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Introduction

Cancer and cardiovascular (CVD) diseases are two separate disease
entities but share many different clinicopathologic characteristics [1].
Intensive chemotherapy improves longevity in cancer patients but
increases the risk of developing chemotherapy-induced cardiomyopathy
(CCM), also known as chemotherapy-induced cardiotoxicity (CIC). In
most cases, CCM manifests as left ventricular (LV) systolic dysfunction
or clinically overt heart failure (HF). With a large and growing
population of cancer survivors, and reports that CVD is a leading cause
of death among them [2,3], prevention and treatment of CCM is critical
for improved prognosis and survival. Current clinical management
approaches have been undermined by the reliance on small singl-
center studies and medical experience. However, two position papers
on practice guidelines for cardiotoxicity management by the European
Society for Medical Oncology (ESMO) and the European Society of
Cardiology (ESC) mark an important initial step for the development
of strong evidence to guide clinical management of CCM. This article
thus reviews CCM with an emphasis on clinical description, risk
factors, pathophysiology, prognosis, clinical presentation, diagnosis
and clinical management.

Description

Historical Context: Chemotherapy-induced cardiomyopathy
is a well-documented adverse event in cancer patients. The initial
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documentation goes back to between 1963 and 1967 when Di Marco
and research associates published a series of reports [4-7] evaluating
therapeutic activities of daunomycin in transplanted murine tumor
models. Although daunomycin inhibited the growth of tumor cells and
prolonged survival, it had a highly toxic effect on neoplastic cells and
cardiac function. Later in 1967, Tan and associates [8] were the first to
evaluate therapeutic effect of daunomycin in humans and reported its
association with CCM with a marked predominance in children with
leukemia. The study brought into clinical focus CCM and its role in the
development of HF in cancer survivors. Since then, subsequent studies
have demonstrated the most common clinical manifestations of CCM
is left ventricular dysfunction (LVD) and clinically overt HF [9,10].

Clinical Definition: Despite increased recognition of CCM as
a distinct disease entity, both clinical trials and practice guidelines
lack consensus on generally accepted international definition. Large
randomized trials have proposed various definitions (Table 1).

The basis of the suggested definitions of CCM are the development
of LVD (defined as depressed LVEF] and/or manifestations of
symptomatic HE The definitions are supported by reports that the
incidence of HF and LVD range between 5% and 65% depending on the
diagnostic criteria adopted [17,18]. Broadly, these definitions suggest
CCM is a functional or structural heart injury related to anti-cancer
treatment. In addition to these definitions, the ESC [19] classifies HF
as depressed LVEF (< 40%), mid-range LVEF (40-49%) and preserved
LEVF (>50%). On the other hand, oncologists base their definition
on the Cardiac Review and Evaluation Committee on trastuzumab-
associated cardiotoxicity and the ESMO Clinical Practice Guidelines.
They define CCM as a decrease of LVEF by 5% or more to less than
55% in the presence of symptoms of HF or an asymptomatic decrease
in LVEF by 10% or more to less than 55% and symptoms of CHF [20].
Both the ESC and ESMO emphasize that a change in LVEF is the basis
for clinical definitions of CCM.
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Table 1. Definitions of CCM in Large Randomized Trials

1st Author Chemotherapeutic

[Ref#| Agent Suggested Definitions
10% LVEEF decline;
LVEF < 50% in patients with > 50% at
Schwartz [11] Doxorubicin baseline;
LVEF < 30% in patients with < 50% at
baseline
Slamon [12] Trastuzumab NYHA classification
20% LVEF decline in patients with > 50%;
O’Brien [13] Anthracylines 10% LVEEF decline in patients with < 50%;
Clinical CHF
Tan-Chiu [14] Trastuzumab 10% LVEF decline to < 55%
Doxorubicin,
Romond [15] cyclophosphamide, > 16% LVEF decline
Trastuzumab
0/ .
Ryberg [16] Anthracylines LVEF < 45%;

15% LVEF decline from baseline

CHF: Congestive Heart Failure; LVEF: Left Ventricular Ejection Fraction; NYHA: New
York Heart Association.

Epidemiology

Most studies and registries on LV systolic dysfunction or HF in
cancer patients have not specifically analyzed CCM, which has led to
an incomplete understanding of its true prevalence. The few clinical
trials evaluating the etiology of HF in detail report a prevalence of
1% in all the reported cases of cardiomyopathies [21,22]. In a similar
finding, Cardinale et al. [23] report the occurrence of clinical HF in
cancer survivors treated with anthracyclines range between 1% and
5%, and usually accompanied by a significant decrease in LV function
between 5% and 20%. However, the prevalence is significantly higher
in oncology studies, which report more than 50% of cancer survivors
exhibit some degree of cardiac dysfunction between 10 and 20 years
after chemotherapy and 5% of them go on to develop clinically overt
HF [24]. In support, Silber et al. [25] report more than 60,000 cancer
patients receive treatment for CCM annually in the Unites States
(U.S), suggesting the overall CCM incidence maybe underestimated in
literature.

Chemotherapeutic agents: Several chemotherapeutic agents have
been associated with the development of CCM and subsequently HF.
Of these agents, the most frequently mentioned are (a) cytotoxic agents
(anthracyclines [ANT]) such as doxorubicin (DOX) and epirubicin; (b)
monoclonal antibodies such as trastuzumab; and (c) alkylating agents
such as cyclophosphamide and ifosfamide [26].

Cytotoxic Agents: Cytotoxic agents is a class of anti-cancer drugs
that work by preventing the growth or replication (mitosis) of cancerous
cells or inducing apoptosis (cell-death). They can be used alone or
in combination with radiotherapy [9]. ANT is the most common
cytotoxic agent, ranked among the most efficacious anti-cancer drugs
ever-developed [27]. For more than three decades, ANT continue to
play a prominent role in the treatment and clinical management of a
wide variety of hematologic and solid malignant tumors [28]. In the
early 1960s, the first ANT were isolated from pigment-producing
Streptomyces peucetius and named DOX and daunorubicin (DNR) [29].
While DOX is an essential component in the treatment of breast cancer,
childhood tumors, soft tissues sarcomas and aggressive lymphomas,
DNR is an essential component in the treatment of acute lymphoblastic
or myeloblastic leukemia. Both DOX and DNR demonstrate dose-
response relationship in several chemotherapy regimens but suffer from
the development of resistance in tumor cells or toxicity necessitating
dose reduction [29].
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Monoclonal Antibodies: Trastuzumab is an anti-tumor
monoclonal antibody used in the treatment of Human Epidermal
Growth Factor Receptor 2 Positive (HER2*) breast cancer. The drug
works by blocking the HER2* growth factor receptor, which is over-
expressed in about 15% to 20% of breast tumors [30,31]. Trastuzumab
was approved for clinical use in 1998 after Phase III trials demonstrated
significant improvement in the overall survival and a reduction in the
risk of relapse [32]. However, trastuzumab monotherapy was associated
with a significantly depressed cardiac function in many patients. Slamon
etal. [12] reviewed trastuzumab-ANT/cyclophosphamide combination
therapy and reported incidences of 27% and 16% of cardiac dysfunction
and NYHA Class III or IV symptoms respectively.

Alkylating Agents: Alkylating agents such as cyclophosphamide,
ifosfamide and mitomycin represent another group of chemotherapy
drugs used in the treatment of cancer. They work by adding alkyl
group to DNA protein molecules causing the breakage of DNA strands,
which interferes with the ability of cancerous cells to multiply, and
consequently induces apoptosis [9]. Cyclophosphamide has dose-
response effect on cardiac myocytes. With doses of greater than (=)
150mg/kg, cyclophosphamide is associated with HF events in 7% to
28% of cancer patients while Ifosfamide is associated with 17% events
in cancer patients receiving doses = 12.5g/m* [17,33]. Mitomycin
enhances DOX-induced cardiomyopathy when administered
concurrent with or sequential to DOX therapy [34-36]. Mitomycin-
induced cardiomyopathy is dose-dependent occurring at doses > 30 mg
in cancer patients treated previously or concomitantly with DOX [37].

Other Agents: Several other chemotherapeutic agents have also
been associated with the development of HF in cancer patients (Table
2).

Types of CCM: Classically, CCM has been classified into two: Type
I and Type II mainly based on reversibility of myocardial injury and
morphological myocardial abnormalities. The basis of this classification
has been the effect of chemotherapeutic agents: ANT and trastuzumab
[28]. However, this classification is not very useful in clinical practice
since patients usually receive a cocktail of chemotherapy drugs making
it challenging to determine the specific mechanism of each drug. Table
3 lists the main features of Type I and Type II CCM.

Type I: Anthracycline-Induced: Type I CCM is usually associated
with ANT class of anti-cancer drugs. It is a more serious cardiac
condition usually leading to permanent damage to the myocardium
characterized with myocyte apoptosis. Its cardiotoxicity is cumulative
dose-related effect, where each administration conveys additive
myocardial damage [26]. Prior or concurrent radiotherapy, age,

Table 2. Other Chemotherapeutic Agents and their Association with HF

Other Chemotherapeutic

Association with Heart Failure
Agents

Microtubule Agents (Paclitaxel Used to treat multiple malignancies with low incidence
& Docetaxal) of HF at 1.68% [38]

Proteosome Inhibitors For treating multiple Myeloma & mantle cell lymphoma
(Bortezomib) with low HF incidence at 2% to 5% [39].

Small-scale study on Lapatinib reports low rates of
symptomatic cardiac failure (1.7%) but events increases
t0 2.2% and 1.7% with prior treatment of ANT or
Trastuzumab respectively [40]. Reports on Suntinib
suggest 10% incidence of asymptomatic drop in LVEF
> 10% with full recovery when treatment is completed
[41].

Small Molecule Tyrosine
Kinase Inhibitors (Lapatinib/
Suntinib)

Monoclonal Antibody-based
Tyrosine Kinase Inhibitors
(Bevacizumab)

The reported incidence of HF is about 1.7% and 3.0%
[34].
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Table 3. Features and Types of CCM. Adapted from Shakir et al., 2009, p. 9 [28]

Feature Type I Type 11

Cellular death beginning with first | Cellular (mitochondrial)
Cellular . . )

drug administration dysfunction
Biopsy Changes in biopsy No changes in biopsy

Dose-relation  |Cumulative dose-relation No cumulative dose-relation

Damage Permanent damage (Myocyte death) |Predominantly reversible

Combination therapy — prior
or concurrent radiotherapy;
age; previous cardiac disease;
hypertension

Paclitaxel, prior or concurrent
anthracylines; age; previous
cardiac disease; obesity (BMI >
25kg/sm)

Risk Factors

hypertension or concomitant cardiac disease may aggravate Type I
associated cardiotoxicity [28].

Type II: Trastuzumab-Induced: Type II CCM is associated
with trastuzumab induced cardiac dysfunction. It is less serious and
potentially reversible [26]. Its effect is not dose-dependent and conveys
no changes in biopsy. However, CCM classification based on myocardial
damage does have important limitations. Trastuzumab (Type II drug)
can also trigger irreversible myocardial damage in patients with severe
pre-existing cardiac disease or aggravate ANT-induced (Type I)
cardiomyopathy [28].

Risk factors: Repeatedly cited risk factors associated with chronic
progressive cardiotoxicity in cancer patients following exposure to
chemotherapy include (a) cumulative dose [23,42,43]; (b) rate of
administration [42,44-49]; (c) female gender [50,51]; (d) younger
and older age [23,42,49,50]; (e) pre-existing cardiac condition
and hypertension [42]; and (f) mediastinal irradiation [52,53,54].
Whereas younger and older age are risk factors, for pediatric patients
receiving anthracyclines in their childhood, the time interval since first
administration is also a potential a risk factor cited in several clinical
trials [42,43,50,55].

Cumulative Dose: Several chemotherapeutic agents could cause
CCM but current research has a strong focus on ANT-induced
cardiotoxicity, particularly the association between DOX and
cardiotoxicity or HE Von Hoff et al. [42] was one of the initial studies to
report an association between cumulative dose and CHF secondary to
doxorubicin-induced cardiomyopathy. Doxorubicin dose < 400 mg/m?
was associated with 0.14% CHF events between 0 and 231 days after the
completion of ANT therapy. The CHF events increased significantly to
7% and 18% at higher doses of 550 mg/m? and 700 mg/m? respectively.
The rapid increase in cardiotoxicity at doses > 550 mg/m? informed
current maximum dose to minimize DOX-induced cardiotoxicity and
HF [33]. Despite dose limitation, there is great individual variability
in DOX doses in both adults and children. Von Hoff et al. [42] series
reported in 3,943 cancer patients receiving > 1,000 mg/m? none of
them exhibited clinically diagnosed CHF. However, accumulative dose
of ANT that does not induce cardiotoxicity has not been established
[55]. Whereas ANT-induced cardiotoxicity is related to peak plasma
drug-concentration, its anti-neoplastic activity is proportional to the
total systemic drug exposure or tissue concentration over time [44].
DOX is less toxic when administered in a prolonged continuous
intravenous infusion over more than 48 to 96 hours. Dosage in excess of
50 mg/m? per day increases the risk of cardiotoxicity by 2.81 times [49].
Less toxicity associated with exposure to ANT over time may explain
the current administration of ANT regimens given as weekly injections
instead of a single bolus injection every three weeks [45-48].

Age of Exposure: Several clinical trials and reviews have
reported pediatric patients appear to be at a greater risk of developing
anthracycline-induced cardiotoxicity [42,49,50]. Exposure to ANT
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therapy at the age of < 4 years appears to be a significant risk factor
associated with increased afterload because of reduced ventricular
wall thickness [42]. In children, anthracyclines alters the transcription
of myocellular proteins [56], which could explain the reduction in
ventricular wall in children exposed to ANT [42,55]. In adults, the
risk of ANT-induced CHF increases relative to patient age [42], with
females appearing more vulnerable [50,51]. The study also reports an
increasing risk of ANT-induced CHF in patients with previous cardiac
disease and hypertension.

Mediastinal Irradiation: ANT chemotherapy may be used alone or
in combination with radiotherapy in cancer patients with hematological
and solid neoplasms. However, mediastinal irradiation has been
associated with elevate risk of ANT-induced cardiotoxicity [52-54]. In
a survey of 1,273 cancer patients, Praga et al. [52] report significant
higher (p=0.01) severity of histopathological changes in patients with
prior exposure to mediastinal irradiation. Multivariate analysis based
on histological evidence shows previous mediastinal irradiation and
higher rate of drug administration are the most important independent
risk factors for the development of CCM in cancer survivors [28].

Pathophysiology

Anthracycline-Induced CCM: The pathophysiologic mechanism
of ANT-induced CCM is not completely understood. Although
thought to be multifactorial, the most widely accepted pathophysiologic
mechanism is the formation of ANT-iron complexes and the stimulation
of free-radical formation [57-60]. Evidence supporting this finding are
reports of iron-chelating compounds inhibiting cardiotoxic effect of
ANT chemotherapy [61]. In particular, the mammalian myocyte has
been shown to be more susceptible to free radical damage because
of relatively less superoxide dismutase and catalase activities, and
that, DOX suppresses glutathione peroxidase, which is the principal
myocyte defense against free radical damage [28]. Superhydroxide free
radicals accumulate and lead to severe lipid peroxidation resulting into
destruction of mitochondrial membranes, endoplasmic reticulum and
nucleic acid [62,63].

Besides iron-dependent free radical formation, Zhang et al. [64]
study on molecular basis of DOX-induced cardiotoxicity based on
murine models reported a defective mitochondrial biogenesis and the
formation of reactive oxygen species (ROS) maybe a possible pathologic
mechanism for the development of CCM. The study observed the
deletion of the enzyme Top2b (encoding topoisomerase-II beta) in
cardiac myocytes conveyed a protective effect against DOX-induced
breaks and transcription changes in DNA double strands that causes
defective mitochondrial biogenesis, ROS and HE. The findings suggest
topoisomerase-II beta may mediate DOX-induced cardiotoxicity in
mammals. Other probable pathologic mechanisms for CCM include
reduced production of adenosine triphosphates, inhibited synthesis of
nucleic acid and protein synthesis, impaired mitochondrial synthesis,
induced myocyte apoptosis and increased immune functions [16,65,66].

Trastuzumab-Induced CCM: The pathophysiology  of
Trastuzumab-Induced CCM is mostly associated with the blockade
of HER2* receptor signals in cardiac myocytes, which is important
for repairing cardiac myocyte [67]. Trastuzumab administered
in combination with anthracylines exacerbates cardiotoxicity.
Anthracyclines causes initial oxidative damage to cardiac myocytes.
The heavily damaged cells then undergo apoptosis or necrosis while
the remaining ones undergo repair processes but remain temporarily
vulnerable, a condition referred to as “vulnerable window hypothesis”
[68]. In the presence of trastuzumab, the inhibition of HER2* interferes
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with the usual repair mechanism, exacerbating myocyte apoptosis and
necrosis [9]. Three recent clinical trials examining sequential therapy of
anthracylines and trastuzumab support this hypothesis [12,69,70]. The
initiation of a three-week interval between treatment was associated
with a 3.8% reduction of NYHA class III and IV, and HE [69] which
reduced to 0.6% with a 90-day interval with 7% systolic dysfunction
[70] compared to 27% reported by salmon et al. [12]. In a majority of
cases, Trastuzumab induced HF or LVD is a sub-acute phenomenon
with more cases reported during treatment. However, the condition is
reversible after drug withdrawal as well as is not dose-responsive [34].

Prognosis: In comparison with other more frequently encountered
forms of cardiomyopathies, ANT-induced cardiomyopathy has an
unfavorable prognosis with a two-year mortality rate of up to 60%
[21,42,72] as well as refractory to conventional therapy. However, a
majority of evidence on the natural history of CCM and its therapy are
anecdotal or based on findings from older studies, in which standard
therapy was the administration of digoxin and diuretics [42,72]. In
addition, there is a paucity of clinical trials examining response to
therapy of CCM-associated HF as well as the efficacy of angiotensin-
converting enzyme inhibitors (ACE-I) and B-blockers in the treatment
of CCM-associated HE Further, limited data on treated and untreated
CCM patients has undermined the understanding of prognostication
of CCM. As a result, evidence-based recommendation for clinical
management of cancer survivors with symptomatic and asymptomatic
HF are lacking, which has contributed to the absence of universally
accepted clinical guidelines of CCM [24]. However, available evidence
suggests the onset of CCM has a negative effect on cardiac outcomes
on cancer patients limiting treatment options [73,74]. About 30% to
60% of CCM patients with poor prognosis may require adjunctive
chemotherapy for the prevention of disease relapse after initial
chemotherapy within 5 years [75,76]. The presence of CCM could also
restrict the choice of oncologic treatment within five years [17,77-79].

Clinical presentation: Cardiac events associated with CCM
may manifest as mild changes in blood pressure, thrombosis, ECG
abnormalities, arrhythmias, myocarditis, myocardial infarction (MI),
LV failure and CHE As such, using LVEF changes alone in CCM
patients is substantially limited by reports that about half of HF patients
may have normal LVEF with their overall cardiac outcomes being
similar to patients with low LVEF [28]. Clinical presentation of CCM
may be categorized into acute, sub-acute or chronic progressive sub-
types. The disease may also present as late sequalae, several years after
the end of treatment [28].

Acute/Sub-Acute: Acute or sub-acute cardiotoxicity occurs within
a week after chemotherapy. It may occur even after a single dose of
chemotherapeutic agent but conveys no serious clinical consequences.
In most cases, transient electrophysiologic abnormalities manifest
as electrocardiogram (ECG) changes in about 20% to 30% of CCM
patients. These ECG abnormalities include non-specific ST and T wave
changes, T- wave flattening, suppressed QRS voltage or prolonged QRS
interval [33]. About 0.5% to 3% of patients with CCM may present
with arrhythmias such as ventricular, supraventricular and junctional
tachycardia with reported overall incidence of 0.7% [80]. However,
lethal arrhythmias such as atrial fibrillation and atrial flutter are rare
occurrence in CCM patients [80]. Sub-acute cardiotoxicity usually leads
to LV failure, pericarditis or, in rare cases, fatal pericarditis-myocarditis
syndrome [81]. Arrhythmias or ECG changes have no relation with the
chronic progressive cardiotoxicity [17].

Chronic Progressive: Chronic progressive cardiotoxicity is the
more frequently encountered and clinically significant sub-type of CCM.
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The chronic subtype is associated with ANT-induced cardiomyopathy,
which may present as an early onset during the first year of treatment
or may progress gradually and manifest years or even decades after the
completion of chemotherapy [42]. Some studies categorize chronic
progressive CCM into (a) early onset and (b) late onset [17,82] based
on Von Hoff’s et al. [42] retrospective study on 4,018 patients records
where HF occurred between 0 and 231 days after the completion of ANT
therapy. However, Steinherz et al. [23] observe that chronic progressive
occurs along a continuum of time with the incidence and severity of
LV systolic dysfunction increasing with the length of follow-up. Other
factors such as cumulative dose and the presence of other risk factors
such as exposure to mediastinal irradiation and time of follow-up may
explain the variable study findings of systolic complications in cancer
patients [17]. The incidence of systolic dysfunction as high as 65%
has been reported with low cumulative doses of 228 mg/m of DOX in
leukemia patients ten years after completion of chemotherapy [83]. On
the other hand, the incidence of HF during the first year of treatment
or within a year after the completion of treatment has been as low as
3% [17,83,84]. Early onset chronic progressive sub-type is the strongest
predictor of late onset chronic progressive sub-type [17,50,55,83].

Diagnosis: Diagnosis aims to identify cancer survivors at a higher
risk of developing CCM or to detect already developed CCM [85]. The
most frequently used modality for the detection of CCM is periodic
measurement of LVEF using echocardiography or multigated acquisition
scanning (MUGA). However, the lack of evidence-based guidelines to
monitor CCM during and after chemotherapy seriously undermines
diagnosis. Although ESC [19] and ESMO [20] have provided practice
guidelines, they do not specify the frequency, method or length of time
required for the assessment of cardiac function both during and after
chemotherapy. In addition, LVEF measurement is relatively insensitive
for assessing CCM during the sub-clinical stage due to the lack of
any significant changes in LV function until a substantial amount of
myocardial damage has occurred, which is usually after the exhaustion
of compensatory mechanisms [20].

Electrocardiography: Electrocardiography (ECG) is an inexpensive
and readily available tool for monitoring and managing many
cardiovascular diseases. Although in CCM ECG may show no changes
or non-specific polarization abnormalities that do not predict the
development of CCM, for cancer patients presenting with chest
discomfort, palpitation or dyspnea, it may suggest a contributing or an
underlying cardiac condition such as acute coronary syndrome (ACS),
arrhythmia or electrolyte imbalance [86]. Further, in cancer patients
with infiltrative diseases, low voltage on ECG often suggests cardiac
involvement [85].

Chest Radiography: Chest radiographs are used to diagnose
conditions that affect the chest, its contents and nearby structures. It
may reveal an enlarged cardiac silhouette caused by pericardial effusion
or cardiac chamber enlargement. In cancer patients with HF symptoms,
chest radiograph presents clues on volume overload suggested by
pulmonary artery enlargement due to elevated pulmonary pressures,
pulmonary edema or pleural effusions. Further, coronary artery or
aortic calcification may indicate atherosclerotic disease [85].

Echocardiography: Echocardiography due to its availability
and reproducibility is considered a gold standard in the assessment
and monitoring of cardiac function in cancer patients [87]. Current
echocardiography imaging standards suggest the assessment of LV
size and systolic function using Simpson’s method of discs. Further,
3D imaging achieves improved measurement of global and regional
systolic and diastolic function as well as accurate evaluation of valvular,
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hemodynamics and pericardial diseases, and their functional effects
[85]. Although used extensively, echo-defined changes in systolic
function alone are non-specific in early detection of subclinical cardiac
injury. Tjeerdsma et al. [88] reports after chemotherapy, 50% of
asymptomatic patients with normal LVEF have diastolic dysfunction
on echocardiogram. In support, Stoddard et al. [89] and Ganz et al.
[90] report the addition of diastolic dysfunction in the diagnosis of
CCM improves the accuracy of predicting early cardiotoxicity. In
addition, although significant echocardiography changes are usually
noted following chemotherapy in 25% of patients with no observable
symptoms of cardiotoxicity [98], reliance on only LVEF could
underestimate the extent of cardiac dysfunction [91].

Despite the loss of myocyte function, the heart has compensatory
reserve to maintain LVEF and LVEF depressed only after exhausting the
compensatory reserve. Speckle-tracking strain imaging (or myocardial
deformation imaging) is a recent echocardiographic technique used as
an independent measure of preload deformation useful for detecting
early CCM-related cardiac changes. It has been demonstrated that
subclinical diastolic dysfunction and changes in strain imaging precede
systolic dysfunction and thus are important in facilitating early detection
of CCM in cancer patients following chemotherapy [92,93]. Further,
echocardiography is also important in the assessment of co-occurring
disease such as amyloid and carcinoid as well as reveal incidental finding
such as thrombus [85]. However, echocardiography in cancer patients
is subjective and suffers from inter-observer variability, certain imaging
protocols contrast and 3D imaging may affect LVEF measurement,
and LVEF may depended on loading and unloading conditions on the
vasculature [85].

Radionuclide Ventriculography: Radionuclide Ventriculography
(RNVG) or multiple-gated acquisition (MUGA) scan is used to assess
global LV systolic function and ventricular size and regional wall
motion. However, RNVG is not very accurate in the assessment of LV
function in cancer patients with arrhythmias as well as does not detect
valvular lesions and pericardial diseases [85]. Further, although the
correlation of echocardiographic visual and quantitative radionuclide
LVEEF is good, RNVG is preferred for monitoring cardiac function due
to its reproducibility in quantifying LVEF [94]. Schwartz et al. [11]
retrospective study of 1,487 patients treated with Doxorubicin over
seven-year period reports RNVG is a valuable imaging method for the
prediction of CHF. The study defined the risk of Doxorubicin-induced
cardiomyopathy based on one of the following three criteria: (a) Decline
in LEVF > 10%; (b) Baseline LVEF < 50%; and (c) Total Doxorubicin
dose of 450 mg/m. Still, detailed analysis of cardiac structure is better
suited to other imaging techniques such as echocardiography and MRI
[11].

Cardiac Magnetic Resonance: Cardiac magnetic resonance imaging
(MRI) is a newer technique for evaluating ventricular function,
valves, anatomy and myocardial perfusion. It has limited use in
evaluating coronary artery and strategies to evaluate discology are still
experimental [85].

Endomyocardial Biopsy: Endomyocardial biopsy has high
sensitivity for assessing cardiac damage. It is an invasive test associated
with risks of right heart catheterization and complications of RV biopsy.
Endomyocardial biopsy can detect cardiotoxicity very early even before
ventriculography or echocardiography can detect LV dysfunction
[95]. However, endomyocardial biopsy is limited since it cannot detect
all forms of CCM and is impractical for continuous monitoring and
histological changes do not correlate to subsequent risk of CCM nor
provide data on myocardial function and clinical state of the patient
[85].
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Cardiac Nuclear Imaging: There is an emerging role for cardiac
nuclear imaging in the diagnosis and monitoring of CCM [96].
Flotats and Carrio [97] report indium-111 (in-111) antimyosin binds
to the intra-cellular heavy cardiac myocyte after cell damage. It is
incorporated inversely to blood circulation to damaged tissue such that
it has clinical value in detecting myocarditis and doxorubicin-induced
cardiomyopathy and other causes of cardiomyopathy [97]. Iodine-
123-meta-iodobenzylguanidine (MIBG) is another useful radioactive
material for imaging sympathetic innervation of the myocardium
in HF patients [98]. Both in-111 antimyosin and MIBG have been
used for early detection of doxorubicin-induced cardiotoxicity at the
cellular level at cumulative doses of 240-300 mg/m [99]. At higher
cumulative doses (420-600 mg/m), there is increased myosin uptake
with decreased MIBG uptake, suggesting the value of antimyosin and
MIBG in detecting cell damage and dysfunctional adrenergic neuron
activity in chemotherapy patients [99].

Cardiac Biomarkers: In the last decade, cardiac biomarkers such
as troponin and B-type natriuretic peptides (BNP) have proven to be
sensitive and specific in early and real-time identification, evaluation
and monitoring of CCM [20,99]. When examining the prognostic value
of troponin in cardiac risk stratification of cancer patients receiving
high doses of chemotherapy, Cardinale et al. [73] report higher
incidence of cardiac events in patients with persistently high levels of
troponin. The study also finds patients with no troponin elevation after
chemotherapy show low incidence of cardiac complications. Troponin
elevation subsequent to chemotherapy could also help identify patients
at higher risk of developing a depressed LVEF [73,74]. Persistently
elevated levels of BNP has also been linked to increased incidence of
cardiac complications [100].

BNP levels are also useful in differentiating cardiac from pulmonary
causes of dyspnea [101]. BNP levels has been used to monitor the effect
of cardiotoxicity in cancer patients after chemotherapy [102,103].
Elevated BNP levels suggests impairment of LV diastolic function
as well as assist in differentiating symptoms of HF and cancer [104].
Assessment of BNP biomarker should be considered early in cancer
survivors presenting with symptoms of heart failure. However, elevated
BNP levels in the absence of clinical signs of volume overload other
causes of BNP elevation should be considered such as ischemic heart
disease [105], pulmonary embolism [106] or sepsis [107]. Further,
biomarkers are non-sensitive and non-specific in clearly predicting
cancer patients who should avoids chemotherapy or should have an
alternative therapy to chemotherapy [108-111].

Meta-Analysis of Echocardiography Diagnosis: Echocardiography
is considered the cornerstone imaging modality for the assessment and
monitoring of cardiac function in cancer patients [87]. Although LVEF
measurement is relatively insensitive for assessing CCM during the sub-
clinical stage, changes in global systolic myocardial strains (myocardial
deformation) evaluated using speckle-tracking echocardiography
(STE) strain imaging has been recently shown to predict LVD [92,93].
This meta-analysis aims to examine the value of echocardiographic
assessment of myocardial strain for early detection of myocardial
damage in cancer patients compared to LVEE.

Search Criteria: Search for studies on diagnosis of CCM were
conducted in three leading online databases: Medline, EMBASE and
Cochrane Library using a combination of free text and thesaurus
terms for chemotherapy-induced cardiomyopathy and diagnostic
methods: chemotherapy-induced cardiomyopathy, anthracycline-
induced cardiomyopathy, doxorubicin-induced cardiomyopathy,
echocardiography, cardiac MRI, and ventriculography. Additional
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studies were identified by screening bibliographies. Abstracts were
included only if they reported sufficient detail enabling data extraction.
There was no restriction on publication language.

Inclusion Criteria: Prospective and retrospective studies assessing
at least ten patients using echocardiographic criteria as the primary
diagnostic method for all CCM patients. The included studies had to
provide empirical data on LV parameters (strain data) during or after
therapy. Studies lacking data on the pre- and post-strain analysis were
excluded. Table 4 provides a summary of the studies on diagnostic
features.

Results

Thirteen (13) peer-reviewed publications that met the inclusion
criteria were included in this meta-analysis [112-124]. Data extracted
from the studies included publication year, number of patients, mean
age, percentage of women, type of cancer, chemotherapeutic agent,
baseline and follow-up GLS and LVEE. Most of the studies assessed
patients with breast cancer [112-115,120-123] while the remaining
studies assessed hematological malignancies such as non-Hodgkin
lymphoma [119,124], and lymphoblastic leukemia [116]. The included
patients were treated with ANT regimens (mainly DOX and epirubicin)
either alone or in combination with trastuzumab. All the studies
assessed myocardial damage using speckle-tracking echocardiography
(STE) for between 3 and 12 months. The combined patient population
was 811, which included both adults and pediatrics (mean age = 40.83
years; female = 69.9%).

Despite heterogeneity in patient age, types of cancer and follow-up
periods, all the 13 studies reported myocardial deformation (changes in
myocardial strain) occurred much earlier than changes in LVEF or LV
fractional shortening. Using STE, the studies report at baseline (during
or immediately after treatment) and at 1 to 3 months follow-up, there
was no significant change in mean LVEF (65% t0 64.8%). However,
there was a marked reduction of global longitudinal strain (GLS) from
-19.49% at baseline to -17.37% at follow-up, translating into a reduction
of 2.17%, range 9% to 19%. In addition, early changes in GLS > 11%
predicted subsequent cardiotoxicity in patients with asymptomatic and
symptomatic LV dysfunction [113,120] and GLS < 19% has a sensitivity
of 74%, specificity of 73%, positive predictive value of 53% and negative
predictive value of 87% for developing cardiotoxicity [115].

Table 4. Summary of STE Studies on Myocardial Deformation

No. of Mean Female

1st Author [Ref. #] Year Patients | Age (yrs.) (%) Type of Cancer
Fallah-Rad et al. [112] | 2011 42 47.0 100 Breast Cancer
Stoodley et al. [113] 2011 52 49.0 100 Breast Cancer
Sawaya et al. [114] 2011 43 49.0 100 Breast Cancer
Sawaya et al. [115]. 2012 81 50.0 100 Breast Cancer
Zf:rl?i(r a/e-Groothms 2012 60 6.0 38 Lymphoblastic Leukemia
Poterucha et al. [117] 2012 19 15.3 37 Various Pediatric Cancer
Al-Biltagi et al. [118] 2012 25 9.0 48 Various Pediatric Cancers
Kang et al. [119] 2013 67 52.6 46 Large B-cell NHL
Negishi et al. [120] 2013 159 49.0 80 Breast Cancer
Stoodley et al. [121] 2013 78 52.0 99 Breast Cancer
Baratta et al. [122] 2013 36 47.0 58 Breast Cancer
Mornos et al. [123] 2013 74 51.0 58 Breast, Lymphoma
Kang et al. [124] 2014 75 53.9 45 NHL
Total/Average 811 40.83 69.92

Discussion: Echocardiographic-defined changes in LVEF remains
the basis of many current definitions and clinical diagnosis of CCM (or
cardiotoxicity) in cancer patients [87]. However, it is non-specific in
the detection of subclinical CCM or subtle alterations in LV function
in asymptomatic patient [85,88,89]. With reports that changes in
myocardial strain may precede systolic dysfunction and help predict
patients at a higher risk of developing cardiotoxicity, research interest in
the use of STE to assess myocardial strain in cancer patients has grown
[92,93]. Thus, the aim of this meta-analysis was to evaluate the value of
echocardiographic-defined changes in myocardial strain in predicting
patients at risk of developing CCM.

Several key messages emerge from this meta-analysis. The reduction
of echocardiographic measures of LV myocardial deformation signal
subclinical myocardial changes due to cancer therapy. These reductions
precede changes in LVEE, which occur much later. The early reduction
of myocardial deformation parameters predict subsequent development
of CCM defined as a decrease of LVEF > 5% to < 55% [19,20]. The most
consistent myocardial deformation parameter was global longitudinal
strain (GLS). The threshold of GLS changes range between 10% and
15% or values lower than 19% as measured by STE [113]. However,
significant changes in GLS are more common during ANT treatment
or immediately after.

Other myocardial deformation parameters - global radial strain
(GRS) and global circumferential strain (GCS) were also reviewed. A
reduction of 6% to 17% in GRS [113,115,116,122,123] and 11% to 16%
in GCS [114,115,116] was associated with a higher risk of developing
subsequent LV systolic dysfunction. However, both GRS and GCS have
two important limitations. First, they are less consistent. Second, they
have very low reproducibility. These two limitations makes identification
of changes between pre- and post-treatment challenging [115].

The early detection of subtle myocardial abnormalities in cancer
patients treated with ANT and/or trastuzumab has important clinical
implications. Specifically, Type I cardiomyopathy associated with ANT-
treatment usually detected several years after therapy [33]. Thus, there
was a growing interest in detecting CCM during the subclinical phase
in cancer survivors using myocardial deformation to prognosticate
clinically relevant outcomes. This is important since once LVEF
is significantly depressed, it may be too late to prevent further LV
remodeling or it would undermine the efficacy of treatment [115].

Chemotherapeutic Agent Bagilisne FollGonvs-up Bizf}l;;e FOE‘I\(;‘]’;UP
Epirubicin + DOX + Trastuzumab -19.8 -16.4 64.0 58.0
Epirubicin, DOX -17.8 -16.3 58.6 56.0
Epirubicin + DOX + Trastuzumab -20.5 -19.3 65.0 63.0
ANT, Taxanes + Trastuzumab -21.00 -19.00 64.0 62.0
ANT -18.2 -16.7
ANT -19.9 -18.1 62.0 61.0
DOX -18.7 -15.1
Epirubicin -18.30 -16.2 63.6 63.8
ANT=+Trastuzumab -20.7 -18.3 62.5 56.7
Epirubicin, DOX -18.6 -17.0
DOX + Trastuzumab -20.3 -18.9 65.0 63.5
ANT -21.2 -19.0
R-CHOP -18.48 -15.56 65.0 64.8
-19.49 -17.37 65 64.8

2D: Two Dimensional: ANT: Anthracyclines: DOX: Doxorubicin: NHL: Non-Hodgkin Lymphoma STE: Speckle Tracking Echocardiography; TDI: Tissue Doppler Imaging; R-CHOP:

(Cyclophosphamide, Vincristine, Epirubicin, Prednisone); GLS: Global Longitudinal Strain.
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Early detection of at risk patient may help guide subsequent treatment
to avoid adverse cardiac side effects and its progression to HF [87].
Although myocardial deformation measured by STE could predict the
development of subsequent cardiomyopathy, there is need to examine
strain changes in larger multi-center studies as well as in other types
of cancers that use potentially cardiotoxic regimens. There is also need
to understand the long-term effect of strain changes occurring during
therapy and the effect of the current interventions on the natural course
of CCM.

Whereas several imaging modalities including magnetic resonance
imaging and MUGA scans fare available or assessing early myocardial
changes in cancer patients, echocardiography remains the mainstay
imaging modality. It is versatile, low cost, available, able to assess
more than ventricular function and avoids repeat radiation [87]. The
widespread use of echocardiography supports the current research
interest in using STE to assess myocardial deformation in cancer
patients. In echocardiography, Tissue Doppler Imaging (TDI) and
STE-based strains have been used to assess myocardial deformation
in cancer patients on chemotherapy but STE has been shown to
provide the most clinically relevant data. Compared to STE, TDI has
important challenges limiting its use (a) it requires data acquisition
for each myocardial segment and careful attention given to frame rate
and aligning walls with Doppler beam and (b) measurement of strain
is noisy requiring significant expertise [115]. On the other hand, STE
is able to easily measure GLS from all the 18 myocardial segments as
well as allows measurement of GCS and GRS in multiple segments and
rotation parameters. Finally, STE has superior reproducibility to TDI-
based strain analysis.

Clinical management: The ideal goal for the management of
cancer patients would be chemotherapeutic agents that protect them
from cardiotoxicity without altering cytotoxicity of abnormal cells.
The ESMO clinical practice guidelines propose algorithms for clinical
management of cardiomyopathy due to ANT and trastuzumab
chemotherapy as illustrated in Figures 1 and 2.

The ESMO clinical guidelines propose an algorithm for the
management of ANT-induced cardiomyopathy based primarily on
serial evaluation of myocardial damage by echocardiography-defined
LV dysfunction and cardiac biomarker Troponin 1. LV dysfunction
should be assessed by echocardiography at baseline (presentation),
and during and after chemotherapy. If LVD is detected, traditional HF
treatment using ACE-inhibitors and beta-blockers should be initiated,
and the patient followed-up. Troponin should also be assessed at every
treatment cycle. If Troponin is positive, the guidelines recommend
ACE-inhibitors (Enalapril) for one year followed with echocardiograph
assessment at the end of chemotherapy, at the 12th month after
completion of therapy and thereafter every six months for five years.

For management of trastuzumab-induced cardiomyopathy, the
ESMO clinical guidelines propose repeat evaluation of LVEE Treatment
should be initiated only if baseline LVEF > 50%. In subsequent LVEF
evaluation, if a change in LVEF > 10 points, treatment should be
continued. However, if the change in LVEF < 10 points below baseline,
treatment should be halted until subsequent evaluation indicate LVEF
> 45% or 40%-50%. If LVEF < 40%, treatment should be halted and
repeat LVEF assessment held every three weeks. Repeat evaluation
guides treatment options as per the ESMO [20] and ESC [19] clinical
guidelines. Treatment includes dose continuation or dose modulation
especially for cardiomyopathy due to ANT chemotherapy, which is dose-
responsive. Other treatment options include the use of cardioprotective
adjuvants and traditional HF treatment as discussed below.

Dose Modulation: The most effective approach for managing
Type I CCM due to ANT therapy is dose modulation because of its
cumulative dose-related cardiotoxic effect [26]. A growing evidence
demonstrates a lower weekly dosage or continuous infusion rather
than boluses achieves adequate tumor suppression while limiting
myocardial damage [126,127]. However, dose modulation may also
interfere with the efficacy of chemotherapy since its maximal effect
depends on concentration and the amount of time the drug is present
in the body [125].

Tnl evaluation at each cycle

Enalapril
for 1 year

ECHO end CTh, 3-6-9 months

ECHO 12 m ECHO 12 m

ECHO every 6 months

ECHO every
for 5 years

year

CTh, chemotherapy; Tnl, Troponin |

Baseline cardiologic evaluation, ECHO

Anthracycline-CTh

ACE + BB

Tnl not evaluated during CTh

ECHO atend CTh

ECHO 3 months

ECHO 12 months

Clinical

Follow-up

ECHO every year

Figure 1. Algorithm for Management of ANT-Induced Cardiomyopathy (Adapted from Curigliano, 2012, p. 159 [20])
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LVEF

assessment

LVEF <50%

LVEF <40%

LVEF 250%

Hold treatment
Repeat LVEF in 3
weeks

Hold treatment
Repeat LVEF in 3
weeks

[ LVEF 40%- Start
L 50% treatment

LVEF LVEF
10% point below Higher than 10%
baseline below baseline

Continue
treatment

LVEF <40% LVEF>45%
OR
LVEF 40%-50%

STOP RESUME
TREATMENT TREATMENT

Figure 2. Algorithm for Management of Trastuzumab-Induced Cardiomyopathy. Adapted from Curigliano, 2012, p. 159 [20]

Cardioprotective Adjuvants: Dexrazoxane is the most studied and
efficacious cardioprotective adjuvant tested to date for the management
of CCM. Human and murine studies demonstrates that the drug
directly competes with topoisomerase II, interacts with iron to diminish
oxidative stress in cardiomyocytes and may stimulate the expression
of mitochondrial antioxidant enzymes [128,129,130]. Lipshultz et al.
[131] clinical trial on the cardioprotective role of dexrazoxane reports
children with acute lymphoblastic leukemia treated with doxorubicin
and dexrazoxane duo therapy reduced myocardial injury indicated by
decreased serum troponin T. Although the optimal dose of dexrazoxane
has not been empirically established, the American Society of
Clinical Oncology 2008 clinical guidelines recommend a ratio of 10:1
dexrazoxane-to-anthracycline administered 15 to 30 minutes before
administering doxorubicin [132]. However, dexrazoxane use has been
limited to cancer patients receiving a cumulative dose of 300 mg/m?
because of potential impact on antitumor efficacy [132].

Another common cardioprotective adjuvantis flavonoid monoHER.
Inboth in vivo and ex vivo murine models, pretreatment with monoHER
protects against doxorubicin-induced cardiotoxicity [133,134]. Both in
vivo and ex vivo experiments report that monoHER does not interfere
with antitumor effect of anthracycline [135]. High doses of monoHER
> 1,500 mg/m are suggested for potentiating the antitumor effect and
low doses for cardioprotection [136]. However, there is need for further
clinical trials to establish dose response characteristics of monoHER
cardioprotective effect for patients administered with chemotherapy.

Heart Failure Management: Classical pharmacotherapy
management of HF using B-adrenergic antagonists and angiotensin-
converting enzyme (ACE) inhibitors have also been used in the
management of CCM. Carvedilol (a B-blocker) has cardioprotective
effect against ANT-induced cardiomyopathy, which maintains
LV diameters and better preserves diastolic function [137]. Early
administration of P-blocker in combination with ACE-inhibitors
improves cardiac contractility in DOX-induced cardiomyopathy [138].

Med Clin Arch, 2018 doi: 10.15761/MCA.1000140

In CCM patients secondary to Epirubicin treatment, administration
of ACE-inhibitors such as Enalapril or Ramipril restore systolic
function after stopping administration of diuretic [139]. In mouse
models, Sildenafil (a phosphodiesterase 5 inhibitor) has been shown to
attenuate cardiomyocytes apoptosis, preserve mitochondrial function,
and prevent ST-interval prolongation and LV dysfunction [140]. A
combined therapy of Sildenafil and Doxorubicin attenuates cell-killing
effect of Doxorubicin on cancer cells [141]. In addition to the traditional
HF medical therapy, the value of mechanical circulatory support and
heart transplantation have also been examined in CCM patients.
Cardiac resynchronization therapy (CRT) also has a beneficial effect
on patients with DOX-induced cardiomyopathy, refractory to medical
therapy and satisfy the criteria for device implantation. CRT improves
LVEF, and reduces end-diastolic dimensions and HF symptoms and
improves LV function. However, long-term outcomes of CRT remain
unknown [142]. Ward et al. [143] studied heart transplantation (HTx)
on CCM patients and observed HTx is a viable treatment option for
pediatric patients with intractable cardiac failure due to ANT-therapy.
Survival outcomes were comparable to those of International Society
for Heart and Lung Transplantation (ISHLT) Registry data for all
pediatric recipients and tumor recurrence was rare.

Meta-Analysis of Cardioprotective Therapy for CCM:
Cardiomyopathy due to chemotherapy has had several reviews
[17,34,1342,145]. However, these reviews have a very wide scope,
examine very many different chemotherapeutic agents or are opinion
pieces prone to bias in selection and results presentation. Further, many
systematic reviews on CCM have been published but specifically focus
on a particular type of cancer (such as Hodgkin’s lymphoma) [146], or
type of patients (pediatrics) [147,148] or adults [149,150]. This meta-
analysis specifically goes further to analyze randomized controlled
trials (RCTs) that examine cardioprotective adjuvants. The aim is to
determine their overall value in the prevention of CCM in both adult
and pediatric cancer patients.
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Search and Inclusion Criteria: The search for studies on
cardioprotective adjuvants was conducted in two online databases
EMBASE and PUBMED using a combination of free text and thesaurus
terms for individual chemotherapy drugs combined with terms for
different tumor types, cardiotoxicity and RCTs. Additional studies were
identified from reviewing of bibliographies of the selected studies and
reviews. Studies with only abstracts were included for further review if
they provided sufficient numerical data. Studies were included if they
(a) reported on chemotherapeutic agents given alone (control group)
or in combination with cardioprotective adjuvants (study/intervention
group); (b) assessed at least one of the following outcomes: clinical
cardiotoxicity (presence of CHF) or subclinical cardiotoxicity (changes
in LV function [a reduction in LVEF] as defined by echocardiographic
findings). For studies that used a duplicate cohort of cancer patients, the
latest study was included. There was no restriction on the publication
language. The following data was extracted from the included studies:
author, year of publication, population of both the study and control
groups, intervention used (chemotherapy agent with and without
cardioprotective adjuvant), cardiotoxic events, CHE, mean change in
LVEF and cardiac deaths. Table 5 provides a summary of details of the
included studies and their outcomes on cardiotoxicity.

Study Characteristics

Seventeen (17) studies [10,25,137-143,151-158] meeting the
inclusion criteria were included in this meta-analysis. The studies
assessed the efficacy of cardioprotective adjuvants on preventing the
development of CCM on cancer patients treated with chemotherapy.
The studies assessed several clinical outcomes: cardiotoxicity events
[25,138-143,152,155,158]; congestive heart failure [137,138,140,14
3,144,152,156,157]; LVEF [10,142,151,153-155] and cardiac deaths
[138,139,143,151]. Dexrazoxane was the most studied cardioprotective
adjuvant in seven studies [137,139-143,152]. Other cardioprotective
adjuvants assessed were N-acetylcysteine [137], Prenylamine [138],
Carvedilol [10,151], L-Cartinine [153], and statin (Atorvastatin) [154].
Two studies assess ACE-inhibitor [25,155,158] and beta-blocker [157].
The combined patient population in the 11 studies was 1,332 randomly
assigned into either study (intervention) group or control group.

Results

Cardiotoxicity events were the common outcomes assessed in ten
(10) studies [25,138-143,152,155,158]. Cancer patients administered
with chemotherapeutic agent in combination with a cardioprotective

Table 5. Summary of Cardioprotection Agents and Outcomes for Managing Cardiotoxicity (CHF: Congestive Heart Failure; CHOP: Cyclophosphamide, Vincristine, Doxorubicin,
Prednisone; Dox: Doxorubicin; FDC: Fluorouracil, Doxorubicin, Cyclophosphamide; CEF: Cyclophosphamide, Epirubicin, Fluorouracil).

3
£ g g
Study . R4 s <
Control Intervention g = = = = =
8 2 == T =
Ist Author  [Ref. #] Year G{No;lp Group (N) (Cardioprotective Agent) & Control Group < 5 Q é 5 §
S 2 S
Dox + N-acetylcysteine 3
Myers et al. [137] 1983 24 30
Dox 3
L Adriamycin + Prenylamine 0 0 0
Milei et al. [138] 1987 13 13 ; ;
Adriamycin + Placebo 3 2 3
FDC + Dexrazoxane 6 1
Speyer et al. [139] 1992 76 74
FDC 10 1
.. CEF/Epirubicin + Dexrazoxane 6 2
Venturini et al. [140] 1996 82 78 e
CEF/Epirubicin 9 4
Dox + Amifostine 0
Gallegos-Castorena et al. [141] 2007 15 13
Dox 2
Epirubicin + Dexrazoxane 4 0 1.0
Lopez et al. [142] 1998 129 NR P
Epirubicin 6 4 -8.0
. FDC + Dexrazoxane 9 2 0
Swain et al. [143] 1999 534 NR
FDC 17 4 2
Anthracycline + Carvedilol 0.8 1
Kalay et al. [151] 2006 25 25 .
Anthracycline -16.6 4
Dox/Epirubicin + Dexrazoxane 1
Marty et al. [152] 2006 85 79 P
Dox/Epirubicin 11 8
CHOP + L-Cartinine -1.6
Waldner et al. [153] 2006 20 20
CHOP -1.6
Anthracycline + Statin (Atorvastatin) 1.3
Acar et al. [154] 2011 20 20 -
Anthracycline -7.9
Anthracycline + Enalapril + Carvedilol -0.17
Bosch et al [10] 2013 45 45 ;
Anthracycline -3.28
. Anthracycline + Enalapril 1
Silber et al. [25] 2004 69 66 ;
Anthracycline 6
. Anthracycline + ACE-Inhibitor 0 -0.3
Cardinale et al. [155] 2006 56 58 .
Anthracycline 25 -10.9
. Anthracycline + Statin 4
Seicean, et al. [156] 2012 67 134 3
Anthracycline 23
. Anthracycline /Trastuzumab + -Blocker 5
Seicean et al [157] 2013 106 212 3
Anthracycline /Trastuzumab 27
Dox + Metoprolol + Enalapril 3
Georgakopoulos et al. [158] 2010 85 40 Db 3
0X
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adjuvant (study group) had fewer total cardiotoxicity events (39)
compared to the control group (receiving only chemotherapy) that
had more events (92). Eight studies [137,138,140,143,144,152,156,1
57] reported incidence of congestive heart failure (CHF), which was
much higher in control group (75 cases), compared to study group (17
cases). Although the overall LV parameter (LVEF) had no significant
difference between baseline and follow-up, changes in the control
group were significant. Four studies that assessed cardiac death report
lower number of cases in study group (two cases) compared to control
or placebo group (10 cases).

Despite heterogeneity on patient age, follow-up periods,
chemotherapeutic agents and cardioprotective adjuvants used in
the individual studies, overall analysis of the study reveals a lower
risk of cancer patients developing CCM with a dual therapy of
chemotherapeutic agents and cardioprotective adjuvants compared
to monotherapy of chemotherapeutic agents. (Odds Ratio: 0.319,
95%, Confidence Interval: 0.234-0.434). Figure 3 shows the summary
of results on individual studies and overall comparing the effect of
chemotherapy alone and chemotherapy with cardioprotective adjuvants
on the development of CCM.

Discussion

Although chemotherapy remains one of the mainstay of treatment
for a variety of hematologic and solid malignant tumors, it conveys
an additional risk of developing cardiomyopathy. For instance,
Anthracyclines increase the risk of developing clinical CCM by 5.43,
subclinical CCM by 6.25 and cardiac death by 4.94 [159]. Modulation
or temporary discontinuation of chemotherapy dosage limits its
cardiotoxic effect but limit its efficacy since it is optimal effect depends
on concentration and the period of exposure to the drug [125].
To address this conundrum, research interest on cardioprotective
adjuvants has grown. The intention is to allow optimal chemotherapy
dosage (increases) for maximal tumor suppression while at the same
time limiting its myocardial damage. Thus, the aim of this meta-analysis
is to examine the value of cardioprotective adjuvants on predicting and
consequently preventing the development of CCM on cancer patients
treated with chemotherapeutic agents.

Several key messages have emerged from this meta-analysis.
Chemotherapy ~with concomitant cardioprotective adjuvants
conveys a protective effect against subsequent development of CCM.
Cardioprotective adjuvants help to maintain LV function and are
associated with reduced incidences of congestive heart failure and
cardiac-related deaths. A recent systematic review and meta-analysis
of single-center prospective studies on cardiotoxicity of ANTs in
the treatment of cancer [158] also associate ANT-regimens with
an elevated risk of subsequent development of CCM compared to
ANT-regimens given concomitant with cardioprotective adjuvants
(OR: 0.21. 95%, CL; 0.13-0.33) [158]. When ANT regimens include
concomitant trastuzumab administration, the total cardiotoxic effect
increases significantly. According to ESMO clinical guidelines, while
cardioprotective adjuvants are helpful in preventing CCM, serial
evaluation of LV function is recommended to inform the decision to
choose the most appropriate cardioprotective adjuvant to prevent the
development of CCM [19,20]. Besides cardioprotective adjuvants,
traditional HF pharmacotherapy has also been shown to convey a
protective effect against the development of CCM. A combined therapy
of ACE-inhibitors/ARBs with or without beta-blockers attenuates the
cardiotoxic effect of trastuzumab by improving LV function within 3 to
12 months after completion of therapy [160].

In summary, chemotherapy with concomitant cardioprotective
adjuvants protect against the development of CCM. They aid in the
preservation of the LV function and a reduction in the incidence of
HE However, prior evaluation of LV function is required to choose the
most appropriate cardioprotective adjuvants with minimal side effect.
In addition to cardioprotective adjuvants, the traditional HF therapy
also plays a protective effect on the development of CCM and CHF in
cancer patients undergoing chemotherapy.

Conclusion

Chemotherapy is a well-established clinical management approach
for several malignancies but its clinical efficacy is limited by an
elevated risk of inducing cardiomyopathy and possibly progression to
heart failure (HF). Chemotherapy-induced cardiomyopathy (CCM)

Study name Statistics for each study QOdds ratio and 95% CI
Odds ratio  Lower limit Upper limit  p-Value ool 010 100 000 10000
Myers. 1983 [137] 0.400 0.040 3.955 0.433
Milei, 1987 [138] 0.111 0.005 2.396 0.161
Speyer, 1992 [139] 0.549 0.189 1.595 0.270 —
Venturini, 1996 [140] 0.605 0.205 1.788 0.364 —
Gallegos-Castorena, 2007 [141] 0.148 0.006 3.397 0.232
Lopez, 1998 [142] 0.634 0.170 2.362 0.497 —_—
Swain, 1999 [143] 0.513 0.224 1.172 0.113 —t
Marty, 2006 [152 0.074 0.009 0.584 0.014
Kalay, 2006 [151] 0.016 0.004 0.057 0.000 —
Waldner, 2006 [153] 1.000 0.325 3.078 1.000 —r
Acar, 2011 [154] 0.124 0.037 0.418 0.001 —r—
Bosch, 2013 [10] 0.397 0.176 0.896 0.026 —_—
Cardinale, 2006 [155] 0.012 0.001 0.197 0.002
Seicean, 2012 [156] 0.306 0.101 0.926 0.036
Silber, 2004 [25] 0.147 0.017 1.257 0.080
Seicean, 2013 [157] 0.339 0.127 0.908 0.031 —
Georgakopoulos. 2010 [158] 0.451 0.087 2.342 0.344
0.319 0.234 0.434 0.000 -

Figure 3. Chemotherapy and Cardioprotective Adjuvants Compared to Chemotherapy Alone
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is cardiac condition marked by a significant decrease in LVEF > 10%
to values less than 55% in cancer patients treated with chemotherapy.
The main classes of chemotherapeutic agents potentially causing CCM
are cytotoxic such as Anthracyclines (ANT), monoclonal antibodies
such as trastuzumab, and alkylating agents such as cyclophosphamide
and mitomycin. Reversibility of myocardial damage and pathological
structural changes form the basis of CCM classification into Type
I (irreversible damage, ANT-associated) and Type II (reversible
damage, trastuzumab-associated). The main risk factors for the
development of CCM are cumulative dose and concomitant treatment
such as medication and radiotherapy. Predominant pathophysiologic
mechanisms for Type I are the formation of ANT-iron complexes and
stimulation of free-radical formation while for Type II is the blockade
of HER2+ receptor signals in cardiac myocytes. Prognosis of CCM is
poor, conveying a negative effect on cardiac outcomes necessitating
adjunctive therapy or restricting the choice of oncologic treatment.
Clinical presentation of CCM may be classified into acute and sub-
acute phases that occur within a week of chemotherapy or chronic
progressive whose onset is at the first year, progresses gradually and
manifests years after the completion of chemotherapy.

Diagnosis of CCM is made by assessing LV dysfunction
mainly based on LEVF values using imaging modalities such as
echocardiography, multigated acquisition scanning (MUGA) or cardiac
magnetic resonance (CMR). Echocardiography is considered the
cornerstone modality for assessing LV dysfunction in cancer patients
because it is readily available and reproducible. Although LVEF is
insensitive to myocardial changes in subclinical CCM, speckle tracking
echocardiography (STE) based strain analysis is able to predict patients
at an increased risk of developing CCM. Recently, cardiac biomarkers
such as troponin and B-type natriuretic peptides (BNP) have also
proved sensitive and specific in the identification of subclinical CCM.
Finally, clinical management of CCM depends on serial evaluation
of LVEF changes and cardiac biomarker Troponin useful for guiding
treatment options. Significantly depressed LVEF (<40%) requires
halting treatment while positive Troponin requires traditional HF
treatment using ACE-inhibitors and beta-blockers. Other frequently
used treatment options are dose modulation and cardioprotective
adjuvants, which aim to prevent cardiotoxic effects of chemotherapy
while allowing optimal suppression of cancer tumors.
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