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by developing interdisciplinary collaboration between 
oncology and cardiology specialists in clinical practice and 
medical research4,5 (Figure 2).

Cardiovascular complications caused by cancer therapy 
include cancer therapeutics-related cardiac dysfunction 
(CTRCD), coronary artery disease, venous thromboembo-
lism, arterial hypertension, arrhythmias, peripheral vascular 
disease and stroke, valvular heart disease, pericardial 
disease, and pulmonary hypertension5,6 (Figure 2). Of these, 
CTRCD is the most concerning because it is life-threatening 
and occasionally leads to an unwanted interruption of 
cancer therapy. Since the first discovery of cardiotoxic 
effects of anthracyclines in the 1970s, many researchers have 
reported various molecular mechanisms that potentially 
underlie anthracycline-induced cardiotoxicity.7 However, 
the culprit molecules or pathways remain to be determined, 
and we have little chance of preventing or mitigating the 
cardiotoxic effects of anthracycline using effective pharma-
cological interventions.8 Furthermore, more and more 
molecularly targeted anticancer drugs, including monoclonal 
antibodies against human epidermal growth factor receptor 
2 (HER2) or vascular endothelial growth factor (VEGF), 
tyrosine kinase inhibitors (TKIs), and proteasome inhibi-
tors, have been added to the list of drugs that may poten-
tially cause cardiotoxicity. In this review, we update our 
current understanding of CTRCD from the viewpoint of 
onco-cardiology.

C ancer and cardiovascular disease remain the first 
and second leading causes of mortality in Japan, 
respectively.1 The incidence of most cancers and 

cardiovascular diseases increases with age, and the popula-
tion of industrialized countries, including Japan, is pro-
gressively aging.1 According to Cancer Statistics in Japan 
(Cancer Information Service, National Cancer Center, 
Japan; 2020. Available from: http://ganjoho.jp/reg_stat/
statistics/dl/index.html), the number of elderly patients 
with cancer is increasing in line with the rapid increase in 
the aging of the population, and elderly cancer patients 
are more likely to have cardiovascular comorbidities.2 In 
addition, some types of cancer and cardiovascular diseases 
share common risk factors, such as tobacco use, diet, 
obesity, and a sedentary lifestyle, which predisposes cancer 
patients to cardiovascular comorbidities.3 Conversely, 
advances in cancer therapy have markedly improved the 
long-term outcome of cancer patients, leading to an increase 
in the number of cancer survivors, but adverse cardiovas-
cular events caused by cancer therapy have a greater effect 
on the prognosis and quality of life of cancer patients and 
survivors4 (Figure 1). Under such circumstances, it becomes 
increasingly important to manage the cardiovascular 
complications, which are related to both the cancer itself 
and the adverse effects of cancer therapies. Although 
oncology and cardiology have been separate medical fields 
for a long time, cardio-oncology or onco-cardiology 
emerges for solutions to address these unmet medical needs 
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diotoxicity led to the birth of a new discipline, cardio-
oncology (Figure 3).10 Thereafter, dedicated units for this 
medical discipline emerged in cancer centers in the US and 
Europe. The University of Texas MD Anderson Cancer 
Center established an “onco-cardiology unit” with equip-
ment found in cardiac catheterization laboratories in 

CTRCD From the Onco-Cardiology Viewpoint
When the term “cardio-oncology” was first mentioned by 
Daniela Cardinale in 1996,9 the dose-dependent cardiotox-
icity of anthracyclines was already recognized, and the 
need for a comprehensive approach to anthracycline car-

Figure 1.    The burgeoning field of onco-cardiology. It is becoming more important than ever to manage the cardiovascular (CV) 
complications in relation to cancer and the adverse effects of cancer therapies. QOL, quality of life.

Figure 2.    Continuum of cardiovascular care and onco-cardiology services. Onco-cardiology services aim at seamless cardiovascular 
(CV) care from cancer diagnosis to treatment and into survivorship. CTRCD, cancer therapeutics-related cardiac dysfunction; 
CKD, chronic kidney disease.
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Cardiology, CTRCD was simply defined as a decrease in 
LVEF of more than 10 percentage points, to a value below 
the lower limit of normal6 (Figure 3). Recent studies 
revealed that LVEF is insufficient for the early detection of 
CTRCD, and that global longitudinal strain obtained by 
speckle tracking is a superior parameter for the accurate 
and early prediction of a subsequent decline in LVEF.13 
Echocardiography remains the mainstay for the detection 
and evaluation of CTRCD; multimodality imaging tech-
niques, including cardiac magnetic resonance imaging, are 
also helpful.6 In addition, cardiac biomarkers, such as 
B-type natriuretic peptide and cardiac troponin, are widely 
used for early detection and risk stratification of 
CTRCD.6 In accordance with the increasing need for a 
standardized approach to CTRCD, several guidelines have 
been developed.14–17

After the publication of a pivotal trial of trastuzumab 
for HER2-positive breast cancer reporting a considerable 
increase in the incidence of CTRCD,18 CTRCD was intui-
tively classified according to reversibility and structural 
abnormalities: Type 1 CTRCD is irreversible and dose-
dependent with structural abnormalities, whereas Type 2 
CTRCD is reversible and dose-independent without struc-
tural abnormalities.19 Examples of drugs causing Type 1 
and Type 2 CTRCD are anthracyclines and trastuzumab, 
respectively, although both are likely to induce cardiotox-
icity through a combined action. However, this simple 
classification has been challenged because a substantial 
proportion of anthracycline-induced cardiotoxicity is 
reversible, especially when early detection and prompt 
therapy of cardiotoxicity is feasible.20 Given that the num-
ber of anticancer drugs for which CTRCD is a concern is 
growing, it becomes increasingly important to understand 
the molecular and cellular basis of CTRCD for each class 
of anticancer drugs (Figure 4).

200011 (Figure 3). At present, cardio-oncology or onco-
cardiology services are emerging in countries worldwide. 
Which term is more appropriate, “cardio-oncology” or 
“onco-cardiology”, is a puzzling problem to be reconciled. 
One may imagine that “cardio-oncology” means “oncol-
ogy specialized for cardiac cancers”, whereas the term 
“onco-cardiology” better defines a “subspecialty of cardi-
ology dedicated to cardiovascular management of cancer 
patients”.10 However, in reality, the term “cardio-oncology” 
is by far the most prevalent, as indicated by the number of 
citations in PubMed (Figure 3). The first “onco-cardiology 
unit” in Japan was established in Osaka Medical Center 
for Cancer and Cardiovascular Diseases, the predecessor 
of the Osaka International Cancer Institute, in 2010, and 
the term “onco-cardiology” has been used more often than 
“cardio-oncology” in Japan. Therefore, in this article, we 
use the term “onco-cardiology”.

Growing demands for a mechanistic understanding of 
pathophysiology and better clinical practice have bolstered 
research activities in onco-cardiology, as revealed by a 
rapid increase in the number of publications in this field4 
(Figure 3). It has become increasingly important to that 
specialists in oncology and cardiology exchange views, share 
common experiences, and provide an expert consensus. In 
2014, the American Society of Echocardiography and the 
European Association of Cardiovascular Imaging published 
an expert consensus for multimodality imaging evaluation 
of CTRCD, defining it as a decrease in left ventricular 
(LV) ejection fraction (LVEF) of more than 10 percentage 
points, to a value below 53%, the lower limit of normal for 
2-dimensional echocardiography12 (Figure 3). However, it 
remains contentious as to whether the proposed cut-off 
value of LVEF is relevant, because the institutional lower 
limit of LVEF ranges from 50% to 55%. In the position 
paper published in 2016 by the European Society of 

Figure 3.    Number of PubMed citations since 1996 for the terms “Cardio-Oncology” and “Onco-Cardiology” by year. Overlaid on 
the graph is a timeline of major developments in the field of cardio-oncology and onco-cardiology. ASE, American Society of Echo 
Echocardiography; CV, cardiovascular; EACVI, European Association of Cardiovascular Imaging; ESC, European Society of 
Cardiology.
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free radical after 1-electron reduction and, under oxic con-
ditions, redox cycling gives rise to persistent formation of 
ROS, which eventually damage cellular membranes, mito-
chondria, and nuclear DNA.22 In addition, doxorubicin 
accumulates in the mitochondria and increases mitochon-
drial iron levels by reducing the expression of ATP-binding 
cassette (ABC) transporter ABCB8, a transporter facilitat-
ing mitochondrial iron export, in cardiomyocytes.23 Con-
sequently, the doxorubicin-iron complex in mitochondria 
further stimulates free radical formation via ferrous/ferric 
redox cycling,22 and further exacerbates cell damage.23 
Dexrazoxane, an iron chelator, is a drug used to mitigate 
anthracycline-induced cardiotoxicity approved in the US 
and Europe8 that has superior effects in reducing mito-
chondrial iron levels over deferoxamine, an iron chelator 
used therapeutically in patients with iron overload.23 The 
important role of mitochondrial iron accumulation in 
doxorubicin cardiotoxicity is supported by experimental 
results showing that dexrazoxane prevented doxorubicin-
induced cardiac dysfunction in mice whereas deferoxamine 
did not.23

Anthracyclines also induce DNA damage by free radi-
cal-independent mechanisms. The anthracycline molecule 
intercalates into double-stranded DNA and inhibits not 
only DNA and RNA synthesis, but also DNA unwinding 
mediated by topoisomerase II (Top2).7 Top2 unwinds the 
double-helical DNA by a sequential catalytic cycle of nick-
ing, controlled rotation, and religation.24 Doxorubicin 
interferes with Top2 binding to DNA at higher concentra-
tions (>10 µM), and induces DNA double-strand breaks 

Anthracyclines
Anthracyclines are cytotoxic agents with potent antitumor 
effects that have commonly been used for the treatment of 
a variety of solid tumors and hematological malignan-
cies.6–8,19 However, the clinical use of anthracyclines is lim-
ited because of concerns about their cardiotoxicity, which 
is dose-dependent21 and can occur acutely or chronically 
months to years later.6,19 Overall, the incidence of doxoru-
bicin-related CTRCD at cumulative doses of 400, 550 and 
700 mg/m2 has been reported to be 3–5%, 7–26%, and 
18–48%, respectively.6,21 On the basis of clinical studies 
reporting an increased risk of CTRCD with a cumulative 
doxorubicin dose of at least 250 mg/m2, the Clinical Prac-
tice Guideline from the American Society of Clinical 
Oncology (ASCO) recommended that patients with high-
dose anthracycline treatment (doxorubicin ≥250 mg/m2, 
epirubicin ≥600 mg/m2) should be considered at an 
increased risk of developing CTRCD.15 Although the total 
cumulative dose is a major risk factor, there is individual 
variability in susceptibility to CTRCD due to the presence 
of other risk factors, including older age (>65 years), pedi-
atric age (<18 years), concomitant chemotherapy using 
trastuzumab, prior or concurrent mediastinal radiation 
therapy, cardiac comorbidities, and hypertension.6

Although the precise mechanism underlying anthracy-
cline-induced CTRCD has not been fully elucidated,7,8 
reactive oxygen species (ROS) are the central determinant 
of cardiotoxicity, as well as antitumor effects22 (Figure 4). 
The quinone moiety of doxorubicin forms a semiquinone 

Figure 4.    Molecular mechanisms underlying cancer therapeutics-related cardiac dysfunction (CTRCD) induced by anthracyclines, 
human epidermal growth factor receptor 2 (HER2) inhibitors, angiogenesis inhibitors, and proteasome inhibitors. The mechanism 
underlying CTRCD is multifactorial, and both the myocardium and vasculature can be damaged. In addition, the genetic risk 
determined by common and rare variants contributes to the susceptibility of developing CTRCD. AMPKα, AMP-activated protein 
kinase α; LV, left ventricular; PP2A, protein phosphatase 2A; ROS, reactive oxygen species; SNPs, single nucleotide polymor-
phisms; Top2β, topoisomerase II β; TTN, titin; UPS, ubiquitin-proteasome system.
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toxicity, trastuzumab cardiotoxicity is largely reversible 
and dose-independent without structural abnormalities, 
and typically occurs during or early after treatment.19 The 
concomitant use of anthracyclines should be avoided 
because major adjuvant trials indicated that the adminis-
tration of trastuzumab simultaneously or shortly after 
anthracyclines led to a higher incidence of CTRCD.19 
Other risk factors for trastuzumab cardiotoxicity are the 
prior use of anthracyclines, lower baseline LVEF, arterial 
hypertension, and older age (>60 years).6,27 The Clinical 
Practice Guideline from the ASCO suggests that patients 
receiving low-dose anthracycline treatment (doxorubicin 
<250 mg/m2, epirubicin <600 mg/m2) followed by trastu-
zumab and those receiving trastuzumab alone with the 
presence of any risk factor (more than 2 cardiovascular 
risk factors including smoking, hypertension, diabetes, 
dyslipidemia, and obesity, older age [≥60 years], and 
compromised cardiac function) are at an increased risk of 
developing CTRCD.15

The mechanism underlying trastuzumab-induced 
CTRCD is not completely understood26,27 (Figure 4). In 
mice, cardiomyocyte-specific deletion of the erb-b2 recep-
tor tyrosine kinase 2 (Erbb2) gene (the mouse homolog of 
HER2) led to LV dysfunction and increased sensitivity to 
anthracycline cardiotoxicity.28,29 Cardiomyocyte apoptosis 
was increased in the hearts of cardiomyocyte-specific 
Erbb2-deficient mice, and overexpression of anti-apoptotic 
Bcl-xL partially rescued the heart failure phenotype.28 
Consistent with these findings, stimulation with neuregulin-1, 
a HER2 ligand released from endothelial cells, inhibited 
myofibrillar degeneration and apoptosis, and promoted 
survival in cultured cardiomyocytes.30 These observations 
suggest that trastuzumab-induced CTRCD occurs as an 
adverse consequence of interfering with the homeostatic 
and cytoprotective effects of HER2 on cardiomyocytes.26,27 
Therefore, trastuzumab cardiotoxicity could be pronounced 
when the heart is stressed by hemodynamic overload or 
cytotoxic damage by the concomitant or prior use of 
anthracyclines.6,19,27

Following the success of trastuzumab, lapatinib, pertu-
zumab, and ado-trastuzumab emtansine (T-DM1) were 
approved for worldwide HER2-directed therapies. Lapatinib 
is a TKI of HER2 and EGFR, and pertuzumab is a 
humanized monoclonal antibody against HER2 that blocks 
dimerization of HER2 with other ErbB receptors. T-DM1 
consists of trastuzumab covalently linked to the cytotoxic 
agent DM1. Interestingly, the cardiac safety of pertuzumab 
plus trastuzumab was similar to that of trastuzumab 
alone,27 and the incidence of CTRCD was low in patients 
treated with lapatinib or T-DM1.27 The specific mode of 
action of individual HER2 inhibitors may account for the 
differences in clinical manifestations of cardiotoxicity, and 
further investigations are needed to understand the precise 
mechanisms of class- and drug-specific cardiotoxicities of 
HER2 inhibitors.

Angiogenesis Inhibitors
Invasive tumor growth depends on the formation of new 
blood vessels (angiogenesis) to accommodate the increased 
demands for the delivery of oxygen and nutrients and 
removal of catabolites.31 Judah Folkman’s foresight of 
“anti-angiogenesis”32 as a novel strategy for cancer treat-
ment led to the identification of VEGF as a key mediator 
of angiogenesis with considerable anticancer therapeutic 

(DSBs) by disrupting the cycle of Top2-DNA interactions 
(Top2 poisoning) and blocking DNA religation at lower 
concentrations (<1 µM),24 which accounts for the potent 
cytotoxic activity against cancer cells. Human cells express 
2 distinct isoforms of Top2: Top2α and Top2β. Top2α is 
highly expressed in proliferating cells in normal tissues and 
cancer, whereas Top2β is expressed in quiescent cells, such 
as postnatal cardiomyocytes.24,25 Recently, interaction 
with Top2β has emerged as a key mechanism underlying 
anthracycline cardiotoxicity.7,8,25 Cardiomyocyte-specific 
deletion of the Top2b gene in mice prevented doxorubicin-
induced DNA DSBs in cardiomyocytes, and improved LV 
systolic function and survival.25 Top2β-dependent DNA 
DSBs induce activation of the p53 pathway and down-
regulation of proliferator-activated receptor-γ coactivator 
1α and 1β, leading to aberrant mitochondrial biogenesis 
and function, decreased ATP production, increased ROS 
generation, and eventually apoptotic cell death of cardio-
myocytes.25

Anthracycline cardiotoxicity is a multifactorial process 
that is incredibly complex and involves a number of 
changes in the structure and function of intracellular 
molecules and organelles7,8,19 (Figure 4). For example, other 
mechanisms contributing to anthracycline cardiotoxicity 
include mitochondrial dysfunction, dysregulation of Ca2+ 
homeostasis, dysregulation of the ubiquitin protease system, 
disturbance of autophagy fluxes, endoplasmic reticulum 
stress, cardiomyocyte cell death, and endothelial dysfunc-
tion. Many molecular pathways and interactions contribute 
to anthracycline-induced cardiomyocyte injury or dysfunc-
tion, and various potential therapeutic targets for cardio-
protection have emerged.8 Although many strategies to 
activate endogenous prosurvival pathways hold promise in 
animal models of anthracycline-induced CTRCD, the 
obstacle that needs to be overcome before these strategies 
can be used clinically is ensuring these approaches protect 
the heart without compromising the antitumor efficacy of 
the anthracyclines. Further investigations are needed to 
explore the overarching mechanism of anthracycline cardio-
toxicity taking into consideration phenotypic diversity and 
pathophysiological heterogeneity.

HER2 Inhibitors
The ErbB receptor family of tyrosine kinases has 4 mem-
bers (epidermal growth factor receptor [EGFR], HER2, 
HER3, and HER4) and plays an important role in the 
control of fundamental cellular responses, including cell 
metabolism and survival as well as cell proliferation and 
differentiation.26 Ligand binding to ErbB receptors stimu-
lates different signaling networks.26 Amplification or over-
expression of the HER2 gene is observed in 25–30% of 
breast cancers, and was associated with worse prognosis 
under conventional treatment.26 A pivotal randomized 
trial of trastuzumab, a humanized monoclonal antibody 
against HER2, in combination with standard chemother-
apy showed clinical benefit in patients with metastatic 
HER2-positive breast cancer, but a high incidence of LV 
dysfunction was observed among patients who had 
received trastuzumab and anthracycline-based therapy 
simultaneously.18 Heart failure in New York Heart Associa-
tion (NYHA) Class III or IV occurred in 27% of patients 
given trastuzumab plus anthracycline/cyclophosphamide, 
compared with only 8% of patients given anthracycline/
cyclophosphamide alone.18 Unlike anthracycline cardio-



Circulation Journal  Vol.84,  September  2020

1451Cancer Therapeutics-Related Cardiac Dysfunction

mide and dexamethasone alone (all grades: 4.1%; Grade 3 
or higher: 1.8%).42 In a randomized trial of carfilzomib and 
dexamethasone vs. bortezomib and dexamethasone for 
relapsed or refractory MM, CTRCD of Grade 3 or higher 
occurred more frequently in the carfilzomib group (1.7%) 
than in the bortezomib group (0.4%), although progres-
sion-free survival was significantly longer in the carfilzo-
mib group.43 Cardiovascular adverse events, such as 
CTRCD and hypertension, are more severe with carfilzo-
mib than bortezomib, possibly due to the potent and irre-
versible activity of carfilzomib on proteasome 
inhibition.40,44 Most cardiovascular adverse events occur 
within the first 3 months of therapy,44 and are reversible 
and manageable.45 Although the frequency of discontinu-
ation or death due to cardiotoxicity is low,45 careful cardio-
vascular management is recommended for patients 
receiving proteasome inhibitors, because a high proportion 
of MM patients are elderly and comorbid with cardiovas-
cular diseases and risk factors.

The mechanism underlying proteasome inhibitor-
induced CTRCD is multifactorial, and is not precisely 
understood40,46 (Figure 4). The ubiquitin-proteasome sys-
tem plays a critical role in cellular homeostasis and integ-
rity in the cardiovascular system, and both the myocardium 
and vasculature are damaged by proteasome inhibition. 
The cytotoxic effect can differ according to the nature of 
the proteasome inhibitor, the dosage and duration of treat-
ment, and the cellular context-dependent levels of oxida-
tive stress and misfolded proteins.40,46 Endothelial toxicity 
can potentiate coronary vasospasm, as well as hyperten-
sion and venous thromboembolism.40,46 A recent study 
demonstrated that administration of carfilzomib induced 
LV dysfunction in mice by increasing protein phosphatase 
2A activity and subsequent inhibition of AMP-activated 
protein kinase α (AMPKα) phosphorylation and autoph-
agy-related proteins.47 Interestingly, metformin, the first-
line drug for the treatment of diabetes, is an AMPKα 
activator and autophagy inducer, and coadministration of 
metformin prevented carfilzomib-induced CTRCD with-
out interfering with proteasome inhibition, highlighting 
metformin as a potential cardioprotective agent against 
carfilzomib cardiotoxicity.47

Genetic Architecture of CTRCD
Clinical risk factors for CTRCD have been proposed, but 
a wide range of phenotypic viability between individuals 
indicates a significant effect of genetic predisposition on 
the development of CTRCD.6,15 Genetic predisposition to 
CTRCD has been studied by 2 different approaches, 
namely using pharmacogenomics and patient-specific 
hiPSC-CMs.

Several genome-wide association studies (GWAS) have 
identified single nucleotide polymorphisms (SNPs) that 
occur more or less frequently in patients with anthracycline 
cardiotoxicity, including: rs1786814 in CUGBP Elav-like 
family member 4 (CELF4; sarcomere structure and func-
tion); rs2229774 in retinoic acid receptor γ (RARG; TOP2B 
expression); rs7853758 in solute carrier family 28 member 
3 (SLC28A3; drug transport); rs17863783 in uridine 
5′-diphospho-glucuronosyltransferase family 1 member A6 
(UGT1A6; drug metabolism); and rs28714259, an inter-
genic variant.48 When combined with clinical risk factors, 
genetic risk profiling using these SNPs effectively predicted 
the risk of anthracycline cardiotoxicity.49 Further identifi-

potential.33 The first angiogenesis inhibitor bevacizumab, 
a humanized monoclonal antibody against VEGF, was 
approved for the treatment of metastatic colorectal can-
cer.34 Thereafter, other angiogenesis inhibitors were devel-
oped, including: sunitinib, sorafenib, vandetanib, axitinib, 
pazopanib, regorafenib, and lenvatinib, TKIs targeting the 
signaling cascade of VEGF and other growth factors, such 
as platelet-derived growth factor (PDGF) and fibroblast 
growth factor; ramucirumab, an anti-VEGF receptor 
(VEGFR) 2 monoclonal antibody; and aflibercept, a solu-
ble VEGF receptor decoy that has a high binding affinity 
for VEGF-A, VEGF-B, and placental growth factor. 
Despite providing considerable benefits in the treatment of 
advanced solid cancers, angiogenesis inhibitors can cause 
adverse cardiovascular toxicities, including CTRCD, 
hypertension, and thromboembolism.6,35 The incidence of 
CTRCD associated with bevacizumab and TKIs has been 
reported to be 1.6–4% and 3–19%, respectively, although 
the rate varies widely depending on the drug, treatment 
protocol, and diagnostic criteria.6 In most cases, CTRCD 
occurs early, and is reversible under careful cardiovascular 
management.6,35

The mechanism underlying angiogenesis inhibitor-
induced CTRCD is multifactorial, and is not completely 
understood35 (Figure 4). The administration of clinically 
relevant doses of TKIs unexpectedly induced a broad spec-
trum of changes in transcriptome and kinome profiles in 
mouse heart.36 Similarly, treatment with TKIs caused cyto-
toxicity not only in human induced pluripotent stem cell 
(hiPSC)-derived endothelial cells, but also in hiPSC-
derived cardiomyocytes (hiPSC-CMs) and fibroblasts,37 
indicating a direct toxic effect of these TKIs on cardio-
myocytes and other non-endothelial cells. Importantly, in 
response to hemodynamic overload, the myocardium 
undergoes hypertrophic growth and simultaneously pro-
motes VEGF-mediated angiogenesis to meet the demands 
for a blood supply that is sufficient to sustain the increase 
in myocardial mass and performance.38 Inhibition of car-
diac angiogenesis by administration of a soluble form of 
fms-like tyrosine kinase 1, a decoy for VEGF, exacerbated 
LV dysfunction in mice with pressure overload.39 The mis-
match resulting from insufficient angiogenesis may be one 
of the critical mechanisms underlying the pathogenesis of 
CTRCD associated with angiogenesis inhibitors. Angio-
genesis inhibitors also cause arterial hypertension via many 
molecular mechanisms,6,35 and an increase in afterload 
potentially contributes to the development of CTRCD.

Proteasome Inhibitors
The advent of proteasome inhibitors (bortezomib, carfilzo-
mib, and ixazomib) and immunomodulatory drugs has 
greatly improved the overall survival of patients with mul-
tiple myeloma (MM).40 Proteasome inhibitors selectively 
inhibit the 26S proteasome that is responsible for protea-
somal degradation of ubiquitinated proteins, and exerts a 
cytotoxic effect on myeloma cells by leading to the accu-
mulation of misfolded proteins and reversing cell cycle and 
apoptotic regulatory pathways, thereby triggering apopto-
sis.41 A pivotal randomized trial of carfilzomib in combina-
tion with lenalidomide and dexamethasone reported 
significantly improved progression-free survival in patients 
with relapsed MM, but the incidence of CTRCD was 
higher in patients receiving carfilzomib (all grades: 6.4%; 
Grade 3 or higher: 3.8%) than in those receiving lenalido-
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rapid ongoing progress in the research and development of 
cancer therapeutics, the number of anticancer drugs with 
potential cardiotoxic effects will increase. The accumula-
tion of clinical data, in particular on the newer anticancer 
drugs, is urgently needed to establish evidence-based prac-
tice for the diagnosis, prevention, and treatment of 
CTRCD. In addition, basic cardiovascular research has a 
major role in defining the pathogenic mechanisms, as well 
as establishing diagnostic strategies with risk prediction 
and therapeutic strategies for CTRCD. To solve the unmet 
needs in onco-cardiology, interdisciplinary collaboration 
is required to integrate the many different perspectives of 
clinicians, basic researchers, regulatory scientists, medical 
assistants, and even patients.
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