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Abstract
BACKGROUND 
Doxorubicin and other anthracycline derivatives inhibit topoisomerase II and is 
an important class of cytotoxic chemotherapy in cancer treatment. The use of 
anthracycline is limited by dose-dependent cardiotoxicity, which may manifest 
initially as asymptomatic cardiac dysfunction with subsequent progression to 
congestive heart failure. Despite baseline assessment and periodic monitoring of 
cardiac function for patients receiving anthracycline agents, there are unmet 
needs in prediction and prevention of anthracycline-induced cardiotoxicity (AIC).

CASE SUMMARY 
A 35-year-old African American female was found to have a 9-cm high-grade 
osteosarcoma of right femur and normal baseline cardiac function with left 
ventricular ejection fraction of approximately 60%-70% determined by 
transthoracic and dobutamine stress echocardiogram. She underwent 
perioperative doxorubicin and cisplatin chemotherapy with 3 cycles before 
surgery and 3 cycles after surgery, and received a total of 450 mg/m2 doxorubicin 
at the end of her treatment course. She was evaluated regularly during 
chemotherapy without any cardiac or respiratory symptoms. Approximately two 
months after her last chemotherapy, the patient presented to the emergency 
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department with dyspnea for one week and was intubated for acute hypoxic 
respiratory failure. Echocardiogram showed an ejection fraction of 5%-10% with 
severe biventricular failure. Despite attempts to optimize cardiac function, the 
patient’s hemodynamic status continued to decline, and resuscitation was not 
successful on the seventh day of hospitalization. The autopsy showed no evidence 
of osteosarcoma, and the likely cause of death was cardiac failure with the 
evidence of pulmonary congestion, liver congestion, and multiple body cavity 
effusions.

CONCLUSION 
We present a case of 35-year-old African American female developing cardiogenic 
shock shortly after receiving a cumulative dose of 450 mg/m2 doxorubicin over 9 
mo. Cardiac monitoring and management of patients receiving anthracycline 
chemotherapy have been an area of intense research since introduction of these 
agents in clinical practice. We have reviewed literature and recent advances in the 
prediction and prevention of AIC. Although risk factors currently identified can 
help stratify patients who need closer monitoring, there are limitations to our 
current understanding and further research is needed in this field.

Key Words: Anthracycline; Cardiotoxicity; Doxorubicin; Troponin; Brain natriuretic 
peptide; Case report

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Anthracyclines may exert a direct toxic effect on cardiac myocytes, 
precipitating symptomatic heart failure. The case presented demonstrates an example 
of acute heart failure in a well-compensated young adult who did not at first glance 
warrant greater than routine cardiac surveillance during doxorubicin treatment course. 
Utilization of cardioprotective agents and cardiac strain markers such as troponin and 
brain natriuretic peptide may help to prevent and identify cardiac dysfunction in 
asymptomatic patients. Prevention of anthracycline-induced cardiotoxicity and 
cardiovascular toxicities of other anti-cancer therapy requires multidisciplinary 
approaches such as modification of cardiovascular risk factors, active management of 
comorbidities, and pharmacologic therapy in selected patients.

Citation: Chong EG, Lee EH, Sail R, Denham L, Nagaraj G, Hsueh CT. Anthracycline-induced 
cardiotoxicity: A case report and review of literature. World J Cardiol 2021; 13(1): 28-37
URL: https://www.wjgnet.com/1949-8462/full/v13/i1/28.htm
DOI: https://dx.doi.org/10.4330/wjc.v13.i1.28

INTRODUCTION
Anthracycline is a class of commonly used agents for the treatment of solid and 
hematologic cancers. Cardiotoxicity is a well-documented side effect of anthracycline, 
likely due to free radical damage and DNA strand breakage in cardiomyocytes[1]. 
Anthracycline-induced cardiotoxicity (AIC) accounts for greater than 30% of 
cardiotoxicity from cancer-related therapy[2]. When symptoms and signs of 
cardiotoxicity such as congestive heart failure are identified early, discontinuation of 
anthracycline, initiating appropriate medical management followed by frequent 
monitoring of cardiac function can help to alleviate further decline of cardiac function. 
When a patient is asymptomatic, it is difficult to predict adverse outcomes or plan 
appropriate frequency of cardiac monitoring.

Here we present a case of an unusual course of AIC in a 35-year-old African 
American female who received a cumulative dose of 450 mg/m2 doxorubicin over 9 
mo. We also discuss measures and methods that have been reported for early 
identification and prevention of deterioration of cardiac function.
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CASE PRESENTATION
Chief complaints
A 35-year-old African American female without significant past medical history 
presented to the orthopedic clinic for evaluation of a right knee mass measuring about 
5 cm × 9 cm × 6 cm at distal thigh that had been growing in size over the past six 
months.

History of present illness
A magnetic resonance imaging (MRI) of the knee showed a 5.6 cm × 9.1 cm × 6.0 cm 
tumor of the distal right femur, and biopsy revealed high-grade osteoblastic 
osteosarcoma. Further imaging studies including (18)F-fluorodeoxyglucose positron 
emission tomography/computed tomography (CT) did not indicate distant metastatic 
disease, and she was referred to medical oncology clinic for pre-operative 
chemotherapy. At the time of her pre-treatment evaluation, the patient had no chronic 
medical issues and was not taking any medications. There was no cancer or 
cardiovascular disease in her family. She had normal complete blood count and 
comprehensive metabolic panel results. CT scan of chest showed no evidence of 
pulmonary metastasis, and baseline transthoracic and dobutamine stress 
echocardiogram showed normal cardiac function with normal right ventricular 
systolic function and left ventricular ejection fraction (LVEF) 60%-70%.

The patient underwent three cycles of cisplatin and doxorubicin before undergoing 
resection of the tumor and a total right knee replacement. She had a follow-up 
echocardiogram after 2 cycles of chemotherapy which again showed normal cardiac 
function with LVEF 70%. Additionally, she had serial blood tests done for troponin 
and brain natriuretic peptide (BNP) during hospitalization for neutropenic infection 
with respiratory symptoms after cycle 2 chemotherapy, and dehydration with 
hypokalemia after cycle 3 chemotherapy; all the troponin levels were within normal 
limit except transient increase in BNP with subsequent normalization was noted after 
cycle 3 chemotherapy. Surgical pathology showed 5% tumor necrosis, and restaging 
CT and bone scan after surgery showed no evidence of metastatic disease. The patient 
subsequently completed three more cycles of cisplatin and doxorubicin with good 
tolerance. While on chemotherapy treatment, she experienced fatigue, nausea, 
alopecia, and neutropenic infection despite using granulocyte colony stimulating 
factor, prophylactic antibiotics, and other supportive care measures. She was 
evaluated every 3-4 wk with history and physical examination, as well as routine 
laboratory tests.

Approximately two months after her last chemotherapy, she was seen in the 
medical oncology clinic with an unremarkable history and physical examination. One 
week later, she presented to the emergency department with complaints of sudden 
onset of dyspnea, palpitations, and left-sided chest pain. CT angiography of chest 
showed no pulmonary embolism, but found new right lower lobe indeterminate 
nodules, measuring up to 7 mm, a small focus of airspace disease in the peripheral 
right lower lobe, and mild interstitial pulmonary edema. Echocardiogram showed 
LVEF 5%-10% with severe decrease in right ventricular systolic function. Her serial 
serum troponin levels were significantly and persistently elevated.

History of past illness
No significant past medical history.

Personal and family history
No cancer or cardiovascular disease in her family.

Physical examination
A 5 cm × 9 cm × 6 cm tumor was noted at the distal right thigh.

Laboratory examinations
Normal complete blood count and comprehensive metabolic panel results.

Imaging examinations
An MRI of the knee showed a 5.6 cm × 9.1 cm × 6.0 cm tumor of the distal right femur, 
and biopsy revealed high-grade osteoblastic osteosarcoma. Further imaging studies 
including (18)F-fluorodeoxyglucose positron emission tomography/CT did not 
indicate distant metastatic disease, and she was referred to medical oncology clinic for 
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pre-operative chemotherapy. At the time of her pre-treatment evaluation, the patient 
had no chronic medical issues and was not taking any medications. CT scan of chest 
showed no evidence of pulmonary metastasis, and baseline transthoracic and 
dobutamine stress echocardiogram showed normal cardiac function with normal right 
ventricular systolic function and LVEF 60%-70%.

FINAL DIAGNOSIS
A subsequent autopsy showed no evidence of cancer, and microscopic evaluation of 
the myocardium was significant for prominent interstitial edema, minimally thinned 
myocytes, and very focal, minimal interstitial fibrosis (Figure 1).

TREATMENT
She was intubated for acute hypoxic respiratory failure due to cardiogenic shock and 
started on inotropic and vasopressor support. She subsequently developed cardiorenal 
syndrome. Due to history of malignancy, she was not a candidate for cardiac 
transplant. An Impella ventricular assist device was placed emergently through the 
right femoral artery to increase cardiac output on the seventh day of hospitalization.

OUTCOME AND FOLLOW-UP
After placement of ventricular assist device, she became hemodynamically unstable 
and unresponsive to fluid resuscitation. A hematoma was noted at right femoral access 
site with drop in hemoglobin from 8.0 g/dL to 6.3 g/dL. Emergent transfusions were 
ordered, but the patient decompensated and was found to be pulseless. Advanced 
cardiac life support was initiated, and bedside echocardiogram showed a pericardial 
effusion with concern for a cardiac tamponade, so an emergent pericardiocentesis was 
performed at bedside. Unfortunately, restoration of spontaneous circulation was 
unable to be obtained and the patient expired.

DISCUSSION
While the rapid onset of the patient’s symptoms presented a broad differential 
diagnosis for her acute heart failure, the lack of evidence for obvious infection, 
intracardiac malignancy, prior history of coronary artery disease, or cardiac risk 
factors prompted suspicion for a diagnosis of anthracycline induced cardiotoxicity. 
This patient had an initial ejection fraction of 70%, which was reduced to 10% in nine 
months. The echocardiogram did not show apical ballooning, which would be typical 
for stress or Takutsubo cardiomyopathy. Therefore, patient’s cause of death is likely 
from AIC which may manifest either as early side effect with transient cardiac 
arrhythmia occurring immediately after first dose, or late side effect with 
cardiomyopathy occurring 2-3 mo or years after therapy. Most AIC develops within 
one year after completion of treatment[3]. Early AIC does not lead to subsequent 
development of cardiomyopathy, and therefore is not considered as an indication to 
stop anthracycline treatment once cardiac arrhythmia is controlled. The estimated risk 
of impaired cardiac function is about 1% to 2% at a cumulative dose of 300 mg/m2 of 
doxorubicin, and this risk increases significantly to more than 5% when the cumulative 
dose of doxorubicin exceeds 450 mg/m2[4].

Retrospective studies and meta-analyses have identified risk factors associated with 
AIC including: Cumulative dose, administration schedule, duration of infusion, age (> 
65 years or < 18 years), female gender, African-American race, history of chest 
irradiation, use of other cardiac toxic agents such as trastuzumab, existing 
cardiovascular disease such as coronary artery disease, hypertension and metabolic 
syndrome[5-7]. Increased risks for AIC have also been associated with genetic 
polymorphisms in ATP-binding cassette transporter, TOP2 regulator gene RARG, 
uridine diphosphate glucuronosyltransferase 1A6 glucuronidation gene UGT1A6, 
carbonyl reductase genes that reduce anthracyclines to cardiotoxic alcohol metabolites, 
the myofilament splice variant gene CELF4, the hyaluronic acid gene HAS3, and 
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Figure 1 Pathology of myocardium with various stains. A: Trichrome stain showing minimal collagen deposition; B: Cross section of myocardium showing 
decreased diameter and prominent interstitial edema; C: Hematoxylin and eosin stain showing mildly thinned myocardiocytes with prominent interstitial edema.

rs28714259 from chromosome 15[8-10]. Early identification of patients at risk of AIC is 
key to preventing cardiotoxicity[11]. We have outlined strategies to mitigate selected 
modifiable risk factors associated with AIC in Table 1.

Dexrazoxane (ICRF-187) was approved by the United States Food and Drug 
Administration in 1995 as a cardioprotectant for reducing the incidence and severity of 
cardiomyopathy associated with doxorubicin administration in women with 
metastatic breast cancer who have received a cumulative doxorubicin dose of 300 
mg/m2 and who will continue to receive doxorubicin therapy[12]. In randomized 
studies, 3% of patients treated with dexrazoxane developed CHF compared with 22% 
of patients who did not receive dexrazoxane. Its mechanisms of action include 
reduction of cardiotoxic reactive oxygen species, iron chelation, and catalytic inhibitor 
of topoisomerase II[13]. It should be noted that there have been some concerns in 
utilizing this agent due to its side effect of secondary malignancy and decreased 
antitumor effect of anthracycline[14]. Alterations in infusion schedule and the use of 
pegylated formulation have also shown to reduce the risk of AIC[15]. A study in 
pediatric population suggested that infusions greater than 6 h reduce the risk of 
clinical heart failure when compared to those that received IV pushes[16].

Cardiac monitoring and management of patients receiving anthracyclines have been 
an area of active research since introduction of these agents in clinical practice and are 
summarized in Table 2[17-21]. In 2017, the American Society of Clinical Oncology (ASCO) 
published clinical practice guidelines for the prevention and monitoring of cardiac 
dysfunction in adult cancer survivors[21]. The ASCO guidelines recommend 
comprehensive assessment in patients with cancer that includes a history and physical 
examination, screening for cardiovascular disease risk factors, and an echocardiogram 
before initiation of anthracycline and other cardiotoxic therapies. Echocardiogram may 
be performed during cardiotoxic cancer treatment and between 6 mo to 12 mo after 
completion of therapy in asymptomatic patients considered to be at increased risk for 
cardiac dysfunction. Patients found to have asymptomatic cardiac dysfunction during 
routine surveillance should be referred to a cardiologist for further assessment and 
management.

It is well known that monitoring LVEF alone during anthracycline treatment is 
insufficient to detect subclinical changes or predict early declines in cardiac 
function[22]. Studies have shown that persistent elevation of cardiac biomarkers such as 
troponin and BNP during anthracycline treatment is a harbinger of subsequent LVEF 
reduction[23,24]. Guidelines from ASCO, European Society for Medical Oncology 
(ESMO) and Italian Society of Cardiology support periodic measurements of troponin 
and BNP during anthracycline therapy in patients with risk factors for AIC[18,20,21]. 
Cardiology consultation and initiation of heart failure therapy with neurohormonal 
inhibitor such as angiotensin converting enzyme inhibitor (ACE-I) are recommended 
when cardiac biomarkers are persistently elevated. In addition, these guidelines 
recommend dexrazoxane treatment, continuous infusion and switching to liposomal 
formulation in patients planning to receive high-dose anthracyclines (doxorubicin ≥ 
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Table 1 Strategies to mitigate selected modifiable risk factors associated with anthracycline-induced cardiotoxicity

Risk factor Risk-reduction strategy

Hypertension Lifestyle modification and pharmacologic control

Diabetes Lifestyle modification and pharmacologic control

Dyslipidemia Lifestyle modification and pharmacologic control

Smoking Smoking cessation

Coronary artery disease Lifestyle modification and pharmacologic control

Obesity Lifestyle modification and weight management

Table 2 Monitoring and prevention strategies for anthracycline-induced cardiotoxicity

Method Description

Biomarkers Serial measurement of troponin and brain natriuretic peptide

Imaging studies Regular monitoring of left ventricular function with echocardiogram or cardiac MRI

Pharmacologic agents Concurrent use of dexrazoxane (for patients receiving doxorubicin ≥ 250 mg/m2 or epirubicin ≥ 600 mg/m2)

Limiting total dose of anthracycline therapy

Continuous infusion

Divided doses

Administration strategies

Liposomal formulation

MRI: Magnetic resonance imaging.

250 mg/m2 or epirubicin ≥ 600 mg/m2).
Neurohormonal blocking agents such as beta-blockers (BB), ACE-I, angiotensin 

receptor blockers (ARB), and aldosterone antagonists have been investigated as 
prevention and treatment of AIC. In preclinical studies, these agents have shown to 
suppress neurohormonal activation, reduce left ventricular remodeling, and prevent 
or delay the onset of cardiac symptoms[25]. However, clinical studies have shown 
mixed results in using neurohormonal inhibitors at the time of chemotherapy to 
prevent AIC.

The Carvedilol Effect in Preventing Chemotherapy Induced Cardiotoxicity (CECCY; 
ClinicalTrials.gov Identifier: NCT01724450) phase III trial was the largest BB 
prevention study which randomized carvedilol vs placebo as 1:1 in 192 women with 
HER2-negative breast cancer receiving doxorubicin 240 mg/m2 (60 mg/m2 every 3 wk) 
with cyclophosphamide followed by paclitaxel[26]. Patients were given incremental 
dosing of carvedilol or placebo during chemotherapy. The carvedilol group did not 
meet the primary endpoint which was prevention of early systolic dysfunction within 
6 mo of starting doxorubicin. LVEF reduction of at least 10% was noted in 14.5% of the 
carvedilol group vs 13.5% of the placebo group (P = 1.0). Nevertheless, the carvedilol 
group had lower troponin I levels over 24 wk (P = 0.003) and a lower incidence of LV 
diastolic dysfunction (P = 0.04). A meta-analysis of 633 patients from 8 randomized 
trials (including CECCY) comparing carvedilol vs placebo to prevent AIC showed 
significantly reduced rates of low LVEF favoring the carvedilol group (3.2% vs 5.8%; 
OR: 0.42; 95%CI: 0.18-0.99; P = 0.05)[27]. In addition, there were significantly smaller 
reductions in LVEF in carvedilol-treated patients compared to placebo group.

Prophylactic use of ACE-I to prevent AIC has also been under active investigation. 
Janbabai et al[28] randomized 69 cancer patients receiving enalapril or placebo during 
doxorubicin treatment of cumulative dose of 365 mg/m2. The primary end point was 
change in LVEF measured by echocardiogram from baseline to 6 mo after 
randomization. There was no change in mean LVEF at 6 mo from baseline in the 
enalapril treated group, yet there was significant drop in mean LVEF at 6 mo from 
baseline in control group (46.31% ± 7.04% vs 59.61% ± 5.7%; P < 0.001). This study also 
showed that serum troponin I and creatinine kinase-MB levels were significantly 
higher 1 mo after the initiation of chemotherapy in the control group than in the 
enalapril group, suggesting a cardioprotective effect from enalapril. Cardinale et al[29] 
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randomized 114 cancer patients with elevated troponin levels after starting high-dose 
chemotherapy with either concurrent or prior anthracycline exposure to enalapril vs 
placebo. The primary endpoint was an absolute decrease of more than 10% in LVEF 
with a decline below 50%, which was prevented in enalapril treatment group when 
compared with placebo (0% vs 43%; P < 0.001).

The phase III International Cardio Oncology Society-ONE trial randomized 273 
cancer patients taking anthracycline treatment (40% of them receiving median 
cumulative dose of 240 mg/m2 doxorubicin) to receive enalapril from initiation of 
chemotherapy (the prevention group) or during chemotherapy with increased serum 
troponin level (the troponin-triggered group) (ClinicalTrials.gov Identifier: 
NCT01968200)[30]. The primary outcome was the incidence of troponin elevation above 
the threshold at any time during the trial for up to 1 year, and troponin level was 
measured before and after each anthracycline treatment. There was no difference in 
the incidence of troponin increase (23% in the prevention vs 26% in the troponin-
triggered group; P = 0.50). Two patients in the prevention and one patient in the 
troponin-triggered group developed LV dysfunction. This study indicates in patients 
receiving low cumulative dose of anthracycline, a troponin-triggered strategy to use 
ACE-I for prevention of AIC seems to be a more convenient and sensible option.

In the OVERCOME phase III trial (ClinicalTrials.gov Identifier: NCT01110824), 
Bosch et al[31] randomized 90 patients with malignant hematologic disorders and 
normal LVEF in 1:1 ratio to receive either enalapril and carvedilol or nothing during 
anthracycline therapy. The primary efficacy endpoint was the absolute change from 
baseline in LVEF, measured by echocardiogram and cardiac MRI at 6 mo after 
randomization. LVEF did not change in the intervention arm with a median 
cumulative anthracycline dose of 290 mg/m2 but significantly decreased in control 
group with a median cumulative dose of anthracycline of 240 mg/m2, leading to a -
3.1% absolute difference by echocardiography (P = 0.035). However, the interventional 
group did not show any statistically significant reduction in the incidence of heart 
failure or decreased LVEF > 10% (9.5% vs 19%, respectively, P = 0.22). The clinical 
relevance of combined treatment strategy with ACE-I and BB is currently explored in a 
phase III SAFE trial (ClinicalTrials.gov Identifier: NCT02236806) which uses 2 × 2 
factorial design to randomize 480 breast cancer patients[32].

In the PRADA phase II trial (ClinicalTrials.gov Identifier: NCT01434134), Gulati 
et al[33] randomized 120 women with breast cancer receiving adjuvant chemotherapy 
with epirubicin-based regimen to one of four groups: Candesartan plus placebo, 
metoprolol plus placebo, candesartan plus metoprolol, and placebo plus placebo. The 
primary endpoint was change in LVEF measured by MRI after completion of adjuvant 
treatment. No effect of metoprolol on the overall decline in LVEF was observed. 
Candesartan group had a smaller mean decline in LVEF than the placebo group (0.8% 
vs 2.6%, P = 0.03), indicating prophylactic use of ARB prevents AIC. There are several 
ongoing large-scale phase II/III randomized clinical trials exploring novel 
pharmacological intervention in preventing AIC (Table 3). These approaches include 
hydroxymethylglutaryl-CoA reductase inhibitor (statins) and LCZ696 (neprilysin 
inhibitor plus angiotensin receptor blocker).

CONCLUSION
Anthracyclines have the potential to exert a direct toxic effect on cardiac myocytes, 
precipitating symptomatic heart failure. The case presented above demonstrates an 
example of acute heart failure in a well-compensated young adult who did not, at first 
glance, warrant greater than routine cardiac surveillance during her treatment course. 
Most cardiotoxicity after anthracycline-containing therapy occurs within the first year 
and is associated with the anthracycline dose and LVEF at the end of treatment. Early 
detection and prompt therapy of cardiotoxicity appear crucial for substantial recovery 
of cardiac function. When symptoms of heart failure are identified early, 
discontinuation of anthracycline followed by frequent monitoring of cardiac function 
can help to alleviate further decline. Yet, when a patient is asymptomatic, it is difficult 
to predict how often cardiac testing should be done.

While published ASCO recommendations regarding baseline and subsequent 
cardiac imaging are readily available, there are no clear current consensus for criteria 
by which to stratify asymptomatic patients who do not fall into the high-risk 
categories. In patients with cardiovascular risk factors, an increased frequency of 
cardiac imaging should be considered. As evidence mounts regarding the role of 
ethnicity or genetic polymorphisms in prognosticating the relative risk of 
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Table 3 Selected ongoing randomized adult clinical trials on the pharmacological prevention of anthracycline-induced cardiotoxicity

Trial No./phase/name Patient (n) and selection Randomization schema Primary endpoint

NCT02236806/Phase III/Cardiotoxicity 
prevention in breast cancer patients treated 
with anthracyclines and/or trastuzumab 
(SAFE)

480 non-metastatic breast cancer 
receiving anthracycline-based 
regimens with or without 
trastuzumab

2 × 2 factorial design. Arm 1: Bisoprolol 
plus ramipril; Arm 2: Bisoprolol plus 
placebo; Arm 3: Ramipril plus placebo; 
and Arm 4: Placebo

Maximum change in left 
ventricular ejection fraction 
at months 6, 9, 12 and 24, 
compared to baseline

NCT03265574/Phase III/Can we prevent 
chemotherapy-related heart damage in 
patients with breast cancer? (PROACT)

170 breast cancer receiving 
epirubicin-based adjuvant 
chemotherapy

Open-label comparing enalapril versus 
standard care

Cardiac troponin T release 
during epirubicin treatment

NCT03760588/Phase II/Prevention of 
cardiac dysfunction during breast cancer 
therapy (PRADAII)

300 breast cancer receiving 
anthracycline-based adjuvant 
chemotherapy

Double-blinded comparing LCZ696 
(neprilysin inhibitor plus angiotensin 
receptor blocker) versus placebo

Left ventricular ejection 
fraction at 18 mo

ISRCTN24439460/Phase II/Can heart muscle 
injury related to chemotherapy be 
prevented? (cardiac CARE)

168 breast cancer or non-
Hodgkin’s lymphoma with 
elevated troponin I level during 
anthracycline-based 
chemotherapy

Open-label comparing carvedilol plus 
candesartan versus standard care

Left ventricular ejection 
fraction at 6 mo

NCT02943590/Phase II/Statins to prevent 
the cardiotoxicity from anthracyclines 
(STOP-CA)

300 newly diagnosed non-
Hodgkin’s lymphoma receiving 
doxorubicin-based regimens

Double-blinded comparing atorvastatin 
versus placebo

Left ventricular ejection 
fraction at 12 mo

NCT01988571/Phase II/Preventing 
anthracycline cardiovascular toxicity with 
statins (PREVENT)

279 breast cancer receiving 
anthracycline-based adjuvant 
chemotherapy

Double-blinded comparing atorvastatin 
versus placebo

Left ventricular ejection 
fraction at 24 mo

chemotherapy side effects, these risk factors could potentially factor in towards an 
overall risk assessment and for cardiac monitoring frequency.

Furthermore, while there is evidence that cardioprotective agents such as ACE-I, 
ARB and BB may help to reduce the severity of LVEF depression following 
anthracycline exposure, it is not clear whether the observed modest reduction in risk 
translates to actual reduction in symptomatic heart failure and death. More studies 
may be needed to explore the utility of cardiac strain markers such as troponin and 
BNP in identifying early-onset cardiac dysfunction in asymptomatic patients.

Prevention of AIC and cardiovascular toxicities of other anti-cancer therapy requires 
multidisciplinary approaches such as modification of cardiovascular risk factors, 
active management of co-morbidities, and pharmacologic therapy in selected 
patients[34]. The emergence of cardio-oncology program provides opportunities for 
comprehensive management and in-depth investigation, and is supported by the 2019 
American Heart Association Scientific Statement on Cardio-Oncology Rehabilitation to 
manage cardiovascular outcomes in cancer patients and survivors[35].
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