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Chapter 13
Cardiac-Oncology: Management of the Patient 
with Heart Failure After Chemotherapy

Ashwani Gupta and Howard J. Eisen

�Introduction

The survival of patients diagnosed with malignancy has improved drastically over 
the last few decades [1]. This has led to increased recognition of adverse events 
related to chemotherapeutic drugs, especially cardiovascular effects. Cardiovascular 
disease is the 2nd most common cause of mortality in these patients after the 
malignancy itself [2]. Cardiomyopathy is the most common cardiovascular side 
effect of chemotherapy. Various chemotherapeutic agents have been associated 
with the development of cardiomyopathy. A detailed list of these agents is pro-
vided in Table 13.1.

Chemotherapy-induced cardiomyopathy has been broadly classified into two 
types- Type I (non-reversible) and Type II (reversible) [3]. However, this distinction 
is not always mutually exclusive- type II dysfunction may not always be reversible 
and type I may reverse with cessation of the offending agent and heart failure (HF) 
therapy. Also, both types may co-exist, especially in patients receiving more than 
one cardiotoxic drug. Differences between type I and II cardiomyopathy are 
described in Table 13.2.
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�Definition

The definition of chemotherapy-induced cardiomyopathy has not been precisely 
defined. Various trials have employed different definitions of this entity. The Cardiac 
Review and Evaluation Committee (CRCE) has established the following criterion 
to diagnose chemotherapy induced cardiac dysfunction [4]:

	1.	 Decrease in left ventricular ejection fraction (LVEF), which is either global or 
worse in the septum

	2.	 Symptoms of congestive heart failure
	3.	 Signs of congestive heart failure, including but not limited to, S3 gallop, tachy-

cardia or both
	4.	 A symptomatic decline in LVEF of at least 5  % or asymptomatic decline in 

LVEF of at least 10 % to an absolute LVEF of <55 %

�Anthracyclines

Anthracyclines still remain the cornerstone of many modern chemotherapeutic regi-
mens, with doxorubicin being the most widely used agent. These agents intercalate 
between specific bases in the DNA and inhibit DNA and RNA synthesis. 
Cardiotoxicity with these agents was recognized very early and found to be dose-
dependent [5]. Initial studies, performed in 1970s, recommended a maximum total 

Table 13.1  List of chemotherapeutic agents associated with cardiomyopathy

1. Anthracyclines — Doxorubicin, Daunorubicin, Epirubicin, Idarubicin, Mitoxantrone
2. Monoclonal antibodies against HER2 — Trastuzumab
3. Alkylating agents — Cyclophosphamide, Ifosfamide
4. Antimicrotubule agents — Paclitaxel
5. Angiogenesis inhibitors — Bevacizumab
6. Tyrosine kinase inhibitors — Sunitinib, sorefinib, imatinib, lapatinib
7. Pyrimidine analogues — 5-Flourouracil, Capecitabine

Table 13.2  Differences between Type I and Type II chemotherapy induced cardiomyopathy

Type I Type II

Myocardial cell death Myocardial cell dysfunction
Reversible Non-reversible
Related to cumulative dose Not related to cumulative dose
Agent cannot be reintroduced without 
risk

Agent can be reintroduced with minimal risk

Biopsy shows myocardial damage Minimal changes on biopsy
Drugs like anthracyclines, alkylating 
agents, microtubule inhibitors

Drugs like trastuzumab, angiogenesis inhibitors, 
pyrimidine analogues, tyrosine kinase inhibitors
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doxorubicin dose 550 mg/m2 [6]. However, these studies were limited by lack of 
evaluation for asymptomatic LV dysfunction. Recent studies report incidence of LV 
dysfunction to be as high as 50 % with long-term follow up [7]. Swain et al. [8] 
reported incidence of cardiomyopathy at 5 %, 16 % and 26 % respectively, with 
cumulative doses of 400, 500 and 550 mg/m2. Hence, currently the cumulative dose 
is usually limited to 400–450 mg/m2. However, there is no safe dose and cardiomy-
opathy has been reported with doses as low as 250 mg/m2, especially in children [9].

Three different manifestations of anthracycline-mediated cardiotoxicity have 
been described [10]:

	1.	 Acute — Acute cardiotoxicity is rare, occurring in <1 % patients and manifests 
within hours to weeks as arrhythmias, acute heart failure, myocardial ischemia, 
or pericarditis/myocarditis-like syndrome. Most patients recover completely 
from this acute cardiotoxicity. However, long terms effects are not known.

	2.	 Early-onset chronic — This manifestation occurs within the 1st year of treatment 
and incidence is reported at 1.6–2.1 %. It typically presents as dilated cardiomy-
opathy and may persist, or even progress, after discontinuation of the offending 
agent.

	3.	 Late-onset chronic  — This is the most common form and is seen in about 
1.6–5 % patients. It typically occurs years after chemotherapy and presents as 
progressive dilated cardiomyopathy, heart failure, or arrhythmias.

Various risk factors have been described for the development of anthracycline-
mediated cardiomyopathy (Table 13.3) [11]. The most important risk factor is the 
total cumulative dose. Other major risk factors include extremes of age, pre-existing 
cardiovascular disease, concomitant use of other cardiotoxic drugs and chest 
irradiation.

Anthracyclines produce progressive and irreversible type I cardiomyopathy. 
Cardiac biopsy typically shows patchy areas of interstitial fibrosis, vacuolation and 
rarely frank necrosis [12]. The pathophysiology of anthracycline-medicated cardio-
myopathy is not clearly understood and multiple mechanisms have been hypothe-
sized [13]. The most commonly accepted hypothesis is generation of excessive 
reactive oxygen species (ROS) and free radical induced myocyte damage. Various 
mechanisms have been hypothesized for excess free radical production, including 
mitochondrial dysfunction, increased endothelial nitric oxide synthase production, 
iron dependent redox cycling, and NAD(P)H dependent mechanisms [13]. However, 
recent literature suggests that the ROS hypothesis may not fully explain the 
anthracycline-induced cardiotoxicity [13]. Other hypothesized mechanisms include 
inhibition of topoisomerase II, DNA cross-linking, decreased ATP production, 
direct damage to the mitochondria and cell membranes, and increased apoptosis.

Several attempts have been made to reduce doxorubicin cardiotoxicity:

	1.	 Structural modification of anthracyclines —
Many studies have focused on the development of chemotherapeutic agents, 

with reduced cardiotoxicty, while preserving antitumor efficacy. Unfortunately, 
thus far, the development of such an agent has remained unsuccessful. Epirubicin 
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drew initial interest due to its reduced cardiotoxicity when compared mg-for-mg 
with doxorubicin. However, subsequent studies demonstrated epirubicin as a less 
potent chemotherapeutic agent compared to doxorubicin with similar cardiotox-
icity at functionally equivalent doses of epirubicin [14].

	2.	 Different vehicle —
A liposomal-encapsulated doxorubicin remains restricted to the circulating 

blood and does not cross capillary junctions into normal organs. However, it eas-
ily penetrates into the tumor due to increased capillary permeability. It has been 
shown to reduce cardiotoxicity while still retaining its anti-neoplastic effects 
[15]. However, more data is still required and increased cost limits its use.

	3.	 Different protocols —
Continuous infusion reduces the risk of cardiotoxicity by decreasing the peak level 

of the drug [16]. However, it is associated with increased cost, need for an 
indwelling catheter and increased inconvenience to the patient. There is also a 
concern for reduction in antineoplastic effects.

�Trastuzumab

Trastuzumab is a monoclonal antibody active against human epidermal growth fac-
tor (HER2) receptor, which is overexpressed in 25 % of breast cancers. However, 
trastuzumab significantly increases the risk of cardiomyopathy. A meta-analysis of 
randomized clinical trials with use of trastuzumab as an adjuvant chemotherapeutic 
agent showed a 1.6 % absolute increase in incidence of symptomatic heart failure 
and 7.2 % increase in LV systolic dysfunction [17]. Another trial in patients with 
metastatic breast cancer showed a 19 % increased risk of cardiomyopathy when 
trastuzumab was used in combination with anthracycline and cyclophosphamide, 
and a 12 % increased risk when added to paclitaxel [18]. Analysis of the SEER-
Medicare database showed a 32.1  % incidence of cardiomyopathy in patients 
receiving trastuzumab and a 41.9 % incidence in patients receiving anthracycline 

Table 13.3  Risk factors for anthracycline-mediated cardiomyopathy

  1. Cumulative anthracycline dose
  2. Mode of administration (rate of infusion, type of agent, individual dose)
  3. Age — Children <15 years and elderly >70 years
  4. Chest irradiation
  5. Pre-existing cardiovascular disease
  6. Hypertension
  7. Use of other cardiotoxic drugs (e.g., trastuzumab, cyclophosphamide, paclitaxel)
  8. Female sex
  9. Trisomy 21
10. HFE gene mutation
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plus trastuzumab, which is much higher than previously reported trials [19]. Most 
protocols recommend use of trastuzumab sequentially with anthracyclines. 
However, even sequential use is associated with an increased risk of cardiomyopa-
thy, though much less than concomitant use [20] (See Table 13.4).

Trastuzumab produces type II cardiomyopathy, which is not dose dependent 
and potentially reversible. There is no visible myocyte damage on histology and 
changes are visible only on electron microscopy [21]. Some authors have re-chal-
lenged patients with trastuzumab without recurrence of cardiomyopathy in most 
patients [4]. However, many authors have questioned its reversible nature and 
reported a 20–40  % incidence of persistent LV dysfunction [22]. MRI studies 
have shown evidence of delayed gadolinium enhancement despite recovery of 
cardiac function, suggesting persistent myocardial damage [23]. Long-term stud-
ies are needed to better define the natural history of trastuzumab-induced 
cardiomyopathy.

The mechanism of trastuzumab-induced cardiomyopathy is not well understood, 
but inhibition of ErbB2 is thought to be the main mechanism. ErbB2 is a critical 
component of multiple anti-apoptotic pathways and is necessary for myocyte sur-
vival and repair. Trastuzumab binds to the ErbB2 on cardiac myocytes and blocks 
the cardioprotective ErbB2-ErbB4 signaling pathway [24]. Removal of trastuzumab 
leads of resumption of these pathways and recovery of cardiac damage. The syner-
gistic cardiotoxic effects of anthracycline and trastuzumab can be explained by 
myocyte damage due to anthracyclines and blockage of repair mechanisms by 
trastuzumab [25].

A few approaches to reduce trastuzumab-induced cardiotoxicity are under 
investigation:

	1.	 Second generation monoclonal antibodies —
Lapatinib, a HER1 and HER2 receptor inhibitor, appears to be associated 

with much lower risk of cardiomyopathy than trastuzumab [26]. Other second-
generation anti-HER2 therapies are being developed and three agents – nera-
tinib, trastuzumab-DM1 and pertuzumab, are currently under investigation.

	2.	 Anthracycline-sparing protocols —
The BCIRG 006 trial demonstrated that the anthracycline-sparing chemother-

apy protocols with trastuzumab alone were associated with significantly 
decreased risk of cardiomyopathy while preserving antitumor efficacy [27]. 
However, data regarding anti-neoplastic efficacy without anthracyclines is still 
conflicting [28].

Table 13.4  Risk factors for 
development of trastuzumab-
induced cardiomyopathy

1. Age> 50 years
2. Hypertension
3. Concomitant use of anthracyclines or paclitaxel
4. Pre-existing cardiovascular disease
5. Smoking
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	3.	 Shorter treatment duration —
Preliminary data shows that shorter regimens of trastuzumab are associated 

with a lower incidence of cardiomyopathy [29]. However, larger long-term stud-
ies are required to assess cardiotoxicity and anti-tumor efficacy.

�Alkylating Agents

Cyclophosphamide is activated in the liver and its active metabolite crosslinks 
DNA, disrupting cell division. It has been associated with increased risk of cardio-
myopathy, especially in combination with an anthracycline or cisplatin [30]. Other 
risk factors include advanced age and mediastinal irradiation. The mechanism of 
cardiotoxicity is not very well established and appears to be related to the strength 
of the individual dose, rather than cumulative dose [30]. Ifosamide has also been 
rarely associated with cardiomyopathy [31].

�Antimicrotubule Agents

Paclitaxel, alone, has not been implicated as a cause of cardiomyopathy. However, 
it reduces the elimination of doxorubicin and increases its toxicity [32]. Paclitaxel 
should be avoided immediately before doxorubicin administration and within the 
next hour. The most common cardiovascular side-effect of paclitaxel is transient 
asymptomatic bradycardia [33].

�Flouropyramidines

5-Flourouracil (5-FU) and its oral prodrug capecitabine have been associated with 
cardiotoxicity. The most common cardiac side effect is myocardial ischemia, likely 
related to coronary vasospasm [34]. Cardiomyopathy from these agents is rare and 
limited to a few case reports. It appears to have a type II pattern, with recovery of 
cardiac function in most cases after cessation of the agent [35].

�Angiogenesis Inhibitors

Bevacizumab is a recombinant monoclonal antibody against the vascular endothe-
lial growth factor (VEGF) receptor. It has primarily been associated with an 
increased risk of thrombotic events. The risk of cardiomyopathy is very low and 
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follows the reversible type II pattern [36]. The most probable hypothesis is the loss 
of protective effects of VEGF against endothelial dysfunction caused by excess oxi-
dative stress.

�Tyrosine Kinase Inhibitors

The most common cardiovascular effect of tyrosine kinase inhibitors is hyperten-
sion. Sunitinib has been associated with a 6–8 % incidence of HF and up to a 19 % 
incidence of cardiomyopathy, especially in patients with pre-existing coronary 
artery disease and cardiac risk factors, like hypertension [37]. Imatinib, an inhibitor 
of the Bcr-Abl protein, is used in the treatment of chronic myelogenous leukemia 
and has been associated with HF as well [38]. It is hypothesized to induce cardio-
toxicity by the activation of the endoplasmic reticulum stress response pathways. 
Electron microscopy of cardiac biopsies demonstrates membrane whorls, pleomor-
phic mitochondria, effaced cristae, glycogen accumulation, lipid droplets, and vacu-
oles [38]. However, data is limited to animal studies and a few small case series.

�Diagnosis

Traditionally, the detection of cardiotoxicity has relied on detection of reduction in 
LVEF. Multiple-gated acquisition (MUGA) scan and transthoracic echocardiogra-
phy are the two most commonly used modalities. Baseline LVEF should always be 
obtained before initiation of chemotherapy. The values obtained from different 
modalities are not interchangeable and, hence, the same modality should continu-
ally be used throughout the chemotherapy protocol for an assessment and compari-
son of LVEF.

�MUGA Scan

Historically, MUGA scan has been the modality of choice to assess LVEF prior 
recent advances in echocardiography. MUGA scan has the advantage of lower inter-
observer variability and generation of an exact LVEF number [39]. However, it 
exposes the patients to ionizing radiation (approximately 7.8 mSv/exam) [40] and 
does not provide any information regarding valvular disorders, pericardial diseases, 
and diastolic parameters. Currently, most centers use echocardiography as the pri-
mary modality for LVEF assessment. MUGA scan continues to be used at many 
centers due to the oncologists’ familiarity with the test and interpretation of its 
results. MUGA scan use should be limited in patients with poor acoustic windows 
or with pre-existing cardiomyopathy prior to the initiation of chemotherapy.
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�Transthoracic Echocardiography

Transthoracic echocardiography is the most commonly used modality for assess-
ment of LVEF in patients receiving chemotherapy. Echocardiography is readily 
accessible, portable, inexpensive, and does not expose patients to ionizing radiation. 
It also provides additional information regarding valvular disorders, diastolic dys-
function, and pericardial disorders. Its disadvantages include larger inter-observer 
variability, dependence on complex geometric models and lack of good acoustic 
windows in many patients. Inter-observer variability and need for assumptions 
regarding ventricular geometry can be reduced by using 3D transthoracic echocar-
diography [41]. A small study with real time 3D transthoracic echocardiogram 
showed good correlation with MRI and MUGA scans in patients receiving chemo-
therapy [23]. Poor acoustic windows can be improved by the use of contrast agents, 
which better delineate the endocardial borders and reduce intra- and inter-observer 
variability [42]. Ideally, 3D echocardiography or contrast-enhanced echocardiogra-
phy should be used as the modality of choice in screening patients for chemotherapy-
induced cardiomyopathy.

Multiple indices of diastolic function have been evaluated in patients undergoing 
cardiotoxic chemotherapy [43]. Diastolic dysfunction usually precedes systolic 
dysfunction and early detection can potentially reduce the future risk of cardiomy-
opathy. However, none of the diastolic parameters have been found to have any 
significant association with development of future cardiac dysfunction [44].

Another modality used for early detection of cardiac dysfunction is the assess-
ment of cardiac reserve by exercise or pharmacological stress echocardiography. 
Small studies have shown that reduction in cardiac reserve can be seen as early as 
after first cycle of chemotherapy and it can predict future cardiovascular events [45]. 
However, data regarding use of stress echocardiography are very limited.

The newest development in echocardiography is speckled and strain imaging. 
Multiple small trials have shown that these modalities can detect systolic dysfunc-
tion earlier than standard parameters and predict long term development of cardio-
myopathy [46, 47]. Larger trials are still required before these modalities become 
standard of care. The major concern with these highly sensitive techniques is that 
many patients may never develop clinically significant cardiac dysfunction and life-
saving therapies may be withheld unnecessarily.

�Endomyocardial Biopsy

An endomyocardial biopsy can show typical features of cell damage from agents 
with type I cardiotoxicity. It was the gold standard to diagnose chemotherapy-
induced cardiotoxicity. Billingham et al. [12] performed the pivotal trials assess-
ing the histopathological changes following anthracycline exposure and developed 
a four point scoring system to characterize the extent of myocardial damage. 
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However, it is an invasive procedure with significant risks and is not routinely 
used these days, especially with recent advances in other modalities of non-inva-
sive imaging.

�Cardiac MRI

Cardiac MRI (CMR) is currently the gold standard for assessment of LVEF [48]. 
CMR can also identify regions of non-transmural cardiac injury by delayed gado-
linium enhancement. Anthracycline-induced cardiomyopathy characteristically 
demonstrates a delayed enhancement in the anterolateral wall and trastuzumab-
induced cardiomyopathy shows a subepicardial delayed enhancement in the lateral 
wall [23]. CMR also provides detailed structural information, including right-sided 
chambers. However, CMR is not widely available and is expensive. CMR cannot be 
used in patients with metal devices or implants and gadolinium use is contraindi-
cated in patients with reduced renal function.

�Cardiac Biomarkers

Reduction in LVEF is a late development in the cascade of development of cardio-
myopathy and early identification is critical. Several cardiac biomarkers have been 
studied to identify early cardiac damage. However, utmost caution must be exer-
cised as a false positive result can withhold lifesaving therapy. A good biomarker 
must be easy to measure, accurate, reproducible, and most importantly, should have 
high specificity to limit likelihood of false positive results. Biomarkers should be 
used as an adjunct to the previously described modalities of cardiac assessment 
[49].

Troponin I is the most studied biomarker as a predictor of development of cardio-
myopathy. Elevation of troponin I levels can predict cardiac damage earlier than 
currently used modalities [50]. One study involving 703 patients receiving anthra-
cyclines showed a 30  % incidence of troponin I elevation and 9  % patients had 
persistent elevation even at 1  month [51]. Biomarker measurements were done 
before starting chemotherapy and immediately after. The testing was repeated at 12, 
24, 36 and 72 h and again at 1 month. Cardiovascular endpoints were seen in 1 %, 
37 % and 84 % patients, respectively, in troponin I negative, transient positive and 
persistent troponin I positive patients at 1 month. The positive and negative predic-
tive value of troponin I was 84 % and 99 %, respectively. However, this has not been 
validated in repeated larger trials. A consensus regarding optimal timing of troponin 
I measurement has also not been reached.

Serum atrial natriuretic peptide (ANP), B-type natriuretic peptide (BNP) and 
N-terminal proBNP (NT-proBNP) have not been validated as a screening tool in 
patients receiving cardiotoxic drugs [52, 53]. The studies with these markers have 
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been small, heterogeneous, single center trials and results have been conflicting. A 
few newer biomarkers have also shown promise in identification of cardiac damage, 
including, heart-type fatty acid-binding protein (H-FABP) [54] and glycogen phos-
phorylase BB (GPBB) [55].

�Screening

Screening guidelines have been published by various societies for anthracycline and 
trastuzumab-induced cardiomyopathy. However, there is a lack of consensus 
amongst various guidelines. Nuclear cardiology guidelines regarding screening for 
anthracycline-mediated cardiomyopathy are shown in Table 13.5 [56]. The 
Children’s Oncology Group’s Long-Term Follow-up Guidelines for Survivors of 
Childhood, Adolescent, and Young Adult Cancers (COG LTFU guidelines) recom-
mend assessment of LV function by either echocardiogram or MUGA scan every 
1–5 years (depending on the presence of risk factors for cardiotoxicity) [57].

The screening guidelines for trastuzumab-induced cardiomyopathy are slightly dif-
ferent. The National Comprehensive Cancer Network Guidelines recommend LVEF 
assessment at baseline and then every 3 months for the duration of chemotherapy [58]. 
The Cardiac Guideline Consensus Committee suggests that LVEF can be assessed 
every 3 months if EF is greater than 40 %. If the LVEF is less than 40 %, trastuzumab 
should be withheld and LVEF assessment should be done every month [59].

�Cardiac Protection

All patients receiving chemotherapy are considered at risk for development of 
HF. The most useful method to reduce cardiotoxicity is by limiting the cumulative 
dose and avoiding the co-administration of multiple cardiotoxic drugs. Anthracycline-
induced cardiomyopathy is thought to be primarily due to free radical production and 
many anti-oxidants have been studied to provide cardioprotection. However, data for 
most of these compounds have been discrepant and disappointing. Dexrazoxane, an 
iron chelator, is the only FDA approved agent for cardioprotection during anthracy-
cline therapy [60]. A Cochrane meta-analysis showed significant benefit of dexra-
zoxane in prevention of cardiotoxicity with a hazard ratio of 0.29 (95 % CI 0.20–0.41) 
[61]. It has been shown to reduce subclinical myocyte damage during chemotherapy 
as well, as evidenced by reduced incidence of troponin I elevation. However, there 
are some concerns regarding the reduction of anti-tumor efficacy by anthracyclines, 
increased myelosuppression and higher risk of second malignancy [61]. Therefore, 
current guidelines recommend use of dexrazoxane only in patients who have already 
received ≥300 mg/m2 of doxorubicin and would benefit from further doses of doxo-
rubicin. Dexrazoxane is not approved for use in children.
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There has been limited data regarding role of standard HF drugs as cardioprotec-
tive agents. Small studies with use of carvedilol and valsartan have shown some 
cardioprotective effect [62, 63]. Cardinale et al. [64] randomized patients with posi-
tive troponin I levels at 1 month after chemotherapy to enalapril and placebo. The 
study found no reduction in LVEF in patients receiving enalapril, compared with a 
43  % incidence in the control group. The recently published OVERCOME trial 
showed a small, but statistically significant benefit in preserving LVEF with prophy-
lactic administration of enalapril and carvedilol [65]. However, larger multi-center 
trials are still needed. Many other agents are being evaluated as cardioprotective 
agents during chemotherapy.

�Management

Data regarding management of chemotherapy-induced cardiomyopathy is limited 
and there are no well-defined recommendations. Most patients with cancer are 
excluded from major trials and, if included, they form a very small percentage of 
patients in most large trials. Traditionally, these patients were believed to respond 
poorly to standard HF therapy and had a very poor prognosis with 2-year mortality 
up to 60 % [66]. However, these historic beliefs were based on studies with diuretics 
and digitalis as the mainstay of HF therapy. Currently, patients with chemotherapy-
induced cardiomyopathy should be treated with the same guidelines as other causes 
of cardiomyopathy. Although ACE inhibitors, ARBs and beta-blockers have never 
been systematically studied in these patients, these agents should be prescribed in 
every patient, if possible, and titrated up to the maximal tolerated dose. Recent trials 
show that the most critical variable for recovery of LVEF is the time to initiation of 

Table 13.5  Guidelines for 
monitoring of LVEF by 
Equilibirum Radionuclinde 
Angiography (ERNA)

If baseline LVEF ≥50 %
Baseline ERNA before starting chemotherapy
Next ERNA at cumulative doxorubicin dose 250–300 mg/m2

Next ERNA at cumulative dose 450 mg/m2 (at 400 mg/m2 if 
high-risk)
Next ERNA prior to every dose >450 mg/m2

Discontinue if LVEF decreases by ≥10 % from baseline AND 
reaches ≤50 %
If baseline LVEF <50 %
Baseline ERNA before starting chemotherapy
Serial ERNA prior to every subsequent dose
Discontinue if LVEF decreases by ≥10 % from baseline OR 
reaches ≤30 %
If baseline LVEF<30 %
Chemotherapy is not recommended
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HF therapy. Cardinal et al. [67] showed the likelihood of LVEF recovery are highest 
if HF therapy is started within 2  months, compared to no chances of complete 
recovery if started after 6  months and not even partial recovery if started after 
12 months. They found an approximately fourfold decrease in chances of complete 
recovery with doubling of time to initiation of HF therapy.

Small studies have shown significant benefit of cardiac resynchronization ther-
apy (CRT) in patients meeting criterion [68]. A larger trial regarding use of CRT in 
these patients called MADIT-CHIC (Multicenter Automated Defibrillator 
Implantation Trial- Chemotherapy Induced Cardiomyopathy) is currently ongoing 
and will provide further information regarding benefit of CRT in these patients [69].

Orthotopic heart transplant (OHT) is also an option for these patients after con-
firmed complete remission. Between October 1987 and October 2011, only 0.8 % 
transplants (total 453 transplants) were performed in the United States for 
doxorubicin-induced cardiomyopathy [70]. However, the number of OHT per-
formed per year for chemotherapy-induced cardiomyopathy has been constantly 
increasing. There was no difference in all-cause mortality or mortality from malig-
nancy between patients receiving OHT for chemotherapy-induced cardiomyopathy 
and all other causes of cardiomyopathy [70]. However, data regarding recurrence of 
malignancy or development of new malignancy is very limited. Data from the 
International Society of Heart and Lung Transplantation (ISHLT) Registry between 
January 2000 and December 2008 showed an increased risk of malignancy in 
patients with chemotherapy-induced cardiomyopathy compared to other causes of 
non-ischemic cardiomyopathy (5  % vs 2  % respectively, p value = 0.006) [71]. 
There was no effect on short or long-term survival and only 5 % cases of malig-
nancy occurred within the 1st year of OHT with only one case of recurrence of 
breast cancer.

Patients with trastuzumab-induced cardiomyopathy should be assessed for 
recovery of LV function, with concomitant increase of guideline-proven HF medi-
cations. Most patients recover their cardiac function within 1–2 months. If LV func-
tion recovers, patients can be rechallenged with trastuzumab with careful monitoring. 
If the EF falls again, trastuzumab should be stopped and not reinitiated again unless 
it is the only lifesaving therapy [20].

�Takotsubo Cardiomyopathy

Stress induced cardiomyopathy, also known as Takotsubo cardiomyopathy, is an 
acute reversible cardiomyopathy triggered by an acute stress [72]. Recently, there 
have been multiple reports of Takotsubo cardiomyopathy after chemotherapy. It has 
been reported with use of rituximab [73], 5-Flourouracil (5-FU) [74], vascular 
endothelial growth factor receptor antagonists, especially bevacizumab [75] and the 
tubulin-depolymerization agent combrestatin [76]. The strongest association 
appears to be with administration of 5-FU [72].
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�Cardiac-Oncology

The early detection and management of chemotherapy-induced cardiomyopathy 
will define the future of field of cardiac-oncology. Both cardiology and oncology 
are highly specialized fields and management of these overlapping, complicated 
disease processes requires the coordination of both specialists. Many signs and 
symptoms of heart failure are similar to side effects of chemotherapy and radiation, 
including fatigue, shortness of breath, dyspnea on exertion, lower extremity edema, 
etc. The decreased activity of patients undergoing chemotherapy can lead to a delay 
in the detection of cardiovascular disease in this patient population [77]. The man-
agement of these patients becomes even more difficult when patients pursue onco-
logical and cardiovascular care at different institutions. In addition, the screening 
and management guidelines are not streamlined and contribute to confusion along 
with poor adherence to recommendations leading to mismanagement of early 
asymptomatic cardiomyopathy [78]. The outcomes can be drastically improved by 
collaborative efforts between the oncologists and cardiologists in management of 
these disease processes [79].

The other major issue in cardiac-oncology is to maintain a fine balance between 
management of malignancy and cardiovascular outcomes. The aim is to provide 
adequate anti-cancer therapy with minimal cardiovascular risks. However, due to 
lack of data and absence of clear guidelines, the decision to continue or withhold 
chemotherapeutic agent has to be individualized and requires communication 
between the patient, the oncologist and the cardiologist.

There is an urgent need for development and widespread use of cardiac-oncology 
centers. These centers can result in better communication, better decision-making 
and hopefully, better outcomes. Cardiac-oncology centers may provide specialized 
care in the future and will aim to provide the best quality oncological care, as well 
as, early detection and management of cardiac dysfunction.
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