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Introduction 

Imatinib, the first tyrosine kinase inhibitor (TKI) targeting
the BCR-ABL1 oncoprotein, has proven remarkably success-
ful in chronic phase (CP)-chronic myeloid leukemia (CML).
On the basis of high rates of responses and a favorable safety
profile, long-term progression-free and overall survival has
become a reality for most imatinib-treated patients.1,2 Yet, it
appears that imatinib must be discontinued in up to one-third
of CP-CML patients because of drug resistance and/or unac-
ceptable side effects.1 Fortunately, several new generation
TKIs with unique activity and tolerability profiles have been
developed and have emerged as efficient salvage therapies in
this setting. Nilotinib, a 2nd-generation TKI with greater
potency and affinity for the BCR-ABL1 oncoprotein than ima-
tinib, also active against a wide range of imatinib-resistant
ABL1 kinase domain mutant clones, was originally approved
for use at 400 mg twice daily in patients with CP- or acceler-
ated phase (AP)-CML in whom imatinib has failed in 2007.3,4

In patients with newly diagnosed CP-CML, a phase II trial
conducted by the GIMEMA CML working party showed that
nilotinib was able to rapidly induce high rates of cytogenetic
and molecular responses.5 The efficacy of nilotinib in adults
with newly diagnosed CP-CML was then demonstrated in

the open-label international phase III randomized ENESTnd
trial (Evaluating Nilotinib Efficacy and Safety in Clinical Trials
Newly Diagnosed Patients). In ENESTnd, nilotinib induced
significantly higher rates of cytogenetic and molecular
responses and decreased rates of progression to AP and blast
crisis as compared to standard therapy with imatinib 400 mg
once daily, leading to a conditional approval of the drug at
300 mg twice daily in the front-line setting in 2010.6-8 

Despite an overall favorable safety profile, various lines of
evidence agree in suggesting a specific association between
nilotinib exposure and increased risk of developing occlusive
arterial diseases. Severe occlusive arterial events, including
peripheral artery disease (PAD), coronary artery disease or
ischemic cerebrovascular events, have been reported during
clinical trials, retrospective studies and real-life experience.8-16

In most of these studies, nilotinib-treated patients with pre-
existing risk factors for atherosclerotic cardiovascular diseases
(CVD) or established CVD appeared to be particularly sus-
ceptible to develop occlusive arterial events. Thus it is diffi-
cult to reliably estimate the excess risk of occlusive arterial
events induced by nilotinib, which may depend on many fac-
tors, such as length of nilotinib exposure, type and duration
of pre-existing risk factors for CVD, presence of established
CVD, and awareness of the importance of primary or second-
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Despite a well-recognized clinical benefit of the 2nd-generation tyrosine kinase inhibitor nilotinib in patients with
imatinib-resistant/-intolerant or newly diagnosed chronic myeloid leukemia, recent evidence suggests that nilo-
tinib has a propensity to increase the risk of occlusive arterial events, especially in patients with pre-existing car-
diovascular risk factors. Given the key role of lipids in cardiovascular diseases, we studied the plasma lipid profile
and global cardiovascular risk prior to and during nilotinib therapy in a series of 27 patients in the setting of a
prospective single center study. Data from a minimum 1-year follow up showed that nilotinib significantly
increased total, low- and high-density lipoprotein cholesterol within three months. Consequently, the proportion
of patients with non-optimal low-density lipoprotein cholesterol increased from 48.1% to 88.9% by 12 months,
leading to cholesterol-lowering drug intervention in 22.2% of patients. The proportion of patients with low levels
of high-density lipoprotein cholesterol decreased from 40.7% to 7.4% by 12 months. In contrast, a significant
decrease in triglycerides was observed. Global cardiovascular risk worsened in 11.1% of patients due to diabetes
or occlusive arterial events. Whether hypercholesterolemia was the main driver of occlusive arterial events was
uncertain: a longer follow up is necessary to ask whether nilotinib-induced hypercholesterolemia increases long-
term risk of atherosclerotic diseases. Nevertheless, given key atherogenic properties of low-density lipoprotein
cholesterol, we conclude that when prescribing nilotinib, commitment to detect lipid disorders at baseline and dur-
ing follow up is mandatory given their frequency, requirement for changes in lifestyle or drug intervention, and
potential for long-term cardiovascular complications. 
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ary CVD prevention. In addition, the mechanism by
which nilotinib may cause or aggravate pathological
processes involved in occlusive arterial diseases is current-
ly unknown.
Nilotinib has been demonstrated to induce metabolic

disturbances, such as hyperglycemia in a substantial pro-
portion of patients, via a mechanism that may involve
insulin resistance.6,17 As high blood cholesterol is a major
risk factor for atherosclerotic CVD,18,19 a clear impact of
nilotinib toward lipids has not been published, although
dyslipidemia is mentioned as an uncommon side effect by
the manufacturer and product instructions advise assess-
ing lipid profile prior to initiating nilotinib therapy and as
clinically indicated during treatment.20 This gap in our
knowledge urged us to search for modifications in the
plasma lipid profile upon treatment with nilotinib in CML
patients without base-line co-medication with lipid-low-
ering agents.

Methods

Patients
Adults with CP-CML were selected based on adequate hepatic

or biliary function (SGOT, SGPT, alkaline phosphatase <2.5 fold
upper normal limit (UNL), total bilirubin <1.5 fold UNL), absence
of lipid-lowering drugs at baseline and nilotinib treatment front-
line or after imatinib. Atherosclerotic CVD, concomitant medica-
tions and cardiovascular risk factors (age, sex, body mass index
(BMI), smoking, arterial hypertension, diabetes mellitus (DM),
chronic kidney disease (CKD)) were collected in all patients. Once
nilotinib was initiated, visits were performed after one, three, six,
nine and 12 months, and every 3-6 months thereafter. Minimum
and median follow up since nilotinib initiation were 12 and 19
months (range 12-63 months), respectively.

Metabolic analyses
Total cholesterol (TC), low- and high-density lipoprotein cho-

lesterol (LDL-C and HDL-C) and triglycerides (TG) were meas-
ured prospectively under fasting conditions within four weeks
before nilotinib treatment, every three months for 12 months, and
then annually unless otherwise indicated. LDL-C was estimated
using the Friedewald equation. Fasting glucose, glycosylated
hemoglobin, creatinine and thyroid stimulating hormone were
measured to rule out secondary dyslipidemia. Metabolic analyses
at baseline and at three months were also performed in a pona-
tinib-treated control group of CP-CML patients without
hypolipemic drugs (n=8).21

Cardiovascular disease risk estimation and 
management of high cholesterol
The 2012 European Society of Cardiology (ESC) guidelines

were used to assess the 10-year risk of fatal CVD at baseline and
throughout therapy.18 The risk assessment model is based on car-
diovascular history, CVD risk factors and Systematic Coronary
Risk Evaluation (SCORE). SCORE relies on age, sex, systolic blood
pressure, TC, tobacco use and country of origin. Patients were cat-
egorized into 4 risk groups: 1) very high (documented CVD,
asymptomatic atherosclerosis, DM with organ damage or ≥1 CVD
risk factor, severe CKD or SCORE ≥10%); 2) high (elevated single
CVD risk factors, DM without other CVD risk factors or organ
damage, moderate CKD or SCORE of ≥5% and <10%); 3) moder-
ate (SCORE ≥1% and <5%); and 4) low (SCORE <1%). For CVD
risk stratification, imaging techniques were not used to search for
evidence of pre-clinical atherosclerosis. HeartScore was calculated

to analyze the impact of HDL-C on CVD risk.18,22 Changes in
lifestyle and/or drug treatment for dyslipidemia were based on
LDL-C and CVD risk.18 Optimal LDL-C levels were less than 0.7
g/L, less than 1 g/L and less than 1.15 g/L in case of very high, high
or moderate/low CVD risk, respectively.18 

Responses to tyrosine kinase inhibitors 
Responses were monitored according to European

LeukemiaNet (ELN) recommendations.23,24 Molecular monitoring
was performed according to ELN recommendations for BCR-ABL1
mRNA quantification and international standardization (IS), pro-
viding that the BCR gene breakpoint occurred in the major (M)-
breakpoint cluster region.25 ABL1 kinase domain mutations were
analyzed according to ELN recommendations.26

Statistical analyses
The effect of TKI on lipids was evaluated using Student’s paired

t-tests. Two-tailed P<0.05 was considered statistically significant.
In case of introduction of lipid-lowering medications, subsequent
measurements were excluded from analyses 

Study conduct
The study was approved by the Institutional Review Board of

HUPVNS, Paris 7 University, France, and conducted in accordance
with applicable regulatory requirements. Informed consent was
obtained from all patients in accordance with the Declaration of
Helsinki.

Results

Patients’ characteristics and response to therapy
Twenty-seven patients diagnosed with CP-CML and

treated with nilotinib entered this prospective single cen-
ter study (Table 1). Of these, 7 were initially treated within
a multicenter clinical trial (CAMN107ECI01, EudraCT n.
2009-17775-19). Median age at diagnosis was 48 years
(range 19-69 years); 15 patients (55.6%) were males. Sokal
risk group was low in 13 (48.1%), intermediate in 11
(40.7%), and high in 3 (11.1%) patients. EUTOS score was
low in 23 (85.3%) and high in 4 (14.8%) patients. Major
route chromosomal abnormalities in addition to the
Philadelphia (Ph) chromosome (ACAs)27 defined as tri-
somy 8, Ph duplication, isochromosome 17q or trisomy 19
were present at diagnosis in 3 patients (11.1%). Only one
patient (3.7%) had variant BCR-ABL1 transcripts (e1a2).
Nilotinib was given upfront in 22 patients (81.5%) and
after first-line imatinib in 5 (18.5%). Median time from
diagnosis to treatment with nilotinib was 0.8 months
(range 0.4-4.3 months) in the former and 16 months (range
1-48 months) in the latter, with a median duration of prior
imatinib treatment of 15 months (range 2-46 months).
Reasons for switching from imatinib to nilotinib included
non-hematologic intolerance (n=1), lack of major molecu-
lar response (MMR: BCR-ABL1 IS ≤0.1%) (n=1), primary
cytogenetic resistance (n=2) and secondary molecular
resistance associated with a F317L ABL1 kinase domain
mutation (n=1). Initial nilotinib dosing regimen was 300
mg twice daily in 24 patients (88.9%) and 400 mg twice
daily in the 3 imatinib-resistant patients (11.1%). None of
the patients required nilotinib interruption or dose reduc-
tion during the first year of therapy. By 12 months of nilo-
tinib therapy, a complete cytogenetic response (CCyR:
Ph1=0%) and a major molecular response (MMR) were
obtained by 25 of 27 (92.6%) and 24 of 26 (92.3%)
patients, respectively. Three patients discontinued nilo-
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tinib because of intolerance (n=1), resistance (n=1) and
TKI discontinuation study while in deep molecular
response (n=1). Median duration of exposure to nilotinib
was 19 months (range 12-48 months) and median follow
up since nilotinib initiation was 19 months (range 12-63
months). 

Cardiovascular disease risk factors and risk groups at
baseline
Base-line CVD risk factors included age 55 years or over

in men and 65 years or over in women in 8 patients
(29.6%), active smoking or stopping smoking during the
previous year in 6 patients (22.2%), non-optimal LDL-C
levels in 13 patients (48.1%), overweight (BMI ≥25 kg/m2)
in 14 patients (51.9%), obesity (BMI ≥30 kg/m2) in 3
patients (11.1%), arterial hypertension in 2 patients (7.4%)
and type 2 DM in 1 patient (3.7%) (Table 2). None of the
patients had severe CKD or prior history of symptomatic
atherosclerotic CVD. The 10-year fatal CVD risk was low
in 13 patients (48.2%), moderate in 9 patients (33.3%),
high in 4 patients (14.8%), and very high in 1 patient
(3.7%) (Table 2).

Lipid profile during nilotinib therapy
At baseline, mean plasma TC concentration was 1.80

g/L (standard deviation (SD): 0.38). At three months, TC
had risen by a mean of 0.45 g/L with mean plasma TC
concentration of 2.24 g/L (SD: 0.47) (Figure 1A). There was

a statistically significant difference in TC levels between
baseline and at three months (P<0.0001). Analyses of LDL-
C and HDL-C revealed that both fractions were involved
in TC elevation after nilotinib initiation. Compared to
base-line concentrations, LDL-C had indeed increased by
a mean of 0.33 g/L at three months. Mean LDL-C concen-
trations at baseline and three months were 1.13 g/L (SD:
0.30) and 1.46 g/L (SD: 0.38), respectively (P<0.0001)
(Figure 1B). Consequently, the proportion of patients with
non-optimal LDL-C levels increased from 48.1% at base-
line to 88.9% at three months and only 3 of 14 patients
with optimal LDL-C levels at baseline maintained such
optimal levels at three months. Compared to base-line
concentrations, HDL-C had increased by a mean of 0.14
g/L at three months. Mean HDL-C concentrations at base-
line and three months were 0.44 g/L (SD: 0.15) and 0.58
g/L (SD: 0.18), respectively (P<0.0001) (Figure 1C). As a
result, the proportion of patients with low HDL-C (<0.4
g/L) decreased from 40.7% at baseline to 7.4% at three
months, and that of patients with a high TC/HDL-C ratio
(≥4) decreased from 63% at baseline to 48.1% at three
months. After three months, no further significant modifi-
cations in TC, LDL-C and HDL-C were observed, with
mean TC, LDL-C and HDL-C concentrations at 12
months of 2.18 g/L (SD: 0.35), 1.37 g/L (SD: 0.26) and 0.62
g/L (SD: 0.23), respectively (Figure 1A-C). 
In contrast to cholesterol, TG concentrations decreased

by a mean of -0.35 g/L between baseline and three
months, with mean TG concentrations at baseline and
three months of 1.32 g/L (SD: 0.75) and 0.97 g/L (SD: 0.64)
(P<0.0004) respectively, and no significant change beyond
three months (mean TG concentration at 12 months 0.96
g/L (SD: 0.7)) (Figure 1D). High TG (>1.5 g/L) was
observed in 9 patients (33.3%) at baseline and in only 2
patients (7.4%) at three months including 1 with type 2
DM at baseline and 1 who developed type 2 DM after the
start of nilotinib.

Lipid profile after nilotinib discontinuation
We had the possibility to assess the reversibility of nilo-

tinib-induced hyperlipidemia in 1 additional female
patient with CP-CML in whom nilotinib 300 mg twice
daily was discontinued without replacement by any CML
drug treatment due to a wish to become pregnant and
who did not receive any lipid-lowering agent. Lipid profile
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Table 1. Characteristics of nilotinib-treated patients.
Parameters                                                                    Results

Number of patients                                                                       n=27
Median age at CP-CML diagnosis                               48 years (range 19-69)
Male sex                                                                                   n=15 (55.6%)
Sokal risk group                                                                      n=13 (48.1%)
Low                                                                                          n=11 (40.7%)
Intermediate                                                                          n=3 (11.1%)
High
EUTOS risk group
Low                                                                                          n=23 (85.3%)
High                                                                                          n=4 (14.8%)
Major route ACAs                                                                    n=3 (11.1%)
Major BCR-ABL1 transcripts                                                n=26 (96.3%)
Indication for nilotinib
First-line therapy                                                                 n=22 (81.5%)
Second-line therapy                                                             n=5 (18.5%)
Reasons for second-line nilotinib
Non-hematologic intolerance to imatinib                       n=1 (3.7%)
Lack of MMR on imatinib                                                     n=1 (3.7%)
Resistance to imatinib                                                         n=3 (11.1%)
Median time from diagnosis to nilotinib initiation
First-line nilotinib                                                     0.8 month (range; 0.4-4.3)
Second-ine nilotinib                                                 16 months (range; 1-48)

Median duration of prior imatinib                            15 months (range; 2-46)
Initial nilotinib dosing regimen
400 mg twice daily                                                                 n=3 (11.1%)
300 mg twice daily                                                                n=24 (88.9%)
Responses to nilotinib by 12 months
CCyR                                                                                        n=25 (92.6%)
MMR*                                                                                      n=24 (92.3%)

*Patients with Major BCR-ABL1 transcripts type only.

Table 2. Base-line CVD risk factors and 10-year fatal cardiovascular
disease risk group.
Parameters                                                                           Results

Age (years) ≥55 in men and ≥65 in women                                8 (29.6%)
Active smoking or ceased during the previous year                  6 (22.2%)
BMI ≥25 kg/m2                                                                                                                                           14 (51.9%)
BMI ≥30 kg/m2                                                                                     3 (11.1%)
Arterial hypertension                                                                         2 (7.4%)
Type 2 DM                                                                                             3 (3.7%)
Non-optimal LDL-C levels                                                               13 (48.1%)
CVD risk group
Low                                                                                                     13 (48.2%)
Moderate                                                                                           9 (33.3%)
High                                                                                                     4 (14.8%)
Very high                                                                                             1 (3.7%)



determined two months prior to and after nilotinib dis-
continuation showed a decrease of both TC and LDL-C
from 2.24 g/L to 1.92 g/L and 1.42 g/L to 1.06 g/L, respec-
tively, while HDL-C and TG remained stable. This
decrease in TC and LDL-C after nilotinib cessation was
confirmed three months later (data not shown).

Lipid profile upon treatment with other tyrosine kinase
inhibitors
We asked whether TC, LDL-C and HDL-C elevation

was specific to nilotinib or a characteristic shared by other
TKIs. Plasma fasting lipids were thus studied at baseline
and at three months in 8 additional patients not receiving
lipid-lowering drugs and who were treated with pona-
tinib. The latter is indeed associated with cardiovascular
safety issues.21 Blood lipid profile was determined in agree-
ment with recommendations from regulatory agencies.
No significant early modifications in TC, LDL-C, HDL-C
and TG were observed (Figure 2A-D).

Change in cardiovascular disease risk category during
nilotinib treatment
We searched for modifications in the 10-year risk of

fatal CVD during nilotinib treatment. Overall, a change in
CVD risk category occurred in 4 patients (14.8%) during
follow up. One patient with a moderate CVD risk at base-
line changed to the low CVD risk category at 12 months
because of stopping smoking while 3 patients (11.1%)
evolved toward a higher risk group. Among the latter, 1
patient with a low CVD risk at baseline, progressed to the
high CVD risk group at 12 months due to the onset of
type 2 DM requiring intervention with glucose-lowering
drugs, 1 patient with a moderate CVD risk at baseline pro-
gressed to the very high-risk category due to the onset of
symptomatic PAD at 12 months, and the last patient
evolved from the high- to the very high-risk category due
to the discovery of asymptomatic PAD at 46 months. The
last 2 patients had non-optimal LDL-C levels at the time of
PAD; however, any direct link between PAD and hyperc-
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Figure 1. Plasma lipid profile of CP-CML patients prior to and during the first year of nilotinib therapy. Concentrations of plasma TC (A), LDL-C
(B), HDL-C (C) and TG (D) in CP-CML patients measured within four weeks prior to nilotinib treatment and every three months for 12 months
during nilotinib therapy in the absence of lipid-lowering medication. Empty circles represent data obtained in individual patients and means
are represented by horizontal bars. Lipid measurements were excluded from analyses in 1 patient at 9 and 12 months and 1 patient at 12
months due to the introduction of lipid-lowering medications. Two-tailed P values <0.05 from Student’s paired t-tests comparing data obtained
at baseline and 3 months are shown. 
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holesterolemia remained uncertain, due to the very rapid
development of PAD in the absence of prior atherosclero-
sis in the first case and because of other important CVD
risk factors (type 2 DM) in the second case. In order to
address the potential impact of cholesterol increase in
CVD risk modification, we thus compared SCORE and
HeartScore by 12 months in the subgroup of 7 patients
who remained in the moderate-risk category during fol-
low up and in whom main risk factors other than choles-
terol levels did not change. SCORE remained stable
between baseline and 12 months in 6 patients (1% in 1,
2% in 4 and 3% in 1) and increased from 3% to 4% in 1
patient. HeartScore (which unlike SCORE takes into
account the protective role of HDL-C toward atheroscle-
rotic CVD) remained stable in 2 patients (1% in 1, 2% in
1) and moderately decreased in the 5 other patients (from
2% to 1% in 3, from 3% to 1% in 1 and from 3% to 2%
in 1). 

Lipid-lowering medications during nilotinib therapy
The rise in LDL-C or the onset of occlusive arterial

events observed during treatment with nilotinib triggered
the prescription of lipid-lowering drugs in 6 patients
(22.2%) of our series, in the setting of a specific consulta-
tion with cardiovascular specialists. All received HMG-

CoA reductase inhibitors (rosuvastatin n=4, atorvastatin
n=2) after a median of 13 months (range 7-48 months) of
nilotinib treatment. At the time of statin initiation, the
CVD risk was moderate in 1 patient, high in 2 patients and
very high in 3 patients. Nilotinib was maintained without
any dose reduction in 4 cases. In the 2 remaining patients,
nilotinib was discontinued because of symptomatic PAD
(n=1) and primary resistance with onset of a T315I muta-
tion (n=1). These 2 patients respectively received imatinib
and ponatinib. LDL-C rapidly decreased below target
LDL-C thresholds with mean LDL-C concentrations
before statin initiation and after three months of 1.64 g/L
(SD: 0.51) and 0.77 g/L (SD: 0.34), respectively (P=0.0036). 

Discussion

Our prospective study provides new information on
lipid profile modifications induced by the 2nd-generation
TKI nilotinib. It is indeed the first to reveal that early-onset
hypercholesterolemia is a key adverse reaction associated
with exposure to this drug in CP-CML patients. Our
results highlight a significant rise in TC within three
months of nilotinib therapy in a pattern that involves ele-
vation of both LDL-C and HDL-C fractions. As a conse-
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Figure 2. Plasma lipid profile of CP-CML patients prior to and after three months of ponatinib therapy. Concentrations of plasma TC (A), LDL-
C (B), HDL-C (C) and TG (D) in CP-CML patients measured within four weeks prior to ponatinib treatment and three months later. Filled circles
represent data obtained in individual patients and means are represented by horizontal bars. No significant modifications were observed.
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quence, nilotinib substantially increases the need for
changes in lifestyle and/or introduction of lipid-lowering
medications.
Cardiovascular diseases are a leading cause of morbidity

and death worldwide.28 In Europe, deaths from CVD rep-
resent nearly half of all deaths: 52% of all deaths in
women and 42% of all deaths in men.29 Atherosclerosis,
the main pathological process underlying CVD, results
from complex interactions between multiple non-modifi-
able and modifiable factors.30,31 Among the latter, hyperc-
holesterolemia, and especially high LDL-C, the major
atherogenic lipoprotein, plays a direct causative role.
Importantly, multiple randomized clinical trials provided
robust and compelling evidence that lowering LDL-C with
lipid-modifying treatments such as statins significantly
reduces CVD morbidity and mortality.32
In our study, nilotinib exerted a sustained negative

impact on LDL-C. While 52% of patients showed optimal
LDL-C levels prior to nilotinib initiation, only 11% did so
after three months of therapy, regardless of 10-year fatal
CVD risk groups. This effect was nilotinib-specific, since
no early modification in the lipid profile occurred in con-
trol CP-CML patients treated with ponatinib, another TKI
raising cardiovascular safety concern.21 In addition,
reversibility upon nilotinib discontinuation was con-
firmed. Despite these findings, we were not able to defin-
itively establish a positive relationship between rising TC
and LDL-C levels and nilotinib-associated occlusive arteri-
al events. However, we recognize that a limitation of our
current study resides in the fact that LDL-C was measured
indirectly as part of routine clinical practice, and that fur-
ther and more accurate analyses of the atherogenic lipid
burden, including direct measures of LDL-C, non HDL-C,
apolipoprotein B or LDL particles, are needed.33
Alternatively, modifications within the arterial wall other
than cholesterol deposition may also be at work, as sug-
gested by ongoing investigations focusing on the impact
of nilotinib on endothelial cell properties.34 
Nevertheless, these lipid abnormalities that we have

described in nilotinib-treated patients remain firmly estab-
lished atherosclerotic CVD risk factors in non-CML popula-
tions and an increased predisposition of nilotinib-treated
CML patients to the development of atherosclerotic CVD
in the longer term cannot be ruled out, especially as the use
of TKIs has converted CML from a rapidly fatal leukemia
into a chronic and manageable disease with a near to nor-
mal life expectancy on life-long treatment.2,23,35,36 The fact
that nilotinib also triggered HDL-C elevation in our study is,
in our view, not sufficient to argue against this potential sce-
nario for several reasons, despite the well-known inverse
relationship between HDL-C and cardiovascular events.37
First, inclusion of HDL-C to risk estimation through the
HeartScore resulted in stagnation or a very modest
improvement in CVD-risk calculation compared to SCORE
and did not modify CVD risk categorization in our patients.
Second, reduction of CVD through strategies directly tar-

geting HDL-C has not been effective. Third, LDL-C is wide-
ly recognized as the primary target for primary and second-
ary prevention of atherosclerotic CVD.18,19 In patients at
very high CVD risk, LDL-C goal is less than 0.7 g/L and this
is achievable with changes in lifestyle together with statin
therapy, leading to an important clinical benefit.18 In
patients at high CVD risk, LDL-C goal less than 1 g/L is rec-
ommended through changes in lifestyle and/or drug inter-
vention.18 In patients at moderate or low risk, LDL-C goal is
less than 1.15 g/L but physicians should exercise clinical
judgment and consider risk and benefits before choosing
cholesterol-lowering treatment plans.18
In our series, the decision for a rapid introduction of

statins was made in 6 patients with LDL-C levels above
goals (either worsening from baseline or newly acquired).
Statins were shown to be remarkably efficient in reducing
nilotinib-induced high LDL-C since patients rapidly
reached optimal LDL-C levels. As recommended by the
European Society of Cardiology, low-dose aspirin was
prescribed only in case of onset of occlusive arterial event
or in patients with clinically established atherosclerotic
disease.18 The role of low-dose aspirin in primary CVD
prevention is, indeed, unproven whereas the risk of major
bleeding has been shown to increase.18 
To conclude, patients with CP-CML should be screened

for lipid disorders prior to and during nilotinib therapy
given their incidence, potential for morbidity, and possible
long-term atherosclerotic CVD risk. All patients should be
instructed on how to adopt a healthy lifestyle and detec-
tion of clinical symptoms compatible with atherosclerotic-
like manifestations in all arterial areas should be integrated
into patient care visits. Consultation with cardiovascular
specialists may be organized on an individual basis to
search for pre-clinical or clinical atherosclerosis, and to
assess CVD risk and indication for dietary intervention or
lipid-lowering drugs like statins. Statins not metabolized
by the cytochrome P450 isoenzyme 3A4 may be preferred
to avoid potentially harmful interactions with nilotinib.20
Discontinuation of nilotinib and switch to another TKI
may be considered in situations where the risk of the drug
may outweigh the benefit, such as onset of a severe
adverse event like arterial occlusion, persistence of dyslipi-
demia after adequate therapeutic intervention or statin tol-
erance issues. Follow up is mandatory to evaluate the
long-term atherosclerotic CVD risk in nilotinib-treated
patients. Whether nilotinib-induced hypercholesterolemia
results from increased hepatic synthesis or impaired clear-
ance from the bloodstream is unknown, and additional
studies are required to further dissect the lipid profile and
decipher the mechanism of nilotinib-induced hypercho-
lesterolemia. 

Authorship and Disclosures
Information on authorship, contributions, and financial & other

disclosures was provided by the authors and is available with the
online version of this article at www.haematologica.org.

D. Rea et al.

1202 haematologica | 2014; 99(7)

References

1. Druker BJ, Guilhot F, O'Brien SG, Gathmann
I, Kantarjian H, Gattermann N, et al. Five-
year follow-up of patients receiving imatinib
for chronic myeloid leukemia. N Engl J Med.

2006;355(23):2408-17.
2. Gambacorti-Passerini C, Antolini L, Mahon

FX, Guilhot F, Deininger M, Fava C, et al.
Multicenter independent assessment of out-
comes in chronic myeloid leukemia patients
treated with imatinib. J Natl Cancer Inst.
2011;103(7):553-61.

3. Weisberg E, Manley PW, Breitenstein W,
Brüggen J, Cowan-Jacob SW, Ray A, et al.
Characterization of AMN107, a selective
inhibitor of native and mutant Bcr-Abl.
Cancer Cell. 2005;7(2):129-41.

4. Kantarjian HM, Giles F, Gattermann N,
Bhalla K, Alimena G, Palandri F, et al.



Nilotinib (formerly AMN107), a highly
selective BCR-ABL tyrosine kinase inhibitor,
is effective in patients with Philadelphia
chromosome-positive chronic myelogenous
leukemia in chronic phase following ima-
tinib resistance and intolerance. Blood. 2007;
110(10):3540-6. 

5. Rosti G, Palandri F, Castagnetti F, Breccia M,
Levato L, Gugliotta G, et al. Nilotinib for the
frontline treatment of Ph(+) chronic myeloid
leukemia. Blood. 2009;114(24):4933-8.

6. Saglio G, Kim DW, Issaragrisil S, le Coutre P,
Etienne G, Lobo C, et al. Nilotinib versus
imatinib for newly diagnosed chronic
myeloid leukemia. N Engl J Med. 2010;362
(24):2251-9.

7. Kantarjian HM, Hochhaus A, Saglio G, De
Souza C, Flinn IW, Stenke L, et al. Nilotinib
versus imatinib for the treatment of patients
with newly diagnosed chronic phase,
Philadelphia chromosome-positive, chronic
myeloid leukaemia: 24-month minimum
follow-up of the phase 3 randomised
ENESTnd trial. Lancet Oncol. 2011;12(9):
841-51.

8. Larson RA, Hochhaus A, Hughes TP, Clark
RE, Etienne G, Kim DW, et al. Nilotinib vs
imatinib in patients with newly diagnosed
Philadelphia chromosome-positive chronic
myeloid leukemia in chronic phase:
ENESTnd 3-year follow-up. Leukemia.
2012;26(10):2197-203.

9. Aichberger KJ, Herndlhofer S, Schernthaner
GH, Schillinger M, Mitterbauer-
Hohendanner G, Sillaber C, et al.
Progressive peripheral arterial occlusive dis-
ease and other vascular events during nilo-
tinib therapy in CML. Am J Hematol. 2011;
86(7):533-9.

10. Le Coutre P, Rea D, Abruzzese E, Dombret
H, Trawinska MM, Herndlhofer S, et al.
Severe peripheral arterial disease during
nilotinib therapy. J Natl Cancer Inst. 2011;
103(17):1347-8.

11. Kim TD, Rea D, Schwarz M, Grille P,
Nicolini FE, Rosti G, et al. Peripheral artery
occlusive disease in chronic phase chronic
myeloid leukemia patients treated with nilo-
tinib or imatinib. Leukemia. 2013;27(6):
1316-21.

12. Giles FJ, Mauro MJ, Hong F, Ortmann CE,
McNeill C, Woodman RC, et al. Rates of
peripheral arterial occlusive disease in
patients with chronic myeloid leukemia in
the chronic phase treated with imatinib,
nilotinib, or non-tyrosine kinase therapy: a
retrospective cohort analysis. Leukemia.
2013;27(6):1310-5.

13. Levato L, Cantaffa R, Kropp MG, Magro D,
Piro E, Molica S. Progressive peripheral arte-
rial occlusive disease and other vascular
events during nilotinib therapy in chronic
myeloid leukemia: a single institution study.
Eur J Haematol 2013;90(6): 531-2.

14. Quintás-Cardama A, Kantarjian H, Cortes
J. Nilotinib-associated vascular events. Clin
Lymphoma Myeloma Leuk. 2012;12(5):
337-40.

15. Coon EA, Zalewski NL, Hoffman EM,
Tefferi A, Flemming KD. Nilotinib treat-
ment-associated cerebrovascular disease and
stroke. Am J Hematol. 2013;88(6):534-5.

16. Tefferi A, Letendre L. Nilotinib treatment-
associated peripheral artery disease and sud-
den death: yet another reason to stick to
imatinib as front-line therapy for chronic
myelogenous leukemia. Am J Hematol.
2011;86(7):610-1.

17. Racil Z, Razga F, Drapalova J, Buresova L,
Zackova D, Palackova M, et al. Mechanism
of impaired glucose metabolism during nilo-
tinib therapy in patients with chronic myel-
ogenous leukemia. Haematologica. 2013;
98(10):e124-6.

18. Perk J, De Backer G, Gohlke H, Graham I,
Reiner Z, Verschuren M, et al. European
Association for Cardiovascular Prevention &
Rehabilitation (EACPR); ESC Committee for
Practice Guidelines (CPG). European
Guidelines on cardiovascular disease pre-
vention in clinical practice (version 2012).
The Fifth Joint Task Force of the European
Society of Cardiology and Other Societies
on Cardiovascular Disease Prevention in
Clinical Practice (constituted by representa-
tives of nine societies and by invited
experts). Eur Heart J. 2012;33(13):1635-701. 

19. Stone NJ, Robinson J, Lichtenstein AH,
Bairey Merz CN, Lloyd-Jones DM, Blum
CB, et al. 2013 ACC/AHA Guideline on the
Treatment of Blood Cholesterol to Reduce
Atherosclerotic Cardiovascular Risk in
Adults: A Report of the American College of
Cardiology/American Heart Association
Task Force on Practice Guidelines.  J Am Coll
Cardiol. 2013 Nov 7. [Epub ahead of print].

20. Tasigna-EMEA/H/C/000798 -II/0060. EPAR
Product Information. First published
29/09/2009. Last updated 18/10/2013.

21. Cortes JE, Kim DW, Pinilla-Ibarz J, le Coutre
P, Paquette R, Chuah C, et al. A phase 2 trial
of ponatinib in Philadelphia chromosome-
positive leukemias. N Engl J Med. 2013;
369(19):1783-96.

22. Cooney MT, Dudina A, De Bacquer D,
Fitzgerald A, Conroy R, Sans S, et al. How
much does HDL cholesterol add to risk esti-
mation? A report from the SCORE
Investigators. Eur J Cardiovasc Prev Rehabil.
2009;16(3):304-14.

23. Baccarani M, Cortes J, Pane F, Niederwieser
D, Saglio G, Apperley J, et al. Chronic
myeloid leukemia: an update of concepts
and management recommendations of
European LeukemiaNet. J Clin Oncol. 2009;
27(35):6041-51.

24. Baccarani M, Deininger MW, Rosti G,
Hochhaus A, Soverini S, Apperley JF, et al.
European LeukemiaNet recommendations
for the management of chronic myeloid
leukemia: 2013. Blood. 2013;122(6):872-84.

25. Cross NC, White HE, Müller MC, Saglio G,
Hochhaus A. Standardized definitions of
molecular response in chronic myeloid
leukemia. Leukemia. 2012;26(10):2172-5.

26. Soverini S, Hochhaus A, Nicolini FE, Gruber

F, Lange T, Saglio G, et al. BCR-ABL kinase
domain mutation analysis in chronic
myeloid leukemia patients treated with
tyrosine kinase inhibitors: recommenda-
tions from an expert panel on behalf of
European LeukemiaNet. Blood. 2011;118
(5):1208-15.

27. Fabarius A, Leitner A, Hochhaus A, Müller
MC, Hanfstein B, Haferlach C, et al. Impact
of additional cytogenetic aberrations at diag-
nosis on prognosis of CML: long-term obser-
vation of 1151 patients from the random-
ized CML Study IV. Blood. 2011;118 (26):
6760-8.

28. Murray CJL, Lopez AD. Measuring the glob-
al burden of disease. New Engl J Med. 2013;
369(5): 448-57. 

29. European Heart Network and European
Society of Cardiology, September 2012.
(eds): Susanne Løgstrup, European Heart
Network, and Sophie O’Kelly, European
Society of Cardiology. Nichols M,
Townsend N, Luengo-Fernandez R, Leal J,
Gray A, Scarborough P, Rayner M (2012).
European Cardiovascular Disease Statistics
2012. European Heart Network, Brussels,
European Society of Cardiology, Sophia
Antipolis.

30. Ross R. Atherosclerosis-an inflammatory
disease. New Engl J Med. 1999;340(2):115-
26.

31. Hansson GK. Inflammation, atherosclerosis
and coronary heart disease. New Engl J Med.
2005;352(16):1685-95.

32. Baigent C, Keech A, Kearney PM, Blackwell
L, Buck G, Pollicino C, et al. Efficacy and
safety of cholesterol-lowering treatment:
prospective meta-analysis of data from
90,056 participants in 14 randomised trials
of statins. Lancet. 2005;366(9493):1267-78. 

33. Mora S, Buring JE, Ridker PM. Discordance
of low-density lipoprotein (LDL) cholesterol
with alternative LDL-related measures and
future coronary events. Circulation. 2014;
129(5):553-61.

34. Emir H, Albrecht-Schgoer K, Huber K,
Grebien F, Eisenwort G, et al. Nilotinib
exerts direct pro-atherogenic and anti-angio-
genic effects on vascular endothelial cells: a
potential explanation for drug-induced vas-
culopathy in CML. Blood. 2013;122(21):
257. 

35. Björkholm M, Ohm L, Eloranta S, Derolf A,
Hultcrantz M, Sjöberg J, et al. Success story
of targeted therapy in chronic myeloid
leukemia: a population-based study of
patients diagnosed in Sweden from 1973 to
2008. J Clin Oncol. 2011;29(18):2514-20.

36. Huang X, Cortes J, Kantarjian H. Estimations
of the increasing prevalence and plateau
prevalence of chronic myeloid leukemia in
the era of tyrosine kinase inhibitor therapy.
Cancer. 2012;118(12):3123-7.

37. Navab M, Reddy ST, Van Lenten BJ,
Fogelman AM. HDL and cardiovascular dis-
ease: atherogenic and atheroprotective
mechanisms. Nat Rev Cardiol. 2011;8(4):
222-32.

Nilotinib and hypercholesterolemia

haematologica | 2014; 99(7) 1203


