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Abstract

Objectives—To review the evidence for the use of various biomarkers in the detection of 

chemotherapy associated cardiac damage.

Design and methods—Pubmed.gov was queried using the search words chemotherapy and 

cardiac biomarkers with the filters of past 10 years, humans, and English language. An emphasis 

was placed on obtaining primary research articles looking at the utility of biomarkers for the 

detection of chemotherapy-mediated cardiac injury.

Results—Biomarkers may help identify patients undergoing treatment who are at high risk for 

cardiotoxicity and may assist in identification of a low risk cohort that does not necessitate 

continued intensive screening. cTn assays are the best studied biomarkers in this context and may 

represent a promising and potentially valuable modality for detecting cardiac toxicity in patients 

undergoing chemotherapy. Monitoring cTnI levels may provide information regarding the 

development of cardiac toxicity before left ventricular dysfunction becomes apparent on 

echocardiography or via clinical symptoms. A host of other biomarkers have been evaluated for 

their utility in the field of chemotherapy related cardiac toxicity with intermittent success; further 

trials are necessary to determine what role they may end up playing for prediction and 

prognostication in this setting.

Conclusions—Biomarkers represent an exciting potential complement or replacement for 

echocardiographic monitoring of chemotherapy related cardiac toxicity which may allow for 

earlier realization of the degree of cardiac damage occurring during treatment, creating the 

opportunity for more timely modulation of therapy.
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Introduction

Improved survival in many solid and hematologic malignancies is exposing more patients to 

the long-term effects of chemotherapy including cardiac toxicity [1]. With improved 

outcomes, increased emphasis has been placed on the side effects associated with treatment 

and several chemotherapeutic agents have gained notoriety for their untoward 

cardiovascular side effects such as arrhythmias, myocardial ischemia, hypertension, acute 

heart failure and late onset ventricular dysfunction [1–4]. In particular, late-onset heart 

failure with either reduced or preserved ejection frequently occurs years after chemotherapy 

has been completed and is associated with substantial morbidity and mortality [1].

Anthracyclines as well as several novel agents have the potential to cause severe cardiac 

toxicity which may hamper their optimal use in treatment of malignancy. Additionally, with 

an expanding pool of patients receiving chemotherapy, there are currently no good tools for 

differentiating progression of underlying cardiac disease from direct cardiotoxic effects of 

chemotherapeutic agents. Echocardiography is currently used to assess cardiac function 

prior to the initiation of chemotherapy and to monitor for the development of cardiac 

toxicity during therapy [5]. Unfortunately, echocardiography is an imperfect fit in this role 

as it is relatively insensitive for detecting early cardiac toxicity during treatment. This is 

because normal hearts have excellent reserve capacity, so even modest loss of left 

ventricular function is indicative of significant cardiovascular damage [6]. These issues in 

conjunction with the high cost of repeated imaging make the discovery and utilization of a 

biomarker guided approach a highly attractive option.

A number of chemotherapeutic agents associated with cardiac toxicity will be reviewed 

before discussing the utility of various biomarkers in the detection and monitoring of 

myocardial damage, and potential interventions that could be implemented either 

prophylactically or once cardiac injury is detected.

Methods

Pubmed.gov was queried using the search words chemotherapy and cardiac biomarkers with 

the filters of past 10 years, humans, and English language. These criteria yielded a total of 

3186 articles which were then selected on the basis of their relevance to this article’s topic 

and goals. Appropriate articles were then hand searched to identify additional relevant 

literature. An emphasis was placed on obtaining primary research articles looking at the 

utility of biomarkers for the detection of chemotherapy-mediated cardiac injury. Refer to 

Table 1 for a compilation of these studies.

Discussion

Chemotherapy induced cardiac toxicity is generally divided into two classes on the basis of 

its severity and reversibility. Type 1 is myocardial injury induced through damage to the 

microstructure of cardiac myocytes and results in cell death via necrosis or apoptosis [7]. 

This damage is generally considered irreversible [7]. In contrast, type 2 cardiotoxicity 

results in cardiac myocyte dysfunction with the notable absence of microstructural 

Christenson et al. Page 2

Clin Biochem. Author manuscript; available in PMC 2015 March 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://Pubmed.gov


disruption [7]. This impairment resolves with the completion of therapy and sometimes even 

during its continuation [7].

Chemotherapeutic agents

Anthracyclines—Anthracyclines are highly effective chemotherapeutic agents commonly 

used in breast cancer as well as hematologic tumors [2]. These drugs act through the 

intercalation of nucleic acids to interfere with cell replication, leading to potent antitumor 

effects [8]. In addition, anthracyclines generate free radicals through an iron-dependent, 

enzyme-mediated reductive process [8]. It is thought that this mechanism may also lead to 

cardiac tissue damage through the production of superoxide anion radicals [9,10].

In response to the extensive attention on chemotherapy induced cardiac damage, a recent 

meta-analysis showed that 6% of patients treated with anthracycline experience clinically 

overt cardiotoxicity, while 18% develop subclinical cardiotoxicity [11]. This is consistent 

with a 5-fold increased risk in congestive heart failure in patients treated with these agents 

[12].

Anthracycline-related cardiomyopathy appears to be dose dependent with increasing risk 

and severity of cardiomyopathy correlating with the cumulative dose [13–15]. However, it 

should be noted that myocardial damage can occur unpredictably; doses as low as 200 

mg/m2 can be associated with injury and the frequency increases as doses exceed 550 

mg/m2 [13]. This dose response curve becomes increasingly steep as doses increase and 

there appears to be a synergistic deleterious effect with radiation and/or trastuzumab co-

administration [16].

Cyclophosphamide—Cyclophosphamide is a nitrogen mustard alkylating agent 

commonly used for the treatment of both neoplastic and autoimmune conditions. Although 

cyclosphosphamide has most often been associated with cardiomyopathy in settings where it 

is used in conjunction with anthracyclines, there is evidence to suggest that 

cyclophosphamide itself may rarely cause direct cardiac toxicity via hemorrhagic 

myocarditis [17,18]. Studies specifically investigating co-administration of 

cyclophosphamide and anthracycline have shown that the addition of cyclophosphamide 

leads to an earlier peak troponin level than anthracyclines alone; however inclusion of 

cyclophosphamide in therapy does not appear to alter absolute peak troponin levels or 

overall outcome [19]. Further supporting this claim, ejection fraction decreases noted 

following stem cell transplantation appear to be primarily associated with cumulative 

anthracycline toxicity as opposed to cyclophosphamide use [20]. N-terminal pro B-type 

natriuretic peptide (NT-proBNP) levels show transient elevations in the setting of 

cyclophosphamide use prior to stem cell transplantation for non-Hodgkin lymphoma and 

multiple myeloma which may be indicative of some temporary cardiac stunning or 

alternatively the concomitant use of large amounts of fluid during administration [21,22]. It 

has been noted that any symptoms that develop with cyclophosphamide use occur during 

drug administration, and usually resolve upon discontinuation [23].

Taxanes—Taxanes are a popular chemotherapeutic class that derive their antitumor effects 

through interference with the formation of microtubules necessary for cellular division [23]. 
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Cardiac toxicity typically manifests with conduction disease, principally bradycardia, which 

is usually asymptomatic and does not require intervention [24]. This injury is thought to be 

secondary to damage to subcellular organelles [25].

5-Fluorouracil—5-Fluorouracil (5-FU) is an antimetabolite agent used in the treatment of 

a variety of neoplastic processes. The incidence of cardiotoxicity with this drug ranges 

widely from 1% to 68%, with manifestations including arrhythmias, pulmonary edema, 

acute myocardial infarction, and cardiogenic shock [23,26–29]. The exact mechanism of 

these sequelae is not entirely clear but is thought to relate to coronary vasospasm based on 

ultrasound and angiographic studies [29]. This wide variation likely relates to differing study 

populations and definitions regarding cardiac toxicity [26,27,30].

Biologic agents—The term targeted therapy is often perceived to indicate highly selective 

killing of tumor cells through their purported pathway specific mechanisms; unfortunately it 

is increasingly realized that this specificity for both pathway and cellular selectivity does not 

always achieve perfect fidelity. Several of these new biologic agents have been linked to 

potential cardiovascular consequences, most notably trastuzumab and sunitinib [1].

Trastuzumab—Trastuzumab is a HER2 inhibitor which is used principally in breast and 

gastric cancer cases that overexpress this receptor [31]. When used in the absence of 

concomitant anthracycline therapy, trastuzumab is associated with minimal reversible (type 

2) cardiac toxicity which tends to resolve with appropriate congestive heart failure based 

management [32,33]. However if administered concomitantly or in rapid succession with 

anthracyclines, more devastating cardiovascular consequences can occur, with 

multiplication of not only their antitumor effects but also the risk of cardiomyopathy. The 

incidence of cardiac toxicity in this setting has been reported to be around 28%, although 

this risk has been less substantial in a large chart review by Russell et al. [34–36] One 

approach that shows promise is separating anthracycline dosing and the initiation of 

trastuzumab by at least 90 days which may help ameliorate some of these safety concerns 

[37, 38]. This principle is evidenced by a lower incidence of cardiac toxicity (4.3%) in the 

HERA cohort and has led to the recommendation that anthracyclines and trastuzumab not be 

used concomitantly in clinical practice to minimize their synergistic cardiac toxicity [37–

39].

Animal studies have linked trastuzumab related toxicity to interference with HER2 mediated 

cardiac repair which leads to dilated cardiomyopathy and additional susceptibility to 

anthracycline based cardiac toxicity [34,40]. Through this mechanism, trastuzumab may 

prevent necessary myocyte repair following damage from anthracycline therapy, playing a 

synergistic role in its formation of cardiac damage [38]. This creates a treatment dilemma 

for physicians given the improved clinical outcomes for HER2 positive tumors when 

trastuzumab is included in the regimen [32]. This is especially poignant given the current 

recommendation of 1 year of therapy, associated with low recurrence rates but increased 

concern for cardiovascular events [41]. This issue is particularly important in older patients 

with co-morbidities who have an 18% risk of trastuzumab discontinuation despite its 

substantial benefits [42].
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Multi-kinase inhibitors: sunitinib and sorafenib—Sunitinib is a tyrosine kinase 

inhibitor with a broad spectrum of activity shown to be effective in the management of renal 

cell carcinoma. This drug is unfortunately also associated with increased rates of adverse 

cardiovascular events which vary substantially from trial to trial with reported incidences 

from 4.1 to 33.8% [43–45]. Much of this discrepancy likely relates to differing definitions of 

cardiovascular events employed in these trials [43–45]. The mechanism of cardiac toxicity is 

thought to be from an off-target effect of sunitinib on ribosomal S6 kinase that results in 

increased apoptosis [46]. Additionally, there is some thought that its direct effect upon 

VEGFR1-3 signaling not only results in hypertension but limits the ability of 

cardiomyocytes to adapt in response to this increased pressure load invariably leading to 

congestive heart failure [44,46]. Regardless, these deleterious cardiac changes were transient 

and resolved with appropriate heart failure management, often allowing for the continuation 

of sunitinib [43].

Sorafenib is another multi-kinase inhibitor that has been associated with increased 

myocardial events (2.9% vs. 0.4% in placebo controls) [46]. In addition to its inhibition of 

VEGFR1-3, Flt3, KIT, and PDGFR receptor signaling which are thought to lead to loss of 

vascular integrity, the downstream effects of sorafenib upon RAF/BRAF are thought to 

increase oxidant-stress induced injury as well as cause apoptosis, resulting in type 1 

myocardial injury [46].

Directed ABL inhibitors: imatinib, nilotinib, dasatinib—Imatinib acts through 

targeted inhibition of the BCR-ABL gene rearrangement and was truly revolutionary when it 

became available for the treatment of chronic myelogenous leukemia [47]. It has 

subsequently been discovered to have several off-target effects, some of which are beneficial 

and have been exploited for use in other malignancies, principally GIST tumors [48]. 

However these off target effects are not completely without consequence and some of its 

success has been soured by reports of left ventricular dysfunction mediated through 

induction of an endoplasmic reticulum regulated stress response with the ultimate activation 

of a cell-death pathway [47]. In animal studies, histologic changes have been ascribed to 

imatinib administration which increase in a dose response manner [49]. The clinical 

implications of this finding are controversial and since the initial alarm was raised, follow-

up trials report only sporadic cases of heart failure that may or may not have been linked to 

imatinib use [50–52]. Cardiac biomarker monitoring in 55 GIST patients on imatinib 

showed only one with normal pretreatment cardiac function who developed an elevation in 

NT-proBNP levels [48]. On further inspection, investigators concluded that this case was 

likely related to mitral valve dysfunction with normal TnT levels [48]. Other newer directed 

ABL inhibitors such as nilotinib and dasatinib have not been extensively studied enough to 

know the true incidence of cardiac toxicity associated with them, but there is evidence to 

suggest that this class of medications is overall associated with an increased risk of 

exudative pericardial effusion [53].

Other biologic agents—Bevacizumab is associated with a small increase in the risk for 

left ventricular dysfunction [54,55]. This cardiac toxicity may relate to disruption of VEGF-

mediated angiogenesis and endothelial maintenance thought to be important in protecting 
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cardiac myocytes from oxidative stress [56]. Alternatively the toxicity could be connected to 

its propensity for inducing hypertension with precipitation of underlying cardiac dysfunction 

[56].

Biomarkers of cardiac injury—Given the cardiovascular consequences noted with a 

variety of different chemotherapeutic agents, there is great interest in early detection of these 

side effects. At present there is no effective means of accurately detecting and predicting 

myocardial damage occurring with chemotherapy. Biomarkers have the potential to fill this 

void, allowing for the stratification of patients by risk distinguishing patient at increased 

susceptibility for side effects of therapy, in which lower doses are warranted, from patients 

for which more aggressive chemotherapeutic regimens can be entertained.

When exploring potential biomarkers for use in this setting, many markers and their 

associated assays have been evaluated based on their use in assessing cardiac dysfunction in 

other settings, notably ischemia and heart failure [57,58].

Stringent criteria are necessary for evaluating biomarkers given their power to affect 

prognostic information and alter treatment plans. As Dr. Hayes of the University of 

Michigan Health System eloquently states, “A bad tumor marker is as bad as a bad drug” 

[59]. In appraising markers, three Ms characterize the essential attributes of an effective 

biomarker: measurement, more information and management guidance. The first M refers to 

the ability to reliably ascertain levels of the desired biomarker [60]. Determining an 

appropriate context for interpreting data is invaluable; this necessitates the establishment of 

a population baseline as well as a threshold for which deviation from these values develops 

clinical significance. Given the potential variability of metabolic levels outside of 

medication and cardiotoxic effects, an understanding of the effect of gender, age, ethnicity, 

and comorbidities should be elucidated to create context on which these values can be 

interpreted for an individual patient [61]. In addition, it should be recognized that features 

extrinsic to levels found within the patient including collection and storage conditions may 

alter the fidelity of the ultimate concentrations obtained during testing [62,63].

The second essential feature of biomarkers involves clinical validity or the provision that the 

biomarker of interest reliably distinguishes patients at increased risk for an event from those 

in which the outcome of interest is less likely [62]. This utility should be measured in the 

context of current practice guidelines to evaluate the extent to which these new tests provide 

clinically valuable information (either in addition to or replacing) established best practices 

[60].

The third principle, and the most difficult criteria to fulfill, is the establishment of a positive 

impact that new assays have on the advancement of patient care [62,63]. This contribution 

again must be taken in the context of current clinical practice to determine its potential 

additive effect measured as a risk-benefit scenario; the positive effects as well as its 

potential to lead to harm through inappropriate triage for treatment or increased overall 

healthcare costs must be considered [62].
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Troponin—Troponin (cTn) is probably the best characterized marker for evaluating 

chemotherapy induced cardiac injury. At present, most of this data has looked at 

anthracycline based therapy with uncertain broader applicability. Despite these reservations, 

an expert committee report to the FDA in 2004 concluded that troponin I (cTnI) and 

troponin T (cTnT) are sensitive, specific, and robust biomarkers of cardiac insult, allowing 

for the detection and quantification of cellular injury and death related to testing of new 

drugs [64].

Even before initiation of chemotherapy, patients presenting with hematologic malignancies 

appear to exhibit a detectable elevation of cTnI suggesting baseline cardiovascular strain and 

injury [65]. This suggests that the tumor itself may predispose cancer patients to cardiac 

damage from chemotherapeutic agents.

Troponin elevations have been shown to increase in magnitude in a step-wise fashion with 

escalating anthracycline doses administered in rat models; these biomarker indications of 

cardiac myocyte damage correlate with the degree of cardiac damage noted on histology 

[66, 67]. The clinical significance of this finding is supported by data showing that cTn 

elevations present during chemotherapy are associated with a significantly elevated risk of 

left ventricular dysfunction; this has been demonstrated in a number of patient populations 

including hematological malignancies and breast cancer [68–74]. With evidence that these 

elevations precede changes on echocardiography, measurement of cTn may provide valuable 

information to clinicians [75–77]. In addition to evaluating risk based solely on absolute cTn 

levels there exists evidence that monitoring the magnitude and kinetics of cTnI and cTnT 

elevations appears to correlate with the degree of left ventricular dysfunction present on 

subsequent echocardiography [78–80]. cTn also provides valuable information when there is 

an absence of detectable levels, particularly cTnI, helping to elucidate a group that may not 

need long term follow up for cardiovascular consequences [68,76,78,81].

A majority of data examining the link between cTn elevations, chemotherapy, and left 

ventricular dysfunction pertains to the use of high-dose anthracycline based chemotherapy 

for aggressive hematological malignancies or breast cancer. In this setting, cTnI levels have 

been noted to increase in approximately a third of patients [68]. These patients are at 

increased risk for cardiovascular consequences with persistent elevations of cTnI after 

cessation of high dose chemotherapy (HDC) showing an even greater propensity and 

magnitude of LVEF reduction compared to those with a transient rise [68,81,82]. Serial 

measurement of cTnT shows that levels peak at 23 days following administration of 

chemotherapy with an early peak noted in anthracycline regimens including 

cyclophosphamide without increase in absolute rise [19]. The percentage of patients 

exhibiting cTnI positivity tends to increase with the number and intensity of chemotherapy 

cycles the patient has undergone [68,83–85]. In patients receiving lower doses of 

anthracycline therapy, troponin levels show only an intermittent ability to predict poor 

cardiovascular outcomes [86–88].

The optimism for the use of troponin based assays for detecting cardiotoxicity has not been 

unanimous with some studies failing to detect elevations of troponin following anthracycline 

therapy or a correlation of elevations with clinical outcomes [35,89–95]. Given the low level 
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elevations that typically occur with anthracycline administration there is some concern that 

these changes may represent physiologic variation or unrelated cardiovascular disease as 

opposed to being indicative of true cardiac toxicity of therapy [96]. Of note, some of these 

negative trials may have resulted from the use of earlier generation troponin assays with 

inadequate signal, potential inappropriate cut offs and/or small sample size [35,89–94]. High 

sensitivity troponin assays may help improve stratification by providing a more sensitive 

assessment of subclinical depletion of cardiac physiologic reserve [97].

cTnI appears to have somewhat better predictive value than cTnT with higher sensitivity of 

detecting cardiac changes induced by anthracycline toxicity, particularly in the leukemia 

population [98,99]. This is speculated to be secondary to the smaller molecular weight and 

release kinetics of TnI that may allow for discordant early detection in anthracycline based 

cardiotoxicity [99].

While most studies looking at troponin elevations in chemotherapy have focused on the 

effects of anthracycline based therapy on cardiac performance, there exists evidence on the 

utility of cTn in identifying patients at risk for trastuzumab mediated cardiac toxicity [100]. 

In a 2010 study by Cardinale et al., cTn elevation during trastuzumab was associated with a 

17.6 times increased risk of cardiotoxicity [100]. This rise typically occurs early in 

treatment, as opposed to the slowly increasing positivity noted with anthracycline therapy; 

this feature may provide additional warning of impending cardiac decompensation which is 

especially relevant given its proposed type 2 cardiotoxicity [100].

Overall, the results of clinical trials using cTn to predict cardiac toxicity are promising and 

warrant continued exploration. Longer follow-up may prove valuable in evaluating the 

predictive ability of cTn for long term consequences of anthracycline use. Timing may be 

key as many studies measure enzyme levels following the completion of therapy which may 

not accurately reflect the degree of myocardial injury occurring during chemotherapy or the 

long term cardiac toxicity of therapy [97]. More studies looking at optimal timing of 

biomarker assessment and the appropriate age and sex specific cut offs for enzyme 

elevations in this setting remain to be elucidated [97,101].

Natriuretic peptides—Natriuretic peptides are small peptides synthesized in the atria and 

ventricles [102]. They are thought to be released upon stretch of the atria and ventricles and 

induce natriuresis, vasodilation, and diuresis via cGMP mediated signaling pathways [102]. 

Natriuretic peptides have gained much of their acclaim in the arena of heart failure where 

they have proved valuable in the diagnosis and monitoring of patients with heart failure 

and/or cardiomyopathies. A number of trials have looked specifically at evaluating the 

predictive value of natriuretic peptides for chemotherapy induced left ventricular 

dysfunction.

Interestingly, natriuretic peptide level elevations even prior to the initiation of therapy as 

well as after one dose are predictive of subsequent development of cardiac toxicity in NHL 

and non-HDC breast cancer cohorts. This characteristic may help identify vulnerable 

populations with pre-existing subclinical disease in addition to patients sensitive to 

chemotherapy induced damage [87,103,104].
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Natriuretic peptide levels have been shown to strongly correlate with the presence of heart 

failure in cancer patients in both adult and pediatric populations receiving anthracycline 

therapy [70,105]. These levels have been noted to rise prior to the development of heart 

failure causing optimism for their utility as a more sensitive indicator of impending clinical 

symptoms [106,107]. Making an argument for continued monitoring during therapy, 

persistent B-type natriuretic peptide (BNP) elevations following the administration of 

anthracyclines are more predictive of subsequent cardiac dysfunction than transient 

elevations [86,95,108,109]. In addition to the positive predictive value of elevated natriuretic 

peptide levels, a study looking at atrial natriuretic peptide (ANP) showed patients with 

levels below three times the upper limit of normal during administration of doxorubicin 

based chemotherapy had a low risk of subsequent cardiac sequelae [110]. Tempering some 

of this enthusiasm is evidence that while increased natriuretic peptide levels themselves 

predict left ventricular dysfunction, changes in levels do not appear to correlate with ejection 

fraction reduction [79,111]. Overall, natriuretic peptides’ utility for chemotherapy mediated 

cardiac toxicity remains controversial with several studies reporting no prognostic value for 

BNP levels and echocardiography findings [35,75,81,112,113].

Part of this confusion may relate to the property that natriuretic peptide levels serve as 

reasonable surrogates for both left ventricular dysfunction and cumulative dose of 

anthracycline [88,114–119]. This clouds the picture as to whether these changes are early 

predictors of cardiac damage or relate to anthracycline dosing associated with both damage 

and natriuretic peptide levels [114,120].

Evaluating the ability of natriuretic peptides to monitor drug toxicity and its potential 

prevention, children presenting with ALL are noted to have NT-proBNP elevations at 

baseline which decrease with the initiation of therapy with further decreases seen with the 

addition of dexrazoxane to their chemotherapy regimen [107]. These levels are noted to 

continue to fall in the dexrazoxane group with a subsequent rise seen in the group receiving 

anthracycline monotherapy [107].

Which natriuretic peptide to use? In two small trials of 10 AML/MDS and 27 patients 

respectively, BNP was significantly associated with left ventricular changes while ANP 

showed no diagnostic changes [108,121]. In another small pilot study, NT-proBNP but not 

ANP was associated with QT prolongation [122]. These studies provide preliminary 

evidence that B type natriuretic peptides may be a better predictor of cardiovascular 

consequences for cancer patients receiving anthracyclines than ANP.

Cardiotoxic effects of malignancy in addition to treatment among children—
One interesting finding discovered by cohort studies has been the idea of malignancy-

associated damage to the myocardium either through direct infiltration or hemodynamic 

stress. This concept is supported by elevated NTproBNP levels in all childhood cancer 

survivors, even those not exposed to cardiotoxic therapy as well as elevated levels noted 

even prior to beginning chemotherapy [107,119]. NT-proBNP levels in the aforementioned 

group are lower than the levels in childhood cancer survivors treated with anthracyclines 

suggesting a role for both the primary neoplasm and therapy in precipitating cardiovascular 
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injury [123]. The applicability of these findings to the adult population has yet to be 

properly characterized.

High-sensitivity C reactive protein (hsCRP)—C-reactive protein is a nonspecific 

marker which has been assessed for its utility in predicting cardiac toxicity; however results 

have been extremely heterogeneous. One pilot study of 49 women treated with adjuvant 

trastuzumab showed a correlation between hs-CRP levels and later development of 

subsequent cardiomyopathy [35]. Another study looking at anthracycline-based therapy 

showed no correlation of hs-CRP with echocardiography findings [124].

Overall, hs-CRP levels tend to be higher in all survivors of childhood cancer whether or not 

they were exposed to cardiotoxic therapy. In a study by Lipshultz et al., left ventricular 

dysfunction was noted to correlate with hs-CRP levels in childhood cancer survivors not 

exposed to cardiotoxic therapy suggesting that the hs-CRP may be a surrogate for overall 

inflammation or tumor burden in addition to drug effects [119]. These studies support the 

previously mentioned concept that malignancy in addition to its therapy may have 

deleterious cardiovascular consequences.

Glycogen phosphorylase BB—Glycogen phosphorylase BB (GPBB) has been 

proposed as a novel biomarker for the detection of chemotherapy mediated cardiac damage 

[98]. In a study of patients who received HDC followed by stem cell transplantation there 

existed a subclass of patients with positive signal for GPBB without corresponding 

elevations in cTn or natriuretic peptides [125]. However without long term follow-up it is 

difficult to ascertain if this represents a more sensitive predictor of myocardial damage or 

aberrant elevations [98,125,126]. It is premature to comment on its utility and larger trials 

with long term follow up will be necessary to further define its potential role in this 

application [98].

Myeloperoxidase (MPO)—Myeloperoxidase (MPO) is a proatherogenic enzyme 

produced by neutrophils that leads to free radical production and lipid peroxidation [77]. 

MPO levels measured following anthracycline administration have been shown to correlate 

with subsequent development of cardiotoxicity in one study [77]. However more 

confirmatory trials are needed with long-term follow-up.

Total antioxidant status (TAOS)—Total antioxidant status is a sum of all measurable 

antioxidants within the blood which theoretically can be used to monitor anthracycline based 

therapy and its reported complications [88]. One small study of 29 children undergoing 

therapy for acute leukemia showed a significant drop in TAOS levels which correlated with 

increased doses of anthracycline [88]. As with the previously mentioned markers, these 

promising findings warrant further investigation with long-term clinical end points.

Circulating microRNAs—With more studies elucidating the exact mechanisms by which 

chemotherapeutic agents exert their cardiotoxic agents, circulating microRNAs have 

emerged as an attractive potential marker reflecting ongoing myocardial injury. MicroRNAs 

are short non-coding RNAs that are known to play an important role in maintaining 

homeostasis [127]. As such, they have been implicated in regulating multiple global cellular 
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processes such as oxidative stress response and cellular injury [128]. Preclinical studies have 

shown that doxorubicin administration is associated with substantially increased levels of 

mIR-146a, and it is thought that the mechanism of doxorubicin mediated cardiotoxicity is at 

least partially mediated by mIR-146a induced downregulation of ErbB4 and subsequent 

activation of apoptotic pathways [129]. Clinically, circulating levels of mIR-146a have been 

proposed as a predictive and prognostic indicator of multiple conditions such as sepsis, 

Sjogren’s syndrome, and cancer [130–132]. However, future clinical studies are necessary to 

determine the validity of mIR-146a in the setting of chemotherapy-related cardiotoxicity. 

Studies have shown that mIR-146a levels are associated with specific conditions such as 

peripartum cardiomyopathy, but levels do not differ with other forms of non-inflammatory 

dilated cardiomyopathy when compared to healthy controls [133,134]. Thus, microRNA 

levels may be a potential biomarker specific to inflammatory or injury-mediated 

cardiotoxicity and heart failure.

Preventive strategies—Once evidence of cardiac toxicity is suspected through the use of 

biomarker, imaging, or clinical exam monitoring it becomes imperative to guide intervention 

to prevent further damage from occurring. Modulation of chemotherapy with dose and cycle 

reductions is one possible way of ameliorating cardiac toxicity but often comes at the 

expense of diminished antitumor effect. Another strategy aims to treat the current cardiac 

damage and/or prevent further injury through the administration of a variety of preventive 

agents outlined below.

Dexrazoxane—Dexrazoxane is a medication that has been investigated extensively for use 

in limiting anthracycline mediated cardiac injury with a reduction in the relative risk of 

clinical heart failure to 0.21 and subclinical cardiac toxicity to 0.33 [12]. This effect is 

postulated to occur through dexrazoxane’s iron binding effects preventing it from forming 

free radical producing complexes with doxorubicin [135]. Of note, some of this effect 

appears to be gender specific with girls showing better cardiac preservation with 

dexrazoxane therapy than boys in a study examining the use of dexrazoxane plus 

doxorubicin in high risk children receiving treatment for ALL [136]. This cardioprotective 

effect can be monitored with cTnT levels whose rise is attenuated with the use of 

dexrazoxane in the setting of anthracycline use [135,137].

One of the trials that helped to confirm the efficacy of dexrazoxane for reducing cardiac 

toxicity also sparked controversy when its data raised concern for dexrazoxane decreasing 

the efficacy of anthracycline based therapy. This trial by Swain et al. revealed a reduction in 

the risk for decreased ejection fraction or congestive heart failure by a factor of 2.5 with the 

use of dexrazoxane in a breast cancer cohort, but sent shocks through the oncologic 

community when it also reported a decreased response to therapy going from 4 to 14% 

among the subgroup receiving dexrazoxane therapy, although this did not translate into a 

significant decrease in survival or time to progression [138]. Several subsequent trials and 

analyses have sought to further clarify this issue and have not replicated this finding 

[136,139].

Debate once again struck this cardioprotective therapy when post-hoc analysis showed 

increased formation of secondary malignancies among childhood cancer patients receiving 
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dexrazoxane therapy [140]. However these data immediately drew fire for the small number 

of incidences on which this claim rested (as few as one in the case of osteosarcoma) and has 

not been substantiated by subsequent trials [141].

A recent Cochrane review on the use of cardioprotective agents in anthracycline therapy 

determined that the use of dexrazoxane reduced the rate of subsequent heart failure by one 

third with no effect on survival, incidence of secondary malignancy, or tumor response rate 

[142]. This report concluded that this therapy should be considered in high risk patients 

[142].

Angiotensinogen converting enzyme inhibitor (ACE-I) therapy—The Renin–

Angiotensin–Aldosterone (RAS) system is thought to play an important role in the 

development of anthracycline-mediated cardiotoxicity with an increase in cardiac 

angiotensin converting enzyme concentration noted in animal models following the 

initiation of anthracycline therapy [143]. Inhibition of this pathway is therefore thought to 

represent a rational mechanism for preventing this damage. In addition, many ACE-

inhibitors (ACE-I) have antioxidant properties that prevent free radical mediated toxicity 

associated with anthracyclines [10,144].

Through their inhibition of the RAS system and free radical formation, ACE-I have shown 

efficacy in the prevention of contraction abnormalities and interstitial fibrosis following 

administration of anthracyclines [145,146]. Optimal dosing schedule has not been fully 

elucidated but ACE-I therapy appears to be effective given either simultaneously or a month 

following therapy to prevent cardiotoxicity [147, 148]. Studies have confirmed the 

effectiveness of this approach showing a reduction in cardiovascular outcomes and 

development of cardiomyopathy [149,150].

Using elevated cTn levels as a marker of risk for anthracycline mediated cardiac damage, 

Cardinale et al. were able to use enalapril to prevent the development of cardiomyopathy in 

a randomized controlled trial of 54 patients [82,151]. This trial also helped to demonstrate 

the strong negative predictive value of cTnI with none of the patients with normal cTnI 

values following chemotherapy experiencing cardiac events; this may represent a group 

where intensive cardiac protective therapy is unnecessary [82].

Beta blockers—Beta-blocker therapy has shown excellent efficacy in the treatment of 

ischemic and non-ischemic causes of heart failure. However, there remains a paucity of 

good data looking specifically at its potential role in chemotherapy-related cardiomyopathy. 

While all beta-blockers may have some efficacy, carvedilol and nebivolol represent rational 

choices in this setting given their additional antioxidant properties [152–155].

Current evidence including several case reports/series, two small randomized controlled 

trials and animal models have shown promising results but as of yet, no large human studies 

have been published [152,154,156–158]. These large trials would be immensely helpful in 

further characterizing the potential role for beta-blockers in this setting including individual 

drugs and dosing schema.
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Liposomal based doxorubicin—Liposomal doxorubicin was designed in an attempt to 

decrease the risk of cardiac side effects present with traditional doxorubicin therapy. The 

idea behind developing a liposomal version of anthracyclines or other drugs is that these 

liposomes cannot leave the vascular system in places with tight capillary junctions such as 

the heart, depositing preferentially in areas where fenestrated capillaries are present or 

junctions are disrupted by inflammation or tumor growth [159]. Studies show that liposomal 

doxorubicin used in combination with cyclophosphamide for the treatment of breast cancer 

reduces the risk of cardiac toxicity when compared to traditional doxorubicin-based 

regimens [159,160].

Conclusion

There are a number of effective chemotherapeutic agents with the side effect of causing 

damage to the cardiovascular system. There is optimism that the use of biomarkers can help 

identify patients undergoing treatment who are at high risk for cardiotoxicity [161]. Also, 

these biomarkers can assist in identifying a low risk cohort that does not necessitate 

continued intensive screening, avoiding unnecessary cost and inconvenience to patients and 

the healthcare system. In particular, cTn assays represent a promising and potentially 

valuable modality for detecting cardiac toxicity in patients undergoing chemotherapy in a 

variety of clinical settings. Monitoring cTnI levels may provide earlier information 

regarding the development of cardiac toxicity allowing for proactive manipulation of 

regimens and cardioprotective strategies instead of being able to appreciate toxicity only 

after left ventricular dysfunction becomes apparent on echocardiography or via clinical 

symptoms. A host of other biomarkers have been evaluated for their utility in the field of 

chemotherapy related cardiac toxicity with intermittent success; further trials are necessary 

to determine what role they may end up playing for prediction and prognostication in this 

setting.

While biomarkers may ultimately complement or in some cases displace cardiac imaging for 

monitoring cardiac toxicity of chemotherapy, it should be stressed that current guidelines 

still recommend the assessment and monitoring of left ventricular function via 

echocardiography during anthracycline-containing chemotherapy [5]. Monitoring strategies 

include troponin, the natriuretic peptides and other biomarkers may turn out to be useful; 

however, a high bar must be set before evaluating and implementing their use given the high 

stakes present when managing chemotherapy.
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Table 1

Studies evaluating the use of biomarkers to predict chemotherapy-induced cardiac toxicity.

Troponin-I

Papers demonstrating 
correlation
between increase in 
biomarker
and cardiotoxicity

Cardinale et al. [83] 50 patients received EPI–CYC, 41 received taxotere–EPI–
CYC, 48
received Ifosfamide–CARB–ETO
16 received taxotere–Ifosfamide–CARB–ETO, 49 received 
CYC.

All patients with decrease in LVEF of greater 
than 30% had TnI
elevation greater than 0.5 ng/mL

Cardinale et al. [78] 51 patients received EPI–CYC (EC), 85 received taxotere–
EPI–CYC
(TEC), 43 patients who had previously been treated with
anthracyclines received Ifosfamide–CARB–ETO (ICE) while 
32 other
patients previously treated with anthracyclines received 
taxotere–
ifosfamide–CARB–ETO (TICE). All subsequently received 
radiotherapy.

The percentage of patients with TnI positivity 
was 53% in EC, 31% in
TEC, 28% in ICE and 16% in TICE. A strong 
correlation was found
between the magnitude of TnI rise and reduction 
in EF.

Cardinale et al. [68] 703 patients enrolled in a number of different regimens 
including:
EPI–CYC; taxotere–EPI–CYC; ifosfamide–CARB–ETO; 
taxotere–
isofamide–CARB–ETO; carmustine–ETO–cytarabine–
melphalan;
ETO–solumedrol–cytarabine–platinum; mitoxantrone; 
melphalan;
idarubicin; sequential; CYC.

Correlation between elevated TnI and reduction 
in ejection fraction
was even more likely in individuals with 
elevated Tn’s at multiple
time points during and after chemotherapy.

Cardinale et al. [100] 251 patients received TZT with or without other chemotherapy
(197 had prior exposure to anthracyclines).

TnI identifies patients at risk for developing 
cardiotoxicity
(including decrease in LVEF) who are unlikely 
to recover following
completion of therapy.

Drafts et al. [85] 37 patients received DOX and 16 received daunorubicin. TnI trended upward with therapy. 26% showed 
positivity by the end
of 6 months, BNP fell during therapy.

Ky et al. [77] 78 patients received DOX–CYC every 3 weeks for 4 cycles, 
followed
by PAC–TZT weekly for 12 weeks, followed by TZT every 3 
weeks
totaling a full year of therapy.

Increases in TnI and MPO levels were associated 
with the
development of cardiac dysfunction.

Lee et al. [70] 67 patients received DOX, 15 received daunorubicin, 1 
received EPI,
1 received idarubicin, 1 received DOX and EPI, 1 received 
DOX and
idarubicin.

TnI and BNP concentrations correlated with 
anthracycline
cumulative dose and LVEF. Heart failure was 
more common if BNP
levels reached 100 pg/mL at least once.

Lipshultz et al. [107] 100 patients received DOX, 105 received DOX and 
dexrazoxane.

TnI and NT-proBNP levels during the first 90 
days of treatment
predicted the development of cardiac 
dysfunction 4 years later.

Morris et al. [124] 95 patients initially received DOX–CYC (DC) followed by 
PAC–TZT–
lapatinib for 3 months with continuation of TZT–lapatinib for 
1 year.

TnI rise preceded maximal decline in LV 
function, CRP did not
correlate with cardiotoxicity.

Sandri et al. [84] 79 patients received TEC, 49 received CYC–MTX–ETO–
idarubicin
(SEQ), 26 received TICE, 17 received ICE, 8 received EC.

52 (32%) of patients with a positive TnI had a 
decrease in LVEF. No
LV dysfunction was noted in the group with 
negative TnI.

Sawaya et al. [81] 39 patients received DOX–taxanes, 4 received EPI–taxanes; 10
received anthracycline containing chemotherapy prior to

TnI elevation at 3 months was predictive of the 
development of LV
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enrollment. dysfunction at 6 months.

Sawaya et al. [69] 82 patients received DOX or EPI for 3 months followed by 
weekly
PAC–TZT for 3 months followed by 9 more months of TZT.

TnI and peak systolic myocardial strain 
predicted cardiotoxicity, no
significant associations were observed for 
LVEF, NT-proBNP or ST-2,
and the development of heart failure.

Specchia et al. [73] Anthracycline containing chemotherapy with median doses of
daunorubicin 300 mg/m2, idarubicin 51 mg/m2, and 
mitoxantrone
47 mg/m2

Echocardiography findings showed transient 
decrease in EF
correlated with increased TnI levels

Papers failing to 
demonstrate
correlation between 
increase in
biomarker and 
cardiotoxicity

Grover et al. [92] 46 patients received three to six 21 day cycles of EPI, DOX, 
and/or
TZT with or without taxanes.

TnI and CRP increased with therapy but did not 
correlate with
subsequent LV dysfunction.

Soker et al. [95] 31 patients received DOX based therapy. NT-proBNP levels were significantly more 
elevated in patients with
LV dysfunction, cTnI remained undetectable 
throughout the study.

Zver et al. [21] 30 patients received VCR–EPI–dexamethasone followed by 
CYC–
melphalan followed by autologous hematopoietic stem cell
transplantation.

Increased levels of BNP and ET-1 were 
associated with worsening LV
diastolic dysfunction. TnI remained within the 
normal range.

Troponin-T

Papers demonstrating 
correlation
between increase in 
biomarker
and cardiotoxicity

Auner et al. [18] 2 patients received DOX, 28 received pegylated liposomal 
DOX, 3
received daunorubicin, 43 received idarubicin, 58 received
Mitoxantrone.

Patients with positive TnT levels correlated with 
greater decrease in LVEF.

Geiger et al. [104] 40 patients received DOX, 6 received mitoxantrone–
daunorubicin, 2
received mitoxantrone, 1 received liposomal DOX, 1 received
liposomal DOX.

NT-proBNP levels increased more in patients 
who subsequently
developed reduced EF, TnT levels increased 
following chemotherapy
and were also associated with reduced EF.

Kilickap et al. [74] 29 patients received DOX, 5 received idarubicin, 4 received
daunorubicin, 3 received EPI.

Positive TnT levels were associated with LV 
diastolic dysfunction in
younger patients.

Mavinkurve-Groothuis 
et al. [71]

60 patients received 120 mg/m2 of anthracyclines and were 
then
stratified to low (n = 20), moderate (n = 30) or high risk
(n = 10) based on response with moderate risk receiving an
additional 180 mg/m2 of anthracycline and high risk receiving
either an additional 120 mg/m2 anthracycline +18 mg/m2

idarubicin +52.5 mg/m2 mitoxantrone or consideration of bone
marrow transplantation.

TnT elevations predicted some LV dysfunction, 
NT-proBNP was not
predictive of cardiac toxicity.

Mornos et al. [80] 100 patients received anthracycline containing therapy. Changes in TnT levels predicted the 
development of cardiac toxicity
while changes in NT-proBNP did not show 
significant predictive value.

Troponin-I

Papers failing to 
demonstrate
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correlation between 
increase in
biomarker and 
cardiotoxicity

Kremer et al. [94] 20 patients received DOX, 4 received daunorubicin, 9 received 
EPI, 5
received mitoxantrone.

Measurement of TnT within the first 24 h of 
chemotherapy did not
predict subsequent development of cardiac 
toxicity.

Dodos et al. [91] 100 patients received anthracycline containing chemotherapy, 
53
received DOX, 29 received EPI, 15 received daunorubicin, 2 
received
mitoxantrone, and 1 received idarubicin.

TnT and BNP did not predict subsequent 
development of cardiac
dysfunction.

B-type naturetic peptide

Papers demonstrating 
correlation
between increase in 
biomarker
and cardiotoxicity

Anthracycline containing regimens

Hayakawa et al. [114] 34 patients received DOX-based chemotherapy more than 1 
month
prior.

Both ANP and BNP levels correlated with both 
the cumulative dose
of anthracycline and LV systolic dysfunction.

Lipshultz et al. [107] 100 patients received DOX, 105 received DOX and 
dexrazoxane.

TnT levels rose during treatment in the DOX 
group and to a lesser
extent the group with dexrazoxane 
coadministration, NT-proBNP
levels were initially elevated, fell in both groups 
although to a lesser
extent in the group without dexrazone, NT-
proBNP rose again post-
treatment in the DOX group but continued to fall 
in the dexrazosin
coadministration group. hsCRP was not 
significantly different between
groups. TnI and NTproBNP levels during the 
first 90 days of treatment
predicted the development of cardiac 
dysfunction 4 years later.

Sandri et al. [109] 52 patients received HDC Persistently elevated NT-proBNP levels strongly 
associated with the
development of systolic and diastolic 
dysfunction following HDC.

Nakamae et al. [150] 40 patients received CYC–DOX–VCR–prednisolone (CHOP 
therapy).

CHOP induced transient increases in the LV 
end-diastolic diameter on
echocardiogram and in the plasma BNP and 
ANP. Valsartan therapy
prevented elevation in BNP and LV end-
diastolic diameter, but not ANP.

Pichon et al. [115] 50 patients received anthracycline based therapy, 17 patients 
were
pre-treated with anthracycline-based therapy followed by TZT 
and
taxanes or vinorelbine.

BNP concentrations correlated with 
anthracycline cumulative dose
and LVEF.

Lee et al. [70] 67 patients received DOX, 15 received daunorubicin, 1 
received EPI,
1 received idarubicin, 1 received DOX and EPI, 1 received 
DOX and
idarubicin.

BNP and TnI concentrations correlated with 
cumulative
anthracycline dose and LVEF. Heart failure was 
more common if BNP
levels reached 100 pg/mL at least once.

Romano et al. [86] 34 patients received liposomal DOX–docetaxel and 37 
received EPI–
5-FU–CYC.

Persistently elevated NT-proBNP levels were 
associated with
subsequent impairment of LV function.
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Feola et al. [87] 53 patients received six 21 day cycles of CYC–EPI–5-FU. BNP levels correlated with LV systolic 
dysfunction

Kouloubinis et al. [117] 26 patients received six 21 day cycles of EPI–paclitaxel, 14 
received
six 21 day cycles of mitoxantrone–docetaxel.

proANP and NT-proBNP levels correlated with 
LV dysfunction.

Gimeno et al. [103] 35 patients received modified-CHOP regimen with or without
rituximab.

Patients with initially elevated NT-proBNP 
levels had a significantly
higher risk of heart failure progression and death 
from all causes in
comparison to those with lower levels.

Mladosievicova et al. 
[123]

69 patients who had previously received DOX, daunorubicin, 
or EPI
based therapy or non-anthracycline therapy were compared to 
44
health controls.

NT-proBNP elevations were more common in 
childhood cancer
survivors exposed to anthracyclines compared to 
unexposed
survivors.

Geiger et al. [104] 40 patients received DOX, 6 received mitoxantrone–
daunorubicin, 2
received mitoxantrone, 1 received liposomal DOX.

NT-proBNP levels increased more in patients 
who subsequently
developed reduced EF, TnT levels increased 
following chemotherapy
and were also associated with reduced EF.

Sherief et al. [118] 50 patients who had previously received anthracycline based
chemotherapy.

NT-proBNP levels correlated with the total 
anthracycline dose
previously received.

Lipshultz et al. [119] 102 patients received anthracycline based therapy vs. other
protocols not containing anthracyclines.

Increased NT-proBNP levels were associated 
with decreased LV
function.

Aggarwal et al. [105] 63 patients previously received anthracycline based 
chemotherapy
at least 1 year prior to enrollment.

Elevated BNP levels were associated with 
cardiac dysfunction on
echocardiography.

Soker et al. [95] 31 patients received DOX based therapy. NT-proBNP levels were significantly more 
elevated in patients with
LV dysfunction, cTnI levels remained 
undetectable throughout the study.

Zver et al. [21] 30 patients received VCR–EPI–dexamethasone followed by 
CYC–
melphalan followed by autologous hematopoietic stem cell
transplantation.

Increased levels of BNP and ET-1 were 
associated with worsening LV
diastolic dysfunction. TnI remained within the 
normal range.

Nakamae et al. [150] 40 patients received CYC–DOX–VCR–prednisolone (CHOP 
therapy).

CHOP induced transient increases in the LV 
end-diastolic diameter
on echocardiogram and in the plasma BNP and 
ANP. Valsartan
therapy prevented elevations in BNP and LV 
end-diastolic diameter,
but not ANP.

Feola et al. [87] 53 patients received six 21 day cycles of CYC–EPI–5-FU. BNP levels correlated with left ventricular 
systolic dysfunction in
this patient population.

Kuittinen et al. [22] 30 patients received carmustine–ETO–cytarabine–CYC–
MESNA
followed by stem cell transplantation.

LV dysfunction correlated with NT-proANP and 
NT-proBNP levels.

Romano et al. [86] 34 patients received Liposomal DOX–docetaxel and 37 
received
EPI–5-FU–CYC.

Persistently elevated NT-proBNP levels were 
associated with
subsequent impairment of LV function.

Pichon et al. [115] 50 patients received anthracycline based therapy, 17 patients 
were
pre-treated with anthracycline-based therapy followed by TZT 
and
taxanes or vinorelbine

BNP concentrations correlated with 
anthracycline cumulative dose
and LVEF.

Ribeiro et al. [50] 103 patients received imatinib. 4 patients receiving imatinib had elevated BNP 
with one showing
depressed LVEF, however this small number of 
patients precluded
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the comparison of their features with the whole 
study sample.

Troponin-I

Papers failing to 
demonstrate
correlation between 
increase in
biomarker and 
cardiotoxicity

Meinardi et al. [112] 21 patients received five cycles of 5-FU–EPI–CYC (FEC), 19 
received
four cycles of FEC followed by high-dose chemotherapy 
consisting
of CYC–thiotepa–carboplatin. Both groups subsequently 
underwent
locoregional radiotherapy.

No statistically significant correlation was found 
between BNP levels
and prediction of LVEF dysfunction.

Garrone et al. [79] 50 patients received six 21 day cycles of CYC–EPI–5-FU. Kinetics of Tn rise correlated with LVEF 
reduction. There was no
correlation between BNP and change in LVEF.

Mavinkurve-Groothuis 
et al. [71]

60 patients received 120 mg/m2 of anthracyclines and were 
then
stratified to low (n = 20), moderate (n = 30) or high risk
(n = 10) based on response with moderate risk receiving an
additional 180 mg/m2 of anthracycline and high risk receiving
either an additional 120 mg/m2 anthracycline +18 mg/m2

idarubicin +52.5 mg/m2 mitoxantrone or consideration of bone
marrow transplantation.

TnT elevations predicted LV dysfunction, NT-
proBNP levels were not
predictive.

Drafts et al. [85] 37 patients received DOX and 16 received daunorubicin. TnI trended upward with 26% showing 
positivity by the end of
6 months, BNP levels fell during therapy.

Mornos et al. [80] 100 patients received anthracycline containing therapy. Changes in TnT levels predicted the 
development of cardiac toxicity
while changes in NT-proBNP did not show 
significant predictive value.

Poutanen et al. [113] 39 patients received anthracycline based therapy with or 
without
radiotherapy 5 to 7 years prior to evaluation.

NT-proANP is a useful method to evaluate 
cardiac function in cancer
survivors, BNP levels did not correlate with 
cardiac function.

Daugaard et al. [111] 66 patients received EPI, 41 received DOX. 13 patients 
additionally
received radiotherapy of the left chest wall.

Neither changes in NT proANP nor BNP 
correlated with a change in EF.

Sawaya et al. [69] 82 patients received DOX or EPI for 3 months followed by 
weekly
PAC–TZT for 3 months followed by 9 more months of TZT.

TnI and peak systolic myocardial strain 
predicted cardiotoxicity, no
significant associations observed for LVEF, NT-
proBNP, or ST-2 and
the development of heart failure.

Dodos et al. [91] 100 patients received anthracycline containing chemotherapy, 
53
received DOX, 29 received EPI, 15 received daunorubicin, 2 
received
mitoxantrone, and 1 received idarubicin.

TnT and BNP did not predict subsequent 
development of cardiac
dysfunction

Atrial naturetic peptide

Papers demonstrating 
correlation
between increase in 
biomarker
and cardiotoxicity

Hayakawa et al. [114] 34 patients received DOX-based chemotherapy more than 1 
month
prior.

ANP and BNP levels correlated with both the 
cumulative dose of
anthracycline and LV systolic function.
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Nakamae et al. [150] 40 patients received CYC–DOX–VCR–prednisolone (CHOP 
therapy).

CHOP induced transient increases in the LV 
end-diastolic diameter
on echocardiogram and in the plasma BNP and 
ANP. Valsartan
therapy prevented elevation in BNP and LV end-
diastolic diameter,
but not ANP.

Poutanen et al. [113] 39 patients received anthracycline based therapy with or 
without
radiotherapy 5 to 7 years prior to evaluation.

NT-proANP levels corresponded with cardiac 
function in cancer
survivors, BNP levels did not correlate with 
cardiac function.

Kouloubinis et al. [117] 26 patients received six 21 day cycles of EPI–PAC, 14 
received six
21 day cycles of mitoxantrone and docetaxel.

NT-proANP and NT-proBNP levels correlated 
with LV dysfunction.

Kuittinen et al. [22] 30 patients received carmustine–ETO–cytarabine–CYC–
MESNA
followed by stem cell transplantation.

LV dysfunction was associated with NT-
proANP and NT-proBNP
levels.

Papers failing to 
demonstrate
correlation between 
increase in
biomarker and 
cardiotoxicity

Daugaard et al. [111] 66 patients received EPI, 41 received DOX. 13 patients 
additionally
received radiotherapy of the left chest wall.

Neither changes in NT-ANP nor BNP correlated 
were predictive of a
change in EF.

C-reactive protein

Papers demonstrating 
correlation
between increase in 
biomarker
and cardiotoxicity

Onitilo et al. [35] 49 patients received adjuvant TZT therapy (24 had prior 
exposure
to anthracycline).

hs-CRP correlated with subsequent reduction in 
LVEF.

Papers failing to 
demonstrate
correlation between 
increase in
biomarker and 
cardiotoxicity

Lipshultz et al. [107] 100 patients received DOX, 105 received DOX–dexrazoxane. TnT levels rose during treatment in the DOX 
and to a lesser extent in
the group with dexrazoxane coadministration, 
NT-proBNP levels
were initially elevated, fell in both groups 
although to a lesser extent
in the group without dexrazone, NT-proBNP 
rose again post-
treatment in the DOX group but continued to fall 
in the dexrazosin
coadministration group. Increases in hsCRP 
were not associated
with changes on echocardiography. TnI and 
NTproBNP levels during
the first 90 days of treatment predicted the 
development of cardiac
dysfunction 4 years later.

Morris et al. [124] 95 patients enrolled initially receiving DOX–CYC (DC) 
followed by
PAC–TZT–lapatinib for 3 months with continuation of TZT-
lapatinib
for 1 year.

TnI rise preceded maximal decline in left 
ventricular function, CRP
did not correlate with cardiotoxicity
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Troponin-I

Grover et al. [92] 46 patients received three to six 21 day cycles of EPI, DOX 
and/or
TZT with or without taxanes.

TnI and CRP increased with therapy but did not 
correlate with
subsequent LV dysfunction.

Myeloperoxidase

Papers demonstrating 
correlation
between increase in 
biomarker
and cardiotoxicity

Ky et al. [77] 78 patients received DOX–CYC every 3 weeks for 4 cycles, 
followed
by PAC–TZT weekly for 12 weeks, followed by TZT every 3 
weeks
totaling a full year of therapy.

Increases in TnI and MPO levels were associated 
with the
development of cardiac dysfunction.

Endothelin-1

Papers demonstrating 
correlation
between increase in 
biomarker
and cardiotoxicity

Zver et al. [21] 30 patients received VCR–EPI–dexamethasone followed by 
CYC–
melphalan followed by autologous hematopoietic stem cell
transplantation.

Increased levels of BNP and ET-1 were 
associated with worsening LV
diastolic dysfunction. TnI levels remained within 
the normal range.

ST-2

Papers failing to 
demonstrate
correlation between 
increase in
biomarker and 
cardiotoxicity

Sawaya et al. [69] 82 patients received DOX or EPI for 3 months followed by 
weekly
PAC–TZT for 3 months followed by 9 more months of TZT.

TnI and peak systolic myocardial strain 
predicted cardiotoxicity, no
significant associations observed for LVEF, NT-
proBNP, or ST-2 and
the development of heart failure.

Abbreviations used within the table. Biomarkers: Tn = troponin, TnI = cardiac troponin I, TnT = cardiac troponin T, BNP = B-type natriuretic 
peptide, ANP = atrial natriuretic peptide, NT-proBNP = N-Terminal pro B-type natriuretic peptide, NT-proANP = N-terminal pro atrial natriuretic 
peptide, CRP = C-reactive protein, hsCRP = high sensitivity C-reactive protein, ET-1 = endothelin-1, MPO = myeloperoxidase. Chemotherapy: 5-
FU = 5-fluorouracil, CARB = carboplatin, CYC = cyclophosphamide, DOX = doxorubicin, EPI = epirubicin, ETO = etoposide, HDC = high dose 
chemotherapy, MTX = methotrexate, ONC = oncovorin, PAC = paclitaxel, TZT = trastuzumab, VCR = vincristine. Cardiovascular parameters: 
EF = ejection fraction, LVEF = left ventricular ejection fraction, LV = Left ventricle.

Search criteria: chemotherapy and cardiac biomarkers over the past 10 years, in humans, available in English. Hand-searching of articles was 
performed to locate additional studies. Inclusion criteria: studies containing greater than 30 patients evaluating the use of biomarkers to detect 
cardiac toxicity in the setting of chemotherapy.
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