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Abstract
Cardiac toxicity in the shape of heart malfunction maintains to be a trammel for patients with cancer. Morbidity and
mortality of patients with cancer often influence by remained
incidence of cardiac disease. The inclusion of the cardiac system by malignancies, alongside its dysfunction secondary to
the management of antineoplastic drugs, has caused the development of a new discipline called Cardio-Oncology, it is a
new cardiology sub-branch with more questions than answers
and eventually an enormous opportunity for research in the
field.Multidisciplinary efforts have focused on the prevention,
diagnosis, and treatment of cancer therapeutics–related cardiovascular dysfunction (CTRCD). This review article will focus
on the diagnosis of left ventricular dysfunction associated with
chemotherapy by cardiac biomarkers. At present, the identification of cardiac toxicity associated with cancer treatment
is the cornerstone for critical decisions regarding anticancer
therapy and cardio protective strategies. Its determination
permits prepared intervention to hinder further deterioration of the myocardium and different cardiac structures. We
investigated the current evidence and recommendations for
biochemical, including their particular role for identification of
CTRCD. Cardiovascular biomarkers used alone or in combination with traditional and advanced imaging modalities are underlying the identification of cardiac toxicity during treatment.
Core and clinical researchers are focused on the development
of more sensitive and specific diagnostic means and for the
recognition of cardiac toxicity.
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Introduction
Recent advancements in chemotherapy have improved
outcomes of malignancies improving survival and allowing
patients to have hopes for the cure and better quality of life.
However, cancer therapeutics–related cardiac dysfunction
(CTRCD) is emerging as one of the leading causes of morbidity and mortality among cancer survivors [1,2].The most common manifestations of cardiotoxicity secondary to chemotherapy include the subclinical decline of left ventricular ejection
fraction (LVEF),new-onset heart failure, conduction disorders,
hypertension, thrombotic events, and cardiovascular ischemia
[3]. Although many chemotherapeutic drugs such as cyclophosphamide, 5-fluorouracil, and vincristine in high doses associated with CTRCD, the two best characterized by drugs associated
with CTRCD are anthracycline and trastuzumab.Although the
mechanisms by which these drugs cause cardiotoxicity are not
entirely understood, it is believed they work in different ways.
Anthracycline increases oxidative stress leading to loss of myofibrils and vacuolization of the myocytes. [4]; it also blocks topoisomerase II enzymes by intercalating with double-stranded
DNA, leading to breaks in DNA that cause apoptosis of cardiomyocytes. These effects are cumulative and dose dependent
and view as irreversible [5]. The estimated percentage of cardiomyopathy is 3% to 5% at a cumulative dose of 400 mg/m2,
7% to 26% at 550 mg/m2, and 18% to 48% at 70 mg/m2 [6].
Trastuzumab blocks ErB2 signaling and affects cardiomyocytes
in a not–dose dependent manner but increases incidence of
heart failure when used along with other agents. The impact
of heart failure of trastuzumab alone can reach 7% when used
as monotherapy and increases to 27% when used with anthracyclines or other agents such as paclitaxel and cyclophosphamide. However, unlike anthracycline, the effects are usually
reversible and cardiac function typically improves to baseline
after discontinuation of the drug [3,7]. Methods for detection
of subclinical cardiac injury are useful for selecting individuals
who might benefit from therapeutic interventions to prevent
further deterioration in left ventricular (LV) function with progression to subsequent cardiovascular events [8,9]. The cornerstone for evaluating CTRCD is the use of noninvasive imaging
techniques to assess the LV systolic function displacing cardiac
biopsy as the preferred method. According to the last expert
opinion, as well as the European Task Force, CTRCD describes as
a decrease in LVEF >10% to a value of <53% (or the lower limit
of nor mality) with a repeat performed 2 to 3 weeks after the
initial decrease observe [9,10]. A potential alternative to the
detection of CTRCD is the measurement of cardiac biomarkers.
This diagnostic approach may allow for early detection of heart
toxicity and can offer an opportunity to provide interventions
to reduce the risk of permanent cardiac dysfunction or subsequent cardiovascular events [9]. Some potential benefits of using biomarkers as a screening tool are that this strategy is easier
to perform, noninvasive, cheaper, and reliable. The biomarkers
that have studied include cardiac troponin, B-type natriuretic
peptide (BNP), C-reactive protein, and myeloperoxidase (MPO).
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Troponin
Cardiac troponin is the gold standard biomarker in the
assessment of myocyte damage, with both high diagnostic
and prognostic value. It plays a major role in the diagnosis of
acute coronary syndrome and myocardial damage [11] as it
is let out into the bloodstream during processes of myocardial cell disruption. It is fixed on the actin filament of myocytes
and is basic for calcium-mediated cardiac muscle contraction.
New advancements in troponin assays have remained the sensitivity of the biomarker to represent cardiomyocyte damage
with high sensitivity and specificity. Patients with elevation of
troponins receiving doxorubicin Lipshultz et al. first identified
chemotherapy in children who were receiving treatment for
acute lymphoblastic leukemia [12]. Since then, multiple studies have documented the role of this biomarker in patients undergoing cancer treatment. Another prospective study by the
same group found out important cardiac abnormalities in children who had at least one elevated troponin during treatment
[13]. Another group examined the utility of using early troponin measurements for predicting future cardiotoxicity [14–17].
They certified a bare association between the pattern of troponin elevation and cardiac prognosis. Patients undergoing highdose therapy for several malignancies and who had negative
troponins had no important attenuation in LVEF, demonstrating
negative predictive value.On the contrary, patients with early
elevations in troponin had a reduction of LV function and cardiac events of 37%, and those with positive biomarkers had and
the incidence of cardiac events of 84% [16]. After all, studies
investigating troponin in the setting of trastuzumab use are less
well identified, and their results are less consistent with one
another. In a study, measured troponins in 251 patient treated
for breast cancer with trastuzumab by Cardinale.They demonstrated that CTRCD happened more often in patients with either baseline raised troponin or elevations during treatment.
Also, it was the only independent predictor of CTRCD and lack
of LVEF recovery. In total, 60% of the women who improved
LVEF dysfunction fully saved after withdrawal of trastuzumab
[18]. On the contrary, different studies have demonstrated no
remain troponin level after 12 months of follow-up in patients
treated with trastuzumab for breast cancer [19]; likewise, other
investigators found that significant troponin increase in the setting of trastuzumab treatment principal happened in patients
who had been treated once with anthracyclines or when trastuzumab gives in combination with another cardiotoxic agents
[20]. Besides, a study demonstrated upregulation of myocardial
HER2 (ErbB2) expression briefly after therapy with anthracycline, likely as compensatory mechanism based on cardiac exposure to oxidative stress [21]. The patterns in troponin elevation in acute myocardial infarction and catecholamine-induced
cardiomyopathy are completely varied, and it is, thus, irrational
to appropriate either model for CTRCD [16,22,23]. In a study
examined the interrelation between anthracycline infusion, the
pattern of troponin level elevation, and their correlation with
CTRCD [24]. Cardiotoxicity induced by infusing daunorubicin in
an animal study. It indicated that late and persistent troponin
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release in the setting of daunorubicin had a powerful intercorrelation with LV systolic dysfunction.

B-Type Natriuretic Peptide
B-type natriuretic peptide produces in return for increased
wall stretch and plays a significant role in diagnose of heart failure with reduced and preserved ejection fraction (EF). N-terminal pro-BNP is an inactive protein of the BNP molecule that
is cleaved from pro-BNP to release BNP. A study involving 12
anthracycline-treated breast cancer patients with a cumulative
dosage of >220 mg/m2 and with BNP >100 mg/mL was predictive of the development of heart failure [25]. Two other studies
demonstrated that regularly elevated levels of NT-proBNP for
more than 72 hours were also predictive of LV impairment at
12-month follow-up with the mean LVEF was decreasing from
62.8% to 45.6% [26,27]. In a larger study of 333 patients treated with anthracyclines, BNP was found to be an independent
predictor of the development of congestive heart failure and
overall mortality [28]. Despite this evidence, the utility of BNP
as a biomarker for CTRCD remains in question due to conflicting
information, with several other studies showing no relationship
and little prognostic value [19,29]. There are several challenges in using BNP as a biomarker. First, natriuretic peptide levels
serve as reasonable surrogates for both LV dysfunction and the
cumulative dose of anthracyclines [30,31]. Therefore, it is questionable whether BNP is just a marker for exposure to anthracyclines rather than right cardiotoxicity. Also, natriuretic peptides
can be an unreliable biomarker as they tend to be influenced
by age, gender, and other factors, including renal dysfunction,
change in hemodynamic status, and obesity.

Other Biomarkers
There are several other biomarkers under investigation
that may show promise in predicting CTRCD. Myeloperoxidase
is an enzyme that is involved in lipid peroxidation and is typically released in periods of inflammatory, oxidative stress by neutrophils. Myeloperoxidase is being considered as a biomarker
as it believes that oxidative stress is one of the mechanisms of
doxorubicin and trastuzumab cardiotoxicity. It found in a study
of 78 patients that a greater risk of cardiotoxicity (46.5%) correlated with patients with the most significant change in both
troponin >0.121 ng/mL and MPO >422.6 pmol/L. It suggests
that MPO can be an adjunct biomarker to troponin, although
further studies are needed to confirm these findings.35 Other biomarkers receiving attention are growth differentiation
factor 15 (GDF-15), Phosphatidylinositol-glycan biosynthesis
class F protein (PIGF), soluble FMS-like tyrosine kinase receptor-1, and galectin 3. GDF-15 is a member of the transforming
growth factor β (TGF-β) cytokine superfamily with increased
expression during events of ischemia, mechanical stretch, and
oxidative stress. PIGF is a member of the vascular endothelial growth factor family and is under investigation as it may
reflect the direct action of anthracycline and trastuzumab on
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angiogenesis. Galectin-3 levels increase in patients with acute
heart failure. None of these biomarkers were associated with
increased risk of CTRCD, although these results may be due to
small sample sizes [32,33]. In summary, different biomarkers
have evaluated for the early diagnosis and prediction of CTRCD.
Current studies have found a significant relation between the
late and persistent elevation of troponin level and the development of cardiac toxicity after cancer therapy. However, there
are still unanswered questions regarding the appropriate timing of the level measurements and its role in the surveillance
during treatment using target therapies. However, the available
evidence for other biomarkers is conflicting or has derived from
small studies requiring additional investigation

Conclusions
Identification and treatment of subclinical LV dysfunction
associated with cancer therapy are essential for improvement
of cardiac outcomes. Dazzling progression in the cardiac field
have caused scientific progress in the laboratory test, enhancement the availability of diagnostic tools in research and clinical
practice. Current expert consensus recommends a comprehensive evaluation of the patient at risk of CTRCD; it includes the
use of traditional and novel noninvasive imaging techniques as
the preferred the diagnostic method, as well as an integrated approach combining biomarkers and imaging modalities for
risk stratification and surveillance of cardiotoxicity in selected
patients. Future prospective randomized controlled trials are
required to determine the optimal diagnostic strategies using
traditional and new biomarkers. These strategies should be
individualized taking into account the patient’s cardiovascular
risk and the potential cardiotoxic effect of the therapy plan.
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