
Volume 8  Issue 658  Journal for Clinical Studies

Cardio-oncology: Safeguarding the Cardiovascular 
Safety of Anti-cancer Therapies

Introduction
The ratification of the E14 guideline in May 2005 by 
the ICH steering committee presented the first major 
safety guidance adopted by a global regulatory body 
(recognising the pivotal role of the corresponding 
European CPMP guidance, released in 1998). However, this 
landmark regulation, appropriately for its time, focused 
on only one aspect of drug induced cardiotoxicity – QT 
prolongation and pro-arrhythmia. Moreover, at its outset, 
regulatory interpretation of the E14 guidance excluded 
drugs with potentially lifesaving benefits, primarily anti-
cancer agents, as inappropriate for the hallmark feature 
of the ICH-E14 guidance - the thorough QT (TQT) study.

By prioritising the benefit:risk principle over safety 
considerations, regulators expressively agreed that anti-
cancer drugs should not be subjected to the same safety 
standards as all other drugs in development. This notion 
has since been repealed, acknowledging the growing 
body of scientific and clinical evidence, showing the 
extent of cardiovascular toxicity of oncology agents. The 
importance of this understanding is further emphasised 
by the growing global community of cancer survivors, 
the primary population at risk for developing long 
term ‘malignant’ cardiovascular morbidities as a direct 
consequence of their life saving anti-cancer therapy.

The emerging field of oncology drug-induced 
cardiovascular toxicity, also known as ‘cardio-oncology’ 
(CO), expanded the boundaries of the current cardiac 
safety model beyond QT prolongation and pro-
arrhythmia, to include all forms of drug-induced 
cardiovascular toxicities, from myocardial damage and 
heart failure, through vascular injury and thrombosis, to 
haemodynamic changes and hypertension.

The following monograph will provide a brief summary 
of oncology drug-induced cardiotoxicity, limited in scope 
and size to discuss only some of the major oncology 
drug classes. It will also provide some insights into the 
regulatory and drug development considerations.

Background
It is estimated that nearly two-thirds of adults with newly-
diagnosed cancer will survive the first five years and 
longer. Although cardiotoxicity of cancer chemotherapy 
has been recognised since the 1970s, the growing life 
expectancy of cancer patients lowered the tolerance for 
major, life-threatening, oncology drug-induced toxicities. 
This brought on the recognition that cardiovascular 
toxicity is not limited to one class of anti-cancer drugs 
(i.e., anthracyclines), but is a widespread issue involving 
most classes of cancer therapies, including the recently 
introduced targeted therapies.

Anthracyclines, including doxorubicin and epirubicin, 
have been the mainstay of breast and other cancer 
chemotherapy since the 1960s. Anthracyclines’ 
therapeutic action is thought to be mediated through 
their intercalation within the DNA of replicating cells. 
However, long-term cardiotoxicity following anthracycline 
therapy, initially reported in survivors of childhood 
cancers1.2, soon became a critical limiting factor for their 
utility. With the growing global experience, it became 
evident that the risk of anthracycline cardiotoxicity is 
not limited to the paediatric population, but exists in all 
cancer populations3 and is associated with a particularly 
poor outcome for cancer survivors who developed systolic 
dysfunction and heart failure4.

At the other end of the cancer treatment spectrum, 
targeted therapies represented by highly-specific 
monoclonal antibodies designed to bind specific 
receptors or ligands, were also associated with significant 
cardiovascular side-effects. The first approved and most 
recognised agent is trastuzumab (Herceptin)5, targeting 
the erbB2 receptor on breast cancer tumour cells. 
Trastuzumab was initially considered a ‘breakthrough’ 
therapy, due to its high efficacy in the treatment of 
HER-2 positive breast cancer that, until that time, was 
considered resistant to conventional therapy and carried 
an exceptionally poor prognosis. Unfortunately, early 
reports found an unexpected incidence of cardiac events 
that included clinical and asymptomatic decline in left 
ventricular ejection fraction (LVEF) and heart failure. 

In recent study involving 59,739 cases of cancer 
chemotherapy-induced cardiotoxicity reported in the FDA 
Adverse Event Reporting System (FAERS), trastuzumab 
had the highest number of death and disability 
outcomes reports, due to adverse event, as a single agent 
(OR = 5.74; 95% CI = 5.29-6.23) or in combination with 
cyclophosphamide (OR = 16.83; 95% CI = 13.32-21.26) or 
doxorubicin (OR = 17.84; 95% CI = 13.77-23.11).

While some degree of cardiotoxicity might have been 
acceptable for an effective treatment for a particularly 
malignant cancer, the use of trastuzumab as an adjuvant 
therapy raised serious safety concerns and led to the 
development of clinical protocols for cardio-protection.

Mechanisms of Cardiotoxicity
Molecular mechanisms of drug-induced cardiotoxicity 
vary between different drugs and by clinical effects 
within the same drug. Two of the key anti-cancer drugs, 
anthracyclines and trastuzumab, target different yet 
complementary molecular pathways for their cardiac 
effects, as described below. Other drug classes, particularly 
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the growing family of tyrosine kinase inhibitors, and 
other drug effects which are not discussed here, present 
additional mechanism of cardiotoxicity.

Anthracyclines-induced cardiac injury is thought to 
be mediated through generation of reactive oxygen 
species (ROS) and free-radical injury, resulting in 
myocardial oxidative stress and permanent changes to 
cellular ultrastructural . Recent studies also suggested 
that mitochondrial iron overload may play a key role in 
anthracyclines-induced cardiotoxicity8.

Trastuzumab, on the other hand, targets and blocks 
the erbB2 receptor tyrosine kinase expressed on certain 
tumours. However, the erbB2 receptor is also expressed 
in the human cardiomyocytes and is essential for normal 
cardiac development and repair. By inhibiting the 
erbB2 pathway, trastuzumab is preventing the normal 
development and repair of the myocardium, resulting in 
myocardial injury.

Evidence also supports the critical role of neuregulin 1 
(NRG1), a ligand for the erbB2 receptor, in maintaining 
cardiac function. Drug-induced left ventricular dysfunction 
and heart failure typically trigger compensatory 
mechanisms, including activation of the neurohumoral 
pathways such as the renin-angiotensin and adrenergic 
system, myocardial hypertrophy, and possibly survival 
factors such as the neuregulin/ErbB system.

Concurrent treatment with anthracyclines and 
trastuzumab block both erbB2 and NRG-1, which may 
induce myofibrillar injury and account for the clinical 
toxicity of trastuzumab in the setting of concurrent 
anthracycline therapy9. Moreover, the inhibition of 
ErbB2 signalling by trastuzumab in patients receiving 
anthracyclines may interfere with the protective effects of 
neuregulin on the anthracycline-damaged myocardium. 
This may account for the 
increased cardiotoxicity 
observed with concurrent and 
sequential anthracycline–
trastuzumab administration.

Definition and 
Classification of 
Cardiotoxicity
No common definition for 
oncology drug-induced 
cardiotoxicity has been 
adopted. However, in broad 
terms, cardio-oncology can 
be defined as acute, sub-
acute or chronic clinical 
or laboratory impairment 
of the cardiovascular 
system following exposure 
to chemical, biological 
or radiology anti-cancer 
therapy. Given the growing 

number of cardiotoxicity categories, more specific 
definitions may be required for the individual categories 
described below. For example, left ventricular (LV) 
dysfunction is commonly defined as a drop of >10 
percentage points in LVEF to below 50% 10.

Oncology drug-induced cardiomyopathy has also been 
classified as reversible (Type I) or irreversible (Type II). 
This approach has recently been challenged11, especially 
since early detection and intervention has changed 
the course of the cardiomyopathy12. Another common 
approach is to describe the temporary relations between 
treatment exposure and onset of signs or symptoms as 
acute, early-onset chronic progressive and late-onset 
chronic progressive13.

Oncology drug-induced cardiotoxicity largely falls into 
the following five major categories (Table 1):

1. Electrophysiology and repolarisation-related 
cardiotoxicity, involves drug-induced QT prolongation 
and Torsade de Pointes (TdP) ventricular arrhythmia, 
which may result in sudden cardiac death. Other 
frequently reported arrhythmia are atrial fibrillation 
and atrial flutter and possibly other (non-TdP) 
ventricular arrhythmia. Atrioventricular blocks and 
bradycardia have also been reported.

2. Myocardial tissue-related cardiotoxicity, involves 
impaired contractility leading to (systolic) left 
ventricular dysfunction and eventually to heart 
failure and possibly death. Diastolic dysfunction has 
also been described.

3. Vascular-related toxicity, may lead to venous and 
arterial thromboembolic disease, coronary artery 
disease with myocardial ischemia and infarction, 
cerebrovascular disease which may result in stroke, 
and peripheral vascular disease.

4. Haemodynamic changes, which may start with 
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endothelial dysfunction and vessel wall changes, may 
lead to blood pressure changes, arterial hypertension 
and also pulmonary hypertension, with their 
associated clinical complications.

5. Other toxicities, including valvular heart disease, 
pericardial and pleural disease, pericarditis and 
myocarditis-like syndromes, autonomic nerve 
dysfunction and primary sudden cardiac death, to 
mention a few.

Additional taxonomy is the grading of cardiotoxic side-
effects. The most widely-used system is the Common 
Terminology Criteria for Adverse Events (CTCAE)14, 
which is a set of criteria intended to standardise the 
classification of adverse effects of drugs used in cancer 
therapy.

The Clinical Response
The clinical community was the first to recognise and 
respond to the cardio-oncology challenge. The launch of 
the International Cardio-oncology Society (ICOS) in 2009 
was promptly followed by the creation of national cardio-
oncology organisations in North America, Europe and the 
Middle East. In August 2016, the European Society of 
Cardiology (ESC) issued the first position paper on cancer 
treatments and cardiovascular toxicity10.

The ESC position paper covers the full spectrum of 
cardiotoxicities recognised today, with a focus on what 
appears to be the primary clinical issue – LV dysfunction 
and heart failure. The paper calls for a multidisciplinary 
approach, involving specialists in cardiology, oncology 
and other related fields, with the aim of providing optimal 
care for both cancer patients and cancer survivors. These 
goals also involve the development and the safety 
evaluation of new cancer treatments, as well as the long-
term surveillance of cancer survivors with a potential for 
late-onset cardiovascular complications.

The newly-created cardio-oncology discipline is also 
setting academic training programmes15 within teaching 
hospitals and dedicated centres, and is working towards 
the academic and regulatory recognition of this sub-
specialisation.

Due to the short format of this article, the reader is 
referred to the bibliography list for further information.

Regulatory Considerations
With the growing body of evidence showing that oncology 
drug-induced cardiotoxicity is not limited to time-honoured 
treatments such as anthracyclines and radiotherapy, but 
is also pertinent to new drugs in development, regulatory 
agencies and the pharmaceutical industry also turned 
their attention to the problem. The first C-O category to 
be addressed was QT prolongation and pro-arrhythmia, 
primarily because this topic has already been addressed 
in the ICH-E14 guidance16.

Oncology drugs, which were initially exempted from 

the E14 thorough QT/QTc study (TQT), are now required 
to undergo either a standard TQT study, where feasible, 
or an alternative version thereof17 when a full TQT 
study may be impractical or unethical. The alternative 
approach, also known as the intensive QT/QTc (IQT) 
study, involves intensive sampling of ECGs (in replicates) 
with concomitant drug plasma concentrations (PK) at 
multiple time points, and relies primarily on comparisons 
to baseline (dQTc) and concentration:response analysis. 
This approach has recently been documented in an 
ICH-E14 questions and answers document18 and is 
discussed in detail in other articles in this cardiac safety 
miniseries.

Other cardiotoxicity categories are not covered 
by regulatory guidance, but are increasingly gaining 
regulatory attention and scrutiny, primarily the drug-
induced LV dysfunction and blood pressure effects. 
As a result, manufacturers are increasingly adopting 
early detection strategies, including incorporating CV 
biomarkers (e.g., troponins), imaging modalities (Echo, 
MUGA and MRI) and electrocardiograms (ECGs) in the 
early-phase oncology drug development programmes. 

Drug Development Considerations
Non-clinical Research
The non-clinical evaluation of cardiac safety (in general) 
and of new anti-cancer drugs were defined by two ICH 
guidance documents, the ICH-S7B19 and the ICH-S920 
respectively. The emphasis on safety pharmacology 
(S7B) and toxicology (S9) studies overall streamlined the 
non-clinical assessment of cardiovascular safety of new 
cancer therapeutics, both small-molecule and biologics, 
regardless of their route of administration.

With the clinical recognition of drug-induced 
cardiotoxicity and the introduction of advanced non-
clinical drug-testing platforms, safety research of new 
drugs in development is increasingly shifting towards 
basic and non-clinical assays. Conventional in-vitro tests 
such as cell viability and apoptosis assays, isolated heart 
preparations and ion channel assays, supported by in-
vivo animal studies, remain the mainstay of non-clinical 
safety evaluation. Nonetheless, progressive approaches 
such as human-induced pluripotent stem cell-derived 
cardiomyocytes (hiPSC-CM) are increasingly used for 
electrophysiology, contractility and other safety and 
efficacy tests. Likewise, in-silico computer models for 
drug effects have sufficiently advanced for scientists and 
regulators to accept them as part of new drug assessment 
and approval paradigms.

The Comprehensive in-vitro Proarrhythmia Assay 
(CiPA)21 (discussed elsewhere in this series), which is 
intended to replace the current ICH-E14 model, is a 
primary example of this trend. This is a fully integrated 
biological systems model, from hiPSC-CM, through ion 
channel and in-silico models to the human ECG, which 
is designed to address multiple aspects of drug-induced 
proarrhythmia.
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Other non-clinical systems to assess contractility, 
haemodynamic and rheological properties of drugs 
are available to support an early CV safety profile 
characterisation of new drugs in development.

Clinical Research
As discussed above, the clinical research approach for 
drug-induced QT prolongation and pro-arrhythmia has 
been defined by the ICH-E14 guidance and focuses 
primarily on Phase I studies. However, while some 
oncology drugs underwent formal TQT studies, most took 
the alternative approach, integrating intensive ECG and 
PK assessments in early-phase oncology studies as well 
as in late-phase sub-studies. While the early development 
approach appears to be preferred by large pharmaceutical 
sponsors, as part of their early drug iteration strategy, 
other sponsors tend to delay QT assessments to Phase 
II or even later studies. The US FDA typically requires 
cardiac safety (QT) data by the end of Phase II meeting, 
but sometimes agreed to delay these assessments in 
return to continued QT monitoring in the late-phase 
studies, until the cardiac safety data is available.

In planning your oncology cardiac safety study, it is 
important to pay attention to some critical aspects. 
To mention only a few – cancer patients have been 
shown to have a higher baseline QTc than healthy 
volunteers22; most oncology studies do not employ 
placebo, consequently, the primary endpoint cardiac 
safety variable is the change from baseline (d)QTc, which 
requires a careful collection of baseline ECGs; robust 
baseline ECG sampling is also important to avoid the 
‘regression to the mean’ phenomenon; many cancer 
patients have pre-existing ECG abnormalities and require 
a careful and rigorous assessment of the ECGs by an 
experienced core laboratory; oncology treatments are 
typically administered in cycles, and it is important to 
monitor ECGs and other CV safety parameters at all 
relevant time points and cycles based on the non-clinical 
safety (pharmacodynamics) and clinical pharmacology 
(PK) considerations; relationships to comorbidities, prior 
cancer therapy (especially with QTc prolonging drugs), 
concomitant medications, and arrhythmias should be 
assessed; concentration effect modelling is the primary 
cardiac safety analysis and requires a considerable 
number of PK and QT data samples across multiple time 
points and heart rates; QT and heart rate variability are 
high in sick cancer patients, possibly leading to error 
in QT correction and assessment; QT:RR hysteresis and 
possibly PK hysteresis (delayed effects) are more likely in 
the oncology settings and should be accounted for. 

When it comes to assessing cardiac contractility, 
LV function, haemodynamic and other drug-induced 
cardiovascular effects, most sponsors still do not have 
a systematic approach, from benchside to bedside. In 
the absence of relevant non-clinical studies, sponsors 
may move into an early clinical programme based on 
heart wish rather than evidence, potentially missing 

unique opportunities to identify and mitigate early signs 
of cardiotoxicity. A systematic approach to CV safety 
assessment should start with appropriate non-clinical 
planning, as described above, and should be followed 
with careful assessment and translation of the non-
clinical data onto early human studies. 

The planning and design of clinical CV safety 
assessments in early-phase oncology studies should begin 
with the end in mind, appropriately incorporating ECGs, 
molecular biomarkers and CV, imagining assessment 
endpoints as relevant, based on relevant statistical 
considerations and analysis plans. Unfortunately, the 
scope of this paper doesn’t allow a detailed discussion 
of the oncology CV safety study design and the reader is 
referred to the accompanying bibliography.

Summary 
Advances in medical knowledge and technology 
introduced new treatment options for cancer patients, 
resulting in significant improvement in cancer survival 
rates. However, increased life expectancy of cancer 
survivors highlighted a key issue in cancer therapy – 
treatment-related cardiovascular toxicity leading to 
increased (non-cancer) morbidity and mortality.  

Current scientific and regulatory standards require 
that new drugs in development undergo rigorous 
assessments for potential cardiotoxicity. However, while 
regulatory guidelines established a clear framework for 
the assessment of drug-induced QT prolongation and 
proarrhythmia, other key areas of oncology drug-induced 
cardiotoxicity are still lagging behind. International 
efforts by clinical, academic, industry and regulatory 
organisations are underway to increase awareness, 
establish protocols and improve the overall assessment, 
prevention and treatment of oncology drug-induced 
cardiotoxicity.
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