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Abstract

Introduction: Treatment of chronic myeloid leukemia (CML) with tyrosine kinase inhibitors (TKIs) has improved the life ex-
pectancy of these patients. However, TKIs have been related to an increase in cardiovascular events. These occur especially 
in patients who already had cardiovascular risk factors (CVRF). Material and methods: An observational cross-sectional 
study of patients with CML under treatment with TKI was conduced. The prevalence of CVRF, target organ damage and 
subclinical and symptomatic atherosclerotic cardiovascular disease (ASCVD) was studied. Results: 73 patients were inclu-
ded. 63.01% were male. The median age was 56 years (IQR 45 – 67,50). 47.95% had high blood pressure, 17.33% diabetes 
mellitus, 40.79% dyslipidemia, 50.68% overweight, 26.03 obesity and 21.92% were smokers. 19.20% presented microalbumi-
nuria, 8.20% left ventricular hypertrophy and 19.18% chronic kidney disease. 32.90% had high values of hsCRP and 26% 
high values of pulse wave velocity. 11.07% had ASCVD. Patients treated with nilotinib had a higher prevalence of dyslipidemia, 
smoking, peripheral arterial disease, and ASCVD. Conclusions: The prevalence of CVRF was higher than that described in 
the general Spanish population. Patients treated with nilotinib had a higher prevalence of uncontrolled hypertension, dyslipi-
demia, smoking, peripheral arterial disease, and established atherosclerotic cardiovascular disease than patients treated with 
imatinib and dasatinib.
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Resumen

Introducción: Los inhibidores de la tirosina cinasa (ITC) han mejorado el pronóstico de la leucemia mieloide crónica (LMC). 
Sin embargo, los ITC se han relacionado con un incremento en los eventos cardiovasculares que se producen fundamen-
talmente en pacientes que ya presentaban factores de riesgo cardiovascular (FRCV). Material y métodos: Estudio obser-
vacional, descriptivo y transversal de pacientes con LMC en tratamiento con ITC. Se estudió la prevalencia de FRCV, lesión 
de órgano diana y enfermedad cardiovascular aterosclerótica (ECVA) subclínica y sintomática. Resultados: Se reclutaron 
73 pacientes. El 63,01% eran varones con una mediana de edad de 56 años (intervalo intercuartílico [IQR]: 45-67,50). El 
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Introduction

Chronic myeloid leukemia (CML) was turned upside 
down after the appearance of tyrosine kinase inhibi-
tors  (TKI) targeting the BCR-ABL1 protein back in 
2001.1-3 Currently, the prognosis of these patients is 
similar to that of the overall population of the same age 
and sex.4

The higher life expectancy described followed by a 
higher rate of cardiovascular disease (CVD) is the sum 
of two factors: the previous presence of cardiovascular 
risk factors (CVRF) and side effects associated with the 
administration of TKI.5-7 This is due to the fact that 
these drugs do not trigger the selective inhibition of 
tyrosine kinase targeting BCR-ABL1, but also act on 
other tyrosine kinases that participate in cardiovascular 
physiology. These include the vascular endothelial 
growth factor receptor 1 to 3, TIE-2, alpha and beta 
receptor derived from platelet growth, and the fibroblast 
growth factor receptor 1 to 4, among others.8,9

Similarly, each TKI produces specific cardiovascular 
effects. Imatinib,10 and bosutinib11 have a neutral car-
diovascular profile. Dasatinib12 has been associated 
with pleural and pericardial effusion, and pulmonary 
hypertension. Nilotinib promotes the development of 
dyslipidemia and atherosclerotic cardiovascular dis-
ease (ASCVD) especially peripheral arterial disease 
(PAD).13 There is a higher rate of arterial hypertension 
(AHT), ASCVD, and thromboembolic disease in patients 
treated with ponatinib.14

Most cardiovascular events occur in patients who 
already had CVRF. It is for that reason that cardiovas-
cular examination before starting treatment with TKI is 
necessary to reduce the chances of developing cardio-
vascular events.13 However, the diagnosis of CVRF is 
often insufficient since the preclinical states of CVD can 
be omitted. We should understand that there is a con-
tinuum from the presence of CVRF until the development 
of CVD and that it can be diagnosed preclinically to 
prevent the development of complications. Atherosclerosis 

is a pathological and progressive inflammatory process 
that occurs throughout years and is promoted by differ-
ent CVRF. In the early stages it can go unnoticed (sub-
clinical ASCVD). However, in the long term, it causes 
most cases of ischemic heart disease, ischemic stroke, 
and arteriopathy, both aortic and peripheral.15-17 Target 
organ damage (TOD) is defined as structural or func-
tional changes in terminal arteries or organs (heart, 
blood vessels, brain, eyes, and kidney) due to CVRF like 
hypertension or diabetes mellitus. It is a marker for pre-
clinical or asymptomatic CVD and indicative of a higher 
risk for developing CVD. Some types of TOD—espe-
cially in their early stages—are reversible.18

TOD and subclinical ASCVD are widely known con-
cepts used in the general population in the diagnosis 
and control of CVD. They can help us assess the actual 
risk of developing endovascular complications and can 
modify the CVRF. However, until now, they have not 
been used systematically in patients with neoplastic 
diseases. Cardio-onco-hematology, a relatively new 
medical specialty, has been focused on damage to the 
heart by chemotherapy agents, immunomodulating 
agents, and new targeted therapies. However, to this 
date, no special attention has been paid to organ dam-
age due to CVRF and these therapies.19 In Spain, the 
incidence rate of CVRF, TOD, and subclinical and 
asymptomatic ASCVD in populations with CML is still 
unknown. As far as we know, this is the first study ever 
published that analyses this incidence rate in a cohort 
of Spanish patients with CML treated with TKI.

Material and methods

Observational, descriptive, cross-sectional study of 
patients diagnosed with CML on active treatment with 
TKI at Hospital Virgen de las Nieves, Granada, Spain. 
Data were collected between May 2018 and May 2019. 
Out of the 74 patients diagnosed with CML, 73 partic-
ipated in the study. The prescription of TKI by the 
hematologist prior to the consultation assessment of 

47,95% presentó hipertensión arterial (HTA), el 17,33% diabetes mellitus, el 40,79% dislipidemia, el 50,68% sobrepeso, el 
26,03 obesidad y el 21,92% eran fumadores. El 19,20% presentaron microalbuminuria, el 8,20% hipertrofia ventricular iz-
quierda y el 19,18% enfermedad renal crónica. El 32,90% tuvieron valores elevados de proteína C reactiva ultrasensible y 
el 26% valores de velocidad onda de pulso elevados. Un 11,07% tuvieron ECVA. Los pacientes tratados con nilotinib tuvieron 
mayor prevalencia de dislipidemia, tabaquismo, enfermedad arterial periférica y ECVA. Conclusiones: La prevalencia de 
FRCV es mayor a la descrita en población general española. Los pacientes tratados con nilotinib presentaron mayor preva-
lencia de HTA no controlada, dislipidemia, tabaquismo, enfermedad arterial periférica y ECVA establecida que los pacientes 
tratados con imatinib y dasatinib.

Palabras clave: Leucemia mieloide crónica. Inhibidores de la tirosina cinasa. Enfermedad cardiovascular.
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CVRF was done following the routine clinical practice 
based on the following criteria: in elderly patients or 
patients with short life expectancies, pluripathologic or 
highly polymedicated patients, the first-line therapy 
option regarding TKI was imatinib. In young patients or 
with big desires of interrupting treatment in the future, 
the first-line option was a second-generation TKI. 
Choosing between a second-generation TKI and a first-
line TKI was based on the patient’s comorbidities. 
Nilotinib was avoided in patients with established CV 
events or multiple CVRF. Dasatinib was avoided in 
patients with a past medical history of pleural effusion 
or overt fluid retention. To this date, the use of bosutinib 
in Spain as a first-line therapy to treat CML had not 
been approved.

Information on the prevalence of traditional CVRF and 
CVD before starting treatment with TKI was provided 
after reviewing the patients’ past medical history while 
data on the CVRF and CVD when the study was curated 
and analyzed directly by the lead investigator during the 
patient’s examination.

The diagnosis of subclinical ASCVD was based on the 
measurement of baseline values of ultrasensitive C-reactive 
protein (US-CRP) (pathological values > 5 μg/L) and pulse 
wave velocity (PWV) above the corresponding values 
according to age and sex (in the indirect measurement 
of PWV the Mobil-OGraph validated system was used). 
TOD was defined like this: left ventricular hypertrophy 
(LVH) according to Sokolow-Lyon and Cornell electro-
cardiographic criteria (sum of the voltage of R-wave in 
V5-V6 leads + S-wave in V1 lead  >  35  mm) or the 
Cornell voltage criterion (sum of R-wave in aVL lead 
+ S-wave in V3 lead > 20 mm in women or > 28 mm in 
men); kidney damage defined as microalbuminuria 
(2 fresh urine measurements with an albumin/creatinine 
ratio between 30  mg/g and 300  mg/g) or glomerular 
filtration rate measured using the CKD-EPI formula 
(Chronic Kidney Disease Epidemiology Collaboration) 
with values between 45 and 60 mL/min/1.73 m2. Arterial 
pressure was measured at the office following the rec-
ommendations established in the latest version of the 
clinical practice guidelines on the management of AHT20 
using the Omron M3 IT-HEM7131U-E device.21 Also, 
through ambulatory blood pressure monitoring (ABPM) 
using the SpaceLabs 90207 oscillometric system 
(SpaceLabs Inc, United States),22 that was also used 
to diagnosed masked AHT, white-coat AHT, and for the 
follow-up of arterial pressure.

This study was approved by the Ethics Committee 
of the Province of Granada, Spain (code 
5c07f325e14f4a852ee4d0047025daf9baaa41c7).

Results

The patients’ mean age was 56  years (interquartile 
range [IQR], 45-67,50). A total of 63.01% of the patients 
were men. A  total of 39  patients were treated with a 
daily dose of first-line therapy with imatinib 400 mg, 24 
with nilotinib 300 mg twice/day, and 10 with a daily dose 
of dasatinib 100 mg. A total of 16 patients crossed over 
to second-line therapy (9  patients to nilotinib 300  mg 
twice/day or 400 mg twice/day, and 7 patients to dasat-
inib), and 1 patient to third-line therapy with dasatinib. 
Treatment went on a median of 60  months (IQR, 
32-116.50) with longer courses for patients treated with 
imatinib (median, 94 months; IQR, 32-94) compared to 
nilotinib (median, 47  months; IQR, 18-62,50), and 
dasatinib (median, 33.50  months; IQR, 19.50-49.00). 
The prevalence of CVRF before treatment with TKI and 
during the assessment is shown on table 1.

When patients were assessed, 47.90% of them were 
found to be hypertensive with mean systolic arterial 
pressure values of 137.44 mmHg ± 19.92 mmHg and 
mean diastolic arterial pressure values of 
81.15  mmHg  ±  10.09  mmHg. All except for 1  patient 
underwent 24-h ABPM. Only 28.60% of hypertensive 
patients remained under proper arterial pressure mon-
itorization according to ABPM. The statistically signifi-
cant factors associated with uncontrolled arterial 
pressure were age, overweight, PWV, established 
CVD, and high/very high cardiovascular risk. No cor-
relation between treatment with TKI and AHT was 
reported, although a statistically significant correlation 
was seen with nilotinib.

The prevalence of TOD, subclinical ASCVD, and 
symptomatic ASCVD is shown on table 2. All ASCVD 
events occurred after treatment with TKI started. The 
prevalence of subclinical ASCVD biomarkers and TOD 
in the cardiovascular risk groups according to the 
SCORE scale was studied.23 Although the prevalence 
of subclinical ASCVD biomarkers and TOD was higher 
in the group with higher cardiovascular risk (CR) no 
statistically significant differences were seen between 
the groups. Almost 50% of the patients with low CR 
had subclinical ASCVD and TOD. The distribution of 
TOD and subclinical ASCVD based on the patients’ CR 
is shown on table 3.

To study the cardiovascular effects of TKI, only 
patients treated with TKI monotherapy across their past 
medical oncology history were selected. Afterwards, 
they were divided into 2 groups: patients treated with 
imatinib and dasatinib and patients treated with nilotinib 
only. The latter group had a higher prevalence of 
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dyslipidemia, smoking, PAD, and ASCVD. No statisti-
cally significant differences were seen regarding the 
presence of TOD or subclinical ASCVD. However, there 
was a higher rate of uncontrolled AHT according to the 
ABPM (Tables 4-6).

Discussion

With the arrival of different generation of TKI, the 
prognosis of CML has changed dramatically from a 
lethal disease within a few months after diagnosis to a 
chronic condition with a similar life expectancy com-
pared to that of the general population.4 The increased 
survival rate has been followed by a higher rate of 
ASCVD due to the presence of CVRF and the car-
diometabolic toxic effects of TKI.5,6 The latter can be 
explained by the fact that the inhibition of tyrosine 
kinase targeting the BCR-ABL1 protein is not selective, 
which means that it can act on other kinases including 
some that participate on vascular biology.

Before selecting the most appropriate TKI the patients’ 
hematologic and cardiometabolic profile should be 
known. The chances of developing side effects would 
drop consequently. It is widely known that most cardio-
vascular events occur in patients who already have 
CVRF and/or high/very high cardiovascular risk. The 
long-term analysis of the ENESTnd clinical trial (Evaluating 
nilotinib efficacy and safety in clinical trials-newly diag-
nosed patients) revealed that estimating CR using the 

Framingham Risk Score predicted the development of 
CVD during treatment with nilotinib.24,25 However, the 
routine assessment of these patients—focused on the 
presence of CVRF—can be, in most cases, insufficient 
and underestimate the true risk of ASCVD.

In the general population, low and intermediate risk 
patients according to the Framingham Risk Score or the 
SCORE scale especially benefit from the assessment 
of subclinical ASCVD and TOD since it can re-catego-
rize these patients’ CR to avoid underestimating the true 
risk of developing CVD at the end.26 We believe that in 
patients with CML treated with TKI plus cardiac dam-
age, subclinical ASCVD and TOD should be thoroughly 
assessed including central and peripheral arterial and 
renal assessments. In our own experience, every 
patient’s blood should be tested including a complete 
blood count followed by a urine test with albuminuria, 
an electrocardiogram, a thoracic x-ray, the ankle-bra-
chial index, and an estimate of cardiovascular risk. 
Other tests like the PWV and the echocardiogram can 
be very useful to achieve more accurate diagnoses of 
subclinical atherosclerosis and ventricular hypertrophy 
in certain situations.

We can compare our findings on the prevalence of 
CVRF, subclinical CVD, TOD, and ASCVD with the 
results from landmark studies conducted among the 
Spanish general population, as well as with other stud-
ies on patients with CML and similar characteristics 
regarding age, sex, and duration of treatment.27-29 To 

Table 1. Prevalence of cardiovascular risk factors in a population with chronic myeloid leukemia (CML) treated with 
tyrosine kinase inhibitors (TKI). Data on the prevalence of cardiovascular risk factors (CVRF) after diagnosis of CML 
and during study assessment were collected. When CML was diagnosed, no data on pathological alcohol use, 
overweight, and obesity was collected. A statistical comparison between the 2 groups of treatment was conducted 
(imatinib+dasatinib vs nilotinib)

CVRF After CML diagnosis While treated with TKI

Overall pop. 
CML

Imatinib + 
dasatinib

Nilotinib P Overall 
pop. CML

Imatinib + 
dasatinib

Nilotinib P

73 (%) 35 (%) 22 (%) 73 (%) 35 (%) 22 (%)

Hypertension 20 (27.40) 4 (11.4) 2 (9.1) 1 35 (47.95) 13 (37.10) 13 (59.10) 0.105

Diabetes mellitus 10 (13.70) 3 (8.6) 1 (4.5) 1 13 (17.33) 4 (11.40) 5 (22.70) 0.286

Dyslipidemia 16 (21.90) 5 (14.3) 3 (13.6) 1 40 (40.79) 12 (13.40) 15 (68.20) 0.013

Active smoker 16 (21.90) 7 (20.0) 12 (54.5) 0.010 16 (21.92) 4 (11.40) 10 (45.50) 0.004

Alcohol use ‑ ‑ ‑ ‑ 11 (15.07) 4 (11.40) 5 (22.70) 0.286

Overweight ‑ ‑ ‑ ‑ 37 (50.68) 17.80 (46.80) 12 (54.50) 0.661

Obesity ‑ ‑ ‑ ‑ 19 (26.03) 9 (25.70) 5 (22.70) 0.799

Pop, population.
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compare the effect of treatment with TKI on the cardio-
vascular health of our population, only patients treated 
with 1 TKI during their past medical oncology history 
were selected. Afterwards, patients were categorized 
into 2 groups: patients on imatinib and dasatinib, and 
patients on nilotinib. The former, with a more neutral 
cardiovascular profile; the latter with the highest rate of 
cardiovascular side effects reported.

In our study, the prevalence of AHT (47.95%), diabe-
tes mellitus (17.33%), and overweight (50.68%) was 
above average nationwide (42.60%, 13.80%, and 
39.30%, respectively).30-32 Regarding the remaining tra-
ditional CVRF, the prevalence of dyslipidemia is lower 
compared to that described in the Spanish general 

population (40.79% in our cohort compared to the 
50.68% described in the ENRICA clinical trial) while the 
prevalences of obesity (26% in our population, 22.90% 
in the national study on di@betes), and smoking 
(21.92% in our population, and 23% according to the 
latest report on smoking from the Spanish Statistical 

Table 2. Prevalence of target organ damage, risk 
biomarkers of atherosclerosis, and cardiovascular 
disease in a population treated with tyrosine kinase 
inhibitors (TKI). The overall number of patients and 
percentage was collected

Item Subjects (%)

Microalbuminuria (30 mg/g to 300 mg/g) 14 (19.20)

LVH 6 (8.20)

Chronic kidney disease (CKD‑EPI to estimate 
GFR<60 mL/min)

14 (19.18)

Pathological CRP (> 5 mg/L) 24 (32.90)

Pathological PWV 19 (26.00)

Ischemic stroke 3 (4.10)

Ischemic heart disease 3 (4.10)

Peripheral arterial disease 6 (8.22)

Atherosclerotic cardiovascular disease 11 (11.07)

CKD‑EPI, Chronic Kidney Disease Epidemiology Collaboration; CRP, C‑reactive 
protein; GFR, glomerular filtration rate; LVH, left ventricular hypertrophy; PWV, 
pulse wave velocity.

Table 3. Prevalence of target organ damage and/or 
subclinical atherosclerotic cardiovascular disease 
distributed by cardiovascular risk factor (RCV) (SCORE)

Low 
CVR=29 
(50.9%)

Moderate 
CVR=11 

(19.3)

High/very 
high CVR=17 

(29.8)

P

ASCVD/
TOD no

15 (51.7) 5 (45.5) 5 (29.4) 0.336

ASCVD/
TOD yes

14 (48.3) 6 (54.5) 12 (70.6)

ASCVD, atherosclerotic cardiovascular disease; TOD, target organ damage.

Table 4. Distribution of cardiovascular risk factors based 
on each group of treatment. The measurement of arterial 
blood pressure was performed through 24‑hour 
ambulatory blood pressure monitoring (ABPM)

Imatinib + 
dasatinib 35 (%)

Nilotinib 22 (%) P

Sex (male) 24 (68.60) 13 (59.10) 0.465

Age, median 
(IQR)

60 (46.00‑76.00) 56.50 
(45.00‑65.25)

0.451

Arterial 
hypertension

13 (37.10) 13 (59.10) 0.105

Uncontrolled 
AHT

7 (20.00%) 10 (45.50%) 0.041*

Diabetes 
mellitus

4 (11.40) 5 (22.70) 0.286

Dyslipidemia 12 (34.30) 15 (68.20) 0.013*

Overweight 17 (48.60) 12 (54.50) 0.661

Obesity 9 (25.70) 5 (22.70) 0.799

Smoking 4 (11.40) 10 (45.50) 0.004*

Alcohol 4 (11.40) 5 (22.70) 0.286

 *Statistically significant results.
AHT, arterial hypertension; IQR, interquartile range.

Table 5. Distribution of target organ damage and 
atherosclerotic risk biomarkers based on each group of 
treatment

Imatinib + 
dasatinib 35 (%)

Nilotinib 
22 (%)

P

Pathological CRP 9 (25.70) 8 (36.40) 0.392

Microalbuminuria 8 (22.90) 3 (13.60) 0.502

CKD (CKD‑EPI to 
estimate GFR<60 
mL/min)

6 (17.01) 3 (13.60) 1

LVH 3 (8.60) 2 (9.10) 1

Pathological ABI 7 (20.00) 6 (27.30) 0.524

Pathological PWV 9 (25.70) 7 (31.80) 0.618

ABI, ankle‑brachial index; CKD, chronic kidney disease; CKD‑EPI, Chronic Kidney 
Disease Epidemiology Collaboration; CRP, C‑reactive protein; GFR, glomerular 
filtration rate; LVH, left ventricular hypertrophy; PWV, pulse wave velocity.
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Office) are similar in both populations.31,33 Regarding 
other populations with CML like the one described by 
Coutinho27—with similar age and percentage of male 
patients—the prevalence of dyslipidemia (40,79%), and 
smoking (21.92%) was higher in our case with similar 
results of AHT and diabetes.

When both groups of treatment were compared (ima-
tinib + dasatinib vs nilotinib), patients treated with nilo-
tinib had a higher prevalence of dyslipidemia and 
smoking compared to those from the imatinib and 
dasatinib group (P = .013 and P = .004, respectively). 
No statistically significant differences were seen in the 
rate of CVRF prior to starting treatment with TKI 
between the 2 groups of treatment (imatinib + dasatinib 
vs nilotinib).

In addition to the known effect tobacco has on lipids, 
we know that up to 50% of patients treated with nilotinib 
develop dyslipidemia.29 However, the mechanism is still 
unknown. It has been speculated that nilotinib could, in 
some cases, elevate the levels of cholesterol associ-
ated with low density lipoproteins (LDL-c) due to an 
increased concentration of proprotein convertase sub-
tilisin/kexin type 9 (PCSK9), which is mediated by the 
inhibition of mTORC1. These changes happen early at 
the beginning of treatment—within the first 12 months—
and are kept during treatment.34-36

Regarding TOD, 8.20% of our patients had LVH while 
19.20% had microalbuminuria. A total of 26% of these 
patients had elevated PWV levels while 32.90% had 
elevated US-CRP levels. There is no data on other 
populations with CML in whom these values were mea-
sured. However, we believe that they expose these 
patients’ atherosclerotic inflammatory state. The 

US-CRP levels were high in all the subgroups analyzed 
of patients with CML. In our study we found that almost 
50% of the patients with low CR had subclinical ASCVD 
and TOD. These results make us rethink the hypothesis 
on whether the search for subclinical ASCVD and TOD 
should be included in the routine assessment of 
patients with CML treated with TKI. Also, whether treat-
ment should be intensified in this group of patients (eg, 
hygienic-dietary measures, stricter LDL-c levels, etc.).

A total of 11.07% of our population had established 
ASCVD: 4.10% had ischemic heart disease and isch-
emic stroke while 8.22% had PAD. Patients treated with 
nilotinib had more chances of presenting with PAD and 
established ASCVD compared to those treated with 
imatinib and dasatinib, which confirms what we already 
knew on the capacity of nilotinib to trigger ASCVD and, 
especially, PAD. In Spain, the multicenter observational 
SIMETAP clinical trial37 of over 6000  patients deter-
mined that 9.20% of these patients had ASCVD (4.80%, 
3.80%, and 2.30% had coronary artery disease, CVD, 
and PAD, respectively). Regarding the study conducted 
by Coutinho27, our incidence rate is lower because his 
study described 18.70% of the patients with CVD at the 
beginning of the study and 33% 5 years into treatment 
with TKI. Although this study does not delve into the 
type of TKI used in the patients, we believe that the 
high rate of CVD reported is due to the fact that the 
study included ASCVD (ischemic heart disease, stroke, 
and PAD, but also any location and degree of athero-
sclerosis), as well as non-atherosclerotic CVD (heart 
failure mainly). Other studies like the one conducted by 
Breccia28 reported an incidence rate of ASCVD close 
to 8.5%. At this point, the previous selection of TKI is 
again significant depending on each patient’s cardio-
vascular profile since it reduces the future chances of 
developing ASCVD.

Although in our study the initial selection of treatment 
with TKI was based on each patient’s past medical his-
tory—both hematological and cardiovascular—to mini-
mize the chances of mid- and long-term adverse events 
no statistically significant differences were found regard-
ing the prevalence of CVRF in the different groups of 
treatment, except for the prevalence of smoking.

We are aware of our study limitations. It was an 
observational uncontrolled study and, since it dealt with 
an uncommon disease, the size of our sample was 
small. Also, the diagnosis of CVRF and ASCVD by a 
non-specialist physician in the management of CVD 
may have been underestimated, which could show in 
the rate of CVRF reported prior to starting treatment 
with TKI.

Table 6. Distribution of cardiovascular disease based on 
each group of treatment

Imatinib + 
dasatinib 35 (%)

Nilotinib 
22 (%)

P

Ischemic heart 
disease

1 (2.90) 2 (9.10) 0.553

Stroke 0 (0) 3 (13.60) 0.053

PAD 0 (0) 4 (18.20) 0.019*

Established ASCVD 1 (2.90) 7 (31.80) 0.004*

CR
Low
Moderate
High/very high

21 (60.00)
4 (11.40)

10 (28.60)

8 (36.40)
7 (31.80)
7 (31.80)

0.131

*Statistically significant results.
ASCVD, atherosclerotic cardiovascular disease; CR, cardiovascular risk; PAD, 
peripheral arterial disease.
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Conclusion

The rate of AHT, diabetes, overweight, and ASCVD 
in our population was above average nationwide. In the 
group of patients treated with nilotinib, the prevalence 
of PAD and ASCVD was higher compared to that of 
patients treated with imatinib and dasatinib.

Although the study design is only hypothesis-gener-
ating, our results added to the knowledge we have on 
the overall population are a reminder that the detection 
of subclinical CVD and TOD can help us improve the 
selection process of a segment of the population on 
which we should be stricter in the control of CVRF 
since these individuals have a higher risk of ASCVD. 
For that reason, it somehow seems important to 
include in the assessment protocols that patients about 
to start TKI or who are already on TKI should be tested 
to rule out the presence of subclinical ASCVD and 
TOD to prevent any disease progression into CVD. The 
therapeutic strategies that should be followed in this 
population would include healthy eating habits (low 
level of saturated fats, and a diet rich in fiber, fruit, and 
vegetables, among other), prescription of physical 
workout, quitting toxic habits, stricter levels of choles-
terol or glycemia, etc.

The results of our study encourage us to keep on 
working on this unexplored line since it has been 
demonstrated that a strict control of CVRF improves the 
prognosis of patients with CML treated with TKI.

Funding

None whatsoever.

Conflicts of interest

None reported.

Ethical disclosures

Protection of human subjects and animals in 
research. The authors declare that no experiments 
were performed on humans or animals for this study.

Patients’ data protection. The authors declare that 
they have followed the protocols of their work center on 
the publication of patient data.

Right to privacy and informed consent.   The 
authors have obtained the written informed consent 
of the patients or subjects mentioned in the article. 
The corresponding author is in possession of this 
document.

References
	 1.	 Bower H, Björkholm M, Dickman PW, Höglund M, Lambert PC, Anders-

son  TM-L. Life expectancy of patients with chronic myeloid leukemia 
approaches the life expectancy of the general population. J Clin Oncol. 
2016;34(24):2851-7.

	 2.	 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.

	 3.	 Brunner AM, Campigotto F, Sadrzadeh H, Drapkin BJ, Chen Y-B, 
Neuberg DS, et  al. Trends in all-cause mortality among patients with 
chronic myeloid leukemia: a surveillance, epidemiology, and end results 
database analysis. Cancer. 2013;119(14):2620-9.

	 4.	 Hughes TP, Saglio G, Kantarjian HM, Guilhot F, Niederwieser D, 
Rosti  G, et al. Early molecular response predicts outcomes in patients 
with chronic myeloid leukemia in chronic phase treated with frontline ni-
lotinib or imatinib. Blood. 2014;123(9):1353-60.

	 5.	 Kim TD, Rea D, Schwarz M, Grille P, Nicolini FE, Rosti G, et al. Peri-
pheral artery occlusive disease in chronic phase chronic myeloid leu-
kemia patients treated with nilotinib or imatinib. Leukemia. 2013; 
27(6):1316-21.

	 6.	 Cortes JE, Kantarjian H, Shah NP, Bixby D, Mauro MJ, Flinn I, et  al. 
Ponatinib in refractory Philadelphia chromosome-positive leukemias. 
N Engl J Med. 2012;367(22):2075-88.

	 7.	 Cortes J, Mauro M, Steegmann JL, Saglio G, Malhotra R, Ukropec JA, 
et al. Cardiovascular and pulmonary adverse events in patients treated 
with BCR-ABL inhibitors: Data from the FDA Adverse Event Reporting 
System: BCR-ABL Inhibitor Safety Signals in the FDA AERS. Am J He-
matol. 2015;90(4):E66-72.

	 8.	 Moslehi JJ. Cardiovascular toxic effects of targeted cancer therapies. 
N Engl J Med. 2016;375(15):1457-67.

	 9.	 Rix U, Hantschel O, Dürnberger G, Remsing Rix LL, Planyavsky M, 
Fernbach NV, et al. Chemical proteomic profiles of the BCR-ABL inhibi-
tors imatinib, nilotinib, and dasatinib reveal novel kinase and nonkinase 
targets. Blood. 2007;110(12):4055-63.

	 10.	 Jain P, Kantarjian H, Boddu PC, Nogueras-González GM, Verstovsek S, 
Garcia-Manero G, et al. Analysis of cardiovascular and arteriothrombotic 
adverse events in chronic-phase CML patients after frontline TKIs. Blood 
Adv. 2019;3(6):851-61.

	 11.	 Cirmi S, El Abd A, Letinier L, Navarra M, Salvo F. Cardiovascular toxici-
ty of tyrosine kinase inhibitors used in chronic myeloid leukemia: An 
analysis of the FDA Adverse Event Reporting System Database (FAERS). 
Cancers. 2020;12(4):826.

	 12.	 Suh KJ, Lee JY, Shin D-Y, Koh Y, Bang S-M, Yoon S-S, et al. Analysis 
of adverse events associated with dasatinib and nilotinib treatments in 
chronic-phase chronic myeloid leukemia patients outside clinical trials. 
Int J Hematol. 2017;106(2):229-39.

	 13.	 Chai-Adisaksopha C, Lam W, Hillis C. Major arterial events in patients 
with chronic myeloid leukemia treated with tyrosine kinase inhibitors: a 
meta-analysis. Leuk Lymphoma. 2016;57(6):1300-10.

	 14.	 Singh AP, Umbarkar P, Tousif S, Lal H. Cardiotoxicity of the BCR-ABL1 
tyrosine kinase inhibitors: Emphasis on ponatinib. Int J Cardiol. 
2020;316:214-21.

	 15.	 Kwak BR, Bäck M, Bochaton-Piallat M-L, Caligiuri G, Daemen MJAP, 
Davies PF, et al. Biomechanical factors in atherosclerosis: mechanisms 
and clinical implications. Eur Heart J. 2014;35(43):3013-20, 3020a-3020d.

	 16.	 Lahoz C, Mostaza JM. La aterosclerosis como enfermedad sistémica. 
Rev Esp Cardiol. 2007;60(2):184-95.

	 17.	 Mitchell GF, Hwang S-J, Vasan RS, Larson MG, Pencina MJ, 
Hamburg  NM, et  al. Arterial stiffness and cardiovascular events: The 
Framingham Heart Study. Circulation. 2010;121(4):505-11.

	 18.	 Devereux RB, Alderman MH. Role of preclinical cardiovascular disease 
in the evolution from risk factor exposure to development of morbid 
events. Circulation. 1993;88(4 Pt 1):1444-55.

	 19.	 López-Fernández T, Martín García A, Santaballa Beltrán A, 
Montero   Luis   A, García Sanz R, Mazón Ramos P, et  al. Cardio-On-
co-Hematology in Clinical Practice. Position Paper and Recommenda-
tions. Revista Española de Cardiología (Engl Ed). 2017;70(6):474-86.

	 20.	 Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, 
et al. 2018 ESC/ESH Guidelines for the management of arterial hyper-
tension. Eur Heart J. 2018;39(33):3021-4.

	 21.	 Takahashi H, Yoshika M, Yokoi T. Validation of home blood pressure-mo-
nitoring devices, Omron HEM-1020 and Omron i-Q132 (HEM-1010-E), 
according to the European Society of Hypertension International Protocol. 
Blood Press Monit. 2011;16(4):203-7.

	 22.	 Kollias A, Xilomenos A, Protogerou A, Dimakakos E, Stergiou GS. Auto-
mated determination of the ankle-brachial index using an oscillometric 
blood pressure monitor: validation vs. Doppler measurement and cardio-
vascular risk factor profile. Hypertens Res. 2011;34(7):825-30.

	 23.	 Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al. 
Guía ESC 2016 sobre prevención de la enfermedad cardiovascular en la 
práctica clínica. Rev Esp Cardiol. 2016;69(10):939.e1-939.e87.



10

Sangre. 2022;41(1)

	 24.	 Hochhaus A, Saglio G, Hughes TP, Larson RA, Kim D-W, Issaragrisil S, 
et  al. Long-term benefits and risks of frontline nilotinib vs imatinib for 
chronic myeloid leukemia in chronic phase: 5-year update of the rando-
mized ENESTnd trial. Leukemia. 2016;30(5):1044-54.

	 25.	 Aghel N, Lipton JH, Atenafu EG, Kim DDH, Delgado DH. Cardiovascular 
events after exposure to nilotinib in chronic myeloid leukemia: Long-term 
follow-up. Clin Lymphoma Myeloma Leuk. 2017;17(12):870-878.e1.

	 26.	 Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Bäck M, 
et al. 2021 ESC Guidelines on cardiovascular disease prevention in cli-
nical practice. Eur Heart J. 2021;42(34):3227-337.

	 27.	 Coutinho AD, Makenbaeva D, Farrelly E, Landsman-Blumberg PB, 
Lenihan D. Elevated cardiovascular disease risk in patients with chronic 
myelogenous leukemia seen in community-based oncology practices in 
the United States. Clin Lymphoma Myeloma Leuk. 2017;17(10):676-83.

	 28.	 Breccia M, Colafigli G, Molica M, Alimena G. Cardiovascular risk assess-
ments in chronic myeloid leukemia allow identification of patients at high 
risk of cardiovascular events during treatment with nilotinib. Am J Hema-
tol. 2015;90(5):E100-1.

	 29.	 Rea D, Mirault T, Cluzeau T, Gautier J-F, Guilhot F, Dombret H, et al. 
Early onset hypercholesterolemia induced by the 2nd-generation tyrosine 
kinase inhibitor nilotinib in patients with chronic phase-chronic myeloid 
leukemia. Haematologica. 2014;99(7):1197-203.

	 30.	 Menéndez E, Delgado E, Fernández-Vega F, Prieto MA, Bordiú E, 
Calle A, et al. Prevalencia, diagnóstico, tratamiento y control de la hiper-
tensión arterial en España. Resultados del estudio Di@bet.es. Rev Esp 
Cardiol. 2016;69(6):572-8.

	 31.	 Soriguer F, Goday A, Bosch-Comas A, Bordiú E, Calle-Pascual A, 
Carmena R, et al. Prevalence of diabetes mellitus and impaired glucose 
regulation in Spain: the Di@bet.es Study. Diabetologia. 2012;55(1):88-93.

	 32.	 Gutiérrez-Fisac JL, Guallar-Castillón P, León-Muñoz LM, Graciani A, 
Banegas JR, Rodríguez-Artalejo F. Prevalence of general and abdominal 
obesity in the adult population of Spain, 2008-2010: the ENRICA study. 
Obes Rev. 2012;13(4):388-92.

	 33.	 Aranceta-Bartrina J, Pérez-Rodrigo C, Alberdi-Aresti G, Ramos-Carrera  N, 
Lázaro-Masedo S. Prevalencia de obesidad general y obesidad abdomi-
nal en la población adulta española (25-64 años) 2014-2015: estudio 
ENPE. Rev Esp Cardiol. 2016;69(6):579-87.

	 34.	 López-Sendón J, Castro A, Dalmau R. Una historia resumida. La inhi-
bición de la PCSK9 y su desarrollo clínico. Rev Esp Cardiol. 
2017;17:10-5.

	 35.	 Abumiya M, Akamine Y, Sato S, Takahashi S, Yoshioka T, Kameoka Y, 
et  al. Effects of proprotein convertase subtilisin/kexin type 9 and nilotinib 
plasma concentrations on nilotinib-induced hypercholesterolaemia in 
patients with chronic myeloid leukaemia. J  Clin Pharm Ther. 
2021;46(2):382-7.

	 36.	 Sicuranza A, Ferrigno I, Abruzzese E, Iurlo A, Galimberti S, Gozzini A, 
et al. Pro-inflammatory and pro-oxidative changes during nilotinib treat-
ment in CML patients: Results of a prospective multicenter front-line TKIs 
study (KIARO Study). Front Oncol. 2022;12:835563.

	 37.	 Ruiz-García A, Arranz-Martínez E, García-Álvarez JC, Morales-Cobos LE, 
García-Fernández ME, de la Peña-Antón N, Martín Calle MC, Díez 
Pérez MC, Montero Costa A, Palacios Martínez D, García Villasur MP, 
García Granado MAD, Lorenzo Borda MS, Cique Herráinz JA, Marañón 
Henrich N, Zarzuelo Martín N, Baltuille Aller MDC, Casaseca Calvo TF, 
Arribas Álvaro P, Macho Del Barrio AI, Moreno Fernández JC, Ribot 
Catalá C, Capitán Caldas M, Ciria de Pablo C, Sanz Velasco C, Simo-
naggio Stancampiano P, Vargas-Machuca Cabañero C, 
Sarriá Sánchez MT, Gómez Díaz E, Sanz Pozo B, Rodríguez de Mingo E, 
Cabello Igual MP, Rico Pérez MR, Migueláñez Valero A, Alcaraz Be-
thencourt A, Zafra Urango C, Chao Escuer P, Redondo de Pedro S, 
Escamilla Guijarro N, López Uriarte B, Rivera Teijido M; en nombre del 
Grupo de investigación del Estudio SIMETAP. Population and metho-
dology of the SIMETAP study: Prevalence of cardiovascular risk factors, 
cardiovascular diseases, and related metabolic diseases. Clin Investig 
Arterioscler. 2018 Sep-Oct;30(5):197-208. English, Spanish. doi: 
10.1016/j.arteri.2018.04.006. Epub 2018 Jul 3. PMID: 29980384.

http://dx.doi.org/10.1016/j.arteri.2018.04.006.
http://dx.doi.org/10.1016/j.arteri.2018.04.006.

