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Nilotinib, a second-generation tyrosine kinase, is approved for the treatment of 
newly diagnosed chronic phase chronic myeloid leukemia patients. The drug showed 
impressive rates of cytogenetic and molecular responses with only few cases of disease 
progression in Phase II trials. Five years follow-up of Phase III randomized ENESTnd 
study demonstrated deep molecular responses, lower rate of transformation in the 
core treatment compared with imatinib (0.7% for nilotinib 300 mg twice daily [BID], 
1.1% for nilotinib 400 mg BID and 4.2% with imatinib). ENEST1st study confirmed 
the activity of nilotinib in first line at the dose of 300 mg BID. Aim of this review is to 
provide reported evidences on the efficacy and safety of nilotinib when used for the 
management of early chronic phase chronic myeloid leukemia patients and to discuss 
about future possible discontinuation.
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The treatment of chronic myeloid leuke-
mia (CML) is dramatically changed in the 
last years due to the availability of tyrosine 
kinase inhibitors (TKIs), which act on the 
constitutively active protein tyrosine kinase, 
BCR-ABL1, the hallmark of this disease 
derived by the translocation t(9;22) [1–5]. 
The first drug, imatinib mesylate, an inhibi-
tor of ABL1 and its derivative BCR-ABL1, 
as well as other tyrosine kinases provide an 
effective and durable therapy for CML: an 
8-year follow-up of Phase III International 
Randomized IFN versus STI571 (IRIS) 
study showed complete cytogenetic response 
(CCyR) rate in about 87% of patients [6]. 
However, at the last follow-up reported, 
about 37% of patients did not have a long-
term good outcome: 15% of patients due to 
acquired secondary resistance and 17% for 
primary resistance [7]. Different mechanisms 
of resistance have been identified, including 
gene amplification of BCR-ABL1 transcript, 
decreased intracellular drug concentrations 
caused by drug efflux proteins (such as P-gly-
coprotein, PgP) overexpression, or reduced 

receptor-mediated uptake (such as OCT-1), 
clonal evolution, and overexpression of Src 
kinases involved in BCR–ABL1-independent 
activation of alternative pathways, such as 
Lyn and Hck [8–12]. In particular, primary or 
acquired resistance to imatinib is attributable 
to the onset of mutations in 40% of patients: 
amino acid substitutions in the ABL1-kinase 
domain impair the capacity of the drug to 
bind the critical contact point, for example, 
by inducing a switch from the inactive to 
the active conformation [13–19]. New drugs, 
such as nilotinib [20], dasatinib [21], bosutinib 
and ponatinib, have been tested in patients 
resistant and/or intolerant to imatinib. After 
the brilliant results as second-line treatment, 
efficacy of second-generation TKIs in newly 
diagnosed patients was reported, initially in 
Phase II trials as single arm dasatinib [22] or 
nilotinib [23,24]. Then, randomized Phase III 
trials [25,26] tested the efficacy of nilotinib or 
dasatinib versus imatinib and allowed the 
approval of those drugs for the treatment 
of newly diagnosed CML patients. Aim of 
present review is to report recent clinical 
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evidences regarding efficacy and safety of nilotinib in 
newly diagnosed chronic phase (CP)-CML patients, 
with a focus on the new endpoint, the so-called 
treatment-free remission (TFR).

Long-term follow-up of Phase II trials 
(GIMEMA & MDACC experience) in newly 
diagnosed CML patients
The Italian GIMEMA CML Working Party tested 
nilotinib, at the dose of 400 mg twice daily (BID), 
as first-line treatment. The primary endpoint was 
the achievement of CCyR at 1 year; 73 patients were 
enrolled and the last median follow-up presented was 
at 45 months. Stratification at baseline by Sokal risk 
identified 45% of patients as low, 41% as intermedi-
ate and 14% as high risk. At 1 year, the cumulative 
CCyR rate was 100%. The cumulative rate of MMR 
was 96%, while the rates of MMR at 3, 6, 12, 18, 24, 
30 and 45 months were 52, 66, 85, 81, 82, 71 and 
97%, respectively. The cumulative incidence of MR4 
(tested at least once) was 82%, while its confirmed 
rate was 29%. None of the patients who achieved an 
MMR progressed to accelerate phase/blast crisis (AP/
BC). Only one patient progressed at 6 months to AP/
BC: a 63-year-old female with a high Sokal risk dis-
ease in CCyR at 3 months, who developed a T315I 
mutation. Most of side effects reported were grade 1 
or 2, manageable with temporarily dose reduction. 
Only two patients (3%) experienced a QTc prolonga-
tion above 450 ms, but none above 500 ms. Defini-
tive discontinuation were recorded in four patients: 
three patients for recurrent episodes of amylase and/
or lipase increase without evidences of pancreatitis and 
one patient discontinued due to atrial fibrillation. At 
45 months the overall survival (OS) and failure-free 
survival are 97% and event-free survival (EFS) is 91% 
[27,28]. MD Anderson Cancer Center (MDACC) con-
ducted an experience in newly diagnosed untreated 
CP-CML patients or previously treated for less than 
1 month with imatinib and in a cohort of patients 
with previously untreated CML in AP: the primary 
endpoint was the achievement of MR3 at 12 months 
[23]. The results presented at last follow-up of 4 years 
showed that of 100 patients enrolled, 77% were still 
in study. Only two cases of progression were reported. 
Overall, 100% of patients obtained complete hemato-
logic remission (CHR) in a median time of 3 weeks. 
The incidence of CCyR was 93% at a median time 
of 3 months. The cumulative incidence of MR3 was 
73% (in intention to treat [ITT], 70%) and of com-
plete molecular remission (CMR) 33% (in ITT, 32%). 
High rates of responses were recorded also in high 
Sokal risk patients. Hematological grade 3/4 adverse 
events were represented by anemia in 5%, neutrope-

nia in 11% and thrombocytopenia in 11% of patients, 
whereas grade 3/4 nonhematological events included 
skin rash and fatigue. Laboratory events included ele-
vation of transaminases in 13% of patients, elevated 
bilirubin in 8% and elevated lipases in 6%. OS was 
96% and EFS was 91% at 4 years. Transformation-free 
survival and failure-free survival were 97 and 78%, 
respectively (Tables 1 & 2; [29]).

ENESTnd study: follow-up at 5 years
The ENESTnd trial is a Phase III, international, ran-
domized study that demonstrated the superior efficacy 
of nilotinib over imatinib. A recent update with 5-year 
follow-up was presented at last 2014 European hema-
tology association (EHA) meeting [30]. Eight hundred 
and forty-six CP patients were randomized to nilo-
tinib 300 mg BID (n = 282), nilotinib 400 mg BID 
(n = 281) and imatinib 400 mg once daily (n = 283). 
Patients were randomized according to Sokal score. 
Primary endpoint was the achievement of MMR 
(≤0.1% BCR-ABLIS) rate at 12 months, whereas key 
secondary endpoints were the duration of MMR, time 
to MMR and CCyR, progression to AP/BC (with and 
without clonal evolution), EFS, progression-free sur-
vival (PFS) and OS. A recent amendment extended 
the follow-up at 10 years. Patients within 6 months 
from diagnosis were enrolled; conservative treatment 
with hydroxyurea or anagrelide and less than 2 weeks 
of imatinib was allowed. At a median follow-up of 
5 years, 59.9% of patients in the nilotinib 300 mg BID 
arm, 61–9% in the nilotinib 400 mg BID arm and 
49.8% of patients treated with imatinib remained in 
the core treatment. The rate of progression on treat-
ment to advanced phases of disease was also signifi-
cantly lower for nilotinib compared with imatinib: it 
was 0.7% for nilotinib 300 mg BID (p = 0.003), 1.1% 
for nilotinib 400 mg BID (p = 0.008) and 4.2% for 
imatinib. Intention-to-treat analysis including patients 
who discontinued treatment, but remained on study, 
showed a progression rate of 3.5, 2.1 and 7.4%, respec-
tively. All the few events that occurred in the last years 
of follow-up were in high Sokal risk patients and all 
patients had a ratio >10% at 3 months of therapy. In 
case of suboptimal response or treatment failure, dose 
escalation was allowed only for imatinib (to 800 mg) 
but not for nilotinib. At a median follow-up of 5 years, 
the cumulative incidence of MR3 was superior for 
nilotinib 300 mg BID (77%) and nilotinib 400 mg 
BID (77%) compared with imatinib (60%). Cumu-
lative incidence of deep molecular response (MR4.5) 
again was higher for nilotinib 300 mg BID (54%) 
and nilotinib 400 mg BID (52%) compared with ima-
tinib (31%). Rates of MR4.5 were consistently higher 
in patients treated with nilotinib across all Sokal 
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risks. According to BCR/ABL ratio at 3 months, low 
Sokal risk patients that did not achieve the endpoint 
of an early molecular response (EMR, ratio <10% at 
3 months of therapy) were 7.2% with nilotinib com-
pared with 20.6% with imatinib; intermediate risk 
patients were 7.7% with nilotinib 300 mg BID com-
pared with 30.4% with imatinib and high Sokal risk 
patients were 14.3% with nilotinib 300 mg BID com-
pared with 55.7% with imatinib. A pooled landmark 
analysis presented that stratifying patients accord-
ing to Sokal risk and molecular response obtained at 
3 months showed that in terms of long-term outcome, 
patients with low Sokal risk not achieving a BCR-ABL 
ratio <10% at 3 months did not have worse outcome, 
with PFS and OS being similar to those of patients 
achieving EMR after 3 months. Indeed, a difference 
in long-term outcome at 5 years with worse PFS and 
OS was shown for patients with intermediate and 
high Sokal risk not achieving EMR. Estimated OS 
rate (including data from follow-up after discontinu-
ation) at 5 years was higher for nilotinib 300 mg BID 

(93.7%, p = 0.64) and nilotinib 400 mg BID (96.2%, 
p = 0.21) compared with imatinib (91.7%). Taken into 
account only deaths related to CML, a significant dif-
ference was reported for nilotinib (97.7%) compared 
with imatinib (93.8%). Grade 3/4 myelosuppression 
registered as anemia was 4, 5 and 6% respectively for 
the three arms. Grade 3/4 neutropenia was 12, 11 and 
22%, respectively and thrombocytopenia was 10, 12 
and 9% for nilotinib 300 mg BID, nilotinib 400 mg 
BID and imatinib, respectively. Grade 3/4 laboratory 
abnormalities were lower for nilotinib 300 mg BID 
(9% lipase elevations, 4% total bilirubin elevations 
and 7% glucose elevation) compared with nilotinib 
400 mg BID (10% lipase, 9% total bilirubin and 7% 
glucose elevation) and imatinib (4% lipase and alanine 
transaminase [ALT], <1% total bilirubin and <1% 
glucose elevation). Glucose elevation of any grade was 
reported in 50, 53 and 31% of patients in the nilo-
tinib 300 mg BID, nilotinib 400 mg BID and imatinib 
arms, respectively. Total cholesterol elevations were 
reported in 28, 27 and 4% of patients in the nilotinib 

Table 1. Long-term follow-up of Phase II and III trials in newly diagnosed chronic myeloid leukemia 
patients treated with nilotinib.

 Reference  CML phase  Number of patients Response rate (%) Ref.

CCyR MR3 MR4

MDACC† Early CP and AP 100 100 95 66† [29]

GIMEMA‡ Early CP 73 92 82 25‡  [28]

ENESTnd§ Early CP Nilotinib 300 mg BID (282) 87 77 54§ [30]

  Nilotinib 400 mg BID (281) 85 77 52§

  Imatinib 400 mg (283) 77 60 31§

ENEST1st Early CP Nilotinib 300 mg BID 88 63.5 36.3¶ [31]

†In best response at 4 years follow-up. CMR was considered as ratio <0.0032%. Nilotinib was used at 400 mg BID.
‡In ITT analysis beyond 30 months follow-up. MR4 was defined as a BCR-ABL/ABL ratio <0.01% IS. Nilotinib was used at 
400 mg BID.
§In ITT analysis on the whole population on core treatment at 5 years follow-up. MR4.5 was defined as ratio <0.032% IS.
¶In ITT analysis.
BID: Twice daily; CCyR: Complete cytogenetic response; CML: Chronic myeloid leukemia; CP: Chronic phase; ITT: Intention to 
treat.

Table 2. Long-term outcomes reported in chronic myeloid leukemia patient treated with nilotinib 
upfront.

 Reference  Number of patients Outcome (%) Ref.

 OS PFS EFS

MDACC (at 4 years) 100 96 98 95 [29]

GIMEMA  
(after 36 months)

73 97 97 91 [28]

ENESTnd (at 5 years) Nilotinib 300 mg BID (282) 93.7 98 Nr [30]

 Nilotinib 400 mg BID (281) 96.2 97.7 Nr

 Imatinib 400 mg (283) 91.7 95.2 Nr

ENEST1st (at 2 years) Nilotinib 300 mg BID 98.5 99 NR  [31]

BID: Twice daily; EFS: Event-free survival; OS: Overall survival; PFS: Progression-free survival. 



 

 

 

260 Clin. Invest. (Lond.) (2015) 5(3) future science group

Drug Evaluation    Breccia, Molica & Alimena

300 mg BID, nilotinib 400 mg BID and imatinib 
arms, respectively (Table 3). Seventeen patients with a 
normal glycemic status at baseline became diabetic at 
the last follow-up of 5 years in both nilotinib arms. 
With longer follow-up there was minimal change in 
the occurrence of nonhematological grade 3/4 adverse 
events registered, the most common being nausea, rash 
and headache with nilotinib (Table 1 & Table 2; [30]).

ENEST1st: an interim analysis
ENEST1st was a Phase III, not randomized, single arm 
trial that tested nilotinib at the dose of 300 mg BID 
in newly diagnosed CML patients in chronic phase. 
The primary endpoint was the achievement of MR4 
at 18 months, with standardized responses evaluated 
in EUTOS laboratories. A total of 1086 patients were 
enrolled at 305 sites in 26 countries and the first interim 
analysis at 2 years of follow-up was presented for 820 
patients. Of these, 19.6% were previously treated with 
imatinib but for a period of less than 1 month. For the 
first time in a sponsored trial, patients were classified 
also according to EUTOS score: 9% of patients were 
recognized as having a high risk, whereas 18.8% of 
patients were classified as having a high risk according 
to Sokal score. Of 820 patients, 658 remained in treat-
ment after 2 years, the main reason for discontinuation 
being occurrence of adverse events. Dose interruption 
for a median duration of 15 days was needed in 38% of 
patients, whereas 46% of patients required dose reduc-
tion or temporarily discontinuation mainly for adverse 
events. The primary endpoint at 18 months was reached 

by 36.3% of patients in ITT analysis with 34.6% of 
patients by 24 months. As a cumulative incidence at 
24 months, 80% of patients achieved an MR3, 55% an 
MR4 and 39% of patients an MR4.5. Cumulative inci-
dence of MR4 was different according to EUTOS score: 
57% of the low-risk and 38% of the high-risk patients. 
Cumulative incidence of CCyR after 24 months was 
88%, without difference for low- or high-risk category 
according to EUTOS risk (89 and 85%, respectively). 
A total of 7 patients (0.85%) progressed to blast crisis 
and 12 patients died for reasons not related to CML. 
More frequent side effects reported were rash, pruritus 
and alopecia, with only low rates being grade 3/4. Neu-
tropenia and thrombocytopenia of grade 3/4 occurred 
in 4.5 and 6.1% of patients, respectively. The most 
frequent new biochemical abnormalities occurring of 
grade 3/4 were lipase elevation (7.1%), total bilirubin 
increase (3.3%) and transaminases elevation (2.5%) 
(Table 1 & Table 2; [31]).

Cardiac safety profile of nilotinib as 
reported in sponsored trials
Even if nilotinib has the potential to prolong QTc 
interval, only few patients experienced significant QTc 
interval prolongation and prolongation >500 ms was 
reported at low rate [32]. In the ENESTnd trial [33], 
patients were excluded at baseline if they had known 
uncontrolled or past significant cardiac disease, left 
ventricular ejection fraction <45% or QTcF interval 
>450 ms. Prospective assessment of QTc evaluated with 
Fridericia formula was performed during the study: 

Table 3. Safety of nilotinib versus imatinib in firstline treatment.

Side effect Nilotinib 300 mg BID Nilotinib 400 mg BID Imatinib

Skin rash 38% 45% 19%

Headache 32% 36% 23%

Nausea 22% 31% 41%

Diarrhea 19% 23% 46%

Muscle spasms 12% 12% 34%

Ischemic heart disease 3.9% 8.7% 1.8%

Ischemic cerebrovascular events 1.4% 3.2% 0.4%

Peripheral artery disease 2.5% 2.5% 0

Anemia (grade 3/4) 4% 5% 6%

Thrombocytopenia (grade 3/4) 10% 12% 9%

Neutropenia (grade 3/4) 12% 11% 22%

Elevated lipase (grade 3/4) 9% 10% 4%

Elevated total bilirubin (grade 3/4) 4% 9% <1%

Elevated glucose (grade 3/4) 7% 7% <1%

Elevated total cholesterol (grade 3/4) 0 1% 0

BID: Twice daily.
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26% of patients had QTcF increased above 30 ms from 
baseline in either nilotinib arms as compared with 18% 
of patients in imatinib arm, but increases above 60 ms 
were uncommon (less than 1% of patients in all arms). 
Between 3 and 6 months of therapy occurred the high-
est mean values of changes in QTcF interval: 10.4, 12.4 
and 7.9 ms in nilotinib 300 mg BID, nilotinib 400 mg 
BID and imatinib arm, respectively. No episodes of 
torsade de point or sudden death or QTcF interval pro-
longation >500 ms in none of the 3 arms were recorded 
and none of the patients enrolled discontinued the 
treatment for QT prolongation. At the last follow-
up of 5 years, cardiovascular events were recorded in 
64 patients; of these, 35 patients experienced an isch-
emic heart disease event after a median treatment dura-
tion of 18 months: 11 patients on nilotinib 300 mg BID, 
24 patients on nilotinib 400 mg BID and 5 patients 
on imatinib arm. Overall, 14 patients experienced an 
ischemic cerebrovascular events: 4 patients with nilo-
tinib 300 mg BID, 9 with nilotinib 400 mg BID and 
1 patient with imatinib [31]. Peripheral artery diseases 
(PAODs) were recorded in 14 patients: 7 patients with 
nilotinib 300 mg and 7 patients with nilotinib 400 mg 
BID. In the ENEST1st trial, ischemic heart disease 
events were registered in 31 patients (3.8%), ischemic 
cerebrovascular conditions in 4 patients (0.5%) and 
PAODs in 13 patients (1.6%) [33].

PAOD reported with nilotinib
Hypercholesterolemia was described as in vivo meta-
bolic effect occurring during nilotinib treatment and 
was associated with the occurrence of PAOD [34]. 
An increased low-density lipoprotein (LDL) frac-
tion in 13 out of 31 patients who had switched from 
imatinib to nilotinib for suboptimal response was 
also recently reported [35]. Increased cholesterol LDL 
level and concomitant reduction of triglycerides were 
also observed in a group of 27 patients treated either 
as first or second line with the drug [36]. In particu-
lar, an increased proportion of patients with nonop-
timal LDL cholesterol level (from 48.1 to 88.9% by 
12 months) were reported, leading to start of choles-
terol-lowering drug in 22.2% of subjects. Indeed, the 
proportion of patients with low levels of high-density 
lipoprotein cholesterol decreased from 40.7 to 7.4% by 
12 months. A significant decrease in triglycerides was 
also observed. The authors calculated also the global 
cardiovascular risk that worsened in 11.1% of patients 
due to diabetes or occlusive arterial events. Several 
observations relating PAOD were published until now, 
which reported on only retrospective analyses or single 
cases. Aichberger et al. [37] referred at first on three 
cases out of 24 patients treated with nilotinib who suf-
fered from PAOD: median time of its occurrence was 

short and several pathways involvement were hypoth-
esized. Following this first observation, 11 out of 176 
patients were identified in a retrospective study [38]: 
higher median age, long time from start of treatment 
and metabolic alterations, such as increased cholesterol 
level, were reported as main predisposing factors for 
the occurrence of events. A retrospective large analy-
sis was then conducted including patients enrolled in 
the main trials (IRIS, TOPS and ENESTnd): relative 
risk of PAOD resulted to be increased in the cohort 
of patients treated with nilotinib when compared 
with patients receiving imatinib or in the cohort of 
patients with no exposition to TKIs. Moreover, 87% 
of patients suffering from PAOD had predisposing risk 
factors, such as diabetes, dyslipidaemia, hypertension, 
advanced age or smoking [39]. A cross-sectional study 
reported on the importance of ankle-brachial index, 
which measured the ratio between anckle and brachial 
blood pressure as a factor possibly identifying patients 
at risk of atherosclerotic events: ankle-brachial index 
was <0.9 in 24 out of 129 patients treated with differ-
ent drugs and 17 of these were treated with nilotinib. A 
significant association with increased cholesterol level 
and other risk factors was observed [40].

Kinetics of molecular response & BCR-ABL 
mutation status in the ENESTnd trial
MMR, primary endpoint of the study, was defined 
according to the International Scale (IS, BCR-ABL 
transcript level of 0.1% or less in peripheral blood on 
RQ-PCR assay). Molecular monitoring was performed 
at baseline, each month for the first 3 months and 
then every three months; mutational analysis was per-
formed by long-range PCR amplification of BCR-ABL 
and direct sequencing at baseline and then only for the 
occurrence of fivefold increase in transcript level, or in 
case of failure to achieve MMR at 12 months, loss of 
MMR and at the end of treatment [41]. Rapid decline of 
BCR-ABL ratio in the nilotinib arms compared with 
imatinib was observed and median BCR-ABL levels on 
nilotinib at 6 months was similar to those obtained on 
imatinib at 18 months (0.19% for both nilotinib arms 
vs 0.17% for imatinib at respective times). Median 
time to reach MMR was shorter with nilotinib com-
pared with imatinib (6 and 8 months with nilotinib 
300 mg BID and 400 mg BID, respectively, compared 
with 10 months with imatinib). Also kinetics of deep 
molecular response was rapidly reached with nilotinib 
as compared with imatinib: MR4.5 was 11% after the 
first year with nilotinib 300 mg BID, 10% with nilo-
tinib 400 mg BID and less than 1% with imatinib. 
MMR was lost by seven patients on nilotinib 300 mg 
BID arm, six patients on nilotinib 400 mg BID and 
seven patients in the imatinib arm: progression to 
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advanced phase of disease was detected in two patients 
on nilotinib 400 mg BID arm. Three patients in the 
imatinib arm and two patients on nilotinib 400 mg 
BID arm developed mutations (E255V, Y253H/
T315I). Indeed, five out of seven patients treated with 
nilotinib 300 mg BID and four out of six patients on 
nilotinib 400 mg BID regained MMR continuing the 
same drug. Newly detectable mutations during treat-
ment were detected in 12 patients on nilotinib 300 mg 
BID, 11 patients on nilotinib 400 mg BID and 22 
patients on imatinib. Y253H, E255K, F359V, E459K 
and T315I mutations detected in the nilotinib arms 
were poorly sensitive to the drug. T315I mutation 
occurred in four patients on nilotinib 300 mg BID, in 
two patients with nilotinib 400 mg BID and in three 
patients on imatinib. One patient on nilotinib 300 mg 
BID with E459K mutation, two patients on nilotinib 
400 mg BID with Y253H/T315I and E255V mutations 
and seven patients on imatinib (with M244V, Y253H, 
Y253H/F359I, M351T, F359I and two patients with 
E459K) progressed to blast phase. These results indi-
cated that molecular responses were faster and deeper 
with nilotinib and the incidence of new mutations was 
lower with nilotinib compared with imatinib [41].

TFR as new endpoint in CML
TFR endpoint in CML is based on the hypothesis that 
it is possible to discontinue TKIs in some patients after 
the achievement of a deep molecular response. After 
the first attempts with imatinib in the STIM trial, in 
which after discontinuation of imatinib the overall 
probability to maintain CMR at 36 months was 39% 
[42], several other trials showed the feasibility of discon-
tinuation of the drug, such as the Australian Twister 
study, the A-STIM, the STIM2 and the Euro-SKI 
study. The results of these studies showed that TFR 
ranged between 40 and 60% and that some clini-
cal baseline features were predictive for relapse after 
discontinuation, such as high Sokal risk, low median 
duration of imatinib treatment and lack of previ-
ous exposure to IFN [43–46]. The French CML group 
reported the first pivotal trial of second-generation 
TKIs discontinuation in patients treated for at least 
36 months and with a stable undetectable molecular 
disease for at least 24 months. Primary endpoint was 
to establish survival without loss of MMR, which 
defined the criterion for molecular relapse and need for 
resumption of therapy. After a minimum follow-up of 
12 months, 42 patients were included in the trial: only 
2 patients had been treated upfront, while the major-
ity had received dasatinib or nilotinib due to imatinib 
intolerance. The 12-month probability to remain in 
stable MMR was 58.3% (55.8% according to STIM 
trial criteria and 44% according to TWISTER crite-

ria). No progressions to advanced phase of disease were 
revealed. Analysis of variables associated with stable 
MMR showed that only treatment started for imatinib 
intolerance was associated with a low probability of 
relapse, but the analysis was impaired due to the small 
sample size. After relapse, the same drug was restarted 
in all patients, except one, resulting in an undetectable 
disease in 13 out of 15 evaluable patients. At a median 
time of 16 months, 18 patients remained in stable 
MMR without therapy and, among them, 7 had stable 
undetectable BCR-ABL transcript [47]. Several ongoing 
studies will clarify clinical baseline features of patients 
that, if treated with nilotinib or dasatinib first line, 
will have the potential to stop treatment. In particular 
with nilotinib, the ENEST freedom study is ongoing: 
after 2 years of induction therapy and achievement of 
MR4.5, patients enter the study and receive 1 year of 
consolidation with the same drug. After 1 year of treat-
ment, patients with persistent MR4.5 will try to dis-
continue: the thresold to restart the drug will be the 
loss of MR3. Another large trial, called ENEST Path, is 
ongoing: patients previously treated with imatinib that 
achieved CCyR but not MR4 are allowed to enter the 
study and switch to nilotinib 300 mg BID for 2 years. 
If at the end of this period they will reach a deep molec-
ular response, will be randomized to discontinuation 
or to continue for another year with the same drug and 
then will have access to discontinuation. This trial will 
attest if long duration of treatment may be responsible 
for a different rate of relapse after discontinuation. 
Only the results of these ongoing trials will clarify the 
potentiality of nilotinib as a drug that could be used as 
inhibitor to reach discontinuation without relapse.

Discussion & conclusion
Deep molecular responses continued to increase over 
time in nilotinib arms as proven in the last follow-up of 
Phase III trials indicating that this drug could become 
the standard of care for frontline treatment. The last 
follow-up at 5 years confirmed a low incidence of pro-
gressions as well as a low incidence of grade 3/4 hemato-
logical and nonhematological adverse events compared 
with imatinib. In the last follow-up of ENESTnd study, 
it was reported that nilotinib 300 mg BID is clearly 
associated with increased rate of fasting glucose levels, 
cholesterol and cardiovascular events. Primary end-
point of ENEST1st study was the achievement of MR4 
at 18 months using nilotinib 300 mg BID, but the study 
was also associated with investigational substudies for 
the characterization of stem cell compartment and 
other genomic aspects. Long-term follow-up of patients 
treated with imatinib first line emphasized some criti-
cal issues: the need to achieve a molecular response 
because it is associated with higher EFS and PFS; the 
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prompt identification of nonoptimal response or resis-
tant patients, due to the availability of more potent 
and selective drugs, because it should drive to a quick 
change to a second therapeutic strategy. At present, it is 
not clear if all patients have to start with second-genera-
tion TKIs or have to early switch, after 3 months, from 
imatinib for lack of efficacy (patients not achieving an 
EMR, ratio <10%). Nilotinib upfront offers several 
advantages, such as early reduction of molecular resid-
ual disease burden and consequently significant reduc-
tion of progression rate, higher rate of deep molecular 
responses that can allow to plan a future discontinua-
tion of therapy. On the other hand, nilotinib could be 
associated with specific safety profile (increased glyce-
mia, total cholesterol level and increased rate of cardio-
vascular events), which imposed a selection of patients 
at baseline, excluding subjects at high risk of possible 
cardiovascular complications. It is possible to identify 
patients considered at high risk, considering the Euro-
pean School of Cardiology modifiable and unmodifiable 
criteria: patients with previously cardiovascular events, 
affected by diabetes, obesity, dyslipidemia, severe renal 
impairment, who smoke, are considered at high risk to 
develop cardiovascular disease and with higher prob-
ability of related death [48]. These patients should be 
excluded from nilotinib treatment or strictly monitored 
during therapy. Standardization of molecular response 

and identification of cutoff for deep response will allow 
us to clearly define patients who reach the moment to 
try TFR. Ongoing studies will allow the scientific com-
munity to understand the characteristics of patients 
candidate from baseline to future discontinuation. In 
this prospective, nilotinib was proven to be more effec-
tive to reduce the Ph+ stem cell compartment when 
used in newly diagnosed patients, if compared with 
imatinib [49]. Better characterization of stem cell com-
partment in CML allows the identification of multiple 
pathways to explore TFR and possible new endpoint of 
complete eradication of drug resistance. In this light 
nilotinib could be associated with other drugs (ongoing 
trials associating the drug to ruxolitinib, an anti-JAK2 
inhibitor, or to IFN), in order to improve not only the 
rate of deep molecular responses but also to target stem 
cells and its environment.
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Executive summary

•	 Nilotinib is a second-generation, highly selective, rationally designed tyrosine kinase inhibitor, less susceptible 
to the development of point mutations due to the binding affinity for ABL and with improved capacity to 
reduce Ph+ stem cell compartment.

•	 US FDA approved nilotinib as treatment for newly diagnosed chronic myeloid leukemia patients in chronic 
phase at the dose of 300 mg twice daily, in June 2010.

•	 Long-term results of ENESTnd trial showed the continued superiority of nilotinib compared with imatinib, with 
improved deep molecular responses.

•	 Low rate of progression to blastic phase was confirmed at follow-up of 5 years.
•	 Low incidence of hematologic toxicity but increased rate of biochemical abnormalities (hyperglycemia, 

hypercholesterolemia) and increased rate of cardiovascular events were reported during nilotinib treatment.
•	 The preliminary results of ENEST1st, still ongoing, confirmed the superior and faster molecular responses 

obtained with nilotinib 300 mg twice daily.
•	 Ongoing trials are testing the possibility to discontinue nilotinib after the achievement of deep and stable 

molecular response.
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