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ABSTRACT

OBJECTIVES: The aim of this study was to assess cardiotoxicity and potential adverse effects related to
lipid metabolism during treatment with tyrosine kinase inhibitors (TKIs) imatinib and nilotinib in patients with

chronic myeloid leukemia (CML).

PATIENTS AND METHODS: Eighty-two consecutive patients with CML, who received nilotinib and/or imatinib
in a single haemato-oncological Slovak center between years 2002—-2018 were evaluated in a retrospective
study. The mean age was 55.8 years (range 22—77 years). Median of follow-up was 61.3 months.

RESULTS: A significantly higher incidence of dyslipidemia, significantly higher levels of potential risk markers
of cardiovascular disease small dense LDL cholesterol (sdLDL-CH) and a significant increase in total
cholesterol were found in the patients during treatment with nilotinib in comparison to imatinib. Dyslipidemia
led to drug therapy in 22 % of the patients in the nilotinib group. Fourteen percent of the patients in the
nilotinib group had one or more cardiovascular events, including peripheral artery disease (10 %), myocardial

infarction (4 %) and stroke (4 %).

CONCLUSION: A higher risk of cardiovascular events and atherogenic dyslipidemia were associated with
nilotinib therapy. Patients treated with TKI, especially nilotinib, require an early modification of cardiovascular
risk factors and a careful cardiologic surveillance so that antileukemic therapy with this highly effective agent

could continue (Tab. 4, Fig. 3, Ref. 32). Text in PDF www.elis.sk

KEY WORDS: tyrosine kinase inhibitors, cardiovascular events, dyslipidemia, small dense LDL-cholesterol,

nilotinib, imatinib.

Introduction

The introduction of Ber-Abl tyrosine kinase inhibitors (TKI),
namely imatinib, dasatinib, nilotinib, bosutinib and ponatinib, in
clinical practice has significantly improved the prognosis of chro-
nic myeloid leukemia (CML) patients leading to the life expectancy
comparable to the normal population (1). Despite successful results
achieved with first-generation TKI imatinib, in nearly one-third
of CML patients treatment must be discontinued, because of the
intolerance or the resistance to therapy (2). Nilotinib, the second
generation TKI was proven remarkably successful in chronic phase
(CP)-CML with more rapid cytogenetic and molecular responses
documented (3).
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However, accumulating evidence suggests that nilotinib has
the capacity to enhance the risk of cardiovascular events (CVEs),
including coronary artery disease (CAD), ischemic cerebrovascular
events and peripheral artery disease (PAD), especially in patients
with cardiovascular (CV) risk factors or concomitant cardiovas-
cular disease (CVD) (4, 5, 6). The incidence of CVEs induced
by nilotinib has been reported with a wide range, from 0.5 % to
35 % of the patients affected (7). Some of these unfavorable ef-
fects continue even after the completion of the administration of
TKIs. The molecular mechanism of vascular toxicity has not been
definitively identified.

Based on new pathogenetic knowledge, vascular toxicity,
i.e. cardiac damage, is classified as the type I (with irreversible
structural damage to endothelium) and the type II (with transient
endothelium dysfunction) (8). The Abelson (Abl) kinase is neces-
sary for the viability of endothelial cells. The clinical presenta-
tion of vascular toxicity of Ber-Abl inhibitors probably occurs
due to vessel damage and progression of atherosclerotic pro-
cess (9). Ber-Abl inhibitors may also directly damage myocytes,
which has been detected in animal models (10). Moreover, TKI
inhibitor nilotinib was found to increase platelet adhesion ex vivo
under flow and upregulate pro-atherogenic adhesion proteins on
human endothelial cells, including ICAM1 (intercellular adhesion
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molecule 1), VCAMI (vascular cell adhesion protein 1), plasma
soluble P- and E-selectin and thereby contribute to the induction
of a prothrombotic state (11).

The first-generation TKI imatinib seems to possess lipid low-
ering effects, on the contrary, therapy with nilotinib is associated
with a negative effect on glucose and lipid metabolism, which may
be another mechanism leading to accelerated atherosclerosis (12,
13). Major metabolic laboratory abnormalities may even occur
early at the beginning of nilotinib treatment (2).

Not only hypercholesterolemia, but specifically the retention
of low-density lipoprotein cholesterol (LDL-CH) and other choles-
terol-rich apolipoprotein B (ApoB)-containing lipoproteins within
the arterial wall is considered causal to atherosclerosis (14). Clini-
cal trials documented that the lower the achieved LDL-CH, the
smaller the risk of future CVEs, with no lower limit for LDL-CH
values. The reduction of LDL-CH therefore is of prime concern
in the prevention of the CVD (15).

Small dense LDL cholesterol (sdLDL-CH) is an emerging
biomarker associated with CVD, considered to be the most athe-
rogenic among the all seven LDL-CH subfractions (14). Tria-
cylglycerol-rich lipoproteins, small dense LDL, and small dense
HDL comprise the atherogenic lipid profile associated with an
increased number of ApoB-containing particles (14). The sdLDL
particles more effectively penetrate the arterial wall, showing a
higher affinity for the intimal proteoglycans, with a more prolonged
plasma half-life, a lower binding affinity for the LDL receptor, and
a lower resistance to oxidative stress than large LDL (16). Patients
with normal values of LDL-CH, but with an elevated representa-
tion of sdLDL particles may also be at a higher risk of CV disease
development (17).

The aim of this study was to assess cardiovascular toxicity
including PAD and potential adverse effects related to lipid me-
tabolism with a focus on sdLDL-CH in CML patients treated with
imatinib and nilotinib.

Subjects and methods

Eighty-two-CML patients in chronic phase, who received
TKI nilotinib and/or imatinib in a single haemato-oncological
Slovak center between the years 2002-2018 were evaluated in
a retrospective study. All the patients (48 males and 34 females)
were treated in the Department of Haematology at University
Hospital Bratislava, specific laboratory measurements including
sdLDL-CH were performed between October 2017 and August
2018. At the time of the examination, the average age of the pa-
tients was 55.8 years (range 22—77 years), the median of follow-up
was 61.3 months (range 3.0—198.0 months). Patients were divided
into two treatment groups: 32 patients received imatinib (IMA)
and 50 patients received nilotinib (NILO).

The median duration of exposure to nilotinib was significantly
shorter than to imatinib 51.6 (3.0-123.6) months vs 126.2 (3.3—
198.0) months (p<0.001). There were no significant differences
in baseline characteristics and general risk factors between the
IMA and NILO group before the initiation of TKIs. TKI for each
patient was chosen individually. Nilotinib was given upfront in
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Tab. 1. CML variables and demographic data.

Number of patients (n = 82)

Age, years (mean = SD) 55.82+13

Gender (n, %)

Male 48 (58.5 %)
Female 34 (41.4 %)
Treatment duration (months)
Median 61.35
Range 3.0-198.0
Indication for TKI (n, %):
Imatinib
First-line therapy 31 (96.8 %)
Second-line therapy 1(3.1%)
Nilotinib
First-line therapy 31(62.0 %)
Second-line therapy 16 (32.0 %)
Multiple TKIs (> 2) during study period 3 (6.0 %)

Reduced dose of nilotinib (n, %) 11 (22.0 %)

31 (62.0 %) and after first-line imatinib in 16 patients (32.0 %).
Three patients (6.0 %) received two TKIs (imatinib and dasatinib)
before nilotinib treatment (Tab. 1).

Data on baseline parameters and CV risk factors, concomitant
medication and medical history were obtained during clinical visits
as well as from the patients” medical records. Medical history of
atherosclerotic CVD and CV risk factors (age, sex, body mass in-
dex (BMI), waist circumference, smoking, arterial hypertension,
diabetes mellitus (DM), dyslipidaemia were collected before and
during TKI therapy. To rule out dyslipidaemia induced by other
causes, we evaluated renal parameters and medical history or
medication for hypothyreosis. The following CVEs were evalu-
ated: CAD, PAD, ischemic cerebrovascular event, acute arterial
occlusion.

The lipid profile was analysed during the therapy and compared
to baseline values, the results of patients receiving lipid-lowering
medication were not included in the analysis. Dyslipidaemia was
defined as triacylglycerols (TAG) > 2.3 mmol/l, LDL > 3.0 mmol/l,
HDL < 1.2 mmol/l in women or 1.0 mmol/l in men or statin therapy
(14). An additional optimal target of LDL values for high- risk CV
patients (LDL-CH > 2.6 mmol/l) was also evaluated.

Total cholesterol (TCH), LDL-CH, HDL-cholesterol (HDL-CH),
and TAG were measured enzymatically using an automatic analy-
ser (Elecsys analyser, Roche Diagnostics) and commercial assay
kits. Blood samples were taken after 12-hour fasting in the mor-
ning collected for the measurement of sdLDL-CH, which were
measured by a homogeneous assay method (sdLDL-EX “Seiken”,
Denka Seiken, Tokyo, Japan). Based on the information provided
by the manufacturer (Denka Seiken) for the evaluation of CV risk,
a cut-off of 0.9 mmol/l was determined (18). Atherogenic index of
plasma (AIP) was defined as the logarithm of TAG to HDL-CH
ratio (19). Using AIP calculator, the patients were categorized into
3 groups — low, intermediate, and high risk (20). BMI and waist
circumference were accepted as similarly strong in detection of
obesity (14). Body mass index (BMI) > 30 kg/m? and waist above
> 94 cm for men or > 80 cm for women was defined as increased
(adapted for European population). Total CV risk was evaluated ac-
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Fig. 1. SALDL-cholesterol values in imatinib and nilotinib patients
(p =0.02).

cording the 2016 European Society of Cardiology (ESC) guidelines
on cardiovascular disease prevention in clinical practice. SCORE
(Systematic Coronary Risk Estimation) calculator adapted for
high-risk regions (http://www.HeartScore.org) was used to assess
the 10-year risk of CVD at baseline and throughout therapy (15).

Patients with a documented atherosclerotic CVD, including
acute coronary syndrome (ACS), stable angina, coronary revas-
cularization, stroke and transient ischemic attack (TIA), PAD or
DM with target organ damage or SCORE > 10 % were defined as
patients with a very high-risk CVD risk. Patients with marked hy-
percholesterolemia (> 8 mmol/l), LDL-CH > 4.9 mmol/l or marked
hypertension (BP > 180/110 mmHg), patients with familiar hyper-
cholesterolemia (FH), DM without target organ damage, SCORE
>5 % and < 10 % were defined as patients with a high CVD risk
(15). According SCORE, patients were classified to low- (SCORE
<1 %), moderate- (> 1 % and <5 %), high- (=5 % and < 10 %)
and very high-risk (SCORE > 10 %) groups.

Tab. 2. Characteristics of patients during TKI therapy (n = 82).

This study was approved by the Ethics Committee of Uni-
versity Hospital Bratislava, all the patients provided a written
consent.

Statistical analysis

Categorical variables are presented as the counts and percent-
ages. Continuous variables are presented as the mean + standard
deviation (SD) and/or median and range. ANOVA, Mann-Whit-
ney U test or Kruskal-Wallis test were used for the comparisons
between continuous variables. Differences between categorical
data were assessed using the chi-square test. Repeated measures
ANOVA was used for comparing the samples before and during
therapy. Cumulative incidence method was used to calculate cu-
mulative incidence of dyslipidaemia. The log-rank test was used to
compare two or more groups of stratified patients. p <0.05 (two-
sided) was considered statistically significant. All the statistical
analyses were undertaken using NCSS v.10.

Results

Lipid profile and sdLDL-cholesterol

During the therapy with TKIs, dyslipidaemia was observed
more frequently in the patients treated with nilotinib. The newly
diagnosed dyslipidaemia was present in 5/32 (15.6 %) patients
in the IMA group and in 21/50 (42.0 %) patients in the NILO
group (p=0.0152). Overall, 43.7 % patients in the IMA group and
82.0 % patients in the NILO group had non-optimal lipid values
(p=0.0067).

In the NILO group, we found higher levels of sdLDL-CH,
when compared to patients exposed to imatinib (IMA vs NILO:
0.73+0.41 mmol/l vs 0.99+0.51 mmol/l; p=0.02) (Fig. 1). Athero-
genic lipid profile with predominance of sdLDL-CH (> 0.9 mmol/l)
was present in 7/23 (30.4 %) patients in the IMA group and in
17/38 (44.7 %) patients in the NILO group (p=0.29).

The mean concentrations of TCH and LDL-CH differed sig-
nificantly across the study groups, data are shown in Table 2. Pa-
tients receiving nilotinib had a higher mean
HDL-CH concentration (IMA vs NILO 1.39
+0.39 mmol/l vs 1.59+0.42 mmol/l, respec-

Imatinib (n = 32)

Nilotinib (n=50) P

tively; p= 0.026). Elevated TAG levels

Age years (mean+SD) 56.57 (14.17) 55.31 (12.70) 0.6670 (>2.3 mmol/l) were detected in 6/29
;l;;zadtzzn:n cizre;g;);l) 12625(3.33-198.00)  51.65(3.00-123.60)  0.0000 (5 ¢ o4\ batients in the IMA group and in
Dyslipidemia overall 14 (43.75 % 41 (82.00 %) 00067 10/38(26.3 %) patients in the NILO group,
Dyslipidemia new 5(15.62 %) 21 (42.00 %) 00152  Whichwassimilarin both groups (p=1.0000).
Total cholesterol during TKI, mmol/L 4.57 (1.00) 538 (1.05) 0.0027 During therapy with nilotinib, TCH had
(mean % SD) risen by the mean of 1.11 mmol/l with the
LDL-CH during TKI, mmol/L 3.14 (0.85) 3.79 (1.03) 0.0110 mean plasma TCH concentration of 5.39
(mean + SD) mmol/l (SD: 0.13) (Fig. 2, Tab. 3). There
sdLDL-CH during TKI, mmol/L 0.73 (0.41) 0.99 (0.51) 0.0200 was a statistically significant difference
(mean & SD) - (n=23) (n=38) in TCH levels before and on-treatment
EIIIIDeI;r—ICiHS;iDu)Img TKI, mmol/L 1.39(0.39) 1.59 (0.42) 0.0260 (p=0.0000). Consequently, among NILO
Triacylglycerols during TKI, mmol/l 1.40 (0.68) 1.91 (0.99) 05961 patients without cholesterol-lowering medi-
(mean + SD) cation 72.9 % (27/37) patients had increased

HDL-CH — HDL cholesterol, LDL-CH — LDL cholesterol, SD — standard deviation, sdLDL-CH — small dense

LDL cholesterol, TKI — tyrosine kinase inhibitor

LDL-CH values and in 18.9 % patients we
observed levels > 4.9 mmol/l associated
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Fig. 2. The mean total cholesterol concentration baseline and dur-
ing therapy.

with high CV risk according to the ESC guidelines. The rise in
LDL-CH during TKI treatment resulted in the prescription of lipid-
lowering drugs in patients, which were newly indicated in 2/32
(6.2 %) patients in the IMA group vs 11/50 (22.0 %) patients in
the NILO group (p= 0.0687).

Regarding AIP, there were no differences in percentage of
high- risk patients between the groups (IMA vs NILO 24.0 % vs
22.2 %, p=1.000). Cumulative incidence of dyslipidaemia during
follow-up was 22.2 % (95 %CI 0.08-0.60, month 175) in the IMA
group vs 62.3 % (95 %CI 0.46—0.83 at month 100) in the NILO
group, log-rank test (p=0.0022) (Fig. 3).

Cardiovascular risk factors

Newly diagnosed obesity was present in 5/29 (17.2 %) pa-
tients in the IMA group vs 14/49 (28.5 %) in the NILO group (p=
0.2907). In the NILO group, we detected a statistically significant
increase in BMI during therapy from 26.85+0.28 kg/m? to 28.40+
0.28 kg/m? (p=0.0004). Systolic blood pressure also increased by
the mean of 9.8 mmHg (baseline 125.9+2.3 mmHg, after therapy
135.78+2.3 mmHg, p=0.0043).

Tab. 3. Changes in total cholesterol and CV risk factors during TKI therapy.

Dyslipidemia
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Fig. 3. Cumulative incidence of dyslipidemia.

We observed an increase in the 10-year risk of fatal CVD
during NILO and IMA treatment. In the IMA group, SCORE in-
creased from 4.43+0.53 % to 6.56+0.53 % (p=0.0127) and in
the patients exposed to NILO from 3.46+0.34 % to 6.58+0.34 %
(p=0.0000). In the NILO group, 12/44 patients (27.2 %) patients
with a previous low CV risk moved to a high/very high-risk cate-
gory vs 3/16 (18.7 %) patients in the IMA group. The analysis
of total CV risk showed that 6/32 (18.7 %) patients in the IMA
group and 18/50 (36 %) in the NILO group (p=0.13) had a very
high risk of future CVE.

Cardiovascular events

During the follow-up, no cardiovascular death occurred, how-
ever, seven patients (14.0 %) in the NILO group experienced one or
more CVEs. The most frequent manifestation was PAD, detected
in 5 patients (10.0 %). In four patients (8.0 %) PAD was newly
developed, in one patient deterioration of pre-existing PAD was
found. The median time to occurrence of PAD was 58.3 (32.2—
112.7) months after the start of NILO treatment with the average
age of 66.4 (+3.88) years.

In two patients in the NILO group
(4 %) non-ST elevation myocardial infarc-
tion (NSTEMI) with the need of vascular

Imatinib p Nilotinib p intervention was observed and two patients
. (4.00 %) experienced cerebrovascular
Baseline total choles‘terol 441(022) 428 (0.13) h 4 A f
Total cholesterol during TKI 442 (0.22) 0.9784 539(0.13) 0.0000 event. The median time to occurrence for
(mmol/1) '(n _ 1' 4) '(n _ 2'9) ' NSTEMI was 41.4 (32.2-50.7) months, for
26,60 (0.48) 26.85 (0.28) stroke 86.1 (59.5-112.7) months. All the
g;i;’léne_BM%Kl ol 28.09 (0.48) 0.0522 28.40 (0.28) 0.0004 patients had multiple CV risk factors. The
urng (kg/m?) (n=12) (n=46) individual clinical characteristics of the pa-
Baseline Syst. BP 132.62 (2.44) 125.97 (2.30) tients with CVEs are listed in Table 4.
Syst. BP during TKI 135.81 (2.44) 0.3717 135.78 (2.30) 0.0043
(mmHg) 4(;1;01?3 ; T;g?“ Discussion
SCORE before TKI 430.53) 46(0.34)
SCORE during TKI ( %) 6.56 (0.53) 0.0127 6.58 (0.34) 0.0000 .
g ° (n=16) (n=43) According to our knowledge, the present

Continuous variables summarized as mean (+ SD), Syst. BP — systolic blood pressure, SCORE — systematic

coronary risk estimation calculator, TKI — tyrosine kinase inhibitor
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study is the first one to analyse sdLDL-CH
in CML patients treated with TKIs. We eva-
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Tab. 4. Individual characteristics and CV risk factors of patients with documented cardiovascular events treated with nilotinib.

Patient number Age at Time to occurrence NILO dose Risk factors present oD
and gender  CVE (years) (months) (mg)* at CVE R SR (225

1 M 69.3 583 600 HTN, DLP, IFG, ECS yes  very high PAD-deterioration

2 M 64.3 323 600 HTN, IFG, DLP, obesity, ECS no very high PAD

3 F 59.8 112.7 800 HTN, IFG, smoker, ECS no high Stroke, PAD

4 M 70.3 63.6 800 HTN, T2DM, obesity no high PAD

5 F 61.5 59.5 800 HTN, obesity no moderate Stroke
. . PAD

6 M 68.5 322 800 HTN, T2DM, DLP, obesity yes high CAD-NSTEML, (PCI, stenting)
. . CAD-NSTEMI

7 M 68.3 50.7 800 HTN, T2DM, DLP, obesity yes high (CABG)

CVE:s — cardiovascular events, CABG — coronary artery bypass grafting, CAD — coronary artery disease, DLP — dyslipidaemia, T2DM - diabetes mellitus type 2, ECS —
ex-cigarette smoker, F — female, HTN — arterial hypertension, IFG — impaired fasting glucose, LDL-CH — low-density lipoprotein, NSTEMI — non-ST-segment elevation
myocardial infarction, M — male, MI — myocardial infarction, PAD — peripheral artery disease, PCI — percutaneous coronary intervention, SCORE — systematic coronary risk
estimation calculator, TKI — tyrosine kinase inhibitor, * nilotinib dose before CVE, statin use before CVE

luated a cohort of 82 CML patients, who received nilotinib and/or
imatinib with the median follow-up of 61.3 months. In the NILO
group we found 1) significantly higher levels of potential risk
marker of CAD sdLDL-CH, 2) significantly higher incidence of
dyslipidaemia, 3) significant increase in total cholesterol during
treatment 4) increase in CV risk and the occurrence of CVEs in-
cluding PAD, myocardial infarction and stroke.

In the present study, patients in the NILO group had signifi-
cantly higher levels of sdLDL-CH. Sd-LDL-CH have been increas-
ingly studied as a better marker for CVD outcomes.

A positive association between sdLDL-CH levels and CAD
was recently documented in the study by Liou et al. In this meta-
analysis, data from 21 studies with a total 30 628 patients were
collated. Authors confirmed that the presence of sdLDL-CH was
associated with an increased risk of developing CAD and this asso-
ciation was independent of conventional CV risk factors, as well as
consistent across different measurement methods. Their results sup-
port sdLDL-CH as a risk marker of CAD and suggest sdLDL-CH
as a potential therapeutic marker for CAD risk reduction (21).

In the study we found a high prevalence of dyslipidaemia,
which was more frequent in the NILO group, although patients
treated with nilotinib were followed for a shorter period. Newly de-
veloped dyslipidaemia was found in more than one third of patients
with a previously normal lipid profile. Patients in the NILO group
had a higher cumulative incidence of dyslipidaemia, increased lev-
els of TCH, LDL-CH and HDL-CH and they were more frequently
indicated to lipid-lowering medication compared to the IMA group.

Our results are in agreement with the authors Rea et al., who
documented the effect of nilotinib on lipid profile in a single-centre,
prospective study with 27 CML patients. Nilotinib significantly
increased TCH, LDL-CH, HDL-CH within three months after the
start of the therapy. As the result, in the NILO group, the propor-
tion of patients with elevated LDL-CH increased nearly twofold
by 12 months (2). In the prospective study by Hornak et al. with
57 de novo CP-CML patients treated with nilotinib or imatinib for
9 and 12 months, respectively, they reported a significant increase
in TCH, LDL-CH and HDL-CH concentration 6 months after the
beginning of the nilotinib therapy (22).

Consistent with our findings, abnormalities of TCH, LDL-CH,
HDL-CH in patients exposed to nilotinib were documented by
other authors (23, 24). In contrast to cholesterol, TAG concentra-
tions seemed to decrease during treatment with nilotinib (2, 22,
25). A trend towards to a decrease in TAG was present in our data,
although it did not reach a statistical significance.

Cardiovascular comorbidities are frequent in the patients with
CML (26). Combined cumulative effect of hypertension and high
LDL-CH was associated with the increase in the risk of CVEs by
37 times (13). We observed that established CV risk factors such
as: elevated blood pressure and BMI worsened during nilotinib
therapy. Nearly one third of the patients in the NILO group had
a very high risk of future CVE, however, the change in SCORE
CV risk towards higher values was present in both of the groups.
A lower prevalence of patients with a high CV risk than in our
study was reported by Hornak et al, presumably due to differ-
ences in age and baseline comorbidities of the patients in the
NILO group (22).

In the prospective study by Caocci et al in 369 CML adult pa-
tients with the median age 50 years and median follow-up 4 years,
who were stratified according to the SCORE system, the patients
with TCH >5.17 mmol/l and LDL-CH >1.8 mmol/l 3 months
after treatment had a significantly higher incidence of CVEs and
high or very high SCORE risk maintained a significant association
with CVEs (25). The authors concluded that SCORE risk seemed
to be useful to predict the development of atherosclerotic events
in CML patients treated with nilotinib and should be calculated
before the start of any TKIs (27).

There has already been some evidence published suggesting
that new TKIs could be associated with CVEs, with reported 5-year
risk of cardiovascular ischemic events two times higher with nilo-
tinib than with imatinib (28). However, most studies have focused
on CAD only. To address this gap, we were focusing also on pe-
ripheral artery disease (PAD). In our study, 14 % of the patients
in the NILO group experienced one or more CVEs and PAD was
the most frequent CVE. Our results are consistent with the study
by Caocci et al. These authors demonstrated that PAD was fre-
quent CVE in patients after a long-term exposure to nilotinib (25).
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Also, retrospective analysis of the incidence of nilotinib-as-
sociated CVEs in 220 patients with CML at 17 Australian insti-
tutions showed that with median follow-up of 42 months, CVEs
occurred in 12 % of the patients with an incidence of 4.1 events
per 100 patient-years of exposure. CAD was the most common,
followed by PAD and ischemic cerebrovascular events. Age and
dyslipidaemia were identified as independent variables for their
development. Importantly, authors observed a high rate of recur-
rence of CVEs in patients continuing nilotinib after the first event
in spite of standard management measurements and 21 % patients
stopped nilotinib because of adverse events (7).

The discrepancy between the study of Hornak et al. with no
CVEs observed during their follow-up and the presented study
might be explained by a shorter follow-up of patients in the nilo-
tinib group in their study, patients were also younger and had less
baseline comorbidities compared to imatinib group (22).

Interestingly, the majority of the patients in our study, who
experienced CVEs, received higher doses of nilotinib. Regarding
nilotinib, the risk of CVEs seems to be dose related, which was
suggested by the results of the meta-analysis that included 4659
participants from 14 trials. Second-generation TKIs increased the
risk of CVEs compared to imatinib and the difference was signifi-
cant for nilotinib. CVEs occurred more frequently with nilotinib
800 mg than with nilotinib 600 mg. Authors concluded that of
1000 CP-CML patients, 38 more patients will develop a CVE with
second-generation TKIs compared to imatinib (29).

Recently published 10-year follow up data from randomized
phase 3 trial ENESTnd with 546 patients showed that the risk of
CAD, ischemic cerebrovascular events and PAD was higher in in-
dividuals treated with nilotinib in a dose dependent fashion. Higher
cumulative rates of CVEs were reported with nilotinib (600 mg,
vs 800 mg) than with imatinib, CVE rates were 10.6 %, 17.9 %,
and 3.2 %, respectively, at 5 years and continued to increase to
24.8 %, 33.4 %, and 6.3 %, respectively, at 10 years (30).

The lipid abnormalities that we detected in nilotinib-treated
patients are established atherosclerotic CVD risk factors in non-
CML population. According to the recent ESC guidelines, total CV
risk should guide the intensity of intervention. Individuals with a
high or very high CV risk do not need the use of a risk SCORE
and require an immediate attention to risk factors. High-risk per-
sons with calculated SCORE 5 % and <10 % may be candidates
for drug treatment, in very-high-risk persons with SCORE >10 %,
modification of risk factors and adequate therapy is necessary (14).

In CML patients treated with TKIs, modification of all CV
risk factors including hypertension, dyslipidaemia, hyperglycae-
mia is advised. Currently, CV risk assessment prior to the ini-
tiation of therapy with nilotinib and monitoring of risk at one,
three and six-month follow up visits is recommended (31). The
measurement of Ankle brachial index and Doppler ultrasound
of lower extremity arteries at baseline and every 6 or 12 months
has been recently recommended in patients treated with nilotinib
(32). Discontinuation of nilotinib and switch to another TKI may
be considered in situations, where the risk of the drug may out-
weigh the benefit, such as the onset of a severe adverse event like
arterial occlusion.
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Limitation of the study

One of the limitations of our study is a small size of the study
groups associated with a lower prevalence of CML in population.
Not all the patients received nilotinib as the first-line treatment,
although the percentage of patients, who were treated with nilo-
tinib upfront was quite high (62 %). On the other hand, the follow-
up period of the patients was considerably long, with the median
of follow-up 61.3 months, additionally there were no significant
baseline differences in age, characteristics and general CV risk
factors between imatinib and nilotinib group.

Conclusion

With a longer survival of CML patients, an increased focus
is targeted on cardiovascular toxicity of TKIs. Our findings in-
dicate that patients with CP-CML should be screened for lipid
disorders and CV risk factors prior to and during TKI therapy.
SdLDL-cholesterol as a new risk marker of CAD might be a use-
ful tool for identification of CML patients at risk of developing
CVEs. The thorough monitoring of CV complications, as well as
an early elimination of their risk factors are necessary to prevent
the occurrence of CVEs including PAD so that therapy with these
effective agents could continue.
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