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Opinion Statement

Hematopoietic stem cell transplantation (HSCT) is considered, since 1957, a
potentially curative therapeutic option for many hemopathies. Although it is an
aggressive procedure, improvements in transplantation techniques and supportive
strategies have markedly decreased treatment-related mortality, and the preva-
lence of HSCT survivors is expected to exceed half a million by 2030. At the same
time, there is a growing awareness of the potentially negative effects of HSCT-
related therapies on the cardiovascular (CV) system, and HSCT survivors constitute
a population at high cardiovascular (CV) risk. Cardio-oncology has been proposed
as a new approach to prevent cardiovascular toxicity during and after HSCT. The
present article attempts to provide a multidisciplinary and practical approach to
the prevention, monitoring, and management of the most common cardiovascular
complications in patients undergoing hematopoietic stem cell transplantation.
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Introduction

Hematopoietic stem cell transplantation (HSCT) is
considered the only potentially curative therapeutic
option for many hemopathies since 1957 [1]. To-
day more than 50,000 patients are expected to
undergo HSCT annually worldwide, and the num-
bers are increasing each year [2, 3].

This upward trend is due to a better under-
standing of the procedure, improvements in the
management of HSCT-associated complications,
the possibility of transplanting older patients, and
the increasing use of alternative hematopoietic
sources like umbilical cord or haploidentical do-
nors [4, 5]. Advances in transplantation techniques
and supportive strategies have markedly decreased
treatment-related mortality, and the prevalence of

HSCT survivors is expected to exceed half a million
by 2030 [4–6]. However, cardiovascular diseases
(CVDs) are an important competing risk for mor-
bidity and mortality, for up to 10 years, after
transplantation [7, 8••, 9]. Thereby, cardio-
oncology (CO), the multidisciplinary cardiovascular
(CV) care of cancer patients, has been proposed as
a new approach to improve prevention, early iden-
tification, and management of cardiotoxicity [10••,
11••, 12].

The present article attempts to provide a multi-
disciplinary and practical approach to the preven-
tion, monitoring, and treatment of CV toxicities in
patients referred for HSCT.

Hematopoietic stem cell transplantation overview

Depending on the origin of the infused stem cells, HSCT can be con-
sidered autologous (infusion of the patient’s own stem cell) or alloge-
neic (infusion of stem cell from a healthy compatible donor). Currently
the most common indication for allogeneic HSCT in adults is acute
myeloid leukemia (followed by acute lymphocytic leukemia,
myelodysplastic/myeloproliferative syndromes, Hodgkin lymphoma and
non-Hodgkin lymphomas) and for autologous HSCT multiple myeloma
and other plasma cell dyscrasias [3–5].

HSCT is a long process that starts with several baseline tests and
examinations to confirm HSCT indication and to assess patient’s gen-
eral health. Once a patient is deemed fit for HSCT, key steps to move
toward this therapy are collecting the stem cells (either from the own
patient or a donor) and conditioning treatments before transplantation.
The objective of conditioning protocols is both to destroy the existing
bone marrow cells and eradicate cancer and, in allogeneic HSCT, to
induce the immunosuppression that permits engraftment and prevents
both rejection and graft versus host disease (GVHD) [13]. Subsequently,
induced aplasia is reversed by reinfusion of hematopoietic progenitors.

Conditioning regimen protocols may differ according to baseline
patient’s conditions and hematologic HSCT indications. In myeloablative
conditioning regimens (MAC), high-intensity chemotherapy is adminis-
trated to completely eliminate the recipient’s bone marrow. Non-
myeloablative (NMA) or reduced intensity (RIC) protocols are less toxic,
but receptor’s hematopoiesis is not completely eliminated. NMA proto-
cols are generally recommended in aged patients or those in whom
MAC-induced toxicity is expected to be unacceptable due to concomitant
comorbidities [14–16]. Overall survival is similar in NMA and MAC-
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HSCT based on a balance between treatment-efficacy and treatment-
related mortality [17].

Direct HSCT-induced cardiovascular toxicity risk

To define a global patient’s CV toxicity risk, we need to consider several factors:
cardiotoxic effects of anticancer therapies received prior HSCT, the HSCT type,
HSCT-related complications, and preexisting comorbidities (Table 1) [8••].
High doses of anthracyclines (cumulative doxorubicin or equivalent ≥ 250
mg/m2) or radiotherapy to a volume including the heart prior to HSCT increase
the risk of CV toxicity [8••]. In addition, a higher cumulative incidence of CV
events (CVEs) after allogeneic HSCT (7.5% incidence at 15 years F/U vs 2.3%
after autologous HSCT) is expected, directly related with the presence of at least
two cardiovascular risk factors (CVRFs) [18]. The hematopoietic cell
transplantation-specific comorbidity index (HCT-CI) is developed to predict
non-relapse mortality risk in HSCT patients. HCT-CI score considers multiple
variables including cardiovascular risk factors, cardiovascular diseases, cerebro-
vascular diseases, gastrointestinal diseases, renal failure, psychiatric distur-
bances, infections, rheumatologic diseases, and pulmonary diseases [19].

Although adverse CVEs are not frequent during the first days after HSCT, some
patients may experience supraventricular arrhythmias, congestive heart failure,
hypotension, pericardial effusion, and thromboembolic complications. In the early
phase of HSCT, the most frequent CVEs are cardiac arrhythmias (atrial fibrillation
and atrial flutter) with an incidence that may increase up to 27% [20]. CV toxicity
in MAC protocols is mostly associated with the use of the alkylating agent cyclo-
phosphamide.Highdoses of cyclophosphamide beforeHSCT are associatedwith a
wide range of CVEs, beingmiopericarditis (7–26%), supraventricular tachyarrhyth-
mias, and heart failure the most frequent [21]. NMA protocols have resulted in a
lower incidence of CV toxicity. Melphalan, commonly used before autologous
HSCT, is the most arrhythmogenic agent increasing the risk of atrial fibrillation up
to 11% in patients receiving 9 140 mg/m2 [22]. Fludarabine may induce cardiac
dysfunction and heart failure in 8%of patients. The incidence of CVEs increases up
to 14% in patients treated with both melphalan and fludarabine (2.5% severe
CVEs) [23]. Carmustine can cause hypotension and tachyarrhythmias, and peri-
carditis has been described under cytarabine [8••].

The administration of pre-HSCT total body irradiation (TBI) further in-
creases the vulnerability of the CV system. TBI may induce diabetes mellitus,
dyslipidemia, metabolic syndrome, or hypertension and increases the risk of
heart failure, coronary artery disease, conductions disorders, and pericardial
effusion [24]. Moreover, acute GVHD is associated with thrombosis and in-
flammatory myocardial damage (myocarditis, heart failure, conduction abnor-
malities, arrhythmias, and pericardial effusions), and chronic GVHD (grades II–
IV) has been related with the increasing risk of hypertension, diabetes, and
dyslipidemia [25].

Cardio-oncology team approach

A standardized cardio-oncology approach is recommended in patients referred
toHSCT [7, 8••, 10••, 11••, 12].Multiple patient-related and treatment-related

Page 3 of 17 51



Curr. Treat. Options in Oncol. (2021) 22: 51

risk factors may co-exist, and a multidisciplinary team is required to stratify CV
toxicity risk and implement preventive strategies (Figure 1).

Baseline cardiovascular toxicity risk stratification
Beyond the direct adverse effect of cancer therapies, preexisting modifiable and
non-modifiable CVRF and CVDs are strong predictors of post-HSCT CV toxicity
risk. Among non-modifiable risk factors, female sex and age (younger and older

Table 1. Cardiovascular toxicity risk factors in patients referred to HSCT

Patient’s related risk factors Non-modifiable Age (younger and older patients at the time of administration);
female sex; preexisting CVD (heart failure, previous cardiotoxicity,
baseline LVEFG 50%, coronary artery disease) chronic kidney disease

Modifiable Hypertension; diabetes; dyslipidemia; obesity; smoking; sedentary
habit; electrolyte disturbances

Cancer therapies prior to
HSCT

High risk • Cumulative doxorubicin or equivalent ≥ 250 mg/m2

• Radiotherapy ≥ 35 Gy to a volume including the heart

• Radiotherapy ≥ 15 Gy to a volume including the heart +
doxorubicin or equivalent ≥100mg/m2

Low risk • Non-anthracyclines regimens

• Radiotherapy 15–35 Gy to a volume including the heart

• Cumulative doxorubicin or equivalent 100–250 mg/m2

Conditioning drugs
and related CVEs

Cyclophosphamide Miopericarditis

Supraventricular tachyarrhythmias

Heart failure

Busulfan Cardiac tamponade

Endocardial fibrosis

Heart failure

Melphalan Atrial fibrillation

ECG changes (left bundle branch block, QT prolongation)

Myocardial ischemia

Heart failure

Etoposide Acute myocardial ischemia

Cytarabine Pericarditis

Bradycardia

Heart failure

Carmustine Hypotension

Tachyarrhythmias

Myocardial ischemia

Fludarabine Heart failure

Transient bradycardia

Thiotepa Heart failure
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Fig. 1. Cardio-oncology team approach for HSCT: risk stratification and cardiovascular monitoring. ^Risk score for CV events in 9 12
m HSCT survivors: age (G 30: 0 point; 30 ≤ 50: 2 points, ≥ 50: 3 points), anthracycline dose (9 250 mg/m2 1 point), chest radiation
(1 point), hypertension (2 points), diabetes (2 points), and smoking (1 point) (Fig. 1). Patients are classifies in low (≤ 3 points),
medium (4–5) and high (≥ 6) risk. Echo is recommended every 1-2 years in patients at high risk and every 5 years in low and medium
risk population (reference (26): Armenian SH et a. Blood Adv 2018;2:1756–64). * Baseline computed tomography calcium score
should be considered to optimize CV risk stratification in low and moderate risk patients; **Echocardiography should be performed
at 3 and 12 months after HSCT, and in the long-term follow-up, recommendations are based on the presence of symptoms and CV
toxicity risk. Abbreviations: BP Blood pressure; CV: cardiovascular; CVRF: cardiovascular risk factors; ECG: electrocardiogram; ECHO:
echocardiography; Hb A1c: glycated hemoglobin; NPs: natriuretic peptides; LVEF: left ventricular ejection fraction; GLS: global
longitudinal strain; DDI. Drug-drug interactions; Rt radiotherapy
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age at the time of administration) are themost well describe, although a genetic
predisposition has been also suggested [10••, 11••, 12]. CVRF incidence is
reported to be very high in patients referred for HSCT: 25% patients suffer
hypertension, 5% diabetes, and 32% dyslipidemia [27, 28]. Indeed, these CVRF
and obesity are associated with a 5.2-fold increased risk of vascular events
(coronary artery disease or cerebrovascular disease) in HSCT survivors [29].
Preexisting CVDs, especially heart failure and coronary artery disease, are also
common in patients with hematologic malignancies and increase CV toxicity
risk [30] (Table 1). The HCT-CI score considers several CV risk factors and CV
diseases to predict non-relapsed mortality: diabetes, obesity (BMI 9 35 kg/m2),
atrial fibrillation or flutter, sick sinus syndrome, ventricular arrhythmias, coro-
nary artery disease, myocardial infarction, moderate to severe valvular heart
diseases, and congestive heart failure or EF G 50%. HCT-CI categorizes with 1
point each cardiovascular condition except moderate to severe valvular heart
diseases which is categorized with 3 points [19].

Baseline CV assessment goal is to detect and treat subclinical diseases and
stratify CV toxicity risk. In patients without overt CVDs or previous
cardiotoxicity, it can be considered a primary prevention strategy; whereas
interventions in patients with known CVD or evidence of CV toxicity fall into
the category of secondary prevention [31]. CV evaluation should include a
comprehensive medical history and physical exam, body mass index calcula-
tion, heart rate and blood pressure measurement and fasting blood glucose,
lipid profile, and HbA1c determination. Baseline computed tomography calci-
um score should be considered to optimize CV risk stratification in low and
moderate risk patients [32, 33].

Baseline electrocardiography is required to rule out significant tachyarrhyth-
mias and conduction abnormalities and to measure QT interval (using the
Fridericia correction) [11••, 34].

The Cardio-Oncology Study Group of the Heart Failure Association of the
European Society of Cardiology, in collaboration with the ESC Council of
Cardio-Oncology Council, has recently published a position statement on the
use of biomarkers in cancer patients [35]. Although definite conclusions regard-
ing the routine baseline determination of natriuretic peptides (NPs: NT-proBNP
or BNP) and cardiac troponins (cTn) cannot be taken in HSCT patients, a
comprehensive review of the literature suggests that baseline NPs and cTn
may detect subclinical myocardial injury from previous anticancer treatments
and help to identify patients at high risk of CV toxicity independent of changes
in left ventricular ejection fraction (LVEF) [31, 36–38••].

Cardiac imaging plays a critical role, both from the diagnostic and the
prognostic point of view [39]. We use cardiac imaging to stratify patients’ risk
before HSCT (particularly low normal EF and moderate to severe valvular heart
diseases), to identify early and late cancer therapy related cardiac dysfunction
(CTRCD), and to detect cardiac damage in long-term HSCT survivors. Current-
ly, surveillance and diagnosis of CTRCD is performed by using biplane
echocardiography-derived LVEF (2D-LVEF) [11••, 39]. However, 2D-LVEF
intratechnique variability exceeds 10% in some patients,making challenge early
myocardial dysfunction detection and surveillance [39]. To identify early
asymptomatic myocardial damage, we need to use more sensitive and repro-
ducible parameters. From the echo perspective, if available, three-dimensional
echocardiography LVEF (3D-LVEF) is the best method [11••, 39–41]. 3D-LVEF
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correlates well with cardiac magnetic resonance, which is currently considered
the goal standard. It provides lower temporal variability than 2DE during cancer
therapy [42] and, therefore, increases the ability to detect earlier and smaller
changes in LVEF (average inter-observer variability 5%) [43]. Another critical
question is if cardiac monitoring just based on EF is enough. In a recent series of
patients treated with anthracyclines, early heart failure treatment based on 2D-
LVEF drop allows for full recovery in only 11% patients [44]. At present, we can
identify CTRCD at a preclinical phase, before symptoms onset and LVEF de-
creases, usingmyocardial deformation techniques. Technologies such as speckle
tracking have demonstrated, in different oncologic or non-oncologic heart
failure scenarios, that global longitudinal deformation (GLS) is a robust and
sensitive marker to detect the presence of preclinical myocardial damage (stage
B heart failure: asymptomatic structural heart disease) improving prognostic
stratification in patients at risk of heart failure [11••, 12, 39, 45••].

In patients referred to HSCT a baseline echocardiography is the preferred
imaging modality to assess cardiac function and detect valvular or pericardium
diseases. If echo is unavailable or non-diagnostic, a cardiac magnetic resonance
is preferred over nuclear techniques to minimize radiation exposure and pro-
vide a complete cardiac evaluation not just based on LVEF [11••, 12, 39].
Assessment of baseline LVEF and GLS is needed to rule out baseline left
ventricular subclinical dysfunction and serves a control to interpret potential
changes during treatment. A baseline low normal baseline LVEF (50–54%) or a
reduced LVEF (G 50%) increase the risk of CTRCD [11••, 12, 39]. In fact, severe
post-transplant cardiac dysfunction develops in up to 43% of patients with
baseline reduced LVEF [8••]. Patients with moderate or severe valvular heart
disease experience significantly higher non-relapse mortality after HSCT due to
pulmonary complications, renal injury, and heart failure [46]. Further studies
are needed to determine if cardioprotection or valvular intervention prior to
HSCT may reduce this risk.

GLS is also an important diagnostic tool in patients with light-chain cardiac
amyloidosis (AL) to detect cardiac involvement. Longitudinal left ventricular
function can be severely depressed in AL cardiac amyloidosis despite a normal
EF with a typically preserved apical GLS pattern [47]. GLS correlates well with
late gadolinium enhancement in cardiac magnetic resonance (a marker of
interstitial expansion due to amyloid deposits), and both parameters showed
a base to apex gradient [47]. Additionally, GLS is a prognosticmarker in patients
with AL cardiac amyloidosis undergoing hematopoietic stem cell transplanta-
tion [48].

Early CV toxicity prevention, diagnosis, and management
Early detection and optimization of CVRF and subclinical CVDswould result in
interventions that may delay or prevent the onset of clinically apparent CVDs.
An aggressive management of CVRF according to general practice guidelines is
recommended during the HSCT process [33, 49, 10••, 11••, 12]. (Table 2)

A close CV monitoring, including clinical, cardiovascular imaging, and
biomarker evaluation, is recommended during the first year after HSCT. It is
necessary to maintain a high clinical suspicion, and if symptoms occur, the
patient should be referred to the cardio-oncology clinic [10••, 11••, 12].
Biomarkers are particularly useful given their high negative predictive value
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for future CVEs [38••]. Figure 1 summarizes HSCT patient’s follow-up during
the early and chronic phase after HSCT and general CV preventive strategies. At
3 months after HSCT a comprehensive CV evaluation is recommended,

Table 2. General rules to guide management of cardiovascular risk factors and common cardiovascular diseases in HSCT
patients

Common CVRF
and CVD after
HSCT

Screening protocols Management strategies

Diabetes Check HbA1c and fasting glucose
Baseline (before HSCT)
At 3 m, 12 m and yearly after HSCT
High risk*: every 3-6 m

-Lifestyle modifications ▲

-HbA1c goal G 7%
-Prioritize anti-diabetic agents with favorable CV safety profile
(i.e., SGLT2i: sodium-glucose co-transporter 2 inhibitor)

Dyslipidemias Check lipid panel
Baseline (before HSCT)
At 3 m, 12 m and yearly after HSCT
High risk*: every 3–6 m

-Lifestyle modifications▲

-LDL-cholesterol goals#

G 100 mg/dl in low-moderate risk patients
G 70 mg/dl in high risk patients
G 55 mg/dl in very high risk patients
-If TG 9 500 mg/dL initiate fibrates

Hypertension Assess BP at every visit (at least yearly)
Close home monitoring in hypertensive
patients

-Life style modifications▲

-Treatment if BP 9 140/90 mmHg
-BP goal 130/80 mmHg
- Avoid the use of diltiazem and verapamil due to their
negative inotropic effect and high risk of drug-drug
interactions

Obesity Assess at every visit (at least yearly)
body mass index

-Life style modifications▲

-Reduce caloric intake
-Increase moderate-intense physical activity

Iron overload Serum ferritin 1 y post-HSCT, then as
clinically indicated

-Consider iron chelators if serum ferritin 9 1000 μg/l or
severe iron overload is detected by hepatic magnetic
resonance imaging

Heart failure Yearly clinical assessment
Screening for modifiable CVRFs
ECG at 3 and 12 month and yearly
NPs at 3 and 12 months and yearly in
high-risk patients
Echo every 1–2 year in high-risk patients
and every 5 years in low–medium-risk
patients

-HF treatment according to general guidelines is required in
patients with symptomatic and asymptomatic left
ventricular dysfunction

-Identify and treat reversible heart failure precipitant factors
(HT, arrhythmias, anemia … ) and rule out ischemic heart
disease if new left ventricular dysfunction is detected
-Consider cardiac rehabilitation program

Coronary artery
disease

Yearly clinical assessment
Screening for modifiable CVRFs
ECG at 3 and 12 months and yearly
thereafter
Stress test in symptomatic patients

-In symptomatic patients ischemia workup (stress test ±
cardiac computed tomography) and treatment should be
guide as per current clinical guidelines and overall patient
prognosis

*High risk patients for diabetes and dyslipidemias: treated with sirolimus, calcineurin inhibitors, corticosteroids;▲Life style modifications: see
text; #LDL-Cholesterol goals: see text to identify risk category
Abbreviations: BP Blood pressure; CVRFs: cardiovascular risk factors; ECG: electrocardiogram; ECHO: echocardiography; Hb A1c: glycated hemoglobin;
NPs: natriuretic peptides
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including echocardiography. Although studies regarding prevention of CV tox-
icity after HSCT are relatively limited, early findings like an increase in NPs, a
decrease in GLS 9 15% form baseline or a reduced LVEF, even asymptomatic,
may lead to considered the initiation of heart failure therapies (ACE inhibitors
or angiotensin receptor blocker and beta-blockers) to prevent further left ven-
tricular remodeling [49, 10••, 11••, 12].

Among patients undergoing HSCT, the risk of developing supraventricular
arrhythmias, especially atrial fibrillation (AF), is high in the peri-transplant
period [21, 22]. Although no association with increase short-term mortality
has been shown, these arrhythmias increase the risk of heart failure and left
ventricular dysfunction, the time to discharge, and the cost of care. The risk is
higher among patients treated with melphalan and those with preexisting AF
risk factors (older age, infections, dilated left atrium in baseline echocardiogra-
phy, cardiac amyloidosis, asymptomatic conduction blocks and premature
atrial contractions on baseline EKG, preexisting cardiac arrhythmias, and histo-
ry of hypertension, heart failure, or coronary artery disease). Identification of
these high-risk patients before HSCT may allow development of specific EKG
monitoring (telemetry monitoring) for early diagnosis and management.

Peri-HSCT atrial fibrillation management requires weight and fluid man-
agement, especially for patients undergoing autologous HSCT and those with
predisposing conditions for heart failure (low normal EF and preexisting car-
diovascular diseases). Although a rate control strategy with beta-blockers is the
most widely used during the first days after HSCT, this strategy is often chal-
lenging for patients with concurrent symptomatic heart failure, sepsis, or hypo-
tension. A rhythm control strategy with electrical or pharmacological cardiover-
sionmight be considered in young patients and those with heart failure or beta-
blocker contraindications. Amiodarone is the anti-arrhythmic agent generally
considered for pharmacological cardioversion in HSCT patient. Recently,
ibutilide was also found to be safe and effective in patients with cancer; however
more studies are needed to determine the best strategy. Drug-drug interactions
with antiarrhythmic drugs, chemotherapy and supportive medications (anti-
fungal, antibiotics, antiemetic, etc.), and QT interval monitoring is required
when amiodarone or ibutilide are used. Anticoagulation with therapeutic doses
of LMWH is indicated if platelet count 9 50,000 and CHA2DS2-VASc score ≥ 2.
No guidelines are available to address the use of anticoagulant therapy in
patients with a CHA2DS2-VASc score 0-1, and a high prothrombotic state
because of the underlying hematologic malignancy and anticoagulation in
these patients should be decided on a case-by-case basis after a multidisciplin-
ary discussion [50]

Long-term CV toxicity after HSCT: prevalence and management
Although chronic GVHD and disease recurrence remain the principal cause of
mortality in long-term HSCT survivors [51, 52], in the last few years, progresses
in HSCT strategies, supportive care, and older HSCT candidates have led to a
growing population at high CV risk [8••]. Compared to non-transplant popu-
lation, the risk of late death due to CV complications is 4-fold higher after
autologousHSCT in females and 2.3-fold higher after allogeneic HSCT [51, 52].
The risk of CV complications is also higher in older patients and in those
patients with HSCT-specific complications such as chronic GVHD.
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Additionally, long-term cardiovascular complications often occur earlier than
might be expected in the general population [8••, 18].

Compared to the general population, survivors have 7.0- to 15.9-fold in-
creased risk of cardiovascular risk factors (CVRFs) at a much younger age [53,
54]. The prevalence of hypertension, diabetes, and dyslipidemia was signifi-
cantly higher in HCST recipients (n = 1087; median age 44 years) compared to
the general population (hypertension 43 vs 34.6%, diabetes 18.7 vs 8.5%,
dyslipidemia 43 vs 40%) [55]. In addition, there is also a significant increase
in the prescription of CVRF treatments at 1 year after HSCT [56].

HSCT survivors experience a premature risk of CVDs (RR: 0.6–5.6) com-
pared with age-sex-matched controls without cancer, and the incidence of late
CVEs increases over time [18, 58]. The pathogenesis of accelerated CVDs
includes both the direct cardiotoxic effect of anticancer medications
(cardiotoxic chemotherapy and/or radiotherapy prior to HSCT and the specific
conditioning schemes pre-HSCT) and an indirect injury due to preexisting
CVRF/CVD and CV lifestyle modifications (i.e., deconditioning, weight gain)
during and following HSCT [54, 58]. Armenian et al. have recently proposed a
risk model for the prediction of CVD (heart failure (HF) and coronary artery
disease (CAD)) in 1-year HSCT survivors [26••]. They prospectively observed a
population of 1828 patients (median age 45) who underwent HSCT and
survived 1-year free of clinically evident CVD. CVDs occurred in 7.4% of
individuals at 10-year follow-up (92 patients HF, 43 patients CAD). Risk score
was based on age, anthracycline dose (9 250 mg/m2), chest radiation, hyper-
tension, diabetes, and smoking (Fig. 1). A case cohort (n = 580) was used to
validate the risk model. The 10-year cumulative incidences of CVDs in the low-,
medium-, and high-risk groups were 3.7, 9.9, and 26.2%, respectively. Individ-
uals in the high- and medium-risk groups were at 7.8-fold (95% confidence
interval, 5.0–12.2) and 2.9-fold (95% confidence interval, 1.9–4.6) risk of
developing CVD (referent group: low risk).

Among long-term HSCT survivors, CVD presents more frequently as arterial
vascular disease (cerebrovascular disease and coronary artery disease) and
congestive heart failure.

Vascular disease
Arterial disease involves inflammatory endothelial changes that are related to
an accelerated and premature atherosclerotic process, attributed to pre-HSCT
and conditioning-related radiotherapy, and compounded by cardiotoxic drugs
and the development of hypertension, diabetes, and dyslipidemia in the early
post-HSCT period [59, 60]. The appearance of CVRF is more common among
patients treated with allogeneic than autologous HSCT [17, 18, 55]. Metabolic
syndrome (overweight or obesity, hypertension, hypertriglyceridemia, low
high-density lipoprotein cholesterol levels, and glucose intolerance) and sup-
port therapies that worsen glucose control (e.g., corticoids) also contribute to
long-term CV morbidity-mortality, particularly after allogeneic HSCT [61].
Conditioning with total body irradiation (TBI) has been associated with an
increased risk of dyslipidemia and diabetes (OR 3.4) [55]. However, the mech-
anism by which TBI increase these risk factors is not clear.

Graft versus host disease is a condition where donor T lymphocytes attack
healthy tissue of the recipient by recognizing those cells as being “non-self.”
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Treatment used to manage this condition, such as corticoides and calcineurin
inhibitors, can also increase risk of CVRF. A history of chronic GVHD has been
associated with an increased risk of hypertension (RR of 3.2) and dyslipidemia
(RR for 3.2) [25]. Acute GVHD is independently associated with both hyper-
cholesterolemia and hypertriglyceridemia after allogeneic transplant [25].

The cumulative incidence of arterial events, such as clinically overt coronary
artery disease or cerebrovascular disease, after allogeneic HSCT is 10% at 15
years and 9 20% at 20 years [62]. Themedian age of the first CVD event was 40–
49 years in different series [18], which is much earlier than would be expected
for the general population (67 years) [63].

As a general rule, CVRF and CAD should be managed according to general
guidelines, taking into account some peculiarities of the transplant manage-
ment, such as multiple statin interactions with CYP 450 pathway transplant
drugs (calcineurin inhibitors and antifungals). However, since statin treatment
is related to a decrease in rate relapse and GVHD, its interruption before HSCT
should be avoided [64]. In patients with metabolic syndrome and high
hypertriglyceridemia levels, fibrates should be considered (Table 2).

Heart failure
The cumulative anthracycline dose (9 250mg/m2) and radiation therapy (chest
radiotherapy ≥ 35 Gy to a volume including the heart) are predictive of cancer
therapy-related cardiac dysfunction. Armenian et al. evaluated the incidence of
congestive heart failure in a case-control study in at least 1-year HSCT survivors,
reporting an incidence of congestive heart failure of 11.7%with amedian onset
of symptoms 3 years post-transplant [65]. Currently, early treatment of symp-
tomatic and asymptomatic left ventricular dysfunction, according to general HF
guidelines, is of primary importance to prevent further clinical events. [66, 67]

Cardiac rehabilitation (CR) has shown to be safe and feasible in HSCT
survivors. Current evidence indicates that exercise may attenuate the cancer
treatment-induced declines in cardiorespiratory fitness and prevent CVEs. Al-
though confirmation in larger studies is needed, exercise programs are particu-
larly useful in patients with low functional capacity and those with or at risk of
heart failure [68–71].

Follow-up protocols
Given the risks of late complications, an appropriate systematic long-term
follow-up (LTFU) is critical for HSCT survivors. It is crucial to optimize CVRF
and promote healthy lifestyle for all HSCT survivors and establish early
screening and preventive practice in this population [8••, 72, 73] (Table 2).
Health-care providers should increase awareness in patients and their families
about the potential late effects of cancer therapies to increase their adherence to
preventive strategies [7].

Lifestylemodifications (smoking cessation, healthy diet, weight reduction in
the obese, avoidance of excess alcohol intake, and regular aerobic exercise)
represent a crucial step of the survivorship care for the treatment and prevention
of CVRFs and CVDs. No prospective, randomized studies are available in HSCT
survivors to define optimal CVRF goals and treatment strategies. As a conse-
quence, drug categories recommended in general population should be also
used in this specific context, taking into consideration the presence of
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comorbidities and drug-drug interactions [8••, 10••, 11••, 12, 73). Optimiza-
tion of lips profile is one of themore complex tools because risk scores to decide
LDL goals are not standardized for cancer patients [74, 75]. Based on previous
consensus documents and general lipid guidelines, author’s protocol is sum-
marized in Table 2. The very high-risk category includes patients with clinical or
unequivocal imaging documented CVD (ischemic heart disease or cerebrovas-
cular disease), diabetes mellitus with target organ damage (i.e., proteinuria), or
a major risk factor such as smoking or marked hypercholesterolemia or marked
hypertension, severe chronic kidney disease, or a calculated score ≥ 10%. High-
risk patients are those with diabetes mellitus, moderate chronic kidney disease,
a markedly elevated single risk factors, total cholesterol 9 310 mg/dL, blood
pressure ≥ 180/110 mmHg, or a calculated score ≥ 5% and G 10%.

A comprehensive CV evaluation is recommended at 3 months (± 100 days),
and 12-month post-HSCT (Fig. 1, Table 2) [8••, 73] HSCT-specific recommen-
dations for long-term surveillance include yearly physical exam including blood
pressure and body mass index assessment, fasting lipid panel, blood sugar, and
HbA1c measurement as well as ECG. Additionally NP determination is recom-
mended in high-risk patients. An evaluation of global cardiac function echo-
cardiography should be performed at 3 and 12 months after HSCT, and in the
long-term follow-up, recommendations are based on the presence of symptoms
and CV toxicity risk. Currently, echo is recommended every 1–2 years in
asymptomatic high-risk patients (≥ 2CVRF, CVDs, or cardiotoxicity, high-dose
doxorubicin ±radiotherapy, allogeneic HSCT and HSCT-related complications)
and every 5 years in asymptomatic low–medium-risk patients. However these
recommendations are based con expert consensus rather than on evidence-
based trials. The use of GLS to diagnose early asymptomatic CTRCD in patients
after HSCT remains to be determined; however, preliminary studies confirm
that an early decrease in GLS after HSCT had the strongest predictive value for
abnormal LVEF at 12 months (area under the curve 0.86; 95% CI, 0.76–0.96)
[76].

Conclusions

Given the increasing number of HSCT survivors and their increased risk for
premature CVRFs and CVDs, these patients may benefit from dedicated cardio-
oncology programs that may help to minimize CV toxicity risk, to validate risk
prediction models, and to organize evidence-based long-term follow-up proto-
cols. Patient’s involvement in their ownCV care is critical tominimize long term
CVEs.
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