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Introduction: Patients exposed to nilotinib for chronic myeloid leukemia (CML) appear to be 

at risk of arterial complication. The prevalence and aspect of ultrasound asymptomatic 

arterial lesions are unknown. 

Objective: To describe prevalence and characteristics of ultrasound arterial anomalies in 

patients treated with nilotinib for CML. 

Methods: Patients treated with nilotinib from 2006 to 2015 in the department of the Paoli-

Calmettes Institute, Marseille, were included retrospectively. A vascular ultrasound screening 

was carried out from 2010. The arterial lesions at the first examination were described: 

plaque and its echogenicity, stenosis or occlusion. A vascular arterial anomaly (VAA) was 

defined by the presence of a clinical and/or ultrasound anomaly. Patients with or without VAA 

at initial vascular examination were compared using bivariate and multivariate analysis. 

Results: 74 patients were included (51.4% men, mean age 54.5 years); 25 patients had 

ultrasound arterial anomalies (33.8%). Carotid bulb was the most involved territory (44%). 

Arterial anomalies were: 88% plaques, 44% >50% stenosis and 12% occlusion. 72.7% 

plaques were echolucent or hypoechogenic. A VAA was present in 25 patients with initial 

vascular evaluation (33.8%). Patients with VAA at baseline were significantly older (64.9 vs 

49.3, p <0.001), older at nilotinib initiation (60.8 vs 46.5, p <0.001), with more arterial 

hypertension (40% vs 12.2%, p=0.01), with more cardiovascular risk factors (p = 0.03). In 

patient with no cardiovascular risk factor 12.5%.had VAA (n=24). 

CONCLUSION: Nilotinib seems to be associated to arterial lesions of unstable lipid-like 

appearance. The most involved arterial territory was the carotid bulb and the most common 

lesion was echolucent or hypoechogenic plaque. VAA can occur in patients without 

cardiovascular risk factors. This result encourages us to systematically screen and follow all 

patients exposed to nilotinib even those without cardiovascular risk factors. 
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INTRODUCTION 

Chronic myeloid leukemia (CML) is defined by expansion of uncontrolled myeloid cells with 

BCR/ABL1 oncogene (1). The “gold standard” therapy is the BCR/ABL1 tyrosine kinase 

inhibitor (TKI) imatinib. However more effective second generation TKI nilotinib (and 

dasatinib in some countries) may be used at diagnosis. Second and third generation TKIs 

including nilotinib, dasatinib, bosutinib, and ponatinib, have been validated in case of 

resistance or intolerance in clinical trials and daily practice (2). 

No significant vascular adverse events (VAE) have been reported in initial clinical trials 

testing nilotinib (<1%) (3,4). However, during the past few years several works suggest a 

higher prevalence of about 30% of arterial diseases during nilotinib therapy like peripheral 

arterial disease (PAD), renal artery stenosis, cerebral ischemia and myocardial infarction (5-

11). This prevalence is higher than that expected in general population: for example PAD 

prevalence based on ankle brachial index measurement (ABI) has been evaluated in several 

epidemiologic studies with a range of 3% to 10% before 65 years, increasing maximum to 

15% to 20% in persons over 65 years (12). 

Predisposing factors seemed to be: high doses of nilotinib (13), long exposure to nilotinib 

around 3 years exposure and pre-existing cardiovascular risk factors (11). However 

sometimes PAD occurred also in younger patients without risk factors (14).  

In 2016 the France Intergroupe des Leucémies Myéloïdes Chroniques provided an overview 

of nilotinib efficacy and cardiovascular safety profile and proposed practical 

recommendations with the goal to minimize the risk and severity of cardiovascular events in 

nilotinib-treated patients (15). An initial evaluation with calculation of the Systematic 

COronary Risk Evaluation (SCORE) from ESC 2012 guidelines is strongly recommended 

(16). A low cardiovascular risk is not associated with systematic vascular imaging. A 

moderate risk encourages screening coronary artery with electrocardiogram and 



echocardiogram, carotid and leg arteries with duplex ultrasound. Patient with high or very 

high risk should benefit of a multidisciplinary discussion before nilotinib prescription.  

Few months later, European recommendations for the management and avoidance of 

adverse events of treatment in CML were published and strongly suggested performing 

either the ankle–brachial index (ABI) or duplex ultrasonography to assess asymptomatic 

PAD in all newly diagnosed patients with CML aged over 65 years and in younger patients in 

the presence of cardiovascular risk factors or claudication symptoms (17). 

Ultrasound screening was thus recently widely recommended in patients treated with nilotinib 

for CML but prevalence of asymptomatic ultrasound lesions and their characteristics are 

unknown.  

Our objective was to describe prevalence and characteristics of ultrasound anomalies during 

the screening of patients exposed to nilotinib for CML. 

  



METHOD 

Patients 

Seventy-four patients treated with nilotinib for CML and followed up in oncohematology 

department of the Paoli-Calmettes Institute, Marseille, from 2006 to 2015 were 

retrospectively included. From 2010, patients already treated by nilotinib had an arterial 

duplex ultrasonography. The newly nilotinib treated patients had this exam three months 

after nilotinib initiation. Demographic, hematologic and cardiovascular parameters were 

collected after informed consent was obtained and procedures approved by the local human 

ethics committee. 

Hematologic evaluation 

All patients had a three months onco-hematologic survey. Nilotinib indications were: first line 

therapy or resistance to others therapies or side effects. Nilotinib dose were: 300mg twice a 

day or 400mg twice day for resistant patients.  

Vascular examination  

Patients had clinical, biological and arterial duplex ultrasonography first evaluation with 

experimented vascular doctors. Clinical examination consisted with cardiovascular risk 

evaluation, BP measurement, cardiovascular auscultation and palpation, ABI measurement. 

Biological parameters were: fasting glucose, HbA1c, lipids (cholesterol, low- and high-density 

lipoprotein (LDL and HDL) and triglycerides), and creatinine. Vascular duplex 

ultrasonography evaluation was exhaustive: extracranial carotid arteries, extracranial 

vertebral arteries and their ostia, subclavian arteries, abdominal aorta, digestive and renal 

arteries, legs arteries including hypogastric arteries with their ostia. Ultrasound aspect of 

arterial lesion was described: presence of plaque and its echogenicity, presence of stenosis 

and its degree, occlusion or not. Description of plaque echolucency was qualitative: no echo 

pattern = echolucent plaque, less echogenicity than media-adventice interface = 



hypoechogenic plaque, same echogenicity than adjacent bone = hyperechogenic plaque. A 

specific follow-up was determinate after the first vascular exam. 

Definition of arterial anomaly  

Vascular arterial anomaly was defined by: clinical and/or ultrasound anomalies. Clinical 

symptoms were: PAD, stroke, myocardial infarction, renovascular hypertension. Ultrasound 

anomalies were: arterial plaque, stenosis or occlusion, without symptoms.  

Statistical analyses 

Population characteristics were described and compared at baseline according to the 

presence of VAA. Results were expressed as mean ±SD or median [min-max] with 

interquartile range (IQR). Bivariate analyses were conducted with all appropriate continuous 

variables using Student’s t-test or a Mann–Whitney test. Categorical variables were analyzed 

by the chi-squared or Fisher’s exact test. The statistical analysis was considered to be 

significant for p <0.05. Multivariate analysis was carried out by elaborating a logistic 

regression model to estimate the probability of a VAA according to the relevant parameters. 

The selection of variables was made according to literature data and the results of bivariate 

analyses (variables associated with p <0.05): age at nilotinib introduction, pre-existent 

hypertension, and arterial stenosis. Analysis was performed using R for Windows, version 

2.11.1. 

  



RESULTS 

Hematological characteristics 

A total of 74 patients (38 men and 36 women) were included with a mean age of 54.5 ±16.2 

years. Seventy-one patients were in chronic phase, two in acute phase and one in blastic 

transformation. Two patients were allografted: one for blastic transformation and one 

because diagnosis was made before 2000. Seventeen patients were at first line therapy, 17 

had side effects of others TKI, 25 patients had resistant to others TKI and 12 had lack of 

molecular response level 3 or 4 (3 missing data). Median exposure time to nilotinib was 22 

months [1-84].  

Arterial duplex ultrasonography  

Arterial ultrasound anomalies were screened at the first exam for 25 patients (33.8%; n=74). 

18 patients had more than one arterial territory involved (72%, n=25). Involved arterial 

territories were (n=25): carotid bulb (44%), iliac (28%), superficial femoral artery (28%), 

common femoral artery (20%), renal artery (12%), vertebral ostium (12%), legs artery (12%), 

mediacalcosis (12%) abdominal aorta (4%) and popliteal artery (4%). First arterial ultrasound 

showed 22 patients with plaques (88%, n=25): 16 were echolucent or hypoechogenic 

(72.7%) (Figure 1) and 6 (27.3%) were hyperechogenic. Eleven patients had arterial 

stenosis >50% (44%; n=25). Three patients (12%) had arterial occlusion (one superficial 

femoral artery and two patients with occlusion of legs arteries).  

Cardiovascular characteristics 

They were resumed in Table I. VAA was present at the first vascular examination for 25 

patients (33.8%, n=74). In <65 years patients, 20 had VAE (n=55; 36.3%), in ≥65 years 13 

patients had VAE (n=19; 68.4%). In patient with no cardiovascular risk factor, 3 had VAE 

(n=24; 12.5%). Fifteen patients were symptomatic (n=74; 20.3%): 9 PAD, 2 strokes, 2 

myocardial infarctions and 2 renal artery stenosis. Twelve patients had statins, 14 had 



antiplatelet agent, 4 had previous lower limb revascularization, 2 had previous coronary 

stenting, 2 had previous renal artery stenting. Five patients from VAA- group had 

antiplatelets for primary prevention. Baseline characteristics were compared for patients with 

and without VAA and have been reported in Table I. Patients with VAA were significantly 

older (64.9 vs 49.3; p<0.001) and older at nilotinib initiation (60.8 vs 46.5; p<0.001). Patients 

with VAA had significantly more hypertension (10 vs 6; p=0.01) and more cardiovascular risk 

factors (p=0.03). In multivariate analysis age at nilotinib initiation appeared to be an 

independent factor to VAA (p=0.03).  



DISCUSSION 

We described for the first-time the aspect of arterial ultrasound lesion of CML patients during 

nilotinib therapy. CML patients with nilotinib presented mostly with echolucent or 

hypoechogenic plaques (22%, n=74). In literature, these plaques were associated with 

instable atheroma: the carotid plaques with low grayscale median were associated with a 

twofold increase in stroke (18, 19). Echolucent plaque reflects lipid core of atheroma and it is 

associated to unstable plaque (20). No prior data are available in literature but figures of 

Mirault et al. showed ever clearly hypodense stenosis and occlusion on CT angiography (10). 

Hypodense lesion on CT correspond to hypoechogenic lesion on ultrasonography. We also 

emphasize that these echolucent lesions are sometimes difficult to detect during 

ultrasonography because echogenicity is similar to the circulating blood. Rea et al. studied 

plasma lipid profile from 27 patients treated by nilotinib: data from a minimum 1-year follow 

up showed that nilotinib significantly increased total, low- and high-density lipoprotein 

cholesterol within three months (21). The mechanisms of action of nilotinib on various non-

hematopoietic cells that could explain this potential adverse effect are poorly understood. 

Nilotinib binds to a limited number of key kinase targets. One of the more interesting kinase-

targets in terms of vascular cells and events is the discoidin domain receptor 1 (DDR1). This 

receptor has recently been implicated in plaque formation in atherosclerosis (22).  

Our study shows that adding ultrasound anomalies to define VAA, ranges arterial anomaly 

prevalence from 20% (symptomatic patients) to 34% (symptomatic and asymptomatic 

patients). Screening asymptomatic patients may lead to prevent events and adapt 

hematological treatment. VAA defined by clinical symptoms and/or ultrasound anomalies is 

significantly and independently associated to nilotinib exposure time. Le Coutre et al. (6) first 

described PAD during nilotinib therapy for 179 patients and relation with exposure time: the 

mean time from initiation of nilotinib to the first PAD event was 26 months. This relation 

between VAA and exposure time was also suggested by Levato et al. (9): VAA appeared 

after a median time of exposition to nilotinib of 24 months. European leukemia 



recommendations consider that the vast majority of documented cases of PAD occurred 

within the first 48 months of therapy, but some have been reported after only 4 months, or as 

late as 5 years (17). We choose to take also into account ultrasound asymptomatic 

anomalies because patients had instable-like lesion with echolucent plaques. These data are 

in line with literature that shows high prevalence of VAA: after 2 years, the numbers of CML 

patients developing VAE during nilotinib ranged between 1% and 29% (23).   

We find that 36% patients without or with only one cardiovascular risk factor had VAA, 

suggesting the importance for ultrasound follow-up in all patients treated by nilotinib. These 

results do not totally agree with Breccia et al. that used a systematic coronary risk evaluation 

chart (SCORE) to identify chronic myeloid leukemia patients at risk of cardiovascular 

diseases during nilotinib treatment (24). They obtained low cumulative incidence of 

atherosclerotic events at 48 months (8.5%) but highlighted a correlation between incident 

events and cardiovascular risk factors: none of the low-risk patients according to the SCORE 

chart experienced atherosclerotic events compared to 10 % in the moderate-risk category 

and 29 % in the high-risk. We obtained higher prevalence of cardiovascular anomalies in 

patients probably because we used ultrasound anomalies and clinical anomalies in our 

definition. We show also that hypertension is significantly associated to VAA; it was also the 

predominant cardiovascular risk factor (63.6%) for Le Coutre et al. (6) and 35% for Breccia et 

al. (24).  

Study limitations are firstly that vascular examination is nonsystematic at nilotinib initiation. It 

is explained by the absence of knowledge of VAA during nilotinib therapy at the beginning of 

the drug use. It may explain why some patients were symptomatic at the initial vascular 

evaluation. Secondly, we chose VAA definition with clinical or ultrasound anomalies which 

can increase the prevalence of VAA but we think that echolucent lesions are instable-like 

lesions and of poor prognosis. We think that detection of asymptomatic lesions should be 

taken into account for cardiovascular prevention and may sometimes adapt hematologic 

treatment.  



 

CONCLUSION 

Treatment with nilotinib seems to be associated to atherosclerosis. The prevalence of 

ultrasound VAA is high, especially with nilotinib exposure, in older patients and in the 

presence of several cardiovascular risk factors. Of note, VAA may be present in patients 

without cardiovascular risk factors. Ultrasound characteristics are high frequency of 

echolucent plaques which reflect instable lesion. We believe that the initiation of nilotinib 

therapy should systematically be associated with a cardiovascular evaluation in all patients, 

even in the absence of cardiovascular risk factors. We also believe in the importance of close 

vascular follow-up in these patients. 
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Figure 1: Ultrasound picture of carotid bulb with hypoechogenic plaque in a 40-year-old 

patient without cardiovascular risk factors 

 

 

 

  



Table I: Baseline characteristics of the study population 

 

 

 

 

CV: Cardiovascular; VAA: Vascular Arterial Anomaly 

 

Population Age <65 years VAA + VAA -

 n=74 (%)  n=51 (%) n=25 (%) n=49 (%) p (bivariate) p (multivariate)

Sex M 38 (51.4) 28 (54.9) 10 (40) 26 (53) 0.41

Age (mean) 54.5 46.0 64.9 49.3 <0.001

Age at nilotinib initiation 51.3 43.2 60.8 46.5 <0.001 0.03

Dyslipidemia 10 (14) 5 (20) 5 (10) 0.42

Hypertension 16 (22) 10 (40) 6 (12) 0.01 0.77

Tabacco 27 (36) 9 (36) 18 (37) 0.41

Diabete 4 (5) 3 (12) 1 (2)

Heredity 11 (15) 7 (28) 4 (8) 0.05

CV score 0.03

0 CV factor 24 (32) 3 (12) 21 (43)

1 CV factor 19 (26) 6 (24) 13 (27)

2 CV factor 18 (24) 8 (32) 10 (20)

3 CV factor 9 (12) 6 (24) 3 (6)

4 CV factor 4 (5) 2 (8) 2 (4)

VAE 25 (34)

Statin 12 (16) 7 (28) 5 (10) 0.08

Antiplatelets 14 (19) 9 (36) 5 (10) 0.01

Symptoms 15 (20) 15 (60) 0 (0) <0.01

Echolucent or hypoechogenic plaque 24 (32) 16 (64) 6 (12) <0.01

Stenosis 11 (15) 11 (44) 0 (0) <0.01 0.99




