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We assessed the long-term efficacy of
imatinib dose escalation in 84 patients
with chronic myeloid leukemia in chronic
phase who met the criteria of failure to
standard-dose imatinib. Twenty-one pa-
tients with hematologic failure and 63 with
cytogenetic failure had their imatinib dose
escalated from 400 to 800 mg daily
(n � 72) or from 300 to 600 mg daily
(n � 12). After a median follow-up of

61 months from dose escalation, 69% re-
mained alive. Complete cytogenetic re-
sponses were achieved in 40%; including
52% of patients with cytogenetic failure
and 5% of those with hematologic failure.
The estimated 2- and 3-year event-free
survival and overall survival rates were
57% and 47%, and 84% and 76%, respec-
tively. Responses were long-lasting; 88%
of patients with major cytogenetic re-

sponse sustained their response beyond
2 years. Treatment was well tolerated,
with 76% of patients, at 12 months, con-
tinuing to receive imatinib at 100% of the
intended dose. In conclusion, imatinib
dose escalation can induce sustained re-
sponses in a subset of patients with cyto-
genetic failure and a previous cytoge-
netic response to standard-dose imatinib.
(Blood. 2009;113:2154-2160)

Introduction

Chronic myeloid leukemia (CML) is a clonal myeloproliferative
disorder characterized by the expansion of hematopoietic cells
carrying the Philadelphia chromosome (Ph), resulting from a
reciprocal translocation of the long arms of chromosomes 9 and 22.
A novel fusion gene is formed, BCR-ABL, which encodes a
constitutively active tyrosine kinase.1,2

Imatinib (Gleevec, Glivec; Novartis Pharmaceuticals, Florham
Park, NJ), a Bcr-Abl tyrosine-kinase inhibitor, has dramatically
improved outcome in CML.3-6 In newly diagnosed patients with
CML, imatinib is associated with a complete cytogenetic response
(CCyR) rate of 82%, an estimated 5-year probability of survival
without transformation to accelerated or blast phase of 93%, and
overall survival (OS) rate of 89%.3-6

In the International Randomized Study of Interferon versus
STI571 (IRIS), events (ie, loss of major cytogenetic response
[MCyR], loss of complete hematologic response [CHR], trans-
formation to accelerated or blast phase, or death from any cause)
occurred at an annual rate of 4% to 7% during the first 2-3 years
and less than 1% after that.7 In addition, other patients may have
resistance as defined by the European LeukemiaNet
recommendations.8

Resistance can be mediated through BCR-ABL–dependent
mechanisms, often through mutations in the ABL kinase domain
(40%-50%) or by mechanisms independent of BCR-ABL.9 Several
strategies to overcome imatinib failure are being investigated. The
first approach used to overcome resistance to imatinib was to
increase the dose of imatinib. More recently, more potent tyrosine
kinase inhibitors (TKIs) such as nilotinib, dasatinib, and bosutinib
have shown to be effective in this setting.10-12

The rationale for imatinib dose escalation is (1) the overexpres-
sion of Bcr-Abl and amplification of BCR-ABL as mechanisms of
resistance that could potentially be overcome by higher concentra-
tions of imatinib7,9; (2) the fact that some mutations are still
sensitive to imatinib at slightly higher concentrations13-16; (3) the
clinical experience showing a dose-response effect in the phase I
study17; and (4) the experience in CML-accelerated phase in which
a dose of 600 mg imatinib was independently associated with
significantly better time to transformation and better survival
compared with 400 mg.18

Imatinib dose escalation has been reported to be of benefit in
some patients after standard-dose imatinib failure.19,20 This benefit
was based on small series of patients with short follow-up. It has
been suggested that the beneficial effect of dose escalation is
short-lived.20,21 Herein, we assess the long-term efficacy of ima-
tinib dose escalation in patients with CML in chronic phase who
demonstrated a poor response or relapse on standard-dose imatinib
therapy.

Methods

Patients and response criteria

Between April 2000 and March 2007, 626 patients with CML in chronic
phase received treatment with standard-dose imatinib either after interferon
failure (n � 380) or as initial therapy (n � 246). Among them, 84 consecu-
tive patients (13%) had their dose escalated because of failure to imatinib
standard dose (54 previously reported).19 Dose escalation was from 400 mg
daily to 800 mg daily (n � 72) or from 300 mg daily (in patients with prior
dose reduction because of toxicity) to 600 mg daily (n � 12). Imatinib
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failure was defined according to the recent recommendations of the
European LeukemiaNet.8 Briefly, for CML chronic phase, treatment failure
was defined as loss of a cytogenetic or CHR defined by an increasing white
blood cell (WBC) count on at least 2 occasions (with a doubling of the
count from the nadir to � 20 � 109/L or an absolute increase of � 50 � 109/
L), failure to achieve a CHR after 3 months of therapy, persistence of 100%
Ph-positive metaphases after 6 months of therapy, 35% or more Ph-positive
metaphases after 12 months, or 5% or more Ph-positive metaphases after 18
months of therapy.

Although these definitions were created for patients with previously
untreated CML, in the absence of uniform definition for failure for patients
receiving imatinib after interferon failure, the same definitions were applied
to both groups. Patients were treated on protocols approved by the
institutional review board (IRB) of Anderson Cancer Center, and informed
consent was obtained in accordance with the Declaration of Helsinki.

All patients had a pretreatment cytogenetic analysis, fluorescent in situ
hybridization (FISH), and real-time polymerase chain reaction (PCR).
Cytogenetic analysis was done in bone marrow cells by the G-banding
technique. At least 20 metaphases were analyzed, and marrow specimens
were examined on direct or short-term (24 hour) cultures. Marrow cells
were analyzed by FISH using the LSI BCR/ABL dual-color extra-signal
probe according to the manufacturer’s instructions (Vysis, Downers Grove,
IL). Cytogenetics (FISH when routine cytogenetic analysis is not analyz-
able) and PCR were repeated every 3 months for the first year, and every
6 months thereafter. Patients were followed for survival every 3 months.

Response criteria were as previously described.22 A CHR was defined as
a WBC count of less than 10 � 109/L, a platelet count of less than
450 � 109/L, no immature cells (blasts, promyelocytes, myelocytes) in the
peripheral blood, and disappearance of all signs and symptoms related to
leukemia (including palpable splenomegaly). A partial hematologic re-
sponse (PHR) was similar to CHR except for persistence of peripheral
immature cells or persistence but more than 50% improvement in spleno-
megaly or in degree of thrombocytosis. CHR was further categorized by the
best cytogenetic response as CCyR (0% Ph-positive), partial (PCyR;
1%-35% Ph-positive), minor (36%-65% Ph-positive), and minimal (66%-
95% Ph-positive). A MCyR included CCyR plus PCyR (ie, � 35%
Ph-positive). Major molecular response (MMR) was defined as a BCR-ABL/
ABL ratio of 0.05% or less by real-time TaqMan-based quantitative PCR
done in peripheral blood samples. A complete molecular response was
defined as undetectable levels of BCR-ABL with level of detection of at
least 4.5 logs.23

Mutation analysis

For mutational analysis screening, the entire BCR-ABL KD was sequenced
using nested PCR. The BCR-ABL fusion transcript was amplified followed
by 2 separate PCRs that cover exons 221 to 390 and codons 350 to 500 of
the ABL KD, respectively.24 Standard dideoxy chain termination cycle
sequencing was done using a Model 3100 or 3130 genetic analyzer
(Applied Biosystems, Foster City, CA) with analysis using Seqscape
version 2.0 software (Applied Biosystems). Mutations were confirmed by
sequencing of forward and reverse strands, with sensitivity of 10% to 20%
mutation-bearing cells in the analyzed population.

Statistical analysis

Event-free survival (EFS) was measured from start of imatinib dose
escalation until loss of a CHR or a MCyR, progression to the accelerated or
blastic phases of CML, or death from any cause during treatment.
Failure-free survival (FFS) was measured from start of imatinib dose
escalation until loss of a CHR or a cytogenetic response, failure to achieve a
CHR after 3 months of therapy, persistence of 100% Ph-positive met-
aphases after 6 months of therapy, 35% or more Ph-positive metaphases
after 12 months, lack of achievement of a complete cytogenetic response
after 18 months of therapy, progression to the accelerated or blastic phases
of CML, or death from any cause during treatment. Transformation-free
survival (TFS) was measured from start of imatinib dose escalation until
progression to the accelerated or blast phases or death from any cause. OS
was defined from imatinib dose escalation to date of death or last follow-up.

Survival probabilities were estimated by the Kaplan-Meier method and
compared by the log-rank test.25 Duration of major cytogenetic response
was estimated via the Kaplan-Meier product-limit method and was
measured from the first day the criteria of response were met until the date
treatment was discontinued as a result of progressive disease or death or the
date of last follow-up if response was ongoing. Patients who discontinued
for other reasons were censored on the date of their last cytogenetic
assessment. Differences among variables were evaluated by the �2 test and
Mann-Whitney U test for categorical and continuous variables, respectively.26

Univariate and multivariate analyses were performed to identify
potential prognostic factors associated with EFS. The �2 test was used to
identify prognostic factors, which were then included as variables in a
multivariate regression model for response. Factors retaining significance
in the multivariate model were interpreted as being independently predic-
tive of EFS. Multivariate analysis of survival used the Cox proportional
hazard model.25,27,28

Results

Patients

Patient characteristics are shown in Table 1. Their median age was
54 years (range, 18-79 years). Most patients (95%) had received
prior interferon therapy. The median time from diagnosis to
imatinib therapy was 28 months (range, 0-184 months). The
median duration of standard-dose imatinib therapy was 20 months
(range, 3-76 months). The best response to imatinib was CHR only
in 36% (n � 30) and cytogenetic response in 60% (26% complete,
19% partial). Two patients had a PHR, and 2 others were primary
resistant to standard-dose imatinib. Reasons for imatinib resistance
were hematologic failure in 21 patients (25%) (relapse in 17 [20%],
resistance in 4 [5%]), and cytogenetic failure in 63 patients (75%)
(relapse in 33 [39%], resistance in 30 [36%]). Among the 30 pa-
tients with cytogenetic resistance, 18 had never achieved any
cytogenetic response. The median follow-up time from dose
escalation was 61 months (range, 7-89 months).

Table 1. Patients’ characteristics: N � 84

Variables
Median
(range)

No.
(%)

Age, y 54 (18-79)

Prior interferon therapy 80 (95)

Median time from diagnosis to treatment with

imatinib, mo

28 (0-184)

Median duration on imatinib therapy, mo 20 (3-76)

Best response to imatinib

Complete hematologic response 30 (36)

Cytogenetic response 50 (60)

Major 38 (45)

Complete 22 (26)

Disease group at imatinib dose escalation

Hematologic relapse 17 (20)

Hematologic resistance 4 (5)

Cytogenetic relapse 33 (39)

Loss of CCyR but still in MCyR 8 (10)

Cytogenetic resistance 30 (36)

Resistance with no cytogenetic response 18 (21)

MCyR with no CCyR 5 (6)

Imatinib dose escalation from

400 to 800 mg daily 72 (86)

300 to 600 mg daily 12 (14)

Median follow-up from imatinib escalation, mo 61 (7-89)

MCyR indicates major cytogenetic response; and CCyR, complete cytogenetic
response.
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Efficacy and outcome: overall population

Overall, 57 patients responded: 50 achieved a cytogenetic re-
sponse, and 7 achieved a hematologic response only. Hematologic
response is only evaluable among patients with hematologic
failure, and 48% of them had a CHR; one additional patient
achieved a PHR. A cytogenetic response was achieved in 60%,
including 75% of patients with cytogenetic failure and 14% of
those with hematologic failure. A CCyR was achieved in 34 pa-
tients (40%) including 33 patients (52%) with cytogenetic failure
and one of those patients (5%) with hematologic failure. In
addition, a PCyR was achieved in 10 of 71 patients (14%) with
greater than 35% Ph-positive metaphases at the time of dose
escalation, including 8 of 50 evaluable patients (16%) with
cytogenetic failure and 2 of those patients (10%) with hematologic
failure. Table 2 details the response rates. The median time to
cytogenetic response was 9 months (range, 2-54 months). Thirty-
five of the 44 patients (80%) who achieved PCyR or CCyR
(including patients with PCyR at the start of imatinib dose
escalation who achieved CCyR) did so within 12 months from the
start of dose escalation. Responses occurred in 7 of 12 patients
(67%) who had their dose escalated from 300 to 600 mg daily and
in 50 of 72 of those patients (69%) who had their dose escalated
from 400 to 800 mg daily (P � .45). Responses were long-lasting.
At 2 and 3 years, 88% and 74% of the patients sustained their
MCyR, respectively (Figure 1). The median duration of MCyR was
5 years. All 4 patients in early chronic phase with no previous
exposure to interferon therapy achieved a CCyR that remained
sustained in all of them for a median of 22� months (range,
13�-36� months).

After a median follow-up of 61 months (range, 7-89 months)
from dose escalation, 59 events (70%) were reported among the
84 patients treated. Twenty-five patients (30%) remained in com-
plete cytogenetic response and were still receiving therapy with
high-dose imatinib. Among the other patients, 26 (31%) were alive
in chronic phase, with 18 of them receiving therapy with second-
generation TKI after imatinib dose escalation failure, 2 in CMR
after allogeneic stem cell transplantation. Seven patients (8%) were
alive in advanced phases receiving therapy with second-generation
TKI. Twenty-six patients (31%) died (12 in chronic phase and 14 in
advanced phases); 2 of them after allogeneic stem cell transplanta-
tion. The estimated 2- and 3-year EFS, TFS, and OS rates for all
84 patients were 57% and 47%, 73% and 65%, and 84% and 76%,
respectively (Figure 2). By excluding the 13 patients with PCyR at
the start of imatinib dose escalation, the 2- and 3-year EFS and OS
rates were 53% and 44%, and 81% and 72%, respectively. The
2- and 3-year FFS were 29% and 26%, respectively.

Patients with cytogenetic failure to standard-dose imatinib

Sixty-three patients received imatinib dose escalation for cytoge-
netic failure. Thirty-three patients had a cytogenetic relapse after
having achieved a CCyR (n � 20), PCyR (n � 11), or minor
cytogenetic response (n � 2). Among the 20 patients who lost their
CCyR, 8 remained in PCyR. The other 30 patients had primary
cytogenetic resistance; 18 never achieved a cytogenetic response,
5 achieved a best response of PCyR, and 7 achieved a minor
cytogenetic response. Imatinib dose escalation was done at a
median of 28 months (range, 3-67 months) from the achievement
of the best cytogenetic response. Rate of MCyR after dose
escalation was 60% in 50 evaluable patients (i.e. with � 35% Ph�

metaphases before escalation) with cytogenetic failure. CCyR was
achieved in 33 of 63 patients (52%). PCyR was achieved in 8 of
50 patients (16%). Among the 18 patients who never achieved any
cytogenetic response, 7 (39%) responded, with 2 of them achieving
a PCyR and 5 a minor response. In contrast, in patients who had
achieved some cytogenetic response before dose escalation, the
rates of PCyR and CCyR were 25% (8 of 32 evaluable patients) and
73% (33 of 45 patients), respectively, after dose escalation.

The estimated 2- and 3-year EFS rates for patients with
cytogenetic failure were 65% and 58%, respectively (Figure 3A).
The estimated 2- and 3-year TFS and OS rates were 80% and 74%
and 90% and 83%, respectively. The estimated 2- and 3-year FFS
were 38% and 34%, respectively. Among patients with cytogenetic
failure, those who had never achieved any cytogenetic response on

Table 2. Response after dose increase in patients with imatinib
failure

Outcome
Total,

n � 84

Cytogenetic
failure,
n � 63

Hematologic
failure,
n � 21 P

Cytogenetic response, n (%)

Any 50 (60) 47 (75) 3 (14) � .001

Partial* 10 (14) 8 (16) 2 (10) .77

Complete 34 (40) 33 (52) 1 (5) � .001

% 2-year

EFS 57 65 36 � .001

FFS 29 38 5 � .001

TFS 73 80 51 .004

OS 84 90 67 � .001

EFS indicates event-free survival; FFS, failure-free survival; TFS, transformation-
free survival; and OS, overall survival.

*Only patients (n � 71) not in MCyR at the time of imatinib dose escalation were
evaluable.

Figure 1. Major cytogenetic response duration.

Figure 2. Overall, event-free, and transformation-free survival for all patients
receiving imatinib dose escalation after imatinib failure.
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standard-dose imatinib had a worse outcome with a 2- and 3-year
EFS rates of 44% and 39% compared with 74% and 66% for
patients with previous cytogenetic response (P � .001; Figure 4A).
The estimated 2-year FFS rates were 0% and 53%, respectively.
The estimated 2- and 3-year TFS and OS rates were 64% and 58%
versus 87% and 81% (P � .004), and 93% and 91% versus 83%
and 67% (P � .001), respectively (Figure 4B).

Patients with hematologic failure to standard-dose imatinib

CCyR was achieved in only one patient (5%) with hematologic
failure (achieved also an MMR), while PCyR was achieved in
2 patients (10%).

The estimated 2- and 3-year EFS rates were 36% and 19%,
respectively (Figure 3A). The estimated 2- and 3-year OS rates
were 67% and 56%. These rates are significantly inferior to those
for patients with cytogenetic failure to standard-dose imatinib
(P � .004; Figure 3B). The 2- and 3-year TFS rates for patients
receiving imatinib dose increase after failure to standard-dose
imatinib were 51% and 37%, respectively. The 2-year FFS was 5%.

Outcome by baseline BCR-ABL mutational status

Baseline analysis of the ABL kinase domain was retrospectively
performed in 25 patients (5 with primary and 20 with secondary
resistance) in whom samples were available. Eight patients (32%)
harbored 6 different mutations: F317L (n � 2), E355G (n � 2),
D276G, N331S, F359V, and H396R. The PCyR and CCyR rates
after imatinib dose escalation were 63% and 37% versus 32% and
39%, for patients with and without mutations, respectively
(P � .617). There was no difference in the EFS and TFS after dose
escalation between the 2 groups (P � .96 and P � .51, respec-
tively). At the time of this report, 6 of the 17 patients (32%) with no
mutations sustained their CCyR for 32� (range, 13�-61� months).
Two of the 8 patients (25%) with mutations also maintained their
CCyR (26� and 31� months, respectively).

Prognostic factors for EFS

We then analyzed the characteristics that might be associated with
long-term EFS. By univariate analysis, adverse factors for EFS
were a long CML duration, leucocytosis, higher peripheral basophil
and blast percentages, higher percentage of Ph-positive met-
aphases, clonal evolution, and hematologic failure (vs cytogenetic
resistance-recurrence). The achievement of a previous MCyR on
standard-dose imatinib and the achievement of a MCyR after
imatinib dose escalation were positive prognostic factors. By
multivariate analysis, leucocytosis (P � .001), higher blast percent-
age (P � .001), and higher Ph-positive metaphases percents
(P � .001) were independently associated with a shorter EFS. The
presence of mutation at the time of imatinib standard-dose failure
and dose reduction after imatinib dose escalation had no impact
on EFS (Table 3). Imatinib dose reduction that took place in
28 patients after a median of 7 months (range, 1-43 months) from
dose escalation had no impact as well on the achievement of a
MCyR after dose escalation.

Safety

Imatinib dose escalation was well tolerated in most patients, with
28 patients (33%) having their imatinib dose reduced: from 800 to
600 mg daily (n � 17), from 800 to 400 mg daily (n � 8), and from
600 to 400 mg daily (n � 3) after the initial dose escalation.
Imatinib dose reduction took place within 7 months from escalation
(range, 1-43 months). The intended dose after dose escalation was

Figure 3. Outcome by type of failure. (A) Event-free survival after imatinib dose
escalation by type of failure to standard-dose imatinib. (B) Overall survival after
imatinib dose escalation by type of failure to standard-dose imatinib.

Figure 4. Outcome by previous cytogenetic response. (A) Event-free survival
after imatinib dose escalation by previous cytogenetic response to standard-dose
imatinib. (B) Overall survival after imatinib dose escalation by previous cytogenetic
response to standard-dose imatinib.
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sustained in 91%, 88%, 76%, and 54% of evaluable patients at 3, 6,
12, and 24 months, respectively. Imatinib was administered at the
dose of 600 mg daily and higher in 79 of 84 evaluable patients
(95%) at 3 months, in 70 of 73 evaluable patients (96%) at
6 months, in 69 of 72 evaluable patients (96%) at 9 months, in 67 of
71 evaluable patients (94%) at 12 months, and in 42 of 45 evaluable
patients (93%) at 24 months (Figure 5). Dose reduction of imatinib
resolved the toxicity in most patients. Interestingly, dose reduction
for toxicity after initial dose escalation had no impact on the EFS
nor on the probability of achieving a MCyR. The most common
causes for dose reduction were myelosuppression in 13 patients
(15%), fluid retention in 7 patients (8%), gastrointestinal toxicities
in 4 patients (5%), dizziness in 2 patients (2%), skin rash in
2 patients (2%), and bone pain in 1 patient (1%). Table 4
summarizes the most common side effect observed.

Discussion

Overcoming resistance to imatinib mesylate therapy in CML can be
achieved through several approaches, including imatinib dose
escalation and the use of the second-generation TKIs.10,11 The
long-term results of the present study suggest that imatinib dose

escalation is an effective therapy in a significant fraction of patients
with CML, particularly those with cytogenetic failure to standard-
dose imatinib. Overall, PCyR was observed in 14% of patients and
CCyR in 40%. Responses were durable, with 88% of patients with
MCyR sustaining their response for at least 2 years.

Given the availability of second-generation TKIs that have
shown significant efficacy also in this setting, it is important to put
our results in perspective with the available data with dasatinib and
nilotinib after imatinib failure. At 24 months, dasatinib induced in
patients with imatinib failure MCyR and CCyR rates of 55% and
45%, respectively.11 With a follow-up of 24 months, 75% of
patients treated with dasatinib for imatinib resistance remained
progression-free.11 At 18 months of therapy, nilotinib induced
MCyR and CCyR rates of 55% and 41%, respectively,10 with 64%
of the patients treated remaining progression-free.10 Contrary to
what has been previously suggested,20,21 responses to dose escala-
tion were sustained with 88% of patients who achieved a MCyR,
maintaining their response beyond 24 months of therapy. The

Table 3. Effect on event-free survival by univariate and multivariate analysis

Factors/variables* Effect Univariate P
Multivariate P,

coefficient

Age NS

Months on imatinib 400 mg Better .02 NS

CML duration Worse .01 NS

Previous major cytogenetic response Better .003 NS

Higher hemoglobin NS

Higher platelets count NS

Leukocytosis Worse � .001 � .001, .049

Higher pb basophils % Worse .02 NS

Higher pb blasts % Worse � .001 NS

Higher marrow basophils % Worse .05 NS

Higher marrow blasts % Worse � .001 � .001, .317

Clonal evolution Worse .01 NS

Higher Philadelphia-metaphases % Worse � .001 � .001, .021

400 mg failure (vs hematologic failure)

Cytogenetic resistance Better .001 NS

Cytogenetic relapse Better .001 NS

Mutation versus no mutation NS

Dose reduction Better .01 NS

Achievement of MCyR after dose escalation† Better .03 NS

CML indicates chronic myeloid leukemia; pb, peripheral blood; MCyR, major cytogenetic response; and NS, not significant.
*Values were obtained at the time of 400 mg failure.
†Time-dependent variable.

0%

20%

40%

60%

80%

100%

Base 3 m 6m 9 m 12 m 24 m

400 mg

600 mg

800 mg

N 84 83 73 72 71 45

Figure 5. Diagram of imatinib dose administered over time.

Table 4. Adverse effects associated with imatinib dose escalation in
the total population: N � 84

Adverse events

Patients, no. (%)

All grades Grades 3/4

Nonhematologic toxicity

Fluid retention 10 (12) 0 (0)

Muscle cramps 7 (8) 1 (1)

Diarrhea 5 (6) 0 (0)

Nausea 4 (5) 0 (0)

Fatigue 4 (5) 0 (0)

Rash 4 (5) 1 (1)

Extremity pain 2 (2) 0 (0)

Dizziness 2 (2) 0 (0)

Increase creatinine 1 (1) 0 (0)

Bleeding 1 (1) 1 (1)

Hematologic toxicity

Thrombocytopenia 11 (13) 4 (5)

Leukopenia 4 (5) 4 (5)

Anemia 11 (13) 1 (1)
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2-year survival in our series was 84% (81% if patients with PCyR
at the time of dose escalation are excluded from the analysis),
whereas the 2-year survival with dasatinib after imatinib failure
was reported at 92%, and 91% (at 18 months) with nilotinib.10,29 It
is important however to consider that comparisons between
independent studies performed at different times may not be
accurate. In addition, most patients reported in the studies with
second-generation TKIs had already failed imatinib dose escala-
tion. It is also important to underscore that the definitions proposed
for failure were created for patients receiving imatinib as initial
therapy, and it is unclear whether they apply equally to patients
who receive imatinib after failing other therapies that constitute the
majority of patients in our series and those of dasatinib and
nilotinib after imatinib failure. Still, our results suggest that dose
escalation may be an acceptable strategy for some patients with
resistance to standard-dose imatinib.

Imatinib dose escalation was particularly effective in patients
with cytogenetic failure who had achieved a cytogenetic response
with standard-dose imatinib. Among them, the rates of CCyR and
MCyR were 73% and 87% for those with 35% or more Ph�

metaphases before escalation, respectively, compared with 52%
and 60% for the overall group of similar patients with cytogenetic
failure. In a recent randomized phase II study, dasatinib improved
the cytogenetic and molecular response rates and the progression-
free survival compared with imatinib dose escalation.29 However,
in a subset analysis, the difference in favor of dasatinib was
considerably smaller among patients who failed standard-dose
imatinib and those who had achieved a previous cytogenetic
response. In those, the rates of MCyR were 70% and 60%,
respectively.30 In addition, this randomized trial of dasatinib versus
imatinib dose escalation had a crossover design that allowed
crossover for lack of MCyR at the 3 months evaluation. As we
report here, the median time to cytogenetic response after imatinib
dose escalation is 9 months. Thus, the early crossover may have
prevented full evaluation of the potential benefit of this strategy.
Thus, with a longer follow-up and a larger number of patients, our
study confirmed the sustained efficacy of imatinib dose escalation
in patients with cytogenetic failure. In contrast, these results also
show that patients who never achieved a cytogenetic response to
standard dose imatinib or those with hematologic failure are highly
unlikely to benefit from imatinib dose escalation.

In our study, only 25 of 84 patients were tested for BCR-ABL
mutation at the time of standard-dose imatinib failure; all 8 patients
harboring non-P–loop mutations responded to imatinib dose escala-
tion. There was no difference in response, EFS, and TFS rates
between patients with or without mutations. The presence of
mutations at the time of standard-dose imatinib failure did not
impact the EFS. These needs to be interpreted with caution in view
of the lack of some highly resistant mutations (eg, P-loop, T315I)
detected in this population. The incidence of BCR-ABL KD
mutations at the time of standard-dose imatinib failure has been
reported to be approximately 40% to 60%,31-33 with several
mutations within the ABL structure in BCR-ABL conferring

relative rather than absolute resistance to standard-dose imatinib.16

Non P-loop mutations retain relative sensitivity to imatinib,34

which may explain the response to dose escalation seen in this
small cohort of patients. Second-generation TKIs have shown
activity against all kinds of mutations except for the notable T315I
mutation.10-12 In the randomized study, dasatinib was particularly
superior to high-dose imatinib in patients harboring BCR-ABL KD
mutations associated with more than 5-fold increase in imatinib
resistance (such as the P-loop mutations), where the CHR and
major cytogenetic response rates were 84% and 48% versus 29%
and 14%, respectively.29 This is supported by our limited experi-
ence that shows imatinib dose escalation to be effective in patients
harboring no or, relatively, sensitive BCR-ABL KD mutations.

High-dose imatinib was generally well tolerated in this study,
with a third of the patients having their dose reduced, mostly for
myelosuppression. The rate of myelosuppresion was still lower
than the rates observed with the second-generation TKIs.10,11 After
12 months of therapy, 76% of patients continued to receive 100%
of the intended daily dose. Thus, higher imatinib dosages could be
delivered to most patients after failure of imatinib standard dose.

These data suggest that imatinib dose escalation is well
tolerated and may be effective in overcoming resistance to
standard-dose imatinib, inducing long-lasting cytogenetic re-
sponses in some patients with imatinib resistance, particularly
those with cytogenetic relapse and less disease burden. However,
these results have to be taken in the context of other available
therapies, including second-generation TKIs and stem cell
transplantation.
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