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Abstract

Contemporary cancer treatment uses multiple modalities such as chemotherapy, targeted therapy 

and radiotherapy. These therapies, often used in combination, are associated with an increased risk 

of cardiotoxicity, specifically cardiomyopathy and heart failure. Cardiologists and oncologists are 

faced with the challenge of maximising the clinical benefit from cancer therapy while minimising 

the risk of early and late-onset cardiotoxicity. The current paradigm for cardiotoxicity detection 

and management relies primarily upon the assessment of left ventricular ejection fraction (LVEF). 

However, LVEF alone is limited in both diagnostic and prognostic ability. There is growing 

enthusiasm over the identification of newer biomarkers of cardiotoxicity that can detect cardiac 

injury at earlier stages of disease and could be used as an adjunctive prognostic measure to routine 

LVEF assessment. Thus, imaging and circulating biomarkers are currently under active 

investigation for use throughout the continuum of cancer care—for risk stratification of 

cardiotoxicity prior to treatment, detection of early cardiotoxicity during treatment and diagnosis 

of late cardiotoxicity in survivorship. Myocardial strain, cardiac troponin and brain natriuretic 

peptide are the most prominent biomarkers currently being studied, although data on novel 

circulating biomarkers are emerging.

INTRODUCTION

Cardiotoxicity is a well-recognised adverse effect of many commonly used cancer therapies. 

The clinical manifestations of cardiotoxicity are broad and can include heart failure, 

cardiomyopathy, arrhythmia, ischaemia, valvular heart disease, pericardial disease, 
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hypertension or thrombosis. While the adverse cardiovascular effects of traditional therapies 

such as anthracyclines and radiation therapy have been described since the 1970s,1 the use 

of newer therapies that exert ‘off-target’ effects has resulted in increased incidence of 

unanticipated cardiotoxicity. 2 As cancer outcomes continue to improve, cardiovascular 

disease is emerging as a major cause of morbidity and mortality among survivors.3

The inability to predict or prevent cardiotoxicity during and after cancer therapy represents a 

major challenge within the field of cardio-oncology.4 As such, there is a need to develop 

methods for personalised risk assessment. These strategies would help to inform clinical 

decisions that balance the therapeutic benefit of cancer therapy with cardiotoxicity risk, and 

identify high-risk patients who warrant close cardiac surveillance or institution of 

cardioprotective strategies (figure 1).

As cardiomyopathy and heart failure are some of the most common and most devastating 

clinical manifestations of cardiotoxicity, they are the focus of this review. Heart failure and 

cardiomyopathy can occur at variable time intervals, classified by some investigators as 

follows: acute (during therapy), early progressive (within 1 year of therapy) and late 

progressive (greater than 1 year of therapy).5 For both early and late cardiomyopathy and 

heart failure, assessment of left ventricular ejection fraction (LVEF) has been the most 

common method used to monitor and diagnose these adverse sequelae. However, there is 

significant heterogeneity in the diagnostic criteria for cardiotoxicity according to LVEF as 

reported in the literature, resulting in difficulty comparing and harmonising findings across 

studies. Furthermore, LVEF as a prognostic and diagnostic tool has several limitations, 

including interobserver and intraobserver variability and a lack of sensitivity to detect early 

subclinical changes.6

There is considerable enthusiasm in the potential role that alternative biomarkers can have in 

identifying vulnerable patients in the preclinical stage of cardiotoxicity, improving 

diagnostic accuracy and in providing insight into prognosis once cardiotoxicity occurs. In 

this review, we will briefly summarise the current data on imaging and circulating 

biomarkers prior to, during and after cancer therapy for early detection and prognosis of 

cardiotoxicity. We also propose future directions in the field with the ultimate goal of 

improving cardiovascular outcomes in cancer survivors.

BIOMARKERS FOR RISK STRATIFICATION OF CARDIOTOXICITY PRIOR 

TO THERAPY

Current data on the utility of baseline biomarker assessment for risk stratification of 

cardiotoxicity are limited. Echocardiography is the most common cardiac assessment 

performed at baseline in patients prior to the administration of cardiotoxic therapy.7 Some of 

the advantages of this imaging modality include its widespread availability, absence of 

radiation exposure and ease of use.

Two studies in breast cancer have shown that baseline LVEF, as an ‘imaging biomarker’, 

holds some predictive value in defining the risk of subsequent heart failure. In the National 

Surgical Adjuvant Breast and Bowel Project (NSABP) B-31, a randomised phase III 
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adjuvant trial of trastuzumab in 1830 patients with HER2-positive breast cancer, borderline 

low LVEF (50%–54%) at baseline was strongly associated with heart failure (HR 6.72, 95% 

CI 2.67 to 16.92, p<0.001).8 In a regression analysis, baseline LVEF and age were used to 

develop a cardiac risk score: [(7+(0.4×age in years)−(0.1×baseline LVEF)]×100/4.76, which 

was proposed as a means to predict the probability of a cardiac event (ie, cardiac death or 

heart failure). Similarly, in the Herceptin Adjuvant (HERA) trial, a lower baseline LVEF 

was reported to be a risk factor for a cardiac end point including cardiac death, severe heart 

failure, or significant LVEF decline (≥10% to less than 50%).9

A major limitation of baseline echocardiography for risk prediction of cardiotoxicity is in its 

limited negative predictive value. It has been recognised that patients with a normal baseline 

LVEF will go on to develop subsequent cardiomyopathy and heart failure, and suffer from 

adverse cardiovascular events.6 For example, although a borderline low LVEF was strongly 

associated with heart failure in NSABP B-31, heart failure was also reported in 2.1% and 

4.2% of patients with a baseline LVEF of ≥65% and 55%–64%, respectively.8 Another 

disadvantage of echocardiography is the variability of LVEF, in part attributed to 

interobserver and intraobserver variability and limitations in image quality. While baseline 

LVEF assessment will remain an important screening tool to exclude patients with pre-

existing cardiovascular disease from receiving cardiotoxic therapy, more sensitive metrics 

will be needed to accurately detect subclinical dysfunction and predict the risk of subsequent 

disease (table 1).

BIOMARKERS FOR THE DETECTION OF EARLY CARDIOTOXICITY DURING 

CANCER THERAPY

Imaging biomarkers

During cardiotoxic therapy, echocardiography remains the most commonly used modality.7 

Newer techniques using contrast echocardiography and three-dimensional (3D) 

echocardiography have resulted in significant improvement in the accuracy of LVEF 

assessment. This was demonstrated in a small study of 50 patients with breast cancer 

undergoing serial LVEF assessments, in which 3D-echocardiography was feasible and 

reproducible for assessing changes in LV volumes and LVEF compared with the gold 

standard cardiac MRI.10 Similarly, in a study by Thavendiranathan et al,7 non-contrast 3D-

echocardiography was the most reproducible technique for LVEF assessment capable of 

detecting smaller changes in LVEF (~5%). However, a decrease in LVEF is still considered 

to be a late manifestation of cancer therapy-associated cardiotoxicity and may reflect the 

presence of irreversible myocardial damage. Thus, efforts have focused on identifying more 

sensitive measures of LV systolic function.

Newer techniques of assessing myocardial deformation (eg, strain, strain rate, twist and 

torsion) have been proposed as more sensitive tools for the detection of subclinical LV 

systolic dysfunction. Strain was initially measured with tissue Doppler imaging (TDI), but 

this technique is limited by the angle dependence inherent to TDI as well as the inability to 

differentiate translational motion or tethering effects from adjacent segments. Speckle 

tracking echocardiography (STE), which uses an image-processing algorithm to track 
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patterns of ‘speckles’ or natural echocardiographic signals, has replaced TDI as the preferred 

method for multidirectional strain measurement (ie, longitudinal, radial and circumferential).

Global longitudinal strain (GLS) has thus far been identified as the most robust strain 

parameter for cardiotoxicity monitoring during therapy. Several studies have shown that 

GLS determined by STE can detect myocardial injury before the development of an overt 

decline in LVEF. In a prospective study by Sawaya et al,11 STE was performed at baseline 

(before anthracycline chemotherapy), after the completion of anthracyclines and every 3 

months over 15 months in 81 patients treated with adjuvant anthracycline-based 

chemotherapy plus trastuzumab. A GLS of <19% (derived as an average of the apical 4-

chamber and 2-chamber views, excluding the apex) after the completion of anthracycline 

treatment was predictive of later development of cardiotoxicity ( positive predictive value 

53%, negative predictive value 87%), defined as a symptomatic reduction of LVEF ≥5% to 

<55% or an asymptomatic reduction of LVEF ≤10% to <55%. Although reductions were 

also observed in radial and circumferential strain, these parameters were not associated with 

subsequent heart failure. A similar study by Negishi et al12 of 81 women receiving adjuvant 

trastuzumab also demonstrated that GLS was an independent early predictor of later declines 

in LVEF. STE was performed at baseline and at 6 and 12 months, and an 11% reduction in 

GLS was the strongest predictor of cardiotoxicity, defined by a reduction of LVEF ≥10%. 

Findings from this study also suggest that the change in GLS from baseline is predictive of 

cardiotoxicity. These two studies have informed the development of the expert consensus for 

multimodality imaging in patients with cancer by the American Society of 

Echocardiography (ASE), which recommends the use of GLS in the assessment of cardiac 

function in patients with cancer, and suggests that a change in GLS can be used to detect 

early subclinical changes in LV systolic function.13

Cardiac MRI, which is the gold standard for the measurement of ventricular volumes and 

function, has the unique ability to characterise myocardial tissue and potentially identify 

early signs of cardiac injury.14 Two techniques have been investigated for the detection of 

cardiotoxicity. Late gadolinium enhancement (LGE) is an established imaging method for 

the detection of focal myocardial fibrosis and scar, but has shown poor diagnostic and 

prognostic value in cancer survivors.15 Alternatively, estimation of extracellular volume 

fraction using T1 mapping is able to identify diffuse patterns of myocardial injury likely to 

be associated with cancer therapy, but requires further investigation.16

Practice guidelines have been published by professional organisations including the National 

Comprehensive Cancer Network (NCCN),17 European Society of Medical Oncology 

(ESMO),18 and ASE13 that provide recommendations for cardiac imaging during 

cardiotoxic cancer therapy. However, evidence supporting the effectiveness of cardiac 

imaging to reduce cardiotoxicity remains limited and current recommendations are largely 

based upon expert opinion and cardiac monitoring algorithms used in the context of large 

clinical trials. Future studies are needed to determine the most appropriate modality of 

cardiac imaging, the optimal frequency and threshold of testing, and how interventions 

based on cardiac imaging impact cancer or cardiac-related outcomes (table 1).
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Circulating biomarkers

Circulating blood-based biomarkers are actively under investigation as possible alternatives 

to cardiac imaging for the diagnosis and prediction of cardiotoxicity (table 1). Widely 

established biomarkers have the advantage of being reproducible measures that are often 

readily attainable. In addition, circulating biomarkers provide biologic insight and may 

inform the underlying mechanism of cardiotoxicity.

Troponin

Cardiac troponins are markers of myocardial injury and play an important role in the 

diagnosis of acute coronary syndromes.19 In cardio-oncology, troponin has been the most 

widely studied biomarker. In a study by Cardinale et al of 204 patients receiving high-dose 

chemotherapy, troponin I (TnI) elevation was observed in 32% of patients and was 

predictive of subsequent LVEF decline.20 A follow-up study was performed by the same 

group in 703 patients treated with high-dose chemotherapy. These patients underwent serial 

TnI monitoring at multiple time-points with each cycle of treatment (immediately after, 12, 

24, 36 and 72 h after each cycle) and 1 month after chemotherapy. 21 The pattern of TnI 

elevation identified patients at various levels of risk for cardiotoxicity. Specifically, the 

highest cardiotoxicity event rate was observed among patients with early (within 72 h) TnI 

elevation (≥0.08 ng/mL) that persisted at 1 month after treatment. A similar study performed 

in patients treated with trastuzumab demonstrated that an elevated TnI was associated with a 

lack of LVEF recovery despite heart failure therapy.22

New high-sensitivity troponin assays are currently available that provide superior diagnostic 

accuracy for acute coronary syndromes,19 and have been under investigation for the early 

detection of cardiotoxicity. A study by Sawaya et al11 demonstrated a significant increase in 

ultrasensitive TnI among patients with HER2-positive breast cancer treated with 

anthracyclines and trastuzumab. The mean ultrasensitive TnI concentration after completion 

of anthracycline chemotherapy was higher among women who developed cardiotoxicity (32 

vs 17 pg/mL), and an elevated ultrasensitive TnI >30 pg/mL was predictive of subsequent 

cardiotoxicity (p=0.04).

There have been multiple reports on the association between TnI elevation and 

cardiotoxicity with other treatment exposures (eg, sunitinib, sorafenib, lapatinib, etc), but 

with mixed results.23–25 The 2012 ESMO Clinical Practice Guidelines for cardiovascular 

toxicity recommend troponin testing at baseline, during and after cancer therapy (Level of 

evidence III, Grade B).18

Brain-type natriuretic peptides

Natriuretic peptides have been studied extensively for their diagnostic and prognostic role in 

heart failure. Brain-type natriuretic peptide (BNP) and N-terminal pro-brain natriuretic 

peptide (NT-proBNP) are standard biomarkers used in clinical practice for the diagnosis and 

management of heart failure. However, conclusions regarding the role of natriuretic peptides 

for the prediction and diagnosis of cardiotoxicity remain conflicting. In the largest study of 

BNP in the cancer setting, Skovgaard et al26 showed that BNP >100 pg/mL was predictive 
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of heart failure (HR 5.5, 95% CI 1.8 to 17.2, p=0.003) in a heterogeneous cohort of 333 

patients with cancer with different tumour types and cardiotoxic treatment exposures.

There is a clear need for additional studies to clarify the role of TnI and BNP assessment 

during and after cancer therapy. The effectiveness of using biomarkers to detect and identify 

cardiotoxicity and inform treatment is currently underway (NCT01032278) to assess the role 

and timing of TnI and BNP testing in patients undergoing anthracycline-based 

chemotherapy.

Novel biomarkers

Many novel biomarkers have been proposed in the monitoring of cardiotoxicity (eg, high 

sensitivity C-reactive protein, myeloperoxidase, galectin 3, interleukin family molecules 

including ST2, matrix metalloproteinase and human heart-type fatty acid-binding protein). 

In a study by Ky et al27 of multiple novel biomarkers in a cohort of 78 patients with breast 

cancer undergoing doxorubicin and trastuzumab therapy, early increases in TnI and 

myeloperoxidase (MPO) a neutrophil-derived enzyme of oxidative stress, were associated 

with an increased risk of first cardiotoxic event.

Despite many of the above studies demonstrating the promise of biomarkers for their 

predictive value of cardiotoxicity, many questions remain. These include the timing of 

biomarker testing, the threshold for each individual biomarker, optimal assay, the 

incremental clinical value of new biomarkers and the validation of these results in larger 

independent cohorts. Furthermore, the role and type of biomarkers used for the detection of 

cancer therapy-associated cardiotoxicity must continue to evolve and adapt as new targeted 

cancer therapeutics with differing mechanisms of cardiac injury are introduced into clinical 

practice.

Multimodality approach

An approach that integrates multiple circulating biomarkers and/ or non-invasive cardiac 

imaging measures may provide additive value. In a study by Sawaya et al,11 an elevation of 

ultrasensitive TnI or a decrease in GLS <19% was associated with a sensitivity of 87% for 

the prediction of trastuzumab cardiotoxicity compared with either parameter alone (74% and 

48%, respectively). Similarly, the combination of elevated TnI and MPO levels was shown 

to identify a group of patients with breast cancer at increased risk for cardiotoxicity than 

each individual biomarker alone.27 Thus, a combined multimodality approach in selected 

individuals may provide incremental value in predicting cardiotoxicity and ultimately prove 

to be the most useful in clinical practice.

BIOMARKERS FOR DETECTION OF LATE CARDIOTOXICITY IN CANCER 

SURVIVORS

In cancer survivors, the rationale to perform routine surveillance in the absence of symptoms 

is that this practice will allow for early identification of LV systolic dysfunction and delay 

the progression to or onset of clinical heart failure. This issue has been extensively studied 

among childhood cancer survivors treated with anthracyclines and cardiac radiation, a 

Yu and Ky Page 6

Heart. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



patient population known to be at increased risk for late-onset cardiotoxicity. The 

International Late Effects of Childhood Cancer Guideline Harmonization Group was 

established to resolve differences in guidelines across groups in North America and Europe 

and proposed an algorithm for cardiomyopathy surveillance that is risk-specific and 

dependent on treatment exposures.28

There has been growing interest in the use of STE for the evaluation of subclinical LV 

dysfunction among childhood cancer survivors. In the St. Jude Lifetime Cohort Study, 

Armstrong et al performed echocardiography assessment with measurement of 3D LVEF 

and GLS in 1820 survivors of childhood cancer. Although only 5.8% of survivors had an 

LVEF <50%, 31.8% had evidence of cardiac dysfunction as defined by a GLS >2 SDs 

below the mean.29 While certainly quite intriguing, studies are needed to determine the 

natural history of asymptomatic GLS declines, to examine whether abnormal GLS is 

predictive of subsequent LVEF declines or clinical heart failure and to study the efficacy of 

early intervention strategies to improve clinical outcomes.

There have been few studies on the use of circulating biomarkers for the assessment of late 

cardiotoxicity in cancer survivors. In a study of 200 childhood cancer survivors previously 

treated with varying doses of anthracycline chemotherapy, NT-proBNP levels were higher 

in survivors treated with ≥300 mg/m2 anthracyclines compared with survivors treated with 

<300 mg/m2 (median 71 vs 37 pg/dL, p=0.01).30 No differences in other biomarkers 

including BNP, troponin-T, galectin 3 or ST2 were observed. Similar findings of elevated 

NT-proBNP were reported in two cross-sectional studies of childhood cancer survivors 

previously treated with anthracyclines.31 Long-term follow-up studies are needed to 

determine whether NT-pro-BNP levels can identify survivors at increased risk for late 

cardiotoxicity.

FUNDAMENTAL GAPS IN KNOWLEDGE AND FUTURE DIRECTIONS

Despite the important body of research published to date in cardio-oncology biomarkers, 

many questions remain unanswered. Which biomarkers provide the greatest prognostic and 

predictive value, what is the optimal threshold for each biomarker, and what is the optimal 

timing and frequency of biomarker testing? What is the reproducibility of these measures, 

and can they be implemented in both academic and community settings? Long-term studies 

are needed to determine the relationship between biomarker abnormalities and well-defined 

clinical outcomes, and determine how these markers can better inform the use of 

cardioprotective strategies. In order to accomplish these goals, a first step could be to 

leverage the use of imaging and biospecimen repositories from existent studies, and build 

collaborations among cooperative oncology and cardiology groups. Ultimately, prospective 

studies and randomised trials are necessary to inform whether the application of biomarkers 

can improve patient outcomes.

CONCLUSIONS

Cardiotoxicity remains an important adverse sequela of cancer treatment. The variability in a 

patient’s response to the beneficial and toxic effects of cancer therapy is an increasingly 
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recognised problem within cardio-oncology and has stimulated a close collaborative effort 

between medical oncologists and cardiologists. Further investigation is needed to identify 

the best practices for cardiac monitoring prior to, during and after exposure to cardiotoxic 

therapy. The incorporation of both imaging and circulating biomarkers will likely be a 

critical component in the development of an evidence-based and risk-specific strategy for 

cardiac surveillance in order to mitigate the individual patient’s risk of cardiotoxicity.
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Figure 1. 
Biomarkers for risk stratification, surveillance and management of cardiotoxicity. During 

cancer treatment, progression from the presence of baseline risk factors to the development 

of overt cardiotoxicity can occur throughout the continuum of cancer treatment, from the 

time of cancer diagnosis to cancer survivorship. Use of imaging and circulating biomarkers 

may help to determine baseline risk of cardiotoxicity and identify patients that could benefit 

from intensive cardiac monitoring or cardioprotective strategies. Early detection of 

subclinical cardiotoxicity may provide an opportunity to intervene earlier in the course of 

disease. After the development of cardiotoxicity, biomarkers may provide important 

prognostic information and guide cardiotoxicity treatment. Further investigation is needed to 

determine the optimal timing and follow-up of biomarker testing. 2D, two dimensional; 3D, 

three dimensional.
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Table 1

Advantages and disadvantages of imaging and circulating biomarkers

Advantages Disadvantages References

Imaging biomarkers

 LVEF—TTE • Widely accessible

• Ease of use

• Established prognostic 
value of abnormal LVEF 
in heart failure

• Interobserver and 
intraobserver variability

• Limited negative predictive 
value

• LVEF may remain normal 
despite subclinical damage

• Limited by image quality

• Load dependent

7

 Global longitudinal strain—STE • Emerging data suggest 
strain can detect early 
cardiotoxicity prior to 
overt LVEF decline

• Established prognostic 
value in other 
cardiovascular disease 
states (eg, heart failure 
and myocardial 
infarction)

• Limited availability and 
expertise

• Variability between 
different vendors

• Similar to LVEF 
assessment, limited by 
image quality and also load 
dependent

• Need for additional research 
prior to widespread clinical 
implementation

11–13

 Late gadolinium enhancement—cMRI Allows for detection of focal 
myocardial fibrosis or scar

• Limited availability and 
potential cost of cMRI

• Poor diagnostic and 
prognostic value for 
cardiotoxicity

15

 Extracellular volume—cMRI Allows for detection of diffuse 
myocardial fibrosis

• Limited availability and 
high cost of cMRI

• Limited data

16

Circulating Biomarkers

 Troponin • Widely available

• Commonly studied 
cardiac biomarker for 
multiple cancers and 
treatment exposures

• Elevated levels during 
cancer treatment may 
predict subsequent LVEF 
decline

• Elevated levels may 
predict response to heart 
failure therapy

• Established diagnostic 
reference ranges

• Optimal threshold value for 
risk prediction uncertain

• Unknown optimal timing 
(ie, before, during, or after 
treatment) or frequency of 
troponin testing

• Limited availability of high-
sensitivity assays

• Inconsistent associations 
with cardiotoxicity risk

1120–22242732–36

 Brain-type natriuretic peptide • Widely available

• Gold-standard biomarker 
for clinical heart failure 
with established 
prognostic significance

• Optimal threshold value for 
risk prediction uncertain

• Unknown optimal timing 
(ie, before, during or after 
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Advantages Disadvantages References

• Established diagnostic 
reference ranges

treatment) or frequency of 
testing

• Inconsistent associations 
with cardiotoxicity risk

 Myeloperoxidase May be mechanistically relevant and 
associated with risk of anthracycline 
and trastuzumab cardiotoxicity

• Limited data and need for 
external validation

• Sensitive to processing 
conditions

2739

cMRI, cardiac MRI; LVEF, left ventricular ejection fraction; STE, speckle tracking echocardiogram; TTE, transthoracic echocardiogram.

Heart. Author manuscript; available in PMC 2017 March 01.


