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Chronic Myeloid Leukemia

Introduction

Front-line therapy with imatinib (IM) has dramatically
improved the outcome of chronic phase chronic myeloid
leukemia (CP-CML) patients. A single institution study
recently reported that the 8-year survival for CML patients
was 15% or under before 1983, 42-65% from 1983 to 2000,
and has been 87% since 2001.1 Estimates of long-term sur-
vival show that life expectancy is increasing to levels close to
those observed in the general population.2

The best outcome is associated with a complete hemato-
logic response (CHR) during the first three months of treat-
ment and a complete cytogenetic response (CCyR) during the
first year of treatment.3-6 Monitoring the BCR-ABL transcript
level from peripheral blood is, therefore, essential to evaluate
the response. Analysis of the molecular follow up of the
phase III International Randomized Study of Interferon 
versus STI571 (IRIS) study suggests that patients achieving a

CCyR with a 3-log reduction in BCR-ABL transcript level,
defined as a major molecular response (MMR), have better
progression-free survival (PFS) and event-free survival (EFS)
compared to the other patients.7,8

Nevertheless, while the prognostic value of achieving
MMR is well established, it remains difficult to assess, partic-
ularly in patients who have achieved a previous CCyR.
Furthermore, not all studies correlate MMR with better EFS,
PFS, and overall survival (OS).3-5,7,9-11

Whether or not patients achieve MMR, most have persist-
ent detectable disease at a molecular level and will have to
continue IM indefinitely. However, a few patients achieve a
so-called complete molecular response (CMR) that is usually
defined by a minimum of a 4.5 log reduction in BCR-ABL
transcript levels from the base-line value.
Although discussion about the definition of CMR is still

ongoing, the clinical impact of achieving such a level of resid-
ual disease remains unknown. Nevertheless, it has been
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Sustained imatinib treatment in chronic myeloid leukemia patients can result in complete molecular response
allowing discontinuation without relapse. We set out to evaluate the frequency of complete molecular response in
imatinib de novo chronic phase chronic myeloid leukemia patients, to identify base-line and under-treatment pre-
dictive factors of complete molecular response in patients achieving complete cytogenetic response, and to assess
if complete molecular response is associated with a better outcome. A random selection of patients on front-line
imatinib therapy (n=266) were considered for inclusion. Complete molecular response was confirmed and defined
as MR4.5 with undetectable BCR-ABL transcript levels. Median follow up was 4.43 years (range 0.79-10.8 years).
Sixty-five patients (24%) achieved complete molecular response within a median time of 32.7 months. Absence
of spleen enlargement at diagnosis, achieving complete cytogenetic response before 12 months of therapy, and
major molecular response during the year following complete cytogenetic response was predictive of achieving
further complete molecular response. Patients who achieved complete molecular response had better event-free
and failure-free survivals than those with complete cytogenetic response irrespective of major molecular response
status (95.2% vs. 64.7% vs. 27.7%, P=0.00124; 98.4% vs. 82.3% vs. 56%, P=0.0335), respectively. Overall survival
was identical in the 3 groups. In addition to complete cytogenetic response and major molecular response, further
deeper molecular response is associated with better event-free and failure-free survivals, and complete molecular
response confers the best outcome.  
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reported that sustained CMR for more than two consecu-
tive years can lead to cessation of IM treatment without
molecular relapse in almost 40% of cases.12 We set out to
assess the frequency of CMR in CP-CML patients treated
with IM as front-line therapy, identify both base-line and
under-treatment predictive factors of CMR in patients
who achieved CCyR on IM therapy, and determine
whether achieving a CMR was associated with a better
outcome. 

Methods

Patients with diagnosed Philadelphia chromosome-pos-
itive (Ph-positive) CML referred to the two participating
centers (University Hospitals of Bordeaux and Lyon) from
January 2000 to March 2010 who were in chronic phase at
diagnosis, treated with front-line IM, were considered for
inclusion in this study. 
All patients provided informed consent to participate in

the study. The study was approved by the local ethics
committee and by the French Data Protection Authority
(Commission Nationale Informatique et Libertés, CNIL,
Paris, France).
Cytogenetic responses were evaluated at least every six

months during the first year of therapy and then every 3-
6 months until CCyR. During follow up and after a first
CCyR documented on cytogenetic analysis, a BCR-ABL
transcript level below 1% (IS) was considered as equiva-
lent to CCyR. 
Molecular response was assessed according to previous-

ly reported recommendations.13 MMR was defined as a
reduction of BCR-ABL/ABL level of at least 3 logs from a
standardized base-line value and confirmed on two con-
secutive analyses at least two months apart. In the current
work, CMR was defined as MR4.5 with undetectable
BCR-ABL transcript on two consecutive analyses at least
two months apart. Loss of MMR and of CMR were
defined as BCR-ABL/ABL transcripts of 0.1% or over and
detectable BCR-ABL transcript, respectively, both on two
consecutive analyses at least two months apart. 
Univariate and multivariate analyses were performed

with Cox regressions. Fine and Gray models were used to
analyze the cumulative incidence of molecular responses. 
EFS, failure-free survival (FFS) and OS were measured

from the date of the first CCyR on therapy to the date of
event or death. Survival differences, estimated by Kaplan-
Meier analysis for patients of the different groups, were
assessed using a log rank test.
Times to event were measured as the time between date

of CCyR and the event of interest. For censored cases, it
corresponded to time between date of CCyR and the last
observational period under IM. EFS referred to survival
without loss of complete hematologic response, loss of
CCyR, detection of a BCR-ABL domain kinase point
mutation associated with a high level of IM resistance,
progression to accelerated or blastic phase, death from any
cause on or off therapy, treatment cessation for toxicity.
FFS referred to survival without events previously
described with the exception of treatment cessation for
toxicity according to the ELN recommendations.14 Only
the first event for an individual patient was considered. 
Patients who achieved a CCyR without CMR on IM

therapy with a follow up shorter than the observed medi-
an time to CMR, and without any reported event during

follow up, were excluded for the identification of CMR
predictive factors and survival studies.
The clinical outcomes were analyzed at landmark time

points. For those analyses, patients had to be still on IM
and have available data regarding the molecular response
status at specified time points.
The significant level of the statistical tests was set at

5%. All analyses were performed using the SPSS statistical
package (Chicago, IL, USA), version 20.0.0, and R pro-
gram, version 2.14.2.

Results

Patients
Two hundred and sixty-six adult patients diagnosed

with Ph-positive CML-CP were treated by IM as front-line
therapy during the study period in the two centers. Base-
line characteristics of the population are presented in
Table 1. The median follow up was 4.43 years (range 0.79-
10.8 years). Seventeen patients died: 13 from CML pro-
gression and 4 from unrelated (n=2) or undetermined
(n=2) causes. Initial IM daily dose was 400 mg in 85% of
the patients. At the time of analysis, 178 (67%) patients
were still on IM. 
Thirty-three patients did not achieve CCyR on IM.

Among them, 23 were considered to be in treatment fail-
ure according to the 2009 ELN criteria:15 lack of complete
hematologic response at 3 months, n=4; lack of cytogenet-
ic response at 6 months, n=7; lack of CCyR at 18 months,
n=10; progression to accelerated phase (AP) or blast phase
(BP), n=2. Ten patients had experienced a recurrent grade
3-4 toxicity leading to IM discontinuation. 
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Table 1. Base-line characteristics of the study population (n=266). 
                                                                                    N=266

Age, median years (range)                                                  56 (17-89)
Male sex-,n(%)                                                                        160 (60)
Sokal score-,n(%)                                                                           
Low risk                                                                                      75 (28)
Intermediate risk                                                                    121 (45)
High risk                                                                                     59 (22)
Missing                                                                                         11 (4)
Eutos score-,n(%)                                                                          
Low risk                                                                                     235 (88)
High risk                                                                                      19 (7)
Missing                                                                                         12 (5)
Cytogenetic clonal evolution-,n(%)                                     *N=257
                                                                                                        24 (9)
Spleen enlargement below costal margin-,n(%)             *N=259
                                                                                                      101 (39)
Months from leukemia diagnosis                                        *N=249
to imatinib start, median (range)                                0·84 (0.03-27.19)
Imatinib starting dose, mg daily-, n(%)                                     
< 400                                                                                            4 (1.5)
400                                                                                             228 (85.7)
600                                                                                                32 (12)
800                                                                                               2 (0.75)
*Number of patients with available data; ¥four patients had platelet count below 100
x10-3/mm3 related to a previous therapy with hydroxyurea before imatinib start.
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Overall, 233 patients (88%) achieved CCyR on IM with
a median time to the first CCyR of 6.4 months (range 2.6-
39 months). Median duration of CCyR was 40.5 months
(range 0.0-122.6 months). Seventeen patients had subse-
quent loss of a previous CCyR with a median CCyR dura-
tion of 10.3 months (range 1.5-77.7 months). One hundred
and ninety-eight (74%) patients achieved MMR under IM
therapy. Median time to the first MMR was 13.5 months
(range 2.6-67.2 months). 
Finally, 65 patients (24%) achieved CMR within a medi-

an time of 32.7 months (range 2.6-87.9 months). Forty-six
patients (17%) were still in CMR at the last follow up with
a median duration of 35.4 months (range 4.1-91.5 months)
and 19 had a subsequent loss of a previous CMR with a
median duration of CMR of nine months (range 4.1-37.3
months). The estimated probability of sustained CMR at
two years was 68% (95%CI: 61.2-74.6).
Cumulative incidences of CCyR, MMR and CMR of the

266 patients are presented in Figure 1. 

Base-line and under-treatment factors associated 
with CMR 
Among the 233 patients who achieved CCyR on IM ther-

apy, 53 had a shorter follow up than the median time to
CMR (i.e. 32.7 months) without any reported event and
were not considered for further analyses. The selection of
the study population for CMR predictive factors and sur-
vival studies is presented in Figure 2. Among the 180
remaining patients, 23 (13%) achieved CCyR without
MMR (CCyR+MMR-CMR- group), 92 (51%) achieved
CCyR with MMR but without CMR (CCyR+MMR+CMR-
group), and 65 (36%) achieved CCyR with CMR
(CCyR+MMR+CMR+ group). The median follow up was
4.55 years (range 2.51-8.85 years) for the CCyR+MMR-
CMR- group, 5.37 years (range 0.8-10.8 years) for the
CCyR+MMR+CMR- group, and 6.16 years (range 1.01-
10.78 years) for the CCyR+MMR+CMR+ group (P=0.055).

Several base-line factors (age, gender, Sokal and Eutos
scores, clonal evolution, spleen enlargement, white blood
cell (WBC) and platelet counts, hemoglobin level, percent
of peripheral basophils, percent of marrow blasts, time
from diagnosis to IM start, IM starting dose) and under-
treatment factors (time from IM start to first CCyR, time
from CCyR to first MMR, IM dose increase to 600 mg
daily or higher, average daily dose of IM during the first
year of treatment, IM plasma level < or ≥ 1000 ng/mL)
were analyzed to identify those associated with the
achievement of CMR under IM therapy. 
We redefined the “time from IM start to MMR” into

“time from CCyR to MMR” to be able to analyze the
impact of the time to reach MMR and CCyR in the same
model. Analyses of this new variable in univariate and
multivariate analyses were performed only in patients
who reached MMR, and time to reach CMR was taken to
be the time between first MMR and CMR. 
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Figure 1. Cumulative incidence of complete cytogenetic  response
(CCyR), major molecular response (MMR) and complete molecular
response (CMR) (n=266).

Figure 2. Selection of the study pop-
ulation for complete molecular
response (CMR) predictive factors
and survival studies.
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Cytogenetic clonal evolution (yes vs. no), spleen enlarge-
ment (yes vs. no), WBC count  (≤4x109/L G/L vs. >4x109/L,
highest quartile), and platelet count (<60x109/L vs.
≥60x109/L, highest quartile) emerged as predictive factors
among the base-line characteristics for achieving CMR in
the univariate analysis. Patients with absence of clonal
evolution, no spleen enlargement, with a WBC count of
4x109/L or under and a platelet count of 60x109/L or over,
were more likely to achieve CMR in the univariate analy-
sis.
Among the under-treatment characteristics, predictive

factors identified by univariate analysis were time from
IM initiation to first CCyR and time to first MMR.
As there was an association between platelet and WBC

counts (i.e. patients with a platelet count less than
60x109/L had a higher WBC), only platelet count was
entered into the final Cox regression model along with
cytogenetic clonal evolution, spleen enlargement, time
from IM start to first CCyR and time from CCyR to first
MMR.
Multivariate analysis revealed that spleen enlargement,

and time from IM initiation to CCyR and to MMR were
strongly associated with achieving CMR: i) patients with
spleen enlargement below the costal margin were 3 times
less likely to reach CMR (HR: 0.3540; 95%CI: 0.192-0.654;
P=0.0009); ii) patients who achieved CCyR after 12
months were half as likely to achieve a further CMR than
those reaching CCyR before 12 months (HR: 0.5; 95%CI:
0.27-0.95; P=0.034); and iii) patients who achieved MMR
after 12 months from CCyR 5 times less likely to reach
CMR than those obtaining MMR within six months (HR:
0.2147; 95%CI: 0.092-0.5; P=0.00038). 
To confirm the impact of achieving CCyR in the first 12

months and MMR in the first 18 months of IM therapy,
the cumulative incidence of a further CMR was analyzed
through the cytogenetic and molecular status at 12 and 18
months of therapy (Figures 3A-C). Patients achieving
CCyR in the first twelve months of IM therapy had a sig-
nificantly higher rate of CMR (P=0.0111) (Figure 3A).
Interestingly, achieving CCyR and MMR in the first year
of therapy was associated with a higher rate of further
CMR when compared to patients who had achieved
CCyR without MMR at 12 months and CCyR after 12
months (P<0.0001) (Figure 3B). The impact of achieving
MMR at 18 months was also correlated with a higher rate
of further CMR as illustrated in Figure 3C (P<0.0001). 
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Figure 3. Cumulative incidence of complete molecular response (CMR)
in patients who achieved complete cytogenetic response (CCyR) at 12
months of imatinib (IM) therapy or later (A), in patients who achieved
CCyR and major molecular response (MMR), CCyR and no MMR at 12
months and CCyR after 12 months of IM therapy (B), and in patients
who achieved MMR or not at 18 months of IM therapy (C).

Table 2. Events of the patients who achieved CCyR without MMR (n=23), CCyR with MMR without CMR (n=92) and CCyR with CMR (n=65) on
IM therapy.
                                                             CCyR+MMR- patients (n=23)           CCyR+MMR+ CMR-patients (n=92)            CCyR+CMR+ patients (n=65)

Events *n, (%)                                                                   13 (57)                                                             20 (22)                                                                2 (3)
Loss of CHR or CCyR, n                                                         7                                                                        7                                                                         0
Progression to AP or BP, n                                                   0                                                                        2                                                                         0
BCR-ABL mutation, n                                             2 (T315 et L387M)                                                        0                                                                         0
Off treatment for toxicity, n                                                 4                                                                       10                                                                        1
Death, n                                                                                     0                                                                        1                                                                         1
*Events were defined as loss of complete hematologic response, loss of complete cytogenetic response, detection of a BCR-ABL domain kinase point mutation associated with a
high level of imatinib resistance, progression to accelerated or blastic phase, death from any cause on or therapy off, treatment off for toxicity.  Only the first event for an individual
patient was considered.  CCyR: complete cytogenetic response; CHR: complete hematologic response; MMR: major molecular response; CMR: complete molecular response; IM: ima-
tinib; AP: accelerated phase; BP: blastic phase.
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Outcome
Thirty-five (19.4%) of the 180 patients who achieved

CCyR on IM therapy presented an event as previously
defined (Table 2). 
Fifty-seven percent of the patients in CCyR without

MMR, 22% of the patients with CCyR and MMR without
CMR, and 3% of the patients with CCyR and CMR pre-
sented an event. The event was death for 2 patients: one
patient in CCyR and MMR died of an unknown cause
while the other death was related to a concomitant
aggressive non-Hodgkin lymphoma. Patients who
achieved CMR had a better EFS and FFS than those with
CCyR, irrespective of MMR status (95.2% vs. 64.7% vs.
27.7%, P=0.00124; 98.4% vs. 82.3% vs. 56%, P=0.0335)
(Figure 4A and B). 
The estimated 5-year EFS and FFS were 98.4% and

98.4% in the CCyR+MMR+CMR+ patient group, 79.9%
and 88.2% in the CCyR+MMR+CMR- patient group, and
27.7% and 56% in the CCyR+MMR- patient group. There
was no difference in OS between the three groups of
patients (P=0.465).
Survival analyses were also performed including the

excluded patients, i.e. patients who had a follow up below

the median observed time to CMR without event. EFS and
FFS associated with CMR were still significantly better
than CCyR with or without MMR (data not shown).
In order to also assess whether achieving CMR at spe-

cific time points had a clinical impact, EFS was analyzed
by landmark analysis according to the molecular response
status at 18 months from IM start. Among the 233 patients
who had achieved a CCyR on IM treatment, 20 patients
had a follow up of less than 18 months and 21 patients
had achieved CCyR after more than 18 months and were
not considered for subsequent analysis. Finally, among the
192 remaining patients, 19 (10%) were in CMR, 101
(53%) were in MMR and 72 (37%) were only in CCyR.
There was no statistically significant difference in EFS
between the 3 groups using landmark analysis at 18
months (P=0.11) (Figure 5). Among the 101 MMR
patients, 42 achieved the CMR after 18 months. However,
no significant differences were observed at the 24- and 30-
month landmark analyses. FFS and OS were also subjected
to landmark analyses at these time points but did not sta-
tistically demonstrate differences between the 3 groups of
patients (data not shown).

Discussion

Imatinib has dramatically improved outcome for newly
diagnosed CML-CP patients with most achieving a sus-
tained CCyR and MMR that are considered to be the best
surrogate markers of survival. In the current study, the
cumulative incidence of CCyR and MMR (respectively
88% and 74%) is similar to that reported by other
studies.3-5,11 By two and three years, 9% and 14% of the
patients achieved a CMR that is also very similar to that
reported in the IM arm in other randomized studies.16-18
Finally, 65 (24%) patients of the study cohort achieved
CMR. 
The second objective of the study was to identify base-

line and under-treatment prognostic factors of achieving
CMR at the time of the first CCyR on IM front-line ther-
apy; the absence of spleen enlargement, achieving CCyR
during the first 12 months of therapy, and achieving
MMR within the year following CCyR were associated
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Figure 4. Event-free survival (A) and failure-free survival (B) of
patients who achieved complete cytogenetic response (CCyR) with-
out major molecular response (MMR) (n=23) (CCyR+MMR-), CCyR
with MMR without complete molecular response (CMR) (n=92)
(CCyR+MMR+CMR-) and CCyR with CMR (n=65)
(CCyR+MMR+CMR+) on imatinib (IM) therapy. Event-free survival
was measured from the date of the first CCyR on IM therapy to the
date of the first event.

Figure 5. Event-free survival at 18-month landmark by molecular
response (n=192).
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with a significantly increased probability of achieving a
further CMR. 
The negative prognostic value of spleen enlargement is,

however, not very surprising. Spleen enlargement was
already a strong predictive factor of survival as assessed by
the Sokal and Hasford scores before the IM era and found
to predict a lower probability of achieving a CCyR on IM
by the recent EUTOS score.19-21 Our findings, highlighting
the importance of a rapid MMR, are in accordance with
those reported by Branford et al. who identified that
achieving MMR during the first year of therapy was the
only predictive factor of CMR.22
When taking into account the median time to CCyR

observed in our patients who achieved at least MMR (6.92
months in the CCyR+MMR+CMR- patient group, 5.98
months in the CCyR+MMR+CMR+ patient group) and
the impact of achieving MMR during the 12 months fol-
lowing CCyR, we hypothesize that obtaining MMR with-
in 18 months of IM initiation may be associated with an
increased probability of achieving CMR. Analyses of
cumulative incidence of CMR through the achievement of
MMR at 12 and 18 months of IM therapy confirms this
hypothesis, as significantly higher rates of CMR were
observed in patients in MMR at 12 and 18 months from
IM start. 
Our study focused on patients who achieved CCyR on

IM therapy. To date, while most patients treated with
front-line IM achieve CCyR, most of these will have per-
sistent disease at the molecular level. In the subset of
patients who achieved a previous CCyR, the prognostic
value of MMR, defined as a 3-log reduction in BCR-ABL
base-line transcript level, remains debatable.3,5,8,11 One of
the reasons may be that CCyR and MMR thresholds are
in close proximity for measuring residual disease: CCyR
corresponds to a 2-log reduction of BCR-ABL transcript
level from a base-line value and the standard deviation of
quantitative BCR-ABL PCR can be around 0.5 log.
Therefore, assessing the clinical impact of MMR in CCyR
patients would require a long follow up and a large cohort
of patients. However, MMR has been shown to be a
strong reproducible surrogate marker that is useful to
compare findings from different studies.  
Significantly higher rates of CMR were observed in

patients who had achieved CCyR and MMR at 12
months when compared to patients who had achieved
CCyR at twelve months or later without MMR.
Therefore, beyond its prognostic value, a faster MMR in
CCyR patients has predictive impact on the probability of
achieving a further CMR.  
Finally, our study demonstrates that MMR and CMR in

CCyR patients treated with front-line IM are associated
with better EFS and FFS. We defined the events likely to
influence clinical outcome of IM treatment as reported by
Kantarjian et al.23 with slight modifications: we considered
that detection of a BCR-ABL tyrosine kinase point muta-
tion associated with a high level of IM resistance both 
in vitro and in IM resistant patients is a significant event
leading to therapeutic change in case of failure or subopti-
mal response, as recently recommended.24 We also consid-
ered loss of a previous CCyR rather than loss of a major
cytogenetic response at any time during treatment as a sig-
nificant event leading to therapeutic change, as recom-
mended by the ELN experts in case of failure.15
As molecular status for an individual patient may evolve

during IM therapy, the usefulness of Kaplan-Meier analy-

sis may be a subject of debate. However, the objective of
the study was to assess whether achieving a deeper
molecular response in CCyR patients at any time, rather
than at defined milestones, was associated with a better
outcome. Indeed, among patients who failed to achieve
CMR, patients with a shorter follow up than the observed
median time to CMR and without any reported event
were excluded from the identification of predictive factors
of CMR and survival analyses. Moreover, the 3 groups of
patients defined by the best response achieved under IM
therapy have now had a long follow up (4.55 years for the
CCyR+MMR-, 5.37 years for the CCyR+MMR+CMR-
and 6.16 years for the CCyR+MMR+CMR+). 
Other studies used landmark methods to compare time-

to-event outcome between groups determined during
study follow up.8 However, the method used is sometimes
limited by omission of events occurring before or after the
landmark time point. In any case, we attempted to assess
whether achieving a CMR at specific time points had a
clinical impact with this method. So EFS was analyzed by
landmark analysis according to the molecular response
status at 18 months from IM start. Although a trend was
observed, this 18-month landmark analysis did not
demonstrate any significant difference in EFS according to
the depth of molecular response. Clearly, for a time
dependent variable, landmark analysis is an appropriate
test to determine the prognostic value of the response, but
it does not take into account what is happening after the
time point. In the current study, the rate of CMR contin-
ues to increase after 18 months. In contrast, using the
Kaplan-Meier method, the best molecular response
achieved was taken into account independently of the
time. So, the Kaplan-Meier analyses show that the
achievement of CMR during the follow up is associated
with a lower probability of clinically relevant events.   
Until now, the relevance of deeper molecular response

had been mainly linked to the strategies of IM discontinu-
ation. The STIM study demonstrated that achievement of
sustained CMR (for at least 2 years) was one of the first
but essential criteria to be taken into account when con-
sidering IM discontinuation.12 
However, besides discontinuation strategies, the impact

of achieving CMR on clinical outcome and survival has
not previously been demonstrated. Colombat et al.
showed that failure to achieve a sustained CMR for
patients in CCyR was correlated to the probability of loss
of CCyR25 while Kantarjian et al. failed to correlate sus-
tained CMR with PFS.5 More recently, Verma et al. sug-
gested that patients who achieved CCyR with sustained
CMR by 24 months of therapy had better EFS compared
to those who achieved CCyR with or without MMR.26
In the current study, we demonstrated that once CCyR

is achieved with front-line IM, achieving a deeper molec-
ular response is associated with a lower probability of rel-
evant clinical events. 

Conclusion

Almost 25% patients treated with front-line IM therapy
will achieve CMR with a 68% probability of remaining in
CMR at two years. The absence of spleen enlargement,
and not achieving a CCyR before 12 months and MMR in
the first year following CCyR achievement, were predic-
tive of achieving a further CMR. Our study demonstrates
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that once CCyR has been reached, achieving deeper
molecular response is associated with a better EFS and
FFS, and that CMR clearly confers the best outcome and
should thus become the main objective of CML therapies.   
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