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This manuscript summarizes the results of the consensus meeting composed of hematol-

ogists and cardiologists to establish recommendations for the prevention and follow-up of

cardiovascular (CV) risk in patients with chronic myeloid leukemia (CML) treated with BCR-

ABL  tyrosine kinase inhibitors (TKIs) from the point of view of clinical practice and from the

perspective of hematology consultation.
eywords: In the first medical appointment, the CV risk factors should be identified to perform the

baseline risk stratification, based on the Brazilian Guideline of Dyslipidemia and Atheroscle-
ardiovascular diseases
eukemia, myeloid rosis Prevention Update (risk levels: very high, high, intermediate and low).
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Protein kinase inhibitors

Risk factors

Risk management

Once stratified, the treatment of the CV risk factors should be administered. If the patient

presents risk factors, such as hypertension, diabetes, renal disease, smoking and hyperc-

holesterolemia, the evaluation and initial treatment may be done by the hematologist, being

an  option the request for evaluation by a specialist. If the patient has a history of previous

CV  disease, we recommend referral to a specialist.

As the CV risk score is dynamic and the control of risk factors can reduce the patient risk,

this  expert consensus recommends that the re-evaluation of the CV risk after the baseline

should be performed at 3 months, 6 months and 12 months. After this period, it should be

done annually and, for specific patients, at the clinician’s discretion.

The evaluation of the baseline CV risk and the safe administration of a TKI allow the

patient to benefit from the maximum treatment, avoiding unwanted effects.

©  2020 Associação Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published

by  Elsevier Editora Ltda. This is an open access article under the CC BY-NC-ND license
Introduction

Chronic myeloid leukemia (CML) is a clonal myeloproliferative
neoplasm, characterized by the presence of the BCR-ABL1 gene
fusion, accounting for 15–20% of all leukemias.1 The estimated
annual incidence of CML is 1.75 cases/100,000 subjects, rang-
ing from 0.09/100,000 in those ≤15 years old to 7.88/100,000 in
the population aged ≥75 years old.2 In Brazil, about 81 thou-
sand chemotherapy procedures for adult CML  were registered
in 2012, with an estimated annual prevalence of 10,125 cases.3

The management of CML  has been transformed since
the emergence of BCR-ABL tyrosine kinase inhibitors (TKIs),
which introduced a new era in CML  treatment, bringing life
expectancies close to those of the general population for
patients responsive to treatment.4 The first TKI released was
imatinib mesylate, an inhibitor of the BCR-ABL1 and other
tyrosine kinases (TKs).5,6 Imatinib showed to be effective for
CML  therapy with an overall survival of 85% in an 8-year
follow-up study. However, the development of resistance and
intolerance represent a limitation of the imatinib treatment.
Approximately 17 and 15% of patients presented primary
and secondary resistance, respectively.7 The introduction of
second generation TKIs (nilotinib and dasatinib) was effec-
tive in approximately 50% of those with imatinib resistance
or intolerance.8–11 Concerning the intolerance, in a 3-year
median time, 17.5% of the patients discontinued imatinib after
adverse drug reactions.12 Other drugs with evidence of efficacy
are already prescribed in the international market, such as
ponatinib and bosutinib.13,14 However, this recommendation
will only cover drugs licensed for marketing in Brazil according
to national regulatory agencies.

The TKs are a family of enzymes that catalyze the trans-
fer of phosphate from adenosine triphosphate to tyrosine
residues specific proteins. They act in eukaryotic cellular
signaling and their dysregulation has been associated with
multiple types of cancer, including CML, becoming hyperac-
tive by several means.15 The TKs also play a critical role in
the cardiovascular (CV) system, including vascular, metabolic

and myocardial physiology. Thus, the inhibition of certain
TKs can interfere in the CV system function and cause clin-
ical complications.16 The initial observation of CV events in
patients with CML  on TKIs occurred in clinical trials and in
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

the real-world scenario, and not in experimental studies. To
date, the mechanism by which cancers and the cardiovascular
system share common pathways is not fully understood.16

All approved TKIs for CML treatment have activity against
the BCR-ABL1. However, they present different potency and
activity against the BCR-ABL1 and other kinases, including
those involved in the cardiovascular system, leading to a diver-
sity of cardiovascular toxic effects reported with different
TKIs.17–19

Previous meta-analysises indicated that second generation
TKIs have been associated with increased risk of vascular
occlusive events, when compared to imatinib, in patients with
CML.20 Similarly, in a population-based cohort study, the event
rates for myocardial infarction were higher in patients treated
with second-line generation TKIs (19–29 per 1000 person-
years) than in those receiving first-generation TKIs (8 per
1000 person-years). Among TKI users that developed myocar-
dial infarction, 84% had at least one major cardiac risk factor
detected before the event.21

Nilotinib has been associated with vascular toxicity.18 In
a retrospective multicenter analysis, 6.2% of the patients
developed peripheral arterial disease.22 In a meta-analysis,
peripheral arterial occlusive disease (PAOD) was reported
in 1.3% of those treated with nilotinib versus 0.6% of the
patients treated with no TKI and 0.2% of the patients treated
with imatinib.23 In a 5-year follow-up study, CV events,
namely, ischemic heart disease, ischemic cerebrovascular
events and/or peripheral artery disease were reported in
7.5%, 13.4% and 2.1% of the patients in the nilotinib 300-mg
twice-daily, nilotinib 400-mg twice-daily and imatinib arms,
respectively.24

Dasatinib has a potential to cause pulmonary arterial
hypertension (PAH).11 In a 5-year follow-up of the DASISION
study, PAH was reported in 5% of the patients on dasatinib
and 0.4% of those on imatinib, evidencing a continuous risk.
Drug-related pleural effusion was more  common with dasa-
tinib (28%) than with imatinib (0.8%).25

Importantly, most CV events observed in patients treated
with TKIs occurred in individuals with a baseline moderate-

to-high CV risk profile due to a history of previous CV risk
factors.26 In addition to the CV system damage caused by the
TKIs, the baseline CV risk of CML patients appears to be higher

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Table 1 – Suggested CV evaluation during the first
medical appointment before initiating TKI treatment in
CML  patients: anamnesis, physical exam and
complementary exams.

Anamnesis

Active CVD Necessary
Previous episodes of CVD Necessary
Family history of premature CVDa Necessary
CVD attributable to pharmacological toxicity Necessary
Drug treatment for CVD Necessary
Intermittent claudication Necessary
Chronic pulmonary diseases Necessary
Recurrent respiratory infections Necessary
Weight, height and body mass index Necessary
Diagnosed diabetes mellitus Necessary
History of hypertension Necessary
Hypercholesterolemia Necessary
CVD related symptoms Necessary
Smokingb Necessary

Complementary exams
Blood glucose Necessary
Glycated hemoglobin Recommended
Lipid panel Necessary
Urea and creatinine Recommended
Blood pressure measurement Necessary
Electrocardiogram Necessary
Echocardiogram with cardiac function Recommended
Brachial ankle index Recommended

CVD: cardiovascular disease.
a Premature CVD defined as occurring in <55 years for men and <65
hematol transfus cell th

han that of the general population. A real-world study eval-
ated the prevalence of cardiovascular disease (CVD) and CV
isk factors in 1639 patients with CML  in the United States. In a
-year follow-up, the prevalence of CVD conditions was 33.0%
nd that of CVD risk factors was 77.7%, respectively. Com-
ared to the general US adult population, the standardized
revalence rates at 1 year in patients with CML were signif-

cantly higher (1.3–3.5 times for CVD conditions and 20–40%
ignificantly higher for hypertension, diabetes, and obesity;

 < .001).27

In Brazil, a retrospective study evaluated the CV risk and
V events. The cohort of Brazilian patients treated with a
KI showed a 4.29% cumulative incidence of CV events in
atients with CML, more  frequently in those treated with
econd-generation TKIs. Three events occurred during dasa-
inib treatment, 6 during nilotinib treatment and none during
matinib treatment. Arterial occlusive events occurred in 2.6%
f the patients treated with dasatinib and in 14.2% of the
atients treated with nilotinib. All the events occurred in
atients with high and very high cardiovascular risk.28

The increased risk of CVD observed in patients with CML
ligible for TKIs treatment underscores the importance of rec-
mmendations to evaluate CV risk when selecting TKIs. This
anuscript summarizes the results of the consensus meeting

omposed of hematologists and cardiologists who are experts
n CML  treatment and CV risk factors evaluation to establish
ecommendations for the prevention and follow-up of CV risk
n patients with CML  treated with TKIs from the point of view
f clinical practice and from the perspective of hematological
onsultation.

isk  assessment  and  stratification

uring the anamnesis, in addition to the questions usually
sked about CML, it is recommended to investigate family
r personal history of CVD and/or risk factors for CVD, as
etailed in Table 1. Likewise, complementary exams should
e requested for baseline CV risk investigation, in addition to
hose usually requested for the treatment of the patient with
ML, and are specified in Table 1.

There is no specific tool designed to estimate CVD risk, par-
icularly in the CML  population. Thus, to predict CV risk in CML
atients, one should use available CVD risk scores for the gen-
ral population. These scores are based on the identification
f CV risk factors, so that the estimated CVD risk consists of
he sum and potentiation caused by synergisms among some
f these factors.29

At the first medical appointment of a patient diagnosed
ith CML, for whom it is desirable to start a TKI treatment,

he hematologist should conduct a directed anamnesis, aim-
ng to identify CV risk factors, request complementary exams
nd carry out the baseline CV risk stratification. If relevant CV
ymptoms are detected, the patient should be referred to a
ardiologist to conduct the proper investigation.

For the stratification of CV risk, the Brazilian Guideline

f Dyslipidemia and Atherosclerosis Prevention Update is
ecommended. According to this guideline, patients can be
lassified into four risk levels: very high, high, intermediate
nd low.29
years for women.
b At least one cigarette in the last month.

Very  high  risk
This is constituted by an established atherosclerotic disease
(coronary, cerebrovascular, peripheral vascular disease, with
or without clinical events (Grade of Recommendation: IIa;
Level of Evidence: B)) or an obstruction ≥50% in any arterial
territory (Grade of Recommendation: IIa; Level of Evidence:
C).29 It is important to highlight that this information should
be obtained by medical records, previous exams (if available)
and anamnesis. In asymptomatic and stable patients, screen-
ing for atherosclerotic disease was associated with no benefits
in hard outcomes and is not recommended.

High  risk
Individuals considered to be at high risk are those with:

• Atherosclerosis in the subclinical form documented by
diagnostic methodology: carotid ultrasonography with the
presence of plaque, ankle-brachial index (ABI) <0.9, coro-
nary artery calcium score (CAC) >100 or the presence of
atherosclerotic plaques in the coronary angiography (angio-
CT).

• Abdominal aortic aneurysm.
• Chronic renal disease defined by the glomerular filtration

rate (GFR) <60 mL/min. and non-dialytic phase.

• Those with LDL-c concentrations ≥190 mg/dL.
• Types 1 or 2 diabetes mellitus, with LDL-c between 70 and

189 mg/dL and the presence of risk stratifiers (RS) or sub-
clinical atherosclerotic disease (SAD).
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Figure 1 – Algorithm for cardiovascular risk stratification.
Adapted from the online cardiovascular risk stratification tool developed by the Brazilian Society of Cardiology - Department
of Atherosclerosis, Brazilian Society of Endocrinology and Metabology and the Brazilian Society of Diabetes.
*Family history of a first-degree relative with premature CVD (<55 years for men  and <65 years for women).
†Smoking is defined as at least one cigarette in the last month.
‡Metabolic syndrome is defined according to the International Diabetes Federation.
GSR: Global risk score, calculated depending on factors such as gender, age, systemic blood pressure, active treatment for
hypertension, smoking, use of statins, total cholesterol and LDL-c.
ABI: Ankle-Brachial Index; CAC: Coronary Artery Calcium; CT: computed tomography; CVD: cardiovascular disease; DM:
diabetes mellitus; GFR: Glomerular Filtration Rate.
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Figure 2 – Flowchart for the treatment of hypertension.
Adapted from the 7th Brazilian Arterial Hypertension
Guideline.32

ACE: angiotensin-converting-enzyme; ARBs: angiotensin II
receptor blockers; CCB: calcium channel blockers; CV:
hematol transfus cell th

RS and SAD in diabetes are defined as:
RS: age ≥48 years in men  and ≥54 years in women; time

rom diagnosis of diabetes >10 years; family history of a first-
egree relative with premature CVD (<55 years for men  and
65 years for women); smoking (at least one cigarette in the

ast month); hypertension; metabolic syndrome, according
o the International Diabetes Federation; presence of albu-

inuria >30 mg/g of creatinine and/or retinopathy, and; GFR
60 mL/min.

SAD: carotid ultrasonography with the presence of plaques
1.5 mm;  ABI <0.9; CAC score >10, and; the presence of
therosclerotic plaques in the coronary angio-CT.

 Patients with LDL-c between 70 and 189 mg/dL, in men  at
risk, calculated by the Framingham-based global risk score
(GRS)30 >20%, and in women >10%. (Grade of Recommenda-
tion: IIa; Level of Evidence: C).

Similar to the screening of atherosclerotic disease, the
creening of SAD is not recommended for asymptomatic
table patients. Hence, the hematologist should obtain this
nformation from medical records and clinical anamnesis.
or the stratification of CV risk purposes, the lack of pre-
ious investigation of SAD should be interpreted as the
bsence of SAD and should not trigger complementary
xams.

ntermediate  risk
ales with GRS between 5% and 20% and females between 5%

nd 10% (Grade of Recommendation: I, Level of Evidence: A)
r diabetics without the criteria of SAD or RS listed above.

ow  risk
ale and female patients at risk at 10 years <5%, calculated by
RS (Grade of Recommendation: I, Level of Evidence: A).

We  strongly recommend the use of the online cardiovas-
ular risk stratification tool available for use in mobile phones
nd tablets with Android or IOS systems, developed by the
razilian Society of Cardiology - Department of Atheroscle-
osis, Brazilian Society of Endocrinology and Metabology
nd the Brazilian Society of Diabetes (http://departamentos.
ardiol.br/sbc-da/2015/CALCULADORAER2017/index.html).
he simplified algorithm for risk stratification, adapted

rom the calculator for CV risk stratification is available in
igure 1.29

reatment

nce stratified, the treatment of the CV risk factors should
e performed. If the patient presents risk factors, such as
ypertension, diabetes, renal disease, smoking and hyperc-
olesterolemia, the evaluation and initial treatment may be
one by a hematologist, being an option the request for an
valuation by a specialist. If the patient has a history of pre-
ious CV disease, we  recommend referral to a specialist. At

ny time, if the hematologist does not feel comfortable con-
ucting the treatment of CV risk factors, the patient should
e referred to a cardiologist or a GP with experience in
VD.
cardiovascular.

Hypertension  control
Non-pharmacological treatment of arterial hypertension
involves weight control, nutritional measures, physical activ-
ity practice, smoking cessation and stress management,
among others. Drug treatment is indicated for subjects with
stage 1 hypertension and low or moderate CV risk, when non-
pharmacological measures were not effective after an initial
period of at least 90 days. For those in stage 1 and at high CV
risk or with established CVD, drug use should be started imme-
diately. Similarly, in stage 2 hypertension cases, regardless of
CV risk, drug treatment should be started immediately (clas-
sification of blood pressure in adults is shown in Table 2).31

The drug treatment algorithm, adapted from the 7th Brazilian
Arterial Hypertension Guideline, is presented in Figure 2.32

Diabetes  control
For newly diagnosed patients, initial lifestyle changes, asso-
ciated with metformin, are recommended (Level of Evidence:
A).33 For patients with mild manifestations, when glycemia

is less than 200 mg/dL, with mild or absent symptoms, met-
formin is indicated. In the case of intolerance to metformin,
long-acting preparations may be useful. While the problem

http://departamentos.cardiol.br/sbc-da/2015/CALCULADORAER2017/index.html
http://departamentos.cardiol.br/sbc-da/2015/CALCULADORAER2017/index.html
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Table 2 – Categories of blood pressure in adults.

Blood pressure category Systolic blood
pressure (mm Hg)

Diastolic  blood
pressure (mm Hg)

Normal <120 and <80
Elevated 120−129 and <80
Hypertension stage 1 130−139 or 80−89
Hypertension stage 2 ≥140 or ≥90

Adapted from the 2017. ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation and
Management of High Blood Pressure in Adults.31

Figure 3 – Treatment of diabetes mellitus type 2.
Adapted from the Guidelines of the Brazilian Diabetes Society (2015–2016).33
persists, one of the other hypoglycemic agents may be chosen
(Figure 3).33

In patients with moderate manifestations, when fasting
glycemia is greater than 200 mg/dL, but less than 300 mg/dL
in the absence of criteria for severe manifestations, start
with lifestyle modifications and metformin associated with
another anti-hyperglycemic agent. The indication of the sec-
ond agent will depend on the predominance of insulin
resistance or insulin deficiency/beta cell failure. Thus, the
DPP-4 inhibitor, acarbose, GLP-1 analogs, glitazones, and
SGLT2 inhibitors could be the second or third medication. In
the patient with weight loss, a sulfonylurea or glinides could
be combined.33

For patients with glycemic values above 300 mg/dL
and severe manifestations (significant weight loss, severe
symptoms and/or ketonuria), immediate insulin therapy is
recommended.33

Smoking  control
Complete smoking cessation is recommended for patients
with CML  using TKIs. According to the Brazilian Guideline
of Dyslipidemia and Atherosclerosis Prevention Update, first-
line drugs for smoking cessation are nicotine replacement

therapy, with gum or patch, bupropion and varenicline. Some
patients can benefit from antitobacco programs and must be
referred to them (Grade of Recommendation: I; Level of Evi-
dence: A).29
LDL-c  control
According to the Brazilian Guidelines, LDL-C targets should
be guided according to the baseline CV risk of the patient.
For very high-risk patients without statin therapy, the goal
is to reduce the percentage by 50%. For those on statin ther-
apy, the target is to achieve LDL-c <50 mg/dL or non-HDL-c
<80 mg/dL. Treatment with atorvastatin 40–80 mg/day, rosu-
vastatin 20–40 mg/day or simvastatin 40 mg/day + ezetimibe
10 mg/day is recommended.29

For the high-risk group without statin therapy, the goal
is to reduce the percentage by 50%, if LDL-c ≥70 mg/dL.
For those on statin therapy, the target is to achieve LDL-c
<70 mg/dL or non-HDL-c <100 mg/dL. Treatment with atorvas-
tatin 40–80 mg/day, rosuvastatin 20–40 mg/day or simvastatin
40 mg/day + ezetimibe 10 mg/day is recommended, besides
behavioral and dietary measures.29

The intermediate-risk group without statin therapy should
reduce the percentage by 30–50%, if LDL-c ≥100 mg/dL.
For those on statin therapy, the target is to achieve LDL-
c <100 mg/dL or non-HDL-c <130 mg/dL. Treatment with
lovastatin 40 mg/day, simvastatin 20–40 mg/day, pravastatin
40–80 mg/day, fluvastatin 80 mg/day, pitavastatin 2−4 mg/day,
atorvastatin 10–20 mg/day or rosuvastatin 5–10 mg/day is

29
recommended.
If classified as low-risk, patients without statin therapy

should reduce the percentage by 30%, if LDL-c ≥130 mg/dL.
For those on statin therapy, the target is to achieve LDL-
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Figure 4 – Targets and recommended treatment for the LDL-c control.
Adapted from the online cardiovascular risk stratification tool developed by the Brazilian Society of Cardiology, Department
of Atherosclerosis, Brazilian Society of Endocrinology and Metabology and the Brazilian Society of Diabetes.29

*Rosuvastatin and pravastatin are preferred treatments. Simvastatin and atorvastatin should be used with caution due to
the possibility of drug interactions through the metabolism route.
¥Expected % of reduction.
†Target for LDL-c (mg/dL).
‡
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Target for non-HDL-c (mg/dL).

 <130 mg/dL or non-HDL-c <160 mg/dL. Treatment with
ovastatin 40 mg/day, simvastatin 20–40 mg/day, pravastatin
0–80 mg/day, fluvastatin 80 mg/day, pitavastatin 2–4 mg/day,
torvastatin 10–20 mg/day, rosuvastatin 5–10 mg/day is rec-
mmended. Figure 4 presents the target and recommended
reatment for the LDL-c control.29

The rigorous control of LDL-C levels in patients using nilo-
inib is strongly recommended because of the associated risk
f peripheral arterial disease, even in patients with a baseline

ow CV risk profile.

onitoring

t is important to remember that the CV risk score is dynamic
nd the control of risk factors can reduce the risk to the
atient.29 This expert consensus recommends that the re-

valuation of CV risk after the baseline be performed at 3
onths, 6 months and 12 months. After this period, it should

e done annually and for specific patients, at the clinician’s
iscretion. In each re-evaluation, laboratorial exams should
be requested (blood glucose, glycated hemoglobin, lipid panel,
urea and creatinine). An active and thorough search for symp-
toms that may suggest complications, such as shortness of
breath with dasatinib and leg pain with nilotinib, is strongly
recommended.

If the hematologist chooses to start treatment with a
first-generation TKI, these general recommendations can be
followed. For the second-generation TKIs nilotinib and dasa-
tinib, some specific care should also be taken. Figure 5 presents
the main recommendations for monitoring the CV risk during
TKI treatment.

Rigorous control of risk factors for CVD in the population
using nilotinib and dasatinib is recommended, given the risk
of CV complications with these drugs, such as PAOD and pul-
monary hypertension. For patients with high or very high CV
risk on nilotinib, periodic exams for the evaluation of subclini-
cal atherosclerosis, such as BAI or carotid ultrasonography, are

recommended.

For patients using dasatinib, there is a risk of pulmonary
hypertension. Considering the severity of this pathology,
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Figure 5 – CV risk monitoring during TKI treatment.
ral a

r

BAI: brachial ankle index; CV: cardiovascular; PAOD: periphe

the strict observation of pulmonary signs and symptoms
is recommended and, in the case of symptoms or lung
radiography with signs of pleural effusion, an echocardio-
gram should be performed. There is no consensus in the
literature about the optimal periodicity between follow-up
echocardiograms. Patients suspected of having pulmonary
hypertension related to dasatinib should be referred to a car-
diologist for a deeper evaluation and diagnosis confirmation.
If dasatinib-induced PAH is confirmed, the treatment should
be discontinued.

The rational approach to CV event prophylaxis requires
the understanding of the pathophysiology underlying these
complications and some decisions need to be individu-
alized. Prophylactic treatments in these patients should
be done on an individual evaluation basis. Regarding sec-
ondary prevention, when atherosclerotic disease is detected
in any territory (even when subclinical), strict control of
risk factors and the addition of aspirin and statins are
indicated.18 Some restrospective data suggest lower rates of
CV events in second generation TKI users on chronic aspirin
therapy,34 however, this hypothesis was never assessed in
a randomized controlled trial. In the general healthy pop-
ulation, there is a growing body of high-quality evidence
driven by big populational trials indicating that, although
aspirin use is associated with a lower incidence of CV
events, its benefits are largely counterbalanced by higher
rates of major bleeding, even in the high baseline CV risk
group.35,36 As a consequence, aspirin is not recommended
as a primary prevention strategy in second generation TKI
users.

Final  considerations

To the best of our knowledge, this is the first Brazilian
publication containing recommendations for hematologists
concerning the prevention and monitoring of CV aspects
specifically in patients with CML. With current treatments,

patients with CML  have an overall survival resembling that
of the general population.4 The evaluation of baseline CV
risk and the safe administration of a TKI allow the patients
to benefit from the maximum treatment, while avoiding
rterial occlusive disease.

unwanted effects. We believe that these recommendations
need to be feasible from the perspective of the Brazilian
public and private service centers to achieve good adher-
ence.

New evidence with the long-term follow-up of patients
with CML in the use of TKIs is necessary for complete knowl-
edge of the treatment safety.
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