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Introduction

Publications in cardio-oncology have increased exponen-
tially over the past two decades. The Year in Cardiovascu-
lar Medicine: Cardio-Oncology 2020–2021 covers the most 
recent and relevant studies in this fi eld over the outlined 
timeframe. Several consensus documents have been re-
leased, a number of population-based studies outlined 
the burden and uniqueness of cardiovascular diseases 
(CVD) in patients with cancer, and clinical and basic sci-
ence work provided important new data on mechanisms, 
diagnostics, surveillance, and management of cancer the-
rapy-specifi c cardiovascular toxicities. 

Consensus documents, position papers, 
and guidelines

The year 2020–2021 has witnessed several consensus do-
cuments and position papers by various professional soci-
eties on the topic of cardio-oncology, four of these by the 
Heart Failure Association (HFA) of the European Society 
of Cardiology (ESC). The fi rst, in collaboration with the 
International Cardio-Oncology Society (IC-OS), focuses on 
baseline cardiovascular risk assessment in cancer patients 
scheduled to receive cancer therapies with the potential 
to cause heart failure.1 This paper includes risk assessment 
proformas, which can be downloaded for clinical use. The 
HFA Cardio-Oncology Study Group, in conjunction with 
the ESC Council of Cardio-Oncology, also published a po-
sition paper on the role of cardiac imaging (furthermore 
in collaboration with the European Association of Cardio-
vascular Imaging) and a paper on the role of cardiac bio-
markers, describing how cardiac imaging or biomarkers 
can be used in risk assessment, surveillance, and follow-up 
in cancer patients before, during, and after cardiotoxic 
cancer therapies (Figure 1 – see in original).2,3 The fourth 
position paper from HFA focuses on the common mecha-
nistic pathways underlying the pathophysiology of cancer 
and cardiovascular disease and provides insights into new 
treatment targets.4

A very timely and important consensus statement en-
titled ‘Cardio-oncology care in the era of the coronavirus 
disease 2019 (COVID-19) pandemic’ was written by IC-OS.5 
This document refi nes some of the recommendations out-
lined earlier in the year by the European Society of Medi-
cal Oncology in the consensus document on the ‘Manage-
ment of cardiac disease in cancer patients throughout 
oncological treatment’.6 The IC-OS COVID-19 document 
reinforces primary prevention, simplifi es surveillance rec-
ommendations, and emphasizes the continued need for 
the assessment and management for acute, urgent, and 
emergent CVDs with appropriate precautions in place. 
Further insight and recommendations on the acute car-
diovascular emergencies in cancer patients are outlined in 
the position paper ‘Evaluation and management of cancer 
patients presenting with acute cardiovascular disease’ by 
the Acute CardioVascular Care Association in collabora-
tion with the ESC council of Cardio-Oncology.7

A Scientifi c Statement from the American Heart Associ-
ation (AHA) focuses on the ‘Recognition, Prevention, and 
Management of Arrhythmias and Autonomic Disorders in 

Cardio-Oncology’.8 Another Scientifi c Statement from the 
AHA covers the ‘Impact of Hormonal Therapies for Treat-
ment of Hormone-Dependent Cancers (Breast and Pros-
tate) on the Cardiovascular System’.9 The second expert 
consensus on a specifi c cancer therapy in the past year is 
the IC-OS document on ‘Cardiovascular Manifestations 
from Therapeutic Radiation’.10 Last but not least, the IC-OS 
consensus document on ‘Defi ning cardiovascular toxicities 
of cancer therapies’ provides harmonized defi nitions of 
the fi ve cardiovascular toxicities of cancer therapies most 
frequently published upon in the last 5 years: cardiomy-
opathy and heart failure, myocarditis, vascular toxicity, 
hypertension, and arrhythmias.11

Burden and uniqueness of cardiovascular 
diseases in cancer patients

Several population-based studies have provided new 
data and insight on the burden of CVD in patients with 
cancer, its unique characteristics, as well as its implica-
tions. Along these lines, the report from the CardioTox 
registry is a milestone.12 First, it proposed a new grading 
of cardiotoxicity from mild to severe. Second, it shows 
that most cardiotoxicities are of mild degree. Third, only 
severe cardiotoxicities have a measurable prognostic 
impact. Another seminal publication outlines that ado-
lescent and young adult cancer survivors have a cardiac 
mortality risk that is higher not only than the general 
population but also than childhood cancer survivors, and 
persisting over a lifetime.13 The highest risk group were 
Hodgkin lymphoma survivors. 

Vascular disease is being increasingly recognized as 
a major contributor to cardiovascular mortality in patients 
with cancer. A nationwide study from Austria pointed out 
a nearly seven-fold and a nearly 15-fold increased risk of 
arterial thrombotic event (ATE) and venous thrombotic 
event (VTE), respectively, in cancer patients relative to 
the general population.14 A prominent age-related gradi-
ent in relative risk was seen: highest in the youngest age 
group (12 years and under) and lowest in the oldest group 
(80–90 years), attributable to the (relatively) low preva-
lence of vascular disease in the young. However, even in 
the oldest age group, the risk of ATE and VTE remained 
higher than in the age-matched general population. As 
demonstrated in acute stroke patients undergoing throm-
bectomy, arterial thrombi are more fi brin- and platelet-
rich in patients with than in those without cancer.15 Fi-
brin–platelet-rich thrombi are also characteristic of stent 
thrombosis, and a seminal study in patients who under-
went percutaneous coronary intervention (PCI) outlined 
a nearly three times higher stent thrombosis (ST) and two 
times higher myocardial infarction (MI) risk in those with 
cancer than in patients without cancer over 5 years of 
follow-up (as well as a 1.7 times higher bleeding risk).16 
In patients with malignancies, the ST risk was particularly 
high in the fi rst year after PCI, whereas the increased risk 
for MI was more continuous and the risk of both could be 
predicted by a high DAPT score (2 or higher). These data 
have been reproduced in the report from the US nation-
wide readmission database, indicating that patients with 
cancer have two and three times higher readmission risk 
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as were concerns for drug–drug interactions. Active che-
motherapy was an independent predictor for the lack of 
anticoagulant use. Concerns for bleeding risk and drug–
drug interactions were also found to be the main reasons 
for not utilizing anticoagulation for stroke prevention in 
patients with active cancer in a web-based survey of near-
ly 1000 physicians.26 CHA

2
DS

2
-VASc and HAS-BLED scores 

were considered appropriate aids in decision-making by 
two-thirds and just over a half, respectively, although not 
specifi cally validated in cancer patients. Most decisions 
on anticoagulation (75%) were taken in a team or cardi-
ologist–oncologist approach and patients were involved 
in the decision-making in 60%. If anticoagulation was 
pursued, two-thirds group of practitioners (80% cardi-
ologists, 75% from Europe) preferred direct oral antico-
agulants (DOACs), and nearly half indicated that DOACs 
should be used in all types of cancers other than non-
operable gastrointestinal (GI) cancers. GI malignancies 
pose a bleeding risk, and any GI bleed should be evalu-
ated as an indicator for the presence of GI malignancy in 
patients with AF on anticoagulation. A large population-
based study confi rms this notion, indicating a higher risk 
of colorectal cancer among patients with lower GI bleed 
on anticoagulation (85% warfarin).27 The absolute risk 
was two times higher in the elderly, whereas the relative 
risk was two times higher in the group <65 years of age. 

Finally, on structural heart disease, studies on the 
management of aortic stenosis in patients with cancer 
and prior chest radiation continue to defi ne the advan-
tages and disadvantages of transcatheter aortic valve 
replacement (TAVR) and surgical aortic valve replace-
ment (SAVR). SAVR is associated with a lower stroke and 
permanent pacemaker risk, whereas TAVR yields a lower 
mortality, bleeding, and AF risk, and length of stay.28,29 
This is a general view, and a more differential analysis 
indicates that worse survival outcomes with SAVR are 
confi ned to those with intermediate and high surgical 
risk.30 In patients with a malignant pericardial effusion 
who underwent pericardiocentesis, utilization of colchi-
cine 0.6 mg twice a day for 2 months is associated with 
a one-third reduction in all-cause mortality and need 
for repeat pericardiocentesis or pericardial window 
placement.31 These results persisted on propensity score 
matching; in fact, the effect size became even more no-
ticeable: colchicine was associated with a nearly 50% re-
duction in all-cause death and repeat pericardiocentesis 
or pericardial window placement for recurred pericar-
dial effusion. 

Therapy-specifi c cardiovascular toxicities

Chemotherapeutics and targeted therapies
Studies on anthracyclines continue to reveal less well-de-
fi ned aspects such as abnormal vasoreactivity secondary 
to vascular oxidative stress.32,33 Among therapeutic opti-
ons, sacubitril/valsartan was found to attenuate anthra-
cycline cardiotoxicity in an experimental model.34 Further, 
mitochondria-rich extracellular vesicles were shown to re-
scue patient-derived cardiomyocytes from doxorubicin in-
jury.35 These patients were enrolled in the Cardiovascular 
Cell Therapy Research Network (CCTRN) SENECA Trial for 

for MI and bleeding, respectively, than patients without 
cancer in the fi rst 90 days after PCI.17

Recognition of increased ventricular arrhythmias in 
cancer patients and with cancer therapies is expanding. 
A pharmacovigilance study outlined an increase in reports 
of drug-induced long QT syndrome, torsades de pointes, 
or ventricular arrhythmia from 580 reports over 17 years 
in the late 1960s to early 1980s to 15 070 reports in just 
5 years in the current era (2014–2018).18 The contribu-
tion of anticancer drugs to these numbers has increased 
substantially, from 0.9% (5/580) to 14.0% (2115/15 070). 
Forty-nine anticancer drugs accounted for drug-induced 
long QT syndrome or ventricular arrhythmias, nearly 50% 
were associated with sudden death and 40% were tyro-
sine kinase inhibitors (TKIs). Careful evaluation of the ar-
rhythmogenic profi le of kinase inhibitors in another study 
defi ned one with a predominantly ventricular arrhythmia 
risk (nilotinib), two with a predominantly bradycardia risk 
(alectinib and crizotinib), and seven with a predominant-
ly atrial fi brillation (AF) risk (ibrutinib, ponatinib, riboci-
clib, trametinib, osimertinib, and idelasib).19 The AF risk 
was highest for ibrutinib, and an elegant experimental 
study identifi ed C-src kinase as the prime target of AF 
risk with ibrutinib.20,21 In addition to kinase inhibitors, 
immunomodulatory agents (lenalidomide, pomalido-
mide), antimetabolites (azacytidine, clofarabine), taxanes 
(docetaxel), and binutuzumab, an anti-CD20 monoclonal 
antibody, were found to be associated with a higher re-
ported rate of AF in another pharmacovigilance database 
study.22 Three quarters of the identifi ed associations were 
with drugs used in haematological malignancies. This 
matches the results of a nationwide population-based 
study that found the risk of AF to vary across cancer sub-
types, being highest in multiple myeloma patients [ad-
justed subdistribution hazard ratio (aHR) 3.3].23 Among 
solid tumours, AF risk was highest in oesophageal cancer 
and lowest in gastric cancer patients (aHR: 2.69 and 1.27; 
respectively). An analysis from the SEER Medicare data-
base found that breast cancer patients had a two-fold 
increased risk of developing AF compared with a propen-
sity-matched control cohort. The risk was highest among 
patients with the most advanced breast cancer stages.24 
Beta-blockers, angiotensin-converting enzyme inhibi-
tors/angiotensin receptor blockers, and spironolactone/
eplerenone lowered the risk of new-onset AF in patients 
with breast cancer across all grades. Patients developing 
AF within the fi rst 30 days after breast cancer diagnosis 
had a two-fold increased 1-year all-cause mortality rate. 
This risk was reduced by nearly 60% in breast cancer pa-
tients with new-onset AF on anticoagulation. This is an 
interesting observation considering that the main cause 
of cardiovascular death (nearly two-thirds) in breast can-
cer patients with new-onset AF was heart failure; sys-
temic embolism and ischaemic stroke accounted only for 
one-third collectively. 

Anticoagulation is a core element in the management 
of AF but challenging in the cancer population. A single-
centre study reported that nearly one-half of patients 
with cancer and AF had an elevated risk for stroke but did 
not receive anticoagulation.25 Thrombocytopenia, coagu-
lopathy, or a history of major bleeding were factors as-
sociated with a lower utilization rate of anticoagulation 
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Allogeneic Mesenchymal Cell Therapy in Anthracycline-
-Induced Cardiomyopathy/Heart Failure Patients, which 
successfully completed its Phase 1 study goals.36 In the me-
antime, data are mounting on the protective effects of 
statins for cardiotoxicity. A propensity score-matched co-
hort study demonstrated that statins reduced the risk of 
heart failure after anthracycline more so than after tra-
stuzumab exposure.37 In the fi rst randomized clinical trial 
to evaluate the merit of strain imaging in breast cancer 
patients receiving anthracycline therapy ± trastuzumab, 
the strain surveillance of chemotherapy for improving 
cardiovascular outcomes (SUCCOUR) trial did not see a di-
fference in left ventricular ejection fraction (LVEF) change 
over 1 year using an 3D-LVEF or global longitudinal strain 
(GLS)-based approach.38 However, patients commenced 
on ramipril and carvedilol based on an abnormal GLS dy-
namic (12% relative increase) had less of a decline in LVEF 
than those commenced on these therapies based on an 
abnormal 3D-LVEF dynamic. These data support the noti-
on that early recognition and early intervention is more 
favourable. However, as a secondary analysis of a trial 
that missed its primary endpoint, these data are still to be 
viewed as hypothesis-generating. 

Three-monthly LVEF monitoring remains the recom-
mended standard cardiac surveillance protocol for pa-
tients on trastuzumab therapy. While adherence to this 
guideline was not associated with lower risk of HF in 
a single-centre study, an LVEF <55% at any timepoint 
or during the fi nal surveillance timepoint was found to 
be associated with HF with remarkable odds ratios of 
27.0 and 25.6, respectively.39 Eighty percent of patients 
had received anthracyclines, and these data reinforce 
the American Society of Clinical Oncology (ASCO) and 
National Comprehensive Cancer Network (NCCN) guide-
lines, which list a ‘borderline’ LVEF of 50–55% as a risk 
factor for cancer therapy-related cardiac dysfunction, es-
pecially in patients undergoing cancer therapy with an-
thracyclines. 

Immune therapies

The utilization of immune therapies continues to ex-
pand and with this the recognition of their cardiovascu-
lar side effects. A nationwide study from Denmark sho-
wed a 1-year absolute risk of cardiac events (arrhythmia, 
peri-/myocarditis, or heart failure, based on administ-
rative national databases using ICD-10 codes) of nearly 
10% in lung cancer patients, of nearly 7% in melano-
ma patients on PD-1 inhibitor therapy, and of 7.5% in 
melanoma patients on CTLA-4 inhibitor therapy.40 No 
cardiovascular deaths and half of non-cardiovascular de-
aths were seen in melanoma patients on PD-1 inhibitor 
therapy; 3–4% cardiovascular and 50% non-cardiovascu-
lar 1-year mortality rates in the other groups. Compared 
with non-immune checkpoint inhibitor (ICI) therapy, the 
risk of CV events was two times higher in patients on 
PD-1 inhibitor therapy with no differential over 1 year 
in lung cancer patients. In melanoma patients, the CV 
event risk was twice as high (4 times higher risk) in the 
fi rst 6 months of PD-1 inhibitor therapy. Melanoma pa-
tients on CTLA-4 inhibitor therapy had the highest rela-

tive risk of CV events (hazard ratios 5 and 3.5 in the fi rst 
6 and 12 months, respectively). 

The diagnostic criteria (or defi nition) of ICI myocardi-
tis continue(s) to evolve. Cardiac magnetic resonance im-
aging has been a vital part of confi rming the diagnosis; 
however, an international registry-based study cautions 
on sole reliance on this technique. Late gadolinium en-
hancement (LGE) was present in only 35% of cases with 
biopsy-confi rmed pathological fi brosis and elevated T2-
weighted short tau inversion recovery (STIR) in only 26% 
of cases with biopsy-confi rmed lymphocytic infi ltration.41 
A critically important aspect is time; the rate of LGE+ 
CMRs increased from 21.6% within 4 days of admission to 
72.0% thereafter. The presence of LGE, LGE pattern, or 
elevated T2-weighted STIR was not associated with major 
adverse cardiovascular events (MACE). 

A separate study from the same international registry 
found that lower GLS was strongly associated with MACE 
(composite of cardiogenic shock, arrest, complete heart 
block, and cardiac death) in ICI myocarditis.42 After adjust-
ment for LVEF, each percent point reduction in GLS was 
associated with a 1.5-fold increase in MACE among pa-
tients with a reduced EF (hazard ratio: 1.5; 95% confi dence 
interval: 1.2–1.8) and a 4.4-fold increase in patients with 
a preserved EF (hazard ratio: 4.4; 95% confi dence interval: 
2.4–7.8). Patients without ICI myocarditis had no change in 
GLS on ICI therapy versus baseline, unlike patients with ICI 
myocarditis who showed a change from −20 to −14%. Glob-
al longitudinal strain was lower in ICI myocarditis patients 
with reduced compared with preserved EF (12 vs. 15%). 

A very interesting preclinical study reported the devel-
opment of a new model of ICI myocarditis using differ-
ent degrees and combinations of Ctla4 and Pdcd1 (PD-
1) knockout mice. A graded survival response was noted 
based on the level of gene loss. Mice without Ctla4 can-
not survive, monoallelic loss of Ctla4 is sustainable but 
approximately half of mice with concomitant complete 
genetic loss of Pdcd1 (PD-1) face premature death with 
prominent infi ltration of the myocardium by T cells and 
macrophages. The therapeutic merit of CTLA4–Ig (abata-
cept) was confi rmed in this model, opening perspectives 
for mechanistic investigations.43 In a second, novel mela-
noma model, anti-PD1 therapy promoted CD4+ and CD8+ 
T-cell infi ltration of the myocardium with marked CD8+ 
T-cell activation.44 A decline in LV function could be seen 
in association with dysregulation of myocardial metabo-
lism and could be attenuated by tumour necrosis factor 
alpha (TNF) blockade. The translational aspect of this 
study is the impaired LV functional response to stress in 
patients with metastatic melanoma on anti-PD1 therapy. 

ICI therapy may induce not only cardiomyopathy and 
myocarditis but also vascular events. An increased rate of 
atherosclerotic cardiovascular events (MI, coronary revas-
cularization, and ischaemic stroke, individually and com-
bined) has been recognized from 1.37 per 100 person-
years before to 6.55 per 100 person-years 2 years after 
initiation of ICI therapy. This calculated into an overall 
3.3-fold higher risk for cardiovascular events after start-
ing ICI therapy.45 Analyses of aortas by computed tomog-
raphy in a substudy of 40 patients indicated an increase 
in total aortic atherosclerotic plaque volume after initia-
tion of ICI therapy, unless concomitant statin and steroid 
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use, which had an attenuating effect. Interestingly, an 
increase in plaque volume was not seen in an experimen-
tal study in atherosclerotic Ldlr–/– mice with combined 
anti-CTLA-4 and anti-PD-1 antibody therapy twice a week 
for 4 weeks. However, in this model, endothelial activa-
tion and plaque progression towards a lymphoid-based 
infl ammatory phenotype was noted (nearly three-fold 
increase of CD8+ T cells and nearly four-fold increase in 
necrotic core size).46

CAR-T cell therapy is the second major expanding im-
mune therapy. Cardiovascular events, in particular car-
diac dysfunction and heart failure, have been described. 
In a new report on 145 patients enrolled at a single cen-
tre, 45 MACE (including cardiovascular death, symptom-
atic heart failure, acute coronary syndrome, ischaemic 
stroke, and de novo cardiac arrhythmia) occurred in 31% 
of patients.47 Baseline creatinine (HR 15.5 for each 1 mg/
dL increase) and cytokine release syndrome (CRS) grade 3 
(HR 8.4) and 4 (HR 29.9) were independent predictors of 
MACE. Of note, CRS preceded MACE by 5 days on average 
and nearly all MACE occurred within 20 days from start of 
therapy. Most events were heart failure (15%), followed 
by atrial fi brillation (7.5%). Supraventricular tachycardia 
and non-sustained ventricular tachycardia were seen in 
one patient each, and ACS and cardiac death in two pa-
tients each. A pharmacovigilance study likewise found 
that (after hypotension) cardiomyopathy was the most 
frequently overreported cardiovascular adverse event 
followed by tachyarrhythmias, mainly atrial fi brillation 
followed by ventricular tachycardia.48 Tachyarrhythmias 
were reported more often following axicabtagene-cilo-
leucel than tisagenlecleucel use and venous thromboem-
bolic events were noted only for patients receiving axi-
cabtagene-ciloleucel. Respiratory failure was the second 
most common adverse event, and no lag time was seen 
between cardiopulmonary adverse effects and CRS. The 
fatality rate of cardiopulmonary adverse effects was 31%. 

Reverse cardio-oncology

In addition to an increase in the risk of CVD and cardio-
vascular events as a consequence of cancer or cancer the-
rapies, an increase in the risk of cancer can be seen af-
ter cardiovascular events and development of CVD. This 
has become known as reverse cardio-oncology and was 
fi rst shown for patients with heart failure but then for 
various cohorts of CVD patients. An elegant experimen-
tal and translational study in the past year found that MI 
accelerates breast cancer outgrowth and cancer-specifi c 
mortality. In mouse models of breast cancer, it was found 
that MI epigenetically reprogrammed monocytes to an 
immunosuppressive phenotype in the bone marrow and 
increased their level in both the circulation and tumour. 
Depletion of these cells abrogated MI-induced tumour 
growth, supporting their causal role.49

Future directions

Emerging developments relate to artifi cial intelligence 
(AI), and a number of initiatives are under way using va-

rious imaging and other techniques. One of the fi rst and 
most important advancements in this fi eld is that of AI-
-enhanced and fully automated detection of cardiac amy-
loidosis using echocardiograms and electrocardiograms 
(ECGs).50 Two more studies have confi rmed the utility 
of AI-enhanced ECGs for the early detection of cardiac 
amyloidosis.51,52 Another important development is trai-
ning and education in cardio-oncology; the ACC council 
on cardio-oncology provides a fi rst outline of standards 
in this area.53

Summary and conclusions

The publications in cardio-oncology in 2020–2021 refl ect 
a growing interest in this fi eld and reinforce the commit-
ment of the scientifi c community to this new discipline. 
Improving our knowledge on the pathophysiological 
mechanisms and the prognostic impact of CV toxicities 
of cancer therapies is crucial for evidence-based manage-
ment strategies in clinical practice. Societal consensus do-
cuments continue to summarize these aspects and more 
is to come in this very area. 
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