exact test (two-sided P value) was deemed more appropriate.

For key secondary and exploratory time-to-event end points, distribu-
tions and medians were estimated using the Kaplan-Meier method, and asso-
ciated 95% CIs for the medians were obtained using Brookmeyer-Crowley
methodology. A Cox proportional hazards model stratified by Sokal risk group
and geographic region was used to provide an estimate of the hazard ratio. All
time-to-event end points are not yet mature, except time to response; duration
of response is not reported, and no formal testing is available for other long-
term end points at this time.

Efficacy analyses were performed on the intent-to-treat (ITT) popula-
tion, which included all randomly assigned patients. Safety analyses were
performed on the safety population, which included all patients who received
at least one dose of study drug.

RESULTS

Patients and Treatment

A total of 502 patients with newly diagnosed CP CML were
enrolled between February 2008 and July 2009, in 139 centers in 31
countries; 250 patients were randomly assigned to bosutinib, and 252
patients were randomly assigned to imatinib (Fig 1). Demographics
and baseline disease characteristics are listed in Table 1. The current
analysis was based on at least 12 months after the last patient’s first
visit. Median duration of treatment for both study arms was 13.8
months (bosutinib range, 0.03 to 30.3 months; imatinib range, 0.5 to
25.1 months). Median dose-intensities were 489 mg per day for bosu-
tinib (range, 115 to 575 mg per day) and 400 mg per day for imatinib
(range, 201 to 542 mg per day). During the study, nine patients (4%)
receiving bosutinib and 30 patients (12%) receiving imatinib had their
dose escalated to 600 mg per day because of lack of efficacy. As of the
data cutoff date, 71% of patients in the bosutinib arm and 80% in the
imatinib arm were still receiving study treatment.

Efficacy

In the ITT population, the CCyR rate at 12 months was similar
between patients receiving bosutinib (70%; 95% CI, 64% to 76%) and
imatinib (68%; 95% CI, 62% to 74%; P � .601; Fig 2A), with 21
patients (4%; 10 patients on bosutinib; 11 on imatinib) included as
having a CCyR at 12 months based on fluorescence in situ hybridiza-
tion data only. Therefore, a superior CCyR rate at 12 months was not
demonstrated for bosutinib versus imatinib, and the primary study
end point was not met. However, median time to first CCyR was faster
with bosutinib (12.9 weeks; 95% CI, 12.6 to 13.4 weeks) compared
with imatinib (24.6 weeks; 95% CI, 24.3 to 25.6 weeks; P � .001), with
higher rates of CCyR at months 3, 6, and 9 for bosutinib (Fig 2A). The
cumulative rate of CCyR by 12 months was also similar between
bosutinib and imatinib (79%; 95% CI, 74% to 84% v 75%; 95% CI,
69% to 80%, respectively). The major cytogenetic response rate at 12
months was 73% for bosutinib and 78% for imatinib.

The MMR rate at 12 months was higher with bosutinib (41%;
95% CI, 35% to 47%) than imatinib (27%; 95% CI, 22% to 33%;
P � .001; Fig 2B), with the complete molecular response rate at 12
months being 12% compared with 3%, respectively (P � .001). Me-
dian time to first MMR was faster with bosutinib (37.1 weeks; 95% CI,
36.1 to 48.6 weeks) compared with imatinib (72.3 weeks; 95% CI, 61.1
weeks to not reached; P � .001). The cumulative rate of MMR by 12
months was also higher with bosutinib (47%; 95% CI, 41% to 53%)
versus imatinib (32%; 95% CI, 26% to 38%; P � .001).

The influence of Sokal risk group on treatment effect for CCyR
and MMR at 12 months was further explored. The test for interaction
showed that the association of either CCyR or MMR at 12 months
with treatment did not demonstrate differences across Sokal risk
groups (P � .951 and P � .159, respectively). CCyR rates at 12 months
for bosutinib and imatinib were 78% and 75%, respectively, in the
low-risk group (P � .623), 69% and 67%, respectively, in the
intermediate-risk group (P � .708), and 56% for both treatment arms
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in the high-risk group (P � .999). MMR rates at 12 months were
higher for bosutinib versus imatinib in the low-risk group (53% v 28%,
respectively;P� .001), intermediate-riskgroup(31%v24%,respectively;
P � .226), and high-risk group (33% v 28%, respectively; P � .651).

The rate of confirmed CHR at 12 months was 71% for bosutinib
versus 85% for imatinib (P � .999). Median times to first CHR were
4.4 weeks (95% CI, 4.3 to 4.7 weeks) for bosutinib and 4.6 weeks (95%
CI, 4.4 to 5.0 weeks) for imatinib (P � .5790).

Fewer patients had an on-treatment EFS event with bosutinib
(n � 11) than imatinib (n � 18). Kaplan-Meier estimates of on-
treatment EFS at 12 months were 94% for bosutinib compared with
93% for imatinib. Fewer patients in the bosutinib arm (n � 4, 2%)
experienced on-treatment transformation to AP/BP CML compared
with the imatinib arm (n � 10, 4%). In an additional analysis of EFS
that included death at any time or on-treatment transformation to
AP/BP CML, six patients had an event in the bosutinib arm compared
with 15 patients in the imatinib arm; these events consisted of seven
patients reporting death (two patients v five patients, respectively),
seven patients reporting transformation to AP/BP (two patients v five
patients, respectively), and seven patients reporting both events (two

patients v five patients, respectively). There were fewer deaths in the
bosutinib arm (n � 4; causes were CML related [n � 3] and mesen-
teric embolism/intestinal necrosis [n � 1]) compared with the ima-
tinib arm (n � 10; causes were CML related [n � 8], cardiovascular
disease [n � 1], and lung embolism [n � 1]; Fig 3). None of the deaths
were considered related to study treatment. Kaplan-Meier estimates of
overall survival at 12 months were greater than 99% in the bosutinib
arm and 97% in the imatinib arm.

Safety and Tolerability

Treatment interruptions caused by AEs were required for 152
patients (61%) receiving bosutinib and 105 patients (42%) receiving
imatinib; dose reductions as a result of AEs occurred for 97 patients
(39%) and 45 patients (18%), respectively. Discontinuations as a
result of AEs occurred in 48 patients (19%) receiving bosutinib and 14
patients (6%) receiving imatinib. Fifteen patients in the bosutinib arm
discontinued treatment as a result of an AE (elevated aminotransferase
[n � 5], vomiting [n � 3], anaphylactic shock [n � 2], and dissocia-
tive disorder,dyspepsia,elevated lipase,decreasedplateletcount,andrash
[n � 1 each]) before their first postbaseline assessment at month 3.

Assessed for eligibility
(N = 581)

Randomly assigned
(n = 502)

Randomly assigned to bosutinib (n = 250)
  Received treatment (n = 248)
  Did not receive treatment (n = 2)

)97 = n( dedulcxE
  Did not meet inclusion criteria (n = 70)

)9 = n( rehtO  

Randomly assigned to imatinib (n = 252)
  Received treatment (n = 251)
  Did not receive treatment (n = 1)

Populations
  Intent-to-treat population (n = 250)
  Safety population (n = 248)
  Evaluable population (n = 219)
    Not evaluable*

)2 = n( gurd yduts oN      
      Major protocol violation (n = 8)
      No postbaseline assessment (n = 21)
        Adverse event (n = 15)†

)3 = n( tseuqer tneitaP        
        Lost to follow-up (n = 2)
        Investigator request (n = 1)

Populations
  Intent-to-treat population (n = 252)
  Safety population (n = 251)
  Evaluable population (n = 241)
    Not evaluable*

)1 = n( gurd yduts oN      
      Major protocol violation (n = 6)
      No baseline assessment (n = 2)
      No postbaseline assessment (n = 2)

)1 = n( tseuqer tneitaP        
        Missed assessment prior to (n = 1)
          discontinuation due to 
          progressive disease

Discontinued treatment (n = 71)
  Adverse event (n = 47)
  Disease progression (n = 7)
  Subject request (n = 7)
  Investigator request (n = 1)

)1 = n( htaeD  
  Lost to follow-up (n = 6)

)2 = n( rehtO  

Discontinued treatment (n = 50)
  Adverse event (n = 12)
  Disease progression (n = 25)
  Subject request (n = 5)
  Investigator request (n = 3)

)1 = n( htaeD  
  Protocol violation (n = 2)

)2 = n( rehtO  

Fig 1. Disposition of patients. (*) Categories
were calculated in sequential order to make
the groups mutually exclusive. (†) Fifteen pa-
tients in the bosutinib arm had no postbase-
line assessment because of adverse events,
including elevated liver function tests (n � 5);
vomiting (n � 3); anaphylactic shock (n � 2);
and dissociative disorder, dyspepsia, elevated
lipase, decreased platelet count, and rash
(n � 1 each).

Cortes et al

3488 © 2012 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY



Treatment-emergent AEs were reported by 96% of patients
treated with bosutinib versus 95% treated with imatinib (Table 2).
Bosutinib, compared with imatinib, was associated with higher inci-
dences of diarrhea (68% v 21%, respectively), vomiting (32% v 13%,
respectively), and abdominal pain (11% v 5%, respectively). Con-
versely, bosutinib, compared with imatinib, was associated with lower
incidences of edema (11% v 38%, respectively), bone pain (4% v 10%,
respectively), and muscle spasms (2% v 20%, respectively). The aggre-
gate incidence of grade 3 or 4 AEs was 64% in the bosutinib arm and
48% in the imatinib arm (P � .001), with median durations of 13 and
15 days, respectively. Specific grade 3 or 4 nonhematologic AEs ob-
served for more than 2% of patients included diarrhea (bosutinib,
11%; imatinib, 1%) and vomiting (bosutinib, 3%; imatinib, 0%; Table
2); all were grade 3 events in both treatment arms. Although diarrhea
occurred in both treatment arms, most instances of diarrhea resolved

(bosutinib, 85%; imatinib, 77%) by the time of this analysis. Per the
protocol, it was recommended that at the first sign of diarrhea, medi-
cations such as diphenoxylate/atropine or loperamide should be used
as needed, which effectively controlled diarrhea in most instances. Of
those who experienced diarrhea with bosutinib, 67% received con-
comitant medication for the management of diarrhea. The diarrhea
events were frequently reported in the first 2 to 4 weeks from starting
treatment but decreased over time among patients treated with bosu-
tinib. Median time to onset was 3 days (range, 1 to 589 days) for
bosutinib compared with 22.5 days (range, 1 to 476 days) for imatinib,
and the median durations of a diarrhea event were 3 and 5 days,
respectively. Of those who experienced diarrhea, dose interruptions
and reductions for diarrhea were required by 21% and 8% of patients
on bosutinib, respectively, versus 6% and 0% of patients on imatinib,
respectively. Diarrhea was not the primary AE leading to treatment
discontinuation for any patient on bosutinib, although one patient
had concurrent diarrhea associated with GI toxicity (ie, vomiting) at
the time of discontinuation.

Edema was less common (11%) and occurred later (median, 113
days) with bosutinib compared with imatinib (38%; median, 30 days).
Seventy-eight percent of patients receiving bosutinib compared with
42% receiving imatinib had their edema resolve by the time of this
analysis. No patient in either study arm discontinued treatment as a
result of edema; three patients required dose interruption because of
edema, with no recurrence on rechallenge.

Drug-related cardiac AEs were experienced by 10 patients (4%)
receiving bosutinib and eight patients (3%) receiving imatinib. The
most common drug-related cardiac AE was prolonged QT interval
(bosutinib, n � 5 [one patient with grade 3]; imatinib, n � 6). The
number of QT prolongations greater than 500 milliseconds with bo-
sutinib versus imatinib was two (1%) versus none for QTcF and two
(1%) versus one (� 1%) for QTcB, respectively.

Transient liver aminotransferase elevations (grade 3 or 4) were
more common on treatment among patients treated with bosutinib
versus imatinib (ALT, 22% v 3%, respectively; and AST, 11% v 3%,
respectively; Table 2). The median time to onset for ALT and AST
elevations was 28 days (for both) for bosutinib compared with 91 and
97 days, respectively, for imatinib. Dose interruptions and/or reduc-
tions were common among patients with aminotransferase elevations
(bosutinib, 57% and 36%; imatinib, 24% and 6%, respectively), and
many patients in both arms experienced multiple ALT/AST events
(bosutinib, 71%; imatinib, 53%).

Grade3or4lipaseelevationwasobservedin7%ofpatientsreceiving
bosutinib and 5% receiving imatinib and was associated with pancreatitis
in one patient on imatinib. The incidence of grade 3 or 4 laboratory
abnormalities of anemia and thrombocytopenia was similar between
treatment arms (anemia, 6% for bosutinib and 7% for imatinib; throm-
bocytopenia, 14% each); however, grade 3 or 4 neutropenia was lower in
the bosutinib arm (11% v 24% for imatinib; Table 2).

DISCUSSION

Bosutinib did not demonstrate a superior rate of CCyR at 12 months
versus imatinib based on the ITT population, which was the primary
end point of the study. However, bosutinib treatment did demon-
strate superiority in some secondary and exploratory efficacy end
points. Bosutinib resulted in a superior rate of MMR at 12 months,

Table 1. Patient Demographics and Baseline Disease Characteristics

Demographic or Characteristic

Bosutinib
(n � 250)

Imatinib
(n � 252)

No. of
Patients %

No. of
Patients %

Age, years
Median 48 47
Range 19-91 18-89

Sex, male 149 60 135 54
Race

White 160 64 164 65
Asian 64 26 57 23
Other 26 10 31 12

Hematologic analysis
WBC count, 109/L

Median 21.7 23.5
25th percentile 10.6 11.3
75th percentile 56.3 58.0

Platelet count, 109/L
Median 386 451
25th percentile 262 291
75th percentile 680 629

Time since diagnosis, days
Median 23 22
Range� 0-183 0-241
Interquartile range 9-45 11-57

ECOG performance status
0 185 74 181 72
1 65 26 71 28

Sokal risk†
Low 88 35 89 35
Intermediate 117 47 118 47
High 45 18 45 18

Geographic region
United States, Canada, western

EU, Australia 65 26 66 26
Eastern EU, Latin America,

South America 77 31 79 31
Other (eg, India, Japan,

Singapore) 108 43 107 42

Abbreviations: ECOG, Eastern Cooperative Oncology Group; EU, European Union.
�Range minimum is zero because of chronic myeloid leukemia diagnosis

during the study screening period; range maximum is � 6 months because of
one patient who was considered a major protocol violator.

†Low corresponds to Sokal score of � 0.8; intermediate corresponds to
Sokal score of 0.8 to 1.2; and high corresponds to Sokal score of � 1.2.
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which was the key secondary end point of the study. MMR is consid-
ered to represent approximately a 1-log deeper response than CCyR
with respect to Bcr-Abl transcript levels and has been shown to predict
longer duration of CCyR.21,22 The times to CCyR and MMR were
shorter with bosutinib, which supports a more rapid debulking of
tumor burden with bosutinib compared with standard-dose imatinib.
Additionally, patients receiving bosutinib had a lower rate of disease
progression/lack of efficacy (3%) compared with patients receiving
imatinib (10%), including a trend toward fewer transformations to
AP/BP CML (2% v 4%, respectively). Together, these results indicate
that bosutinib may be effective in some patients with newly diagnosed
CP CML, even though the primary efficacy end point was not met.
Continued follow-up will allow for long-term evaluation of bosutinib
efficacy in this population.

There have also been two recent studies with the second-
generation TKIs dasatinib and nilotinib versus imatinib in patients
with CP CML in the first-line setting.5,6 Allowing for differences in
study design, patient population, and the inherent difficulties of com-

paring data across multiple studies, rates of CCyR by 12 months were
similar among all three studies (bosutinib, 79%; dasatinib, 83%; nilo-
tinib, 78% to 80%), although the rate achieved with imatinib was
slightly higher in the current study (75%) than in the dasatinib and
nilotinib studies (72% and 65%, respectively),5,6 possibly because of
differences in ITT population definitions and Sokal and Hasford risk
groups across studies. The MMR rate at 12 months was higher in both
the bosutinib versus imatinib and nilotinib versus imatinib studies
(bosutinib, 41%; nilotinib, 43% to 44%; imatinib, 27% and 22%,
respectively),6 and the rate of MMR by 12 months was also higher with
bosutinib and dasatinib across studies (bosutinib, 47%; dasatinib,
46%; imatinib, 32% and 28%, respectively).5 In addition, all three
second-generation TKIs were associated with faster achievement of
CCyR and MMR compared with imatinib.5,6 Similar rates of transfor-
mation to AP/BP CML were observed in all three studies (bosutinib,
2%; dasatinib, 2%; nilotinib, 1%; imatinib, 4%, 3%, and 4%).5,6

Overall,bosutinibwasassociatedwithatoxicityprofiledistinct from
thatof imatinib.However,anunexpectedlyhighnumberofpatients(n�
48,19%)werediscontinuedfrombosutinibtreatmentasaresultofanAE,
including 15 (31%) of 48 patients who discontinued before their first
postbaseline assessment. These data require confirmation in future stud-
ies. Thus, early discontinuations as a result of toxicity may have contrib-
uted to the lower rate of CCyR associated with bosutinib in the ITT
population, which included these patients as nonresponders.

Although bosutinib therapy was associated with greater rates of
diarrhea, vomiting, and aminotransferase elevations compared with
imatinib, most instances were transient and, in the case of diarrhea,
frequently self-limiting after the first 2 to 3 months of therapy. Fluid
retention, which has commonly been observed with dasatinib5,17,23-28

and imatinib,5,6,27,29 occurred infrequently with bosutinib. Despite
the occurrence of liver function test abnormalities with bosutinib
treatment, no cases were associated with permanent liver injury. Low
rates of grade 3 or 4 (all causality) anemia (6%), neutropenia (11%),
and thrombocytopenia (14%) were reported with bosutinib. The
minimal inhibition of c-KIT by bosutinib may have contributed to the
low incidence of myelosuppressive events, particularly grade 3 or 4
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Fig 2. Rates of (A) complete cytogenetic response and (B) major molecular response in the intent-to-treat population. Cytogenetic analysis determined the presence of Philadelphia
chromosome in bone marrow aspirate and included fluorescence in situ hybridization imputation; at least 20 metaphases were required. Molecular analysis determined the number
of Bcr-Abl transcripts in peripheral blood. Patients who were not evaluable were counted as nonresponders. (*) Indicates a 2-sided P � .001. (†) Indicates a 2-sided P � .05. P values
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neutropenia.14 Overall, there were fewer deaths in the bosutinib arm,
with no treatment-related deaths and few CML-related deaths in both
treatment arms. The trends in toxicity profile observed for bosutinib
in the current study are similar to those previously observed for bosu-
tinib in CP CML after failure of imatinib treatment.15

In conclusion, bosutinib did not achieve the primary efficacy end
point of a superior rate of CCyR at 12 months versus imatinib; how-
ever, bosutinib did demonstrate other potential benefits in patients
with newly diagnosed CP CML. In addition, the safety profile of
bosutinib was distinct from that of imatinib. Further follow-up is
needed to provide long-term data on duration of response, transfor-
mation to AP/BP CML, and overall survival, as well as the tolerability
profile of bosutinib in newly diagnosed CP CML.
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Table 2. Treatment-Emergent Adverse Events and Laboratory Abnormalities

Event

Bosutinib (n � 248) Imatinib (n � 251)

All Grades Grade 3 or 4 All Grades Grade 3 or 4

No. of Patients % No. of Patients % No. of Patients % No. of Patients %

Adverse events reported for � 10% of
patients with any grade

Diarrhea 168 68 26 11 52 21 2 1
Vomiting 78 32 8 3 33 13 0 0
Nausea 76 31 2 1 87 35 0 0
Rash 50 20 3 1 38 15 2 1
Pyrexia 40 16 2 1 23 9 3 1
Upper abdominal pain 30 12 0 0 13 5 0 0
Abdominal pain 29 11 3 1 12 5 0 0
Edema� 27 11 1 � 1 95 38 2 1
Fatigue 27 11 3 1 29 12 2 1
Headache 25 10 2 1 21 8 0 0
Upper respiratory infection 25 10 0 0 16 6 0 0
Bone pain 9 4 0 0 26 10 2 1
Muscle cramps 6 2 0 0 50 20 0 0

Laboratory abnormalities reported for � 5%
of patients with grade 3 or 4

Anemia 200 81 16 6 211 84 17 7
Thrombocytopenia 163 66 35 14 157 63 36 14
Hypophosphatemia 116 47 10 4 159 63 38 15
Elevated ALT 170 69 55 22 74 29 8 3
Elevated AST 140 56 26 11 68 27 8 3
Neutropenia 70 28 27 11 135 54 60 24
Elevated lipase 94 38 22 9 85 34 12 5

�Edema includes edema, eye edema, orbital and periorbital edema, face edema, localized edema, edema peripheral, allergic edema, weight increased, pharyngeal
edema, and pulmonary edema.
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