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Abstract The TOPS trial evaluated high- (800 mg/day;
n = 319) versus standard-dose (400 mg/day; n = 157)
imatinib in patients newly diagnosed with Philadelphia
chromosome-positive chronic myeloid leukemia in chronic
phase. Patients had a minimum follow-up of 42 months or
discontinued early. Major molecular response (MMR) rates
were similar between arms at (51.6 vs 50.2 % for 400 and
800 mg/day, respectively; P = 0.77) and by (75.8 vs
79.0 %; P = 0.4807) 42 months. There were no differ-
ences in event-free survival (EFS), progression-free sur-
vival (PFS), or overall survival (OS) between arms. The
estimated rates of PFS on treatment and OS at 42 months
were significantly higher in patients with MMR at 6, 12,
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and 18 months compared with those without MMR.
Adverse events were more frequent with high-dose imati-
nib. Patients with <1 treatment interruption (vs >1) and
those able to maintain imatinib >600 mg/day (vs
<600 mg/day) in the first year of treatment had faster and
higher response rates, but no improvement in EFS or PFS.
Adherence to prescribed dose without interruption may be
more important than initiation of therapy with higher doses
of imatinib. Achievement of MMR correlated with long-
term clinical outcomes.
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Introduction

The Tyrosine Kinase Inhibitor Optimization and Selectivity
(TOPS) trial was designed to compare outcomes of patients
with newly diagnosed, previously untreated Philadelphia
chromosome-positive (Ph+) chronic myeloid leukemia in
chronic phase (CML-CP) on daily imatinib 400-mg (stan-
dard dose) versus 800-mg (high dose) therapy (registered at
http://www.clinicaltrials.gov as NCT00124748). Previously
published results of the TOPS trial demonstrated that major
molecular response (MMR) rates at 12 months were similar
for both dose cohorts, but that MMR and complete cytoge-
netic response (CCyR) occurred significantly earlier in
patients treated with daily imatinib 800 mg versus standard
dose [1]. The TOPS study was prematurely terminated in
2010 because no improvement was observed in the primary
efficacy end point and long-term outcomes for the 800-mg
treatment arm compared with the 400-mg treatment arm. The
purpose of this report is to present the final analysis of data
from this study, when all patients had a minimum follow-up
of 42 months or discontinued early. This analysis includes
the impact of imatinib dose intensity and sustained treatment
interruptions on patient outcomes.

Materials and methods
Study design and treatments

The patient eligibility criteria and study design of TOPS
have been described previously [1]. Briefly, patients newly
diagnosed with Ph+ CML-CP were randomized 2:1 to
imatinib 800 mg (400 mg twice daily) or 400 mg (once
daily) at diagnosis, and patients were followed for at least
42 months or discontinued early. Treatment with study drug
continued until disease progression or patient intolerance.

End points

The primary efficacy end point for this trial was the rate of
MMR at 12 months, measured by real-time quantitative
polymerase chain reaction (RQ-PCR) defined as a BCR-
ABL/control gene mRNA ratio <0.1 %, which corresponds
to a 3-log reduction in BCR-ABL mRNA transcripts com-
pared with the standardized baseline established in IRIS [2].

Additional end points included rate of CCyR, time to
MMR and CCyR, event-free survival (EFS) on treatment
[time between randomization and death due to any cause,
progression to accelerated phase/blast crisis (AP/BC), loss of
major cytogenetic response (MCyR; Ph+ bone marrow cells
>35 %), or loss of complete hematologic response (CHR)
on treatment], progression-free survival (PFS) on treatment
(time between randomization and death due to any cause or

progression to AP/BC on treatment), PFS on study (time
between randomization and death or progression to AP/BC
on treatment or during follow-up after discontinuation of
treatment), and overall survival (OS; time between ran-
domization and death due to any cause on or off treatment).
The rate of treatment failure was analyzed according to the
modified European LeukemiaNet 2009 criteria [3].

Dose intensity and sustained treatment interruptions

In an exploratory analysis, the rates of MMR and CCyR
and time to MMR, EFS, and PFS were analyzed by the
number of sustained treatment interruptions (defined as
zero dose for more than 5 consecutive days) and dose
intensity (total amount of drug received divided by the
number of days on treatment, including days of zero dose)
up to the 12-month assessment.

Safety analysis

Safety was analyzed for all patients who received at least 1
dose of study medication (safety population) by analyzing
total adverse events (AEs), drug-related AEs, serious AEs,
deaths, laboratory parameters (including hematology and
chemistry), electrocardiograms, vital signs, physical exam-
inations, and concomitant medications. Adverse events were
graded according to the National Cancer Institute’s Common
Terminology Criteria for Adverse Events version 3.0.

Study conduct

This study was conducted in accordance with the Decla-
ration of Helsinki. The ethics committee or institutional
review board at each participating center was responsible
for reviewing the study protocol. All participants gave
written informed consent prior to study entry in accordance
with institutional regulations.

Results
Patients and treatments

Patients (N = 476) were initially randomized to standard-
dose imatinib (400 mg daily; n = 157) or high-dose
imatinib (800 mg daily; » = 319). The current analysis is
based on data collected until November 5, 2010. All
patients in this analysis were followed for at least
42 months or had discontinued study treatment.

There were no clinically significant differences in baseline
characteristics between the standard- and high-dose arms. At
the time of the 36-month data cutoff, 114 of 157 (72.6 %) and
217 of 319 (68.0 %) patients randomized to standard- or high-
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Fig. 1 Major molecular response. P values calculated by Fisher exact
test. NS not significant (intent-to-treat population)

dose imatinib, respectively, remained on study treatment.
After this, discontinuation due to early termination of the
study was required in 64.3 and 54.5 % of patients in the
imatinib 400- and 800-mg/day arms, respectively.

Efficacy
Molecular response

MMR was attained more rapidly in the high-dose arm (8.3
vs 10.0 months in the standard-dose arm), but MMR rates
were not significantly different between the 2 arms from 9
to 42 months (Fig. 1). At 42 months, the rate of MMR in
the 400-mg arm was 51.6 versus 50.2 % in the 800-mg
arm (P = 0.77) in the intent-to-treat population. By
month 42, the rate of MMR (including patients who
achieved MMR at or before the 42-month time point) was
75.8 versus 79.0 % (P = 0.4807) in the standard- and
high-dose arms, respectively.

Cytogenetic response

The median time from randomization to first CCyR for
patients who achieved CCyR was similar (5.8 months in the
800-mg arm vs 5.9 months in the standard-dose arm), and the
rates of CCyR were not significantly different between arms
by 12,24, 36, and 42 months. CCyR rates in the standard-dose
and high-dose arms were 47.1 versus 57.1 %, respectively, by
6 months (P = 0.05), 66.9 versus 70.2 %, respectively,
by 12 months (P = 0.46), 76.4 versus 76.8 %, respec-
tively, by 24 months (P = 1.0), 79.0 versus 80.6 %, respec-
tively, by 36 months (P = 0.72), and 80.3 versus 81.5 %,
respectively, by 42 months (P = 0.80).

Dose management

Among patients with available PCR assessments at
12 months, median dose intensity up to month 12 was
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Table 1 Dose management (in patients with available 12-month
PCR assessments except where otherwise indicated)

Dose management Imatinib 400 mg Imatinib 800 mg

(n = 136) (n = 266)
Median dose intensity up to  400.0 751.3
month 12, mg/day
Interruptions >5 days in the first 12 months, n (%)
0 91 (66.9) 92 (34.6)
1 27 (19.9) 90 (33.8)
>2 18 (13.2) 84 (31.6)
Actual dose intensity in the first 12 months, n (%)
<200 mg/day 0 0
200—<400 mg/day 59 (43.4) 13 (4.9)
400-<600 mg/day 75 (55.1)* 68 (25.6)
600—<800 mg/day 2 (1.5) 136 (51.1)
800 mg/day 0 49 (18.4)
Dose management in the 400 mg 800 mg
safety population (n = 157) (n = 316)
Actual dose intensity in the first 42 months, n (%)
<200 mg/day 1 (0.6) 0
200—<400 mg/day 80 (51.0) 26 (8.2)
400-<600 mg/day 69 (43.9) 88 (27.8)
600—-<800 mg/day 7 (4.5) 166 (52.5)
800 mg/day 0 36 (11.4)

PCR Polymerase chain reaction
? Includes 69 patients with dose intensity of 400 mg/day

400.0 mg/day in the standard-dose arm and 751.3 mg/day in
the high-dose arm (Table 1). Patients in the high-dose arm had
more treatment interruptions (65.4 %) lasting more than
5 days than patients in the standard-dose arm (33.1 %) in the
first 12 months of treatment.

Impact of sustained treatment interruptions on patient
outcomes

Among patients with available PCR assessments at
12 months, rates of MMR were significantly higher at 12,
24, 36, and 42 months among patients (400- and 800-mg/
day arms combined) with 1 or no sustained treatment
interruptions during the first 12 months compared with
patients who had more than 1 interruption during the same
period (Table 2). In addition, the Kaplan—Meier estimate of
the median time to MMR was shorter among patients with
1 or no sustained treatment interruptions (P = 0.0003)
(Fig. 2a). This was true for patients in both arms, although
only 18 patients in the 400-mg arm had more than 1
treatment interruption (Table 1), and the difference was not
significant.

Rates of CCyR were also significantly higher at 12 and
36 months and numerically higher at 24 and 42 months
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Table 2 Outcomes according to dose interruption and dose intensity
in the first 12 months

Sustained treatment interruptions in the first 12 months

<1 interruption® >1 interruption® P value

MMR at the specified time point, n/N® (%)

12 months  171/300 (57.0) 34/102 (33.3) <0.001°¢

24 months 192/249 (77.1) 39/69 (56.5) 0.001°¢

36 months 183/215 (85.1) 46/65 (70.8) 0.016°

42 months 186/212 (87.7) 45/60 (75.0) 0.023°¢
CCyR at the specified time point, n/N° (%)

12 months  207/232 (89.2) 51/80 (63.8) <0.001°¢

24 months 197/210 (93.8) 46/52 (88.5) 0.23¢

36 months 178/184 (96.7) 44/51 (86.3) 0.009°

42 months 24/26 (92.3) 6/9 (66.7) 0.095°¢
Longer-term outcomes at 42 months? (%)

EFS 95.6 95.3 0.24°

PFS 97.0 97.5 0.67°

Dose intensity in the first 12 months

<600 mg/day’  >600 mg/day"

MMR, n/N° (%)

12 months 27/81 (33.3) 116/185 (62.7)  <0.001°¢
24 months 31/56 (55.4) 121/151 (80.1)  <0.001°
36 months 31/51 (60.8) 120/133 (90.2)  <0.001°¢
42 months 112/140 (80.0)  119/132 (90.2)  0.027¢
CCyR, n/N® (%)
12 months 45/63 (71.4) 128/143 (89.5)  0.002°
24 months 42/47 (89.4) 118/126 (93.7)  0.34°
36 months 38/43 (88.4) 109/112 (97.3)  0.038°
42 months 20/24 (83.3) 10/11 (90.9) 1.000°
Longer-term outcomes at 42 months® (%)
EFS 95.3 95.3 0.87°
PFS on treatment  96.8 97.6 0.91°¢

In patients with available 12-month PCR assessments except where
otherwise indicated

CCyR Complete cytogenetic response, EFS event-free survival, MMR
major molecular response, PCR polymerase chain reaction, PFS
progression-free survival

 Patients from both arms (400 and 800 mg/day) with available PCR
sample and dose interruption data at 12 months

" N is the number of patients with available assessments at the
specified time point

¢ Fisher exact test

4 Kaplan-Meier estimate

¢ Log-rank test

T Patients from the 800-mg/day arm with available PCR sample and
dose intensity data at 12 months

among patients (400- and 800-mg/day arms combined)
with 1 or no sustained treatment interruptions during the
first 12 months compared with patients who had more than
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Fig. 2 Kaplan—Meier estimates of time to first major molecular
response among patients with polymerase chain reaction assessments
at 12 months with sustained treatment interruptions longer than
5 days (a 400-mg/day and 800-mg/day arms combined) or according
to median dose intensity in the first 12 months of therapy (b 800-mg/
day arm). The estimated rate of major molecular response at
48 months in patients with 2 or more sustained treatment interrup-
tions was 88.7 % (95 % CI, 77.5-95.8 %) versus 93.3 % among
patients with <1 interruption (95 % CI, 89.6-96.0 %). The estimated
rate of major molecular response at 48 months in patients with a
median dose intensity <600 mg/day was 91.1 % (95 % CI,
85.7-95.1 %) versus 93.2 % among patients with a median dose
intensity >600 mg/day (95 % CI, 87.9-96.7 %)

1 interruption during the same period (Table 2). Because
follow-up data were collected annually once patients
achieved CCyR, fewer 42-month data were available
compared with the other time points. No significant dif-
ferences in PFS rates on treatment or EFS rates were
observed between patients with 1 or no sustained treatment
interruptions versus those with more than 1 interruption
(Table 2).

Impact of dose intensity on patient outcomes

Only 2 patients in the standard-dose arm maintained dose
intensity of >600 mg/day in the first 12 months of therapy
(Table 1). Thus, all analyses in this section were performed
on patients randomized to the imatinib 800-mg/day arm.
Patients receiving high-dose imatinib with available PCR
assessments at 12 months who maintained an average dose
intensity of at least 600 mg/day during the first 12 months
of therapy had significantly higher MMR rates at 12, 24,
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36, and 42 months compared with those with dose intensity
<600 mg/day (Table 2). Additionally, the Kaplan—Meier
estimate of the median time to achieve MMR was signifi-
cantly shorter (P = 0.0002) (Fig. 2b) for patients on high-
dose imatinib who maintained a dose intensity of at least
600 mg/day. Patients on high-dose imatinib with available
PCR assessments at 12 months who maintained an average
dose intensity of at least 600 mg/day during the first
12 months of therapy also had higher CCyR rates at 12, 24,
36, and 42 months compared with those with dose intensity
<600 mg/day, although these differences were significant
only at 12 and 36 months (Table 2). No significant dif-
ferences in PFS on treatment or EFS were observed
between patients achieving dose intensities <600 mg/day
or > 600 mg/day (Table 2).

Long—term outcomes

The analyses of EFS on treatment, PFS on treatment and on
study, and OS showed no significant differences for the
standard- versus high-dose arms (P = 0.40, P = 0.46,
P = 0.86, and P = 0.90, respectively) (Fig. 3). Treatment
failure was also comparable between arms (11.5 and 7.8 %
of patients experienced treatment failure in the 400- and
800-mg/day arms, respectively). Table 3 provides a sum-
mary of events.

Landmark analyses of PFS on treatment and OS showed
significant differences between patients with and without
MMR at 6, 12, and 18 months. The estimated rates of PFS
on treatment and OS at 42 months were higher in patients
with MMR at 6 months compared with those without
MMR at those landmarks (PFS, 99.2 vs 95.3 %; P = 0.04;
08, 99.2 vs 94.1 %; P = 0.007), at 12 months (PFS, 99.5
vs 94.1 %; P = 0.002; OS, 98.5 vs 94.7 %; P = 0.007),
and at 18 months (PFS, 99.1 vs 96.9 %; P = 0.04; OS,
98.7 vs 95.6 %; P = 0.01).

Safety

The majority of drug-related AEs in both dose cohorts were
mild to moderate in intensity (Table 4). Serious AEs were
reported in 42 (26.8 %) and 121 (38.3 %) patients in the
400- and 800-mg/day arms, respectively. Grade 3/4 AEs
were more common in the high-dose arm. Overall, the AE
profiles observed in both arms were comparable with what
was observed in the 12-month analysis [1].

Discussion
Compared with standard-dose imatinib, initial therapy with

imatinib 800 mg/day was not associated with higher rates
of MMR at 12 months or at later time points in the TOPS
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Fig. 3 Kaplan—Meier estimates of event-free survival (a on treat-
ment), progression-free survival (b on treatment), and overall survival
(c on and off treatment) (intent-to-treat population). Estimated event-
free survival, progression-free survival, and overall survival at
48 months were 92.3 % (95 % CI, 86.5-95.7 %) and 93.6 % (95 %
CI, 89.9-96.0 %), 94.4 % (95 % CI, 89.0-97.1 %) and 95.8 % (95 %
CI, 92.5-97.7 %), and 94.0 % (95 % CI, 88.7-96.8 %) and 93.4 %
(95 % CI, 89.7-95.8 %) in the imatinib 400- and 800-mg/day arms,
respectively

study, and grade 3/4 toxicities and SAEs both occurred
more frequently in patients on imatinib 800 mg/day. These
results support the use of imatinib at the standard dose in
newly diagnosed CML-CP and are consistent with the
majority of studies in the literature, which show a lack of
significant improvement in response rates and an increase
in toxicity with higher doses of imatinib in patients with
CML-CP [4-8].

In the phase 2 RIGHT trial (Rationale and Insight
for Gleevec High-Dose Therapy; N = 115, treatment with
imatinib 800 mg/day was associated with higher rates of
cytogenetic and molecular responses in patients with newly
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Table 3 Summary of events for long-term outcomes (intent-to-treat
population)

Events, n (%) Imatinib Imatinib
400 mg 800 mg
(n = 157) (n =319)
Events on treatment 12 (7.6) 17 (5.3)
AP/BC* 7 (4.5) 8 (2.5)
Confirmed loss of CHR 2(1.3) 2 (0.6)
Confirmed loss of MCyR 2(1.3) 4 (1.3)
Death (as primary reason for 1 (0.6) 3(0.9)
discontinuation, unrelated to
CML)
PFS events after the end of 4 (2.5) 12 (3.8)
treatment
AP/BC 2 (1.3) 3(0.9)
Death (for any reason) 2 (1.3) 9 (2.8)
PFES events on studyb 12 (7.6) 23 (7.2)
Summary of all deaths 9 (5.7 19 (6.0)
On treatment® 1 (0.6) 3(0.9)
After end of treatment 8 (.1 16 (5.0)
Not due to CML 0 5(1.6)
Due to CML (no BMT) 6 (3.8) 7(2.2)
After BMT 2 (1.3) 4 (1.3)

AP/BC Accelerated phase/blast crisis, BMT bone marrow transplant,
CHR complete hematologic response, CML chronic myeloid leuke-
mia, MCyR major cytogenetic response, PFS progression-free
survival

? Includes CML-related deaths if death is the primary reason for
discontinuation

° Includes events after discontinuation of study treatment
¢ All reported as “not due to CML”

diagnosed CML-CP compared with data from IRIS. How-
ever, all patients had 1 or more AEs, and 74 patients (64 %)
required a dose adjustment or interruption of therapy [4].
Data from the phase 3 SPIRIT trial (STI571 Prospective
Randomized Trial; N = 636) demonstrated similar rates of
CCyR at 12 months with imatinib 600 mg/day compared
with imatinib 400 mg/day (P = 0.005) in patients with
newly diagnosed CML-CP, despite a significantly higher
CCyR rate at 6 months with the higher imatinib dose, and
there was no improvement in progression rate between the 2
groups by 24 months. Any-grade AEs were also more fre-
quent with the higher dose of imatinib [5]. Similarly, in the
European LeukemiaNet study of initial therapy with imati-
nib 800 versus 400 mg/day in patients with high Sokal risk
CML-CP (N = 216), there was no difference in either
cytogenetic or molecular response rates or in events between
the arms at 1 year. In addition, there were higher rates of AEs
and SAEs in patients treated with the higher imatinib dose,
many of whom discontinued due to toxicity [6].

Results from TOPS demonstrating no advantage in sur-
vival with high-dose imatinib are also consistent with prior

publications showing no improvement in clinical outcomes
with the higher dose over the already good survival outcomes
achieved with standard-dose imatinib, including outcomes
analyzed according to imatinib dose intensity [6-8]. For
instance, in the phase 2 GIMEMA study (Italian Group for
Hematologic Malignancies of the Adult) evaluating imatinib
800 mg/day in patients with newly diagnosed CML-CP and
intermediate Sokal risk (N = 78), the rate of OS was 96 %
after a median follow-up of 24 months [7], which is similar to
that in IRIS [9]. In the European LeukemiaNet study, there
were no differences in OS, PFS, failure-free survival, or EFS
at 36 months with imatinib 800 mg/day compared with
standard-dose imatinib [6]. The single-arm TIDEL-I study
(Therapeutic Intensification in De Novo Leukaemia;
N = 103) showed that despite a statistically significantly
higher MMR rate at 24 months in patients who maintained an
average daily dose of imatinib 600 mg compared with patients
averaging less than 600 mg (77 versus 53 %, respectively;
P = 0.016), the actuarial rates of OS and PES at 1 or 2 years
were comparable with those in IRIS [8, 9]. Compared with
TIDEL-I, patient outcomes appeared to be better in TIDEL-II,
a study in which patients who failed to meet molecular
milestones were able to switch to the more potent BCR-ABL
tyrosine kinase inhibitor (TKI) nilotinib [10].

Here, we also observed that, whereas patients who
maintained an average dose intensity of >600 mg/day
during the first 12 months had significantly higher rates of
MMR at later time points compared with patients with dose
intensity <600 mg/day, this did not translate into improved
long-term outcomes. There was no significant relationship
between dose intensity or treatment interruptions and EFS
or PFS rates at 42 months in the larger, randomized TOPS
study; these findings are also similar to the lack of
improvement in long-term outcomes seen with imatinib
dose escalation in the German CML IV study [11]. In those
patients (N = 1014), initial treatment with imatinib
800 mg/day was associated with higher rates of MMR
compared with imatinib 400 mg/day, although the differ-
ence in MMR rates between the 2 groups decreased
markedly at later time points. Importantly, the rates of OS,
PFS, deaths, and progression events were not significantly
different between these 2 treatment arms [11], although
deeper molecular responses did appear to be achieved
faster with higher dose-imatinib [12].

The TOPS study highlights the importance of limiting
sustained treatment interruptions for patients on TKI ther-
apy. After 42 months on therapy, only 11 % of patients
randomized to high-dose imatinib remained on that dose,
indicating that imatinib 800 mg/day cannot be tolerated by
most patients. Patients on high-dose imatinib were also
approximately twice as likely to have treatment interruptions
lasting more than 5 days. Treatment interruptions of more
than 5 days during the first 12 months of treatment were
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Table 4 Most frequent study
drug-related nonhematologic

adverse events (>10 % in either

Adverse events, n (%)

All grades

Grade 3/4

Imatinib 400 mg

Imatinib 800 mg

Imatinib 400 mg

Imatinib 800 mg

arm) (safety population) (n = 157) (n = 316) (n = 157) (n = 316)
Nonhematologic®
Nausea 64 (40.8) 178 (56.3) 1 (0.6) 6(1.9)
Diarrhea 44 (28.0) 139 (44.0) 0 15 4.7)
Muscle spasms 62 (39.5) 120 (38.0) 2 (1.3) 5 (1.6)
Periorbital edema 41 (26.1) 131 (41.5) 0 3(0.9)
Peripheral edema 34 (21.7) 117 (37.0) 0 2 (0.6)
Vomiting 35 (22.3) 103 (32.6) 1 (0.6) 3(0.9)
Fatigue 36 (22.9) 101 (32.0) 3(1.9) 8 (2.5)
Rash 26 (16.6) 108 (34.2) 4 (2.5) 18 (5.7)
Arthralgia 25 (15.9) 71 (22.5) 1 (0.6) 6 (1.9)
Myalgia 25 (15.9) 69 (21.8) 0 11 (3.5)
Face edema 12 (7.6) 62 (19.6) 0 2 (0.6)
Headache 23 (14.6) 49 (15.5) 0 5 (L.6)
Eyelid edema 20 (12.7) 43 (13.6) 0 2 (0.6)
Pain in extremity 9(5.7) 49 (15.5) 0 7(2.2)
Dyspepsia 13 (8.3) 38 (12.0) 0 0
Abdominal pain 13 (8.3) 36 (11.4) 0 3(0.9)
Weight increase 14 (8.9) 34 (10.8) 1 (0.6) 5 (L.6)
Decreased appetite 9(5.7) 37 (11.7) 0 5(1.6)
Edema 10 (6.4) 32 (10.1) 0 1(0.3)
Dizziness 18 (11.5) 18 (5.7) 0 3(0.9)
Hematologic®
Leukopenia 130 (82.8) 280 (88.6) 12 (7.6) 47 (14.9)
Neutropenia 107 (68.2) 236 (74.7) 30 (19.1) 94 (29.7)
Anemia 92 (58.6) 237 (75.0) 10 (6.4) 23 (7.3)
AE adverse event, ALT alanine Thrombocytopenia b86 (54.8) 238 (75.3) 18 (11.5) 59 (18.7)
aminotransferase, AST aspartate ~ L-aboratory abnormalities
aminotransferase Hypophosphatemia 112 (71.3) 231 (73.1) 35 (22.3) 57 (18.0)
* Most frequently reported Transaminase 74 (47.1) 164 (51.9) 8 (5.1) 10 (3.2)
nonhematologic adverse events elevation
(=10 % in either arm for all Increased ALT 59 (37.6) 112 (35.4) 8 (5.1) 9 (2.8)
;ggjgsﬁgfti)r fgtirem;;z‘; 'zg,ut;e Increased AST 55 (35.0) 122 (38.6) 7 (4.5) 6 (1.9)
related Hypocalcemia 99 (63.1) 203 (64.2) 8(5.1) 72.2)
° All newly occurring or Increased creatinine 51 (32.5) 87 (27.5) 0 3(0.9)
worsening grade 3 or 4 Increased albumin 35 (22.3) 109 (34.5) 0 3(0.9)
abnormalities based on Hypercalcemia 7 (4.5) 14 (4.4) 1 (0.6) 0

laboratory values

associated with reduced responses. Higher rates of molecular
and cytogenetic responses and shorter time to MMR were
seen in patients with 1 or no sustained treatment interrup-
tions. Together, these data suggest that high-dose imatinib is
not associated with superior long-term clinical outcomes and
is poorly tolerated compared with standard-dose imatinib,
and that continuous BCR-ABL inhibition is important for
achieving optimal outcomes on therapy with a TKI. In
addition, sustained interruption of TKI treatment should be
avoided, especially during the first year of treatment.

@ Springer

These results are consistent with recent studies of
compliance with TKI therapy, which have demonstrated
that lack of adherence to the assigned dose of imatinib is
associated with lower rates of response [13, 14]. The
ADAGIO study (Adherence Assessment with Glivec:
Indicators and Outcomes) demonstrated that nonadherence
to daily imatinib therapy is associated with suboptimal
response and poorer outcomes [13]. Furthermore, in a study
conducted at the Hammersmith Hospital in London,
adherence to more than 90 % of assigned dose was the
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most important factor for attainment of MMR and deeper
molecular responses beyond MMR [14].

Importantly, landmark analyses suggested that achieve-
ment of MMR at 12 months on therapy is predictive of
better EFS and PFS rates. These results are consistent with
other studies showing that achievement of MMR correlates
with a decreased risk of progression to AP/BC [11, 15-18].
European LeukemiaNet and National Comprehensive
Cancer Network each recommend switching to a different
TKI over imatinib dose escalation for patients who do not
achieve optimal responses on first-line imatinib, such as
MMR at 12 months [19, 20]. Recent data from randomized
studies established the superiority of the second-generation
TKIs nilotinib [21-24] and dasatinib [25—] over imatinib in
the induction of cytogenetic and molecular responses, and
significantly decreased progression to AP/BC with nilotinib
versus imatinib, in the treatment of newly diagnosed Ph+
CML-CP. In the case of nilotinib, the decreased progres-
sion rates and improved rates of complete molecular
response (BCR-ABL/control gene mRNA ratio <0.01 and
<0.0032 %) were statistically significant and fewer CML-
related deaths were observed versus imatinib at 1, 2, 3, and
4 years [21-24]. These findings suggest that the future of
CML therapy may be with more powerful agents that
provide deeper levels of response and have better tolera-
bility profiles.
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