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Opinion statement

Rapid improvement in antineoplastic therapy is increasing not only cancer survi-
vorship but also the incidence of end-stage heart failure among breast and
childhood cancer survivors. Anthracyclines and newer targeted therapies, includ-
ing trastuzumab and tyrosine kinase inhibitors, are important agents implemented
in clinical practice that carry cardiotoxic risk. While acute heart failure is often
self-limited and reversible, delayed-onset heart failure significantly reduces sur-
vival. Extremes of age, renal dysfunction, pre-existing coronary artery disease,
HER2 positivity, and multi-drug therapy are predictors of irreversible heart failure
after chemotherapy. Left ventricular assist device (LVAD) implantation and cardiac
transplantation can be performed safely in patients with end-stage heart failure
(HF) from chemotherapy. However, co-existing right ventricular dysfunction, he-
patic congestion, and increased risk of bleeding make LVAD therapy challenging
and dependent on careful patient selection. Cardiac transplantation in patients
with chemotherapy-induced heart failure can be performed with good 10-year



survival, but requires 5 years of cancer freedom and post-transplant infections
remain a problem. Improvements in LVAD therapy and the expanding role of the
total artificial heart and other durable biventricular support devices will likely
provide more reliable surgical options for the management of end-stage HF after
chemotherapy.

Introduction

Options for the treatment of patients with end-stage
heart failure (HF) have rapidly increased over the past
decade and include automatic implantable defibrilla-
tors, chronic resynchronization therapy, left ventricular
assist devices (LVAD), and orthotopic heart transplanta-
tion (OHT). Of these, the increased durability of LVADs
has made the largest recent impact on survival of end-
stage HF patients not amenable to or waiting for trans-
plant [1].

Cancer survivors may develop end-stage HF due to
chemotherapy-induced cardiomyopathy (CCMP) [2••,
3••, 4]. Although CCMP represents a small subset of the
overall population of patients with end-stage HF, these
patients have important differences in pathology, clini-
cal characteristics, and demographics [3••].

This review will focus on the role of LVAD therapy
and OHT in patients with end-stage HF secondary to
cancer therapies.

Overview of cardio-toxicity
The problem

Improved treatment options have dramatically reduced cancer mortality [5]; in
the USA alone, 1,340,400 deaths have been avoided over the past 5 years [6].
Unfortunately, a significant number of therapeutic agents responsible for this
success are cardiotoxic. Anthracyclines (doxorubicin, epirubicin, and
idarubicin), alkylating agents (cyclophosphamide, iphosphamide), monclonal
antibodies against HER2/neu receptors, and tyrosine kinase inhibitors are
known to cause left ventricular dysfunction and HF [7]. Apart from these well-
studied agents, others such as proteasome inhibitors and anti-microtubule
drugs (either alone or in combination) have also been implicated in left
ventricular dysfunction [8••]. Breast and childhood cancer survivors have been
found to be particularly prone to develop CCMP [9, 10]. Higher cumulative
doses of anthracyclines and direct radiation to the chest are important predic-
tors of HF after childhood hematologic cancer therapy and breast cancer [10].
Because these therapies remain the cornerstone of treatment for these types of
malignancies, the problem of end-stage HF from CCMP is likely to continue to
increase in the future.

Mechanisms
The most accepted mechanism of anthracycline-induced cardiotoxicity is via
binding of topoisomerase 2-beta myocardial receptors releasing oxygen-free
radicals that lead to progressive myocardial destruction [11]. Histopathologic
examination of endomyocardial biopsies shows myofibrillar dropout, de-
creased cardiomyocyte density, and sarcoplasmic vacuolization [12]. While
cardiotoxicity with HER2 antagonists has been reported to be mostly reversible
[13], recent clinical studies have shown that patients treated with adriamycin
and sequential trastuzumab may progress to permanent heart failure, thus
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emphasizing the potentiation effect of multiple cardiotoxic agents [14]. HER2
antagonists cause myocardial dysfunction by inhibiting ErbB2 receptors, which
are essential for myocyte survival, making them resistant to apoptosis, growth,
and hypertrophy [15]. Other studies have suggested that chemotherapeutic
agents may deplete myocardial progenitor cells responsible for myocyte recov-
ery [16, 17]. Radiation, usually given in conjunction or in sequence with
chemotherapy, may also potentiate the cardiotoxic effects of chemotherapy by
inducing an inflammatory myocarditis within the myocardial vascular bed,
thus worsening ventricular dysfunction.

Clinical picture
Depending upon its onset, CCMP can be divided into (1) acute, (2) early,
defined as within 1 year, and (3) late. Acute CCMP can occur in 11 % of
patients after or during cancer therapy [18] presenting as arrhythmias,
dyspnea on exertion, and fatigue, and is associated with recovery of left
ventricular function in as many as 55 % of patients [19••]. Young age,
small left atrial volume index, and lower B-natriuretic peptide have been
shown to predict recovery in these patients [19••]. In contradistinction,
late-onset CCMP (mostly associated with previous anthracycline therapy)
progresses to end-stage HF in an irreversible way. Doxorubicin dose
9550 mg/m2, bolus administration, male gender, age more than 65 years
or less than 4 years, obesity, pre-existing renal dysfunction, and concurrent
bleomycin therapy are all predictors of late-onset HF [20]. More recently, a
positive HER-2 oncogene, type II diabetes, and coronary artery disease are
additional important factors for progression of HF. While prognosis is
poor for patients who develop CCMP, only 2.1 % undergoing
anthracycline therapy will eventually have end-stage HF [21] [18].

Trastuzumab therapy for breast cancer leads to an absolute 14 % increase in
HF over a 3-year period [21]. When both trastuzumab and anthracyclines are
combined, almost one third of elderly patients will develop heart failure. Older
age, pre-existing heart disease, and combination therapy are important predic-
tors for end-stage HF [21].

Prevention and management
Recent studies have focused on pre-emptive measures and early treatment of
cardiotoxicity to prevent progression to cardiomyopathy and heart failure.
Echocardiographic techniques have been validated for early detection of
cardiotoxicity. Strain imaging has been shown to precede reduction in left
ventricular ejection fraction, and may be used as surrogate marker for
cardiotoxicity [22].

Several studies have suggested the protective role of dexrazoxane, beta-
blockers, statins, and ACE-inhibitors [23, 24]. Recent randomized controlled
trial in 90 patients with malignant hemopathies showed that a combination of
enalapril and carvedilol attenuated left ventricular systolic dysfunction [25]. As
a result of these advances, many hospitals have started onco-cardiology sur-
veillance programs to reduce the prevalence of cardiotoxicity in this patient
group [23, 26].

Guideline-directed treatments for heart failure have not been fully validated
in the CCMP population. Interestingly, in the INTERMACS database, patients
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with CCMP were more likely to receive ACE-inhibitors than patients with
ischemic and non-ischemic cardiomyopathies (68 vs. 53 % (p=0.02) and 51 %
(p=0.01)), while the use of beta-blockers was similar [3••].

Small case series of cardiac resynchronization therapies (CRT) and
implantable cardiac defibrillators (ICDs) in CCMP have been reported
[4]. In the largest study to date, Rickard et al. compared 18 patients with
CCMP who received CRT and compared them to 189 patients with non-
ischemic cardiomyopathy. CCMP group showed significant improvement
in LV ejection fraction, LV diameters, and functional class, similar to
other non-ischemic patients [27].

Advanced therapies

Mechanical circulatory support and OHT provide reliable options and improve
long-term survival in patients with end-stage heart failure. We now present an
overview of the present status of these therapies in the care of patients with
CCMP.

Left ventricular assist device therapy

LVAD implant is now well established as a reliable medium-term option
for end-stage HF [28]. The number of LVAD implants have increased
exponentially since the approval of LVAD therapy as destination therapy,
i.e., for patients ineligible for heart transplantation [29]. The INTE
RMACS (Inter-Agency Registry of Mechanical Circulatory Support) is a
national database of patients undergoing mechanical circulatory support
in the USA. They recently reported that almost half of LVADs are now
implanted as Bdestination therapy^ [30••]. The transition from pulsatile
to continuous-flow devices has significantly increased 1-year survival
from 66 to 81 % [30••]. Four-year survival is now estimated at 47 % in
all patients implanted with a continuous-flow device during 2008–2013
[30••].

Demographics characteristics of CCMP patients receiving LVADs
Between 2006 and 2011, there were 75 patients with CCMP who re-
ceived durable LVADs registered in INTERMACS database [3••]. This
report has demonstrated important demographic and clinical differences
between patients with CCMP, ischemic, and non-ischemic cardiomyop-
athies who received mechanical circulatory support devices. CCMP pa-
tients (mean age of 53 years) are typically much younger than those
with ICMP (60 years; pG0.001) at the time of LVAD implant. The CCMP
cohort is predominantly made up of females (72 %) while both NICMP
(76 %; pG0.0001) and ICMP (87 %; pG0.0001) are predominantly
males. CCMP patients were also less likely to be white than ICMP
patients (64 vs. 80 %, p=0.0006).

Patients with CCMP had lower BMIs than both NICMP and ICMP
(26.0 vs. 28.9 [pG0.0001] vs. 28.0 [p=0.0019]) and were overall
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healthier, with less diabetes than ICMP (25 % vs. 46 %, p=0.0004), less
smoking than NICMP and ICMP (1 % vs. 12 % [p=0.01] vs. 15 %
[p=0.0016]), and less likely to have history of alcohol abuse (5 % vs.
16 % [p=0.01], vs. 18 % [p=0.01]) or coronary artery disease (0 % vs.
16 % [pG0.0001], vs. 100 [pG0.0001]). However there was no difference
in NYHA class or INTERMACS profile between the groups. Taken to-
gether, it seems that patients with advanced CCMP are mostly young
females without other comorbid conditions.

Other differences were that the CCMP group was more likely to
receive ACE inhibitors (68 %) than NICMP (53 %, p=0.02) and ICMP
(51, p=0.01), less ICD use than NICMP and ICMP (66 vs. 77 vs. 77 %,
p=0.03). However, there were no differences in preimplantation use of
inotropes, intraaortic balloon pump, or ventilatory support. Significantly
more CCMP patients were implanted as destination therapy (33 %) than
NICMP (14 %, pG0.0001) and ICMP (23 %, p=0.03).

Right ventricular dysfunction
Right ventricular (RV) biopsy has long been utilized in the diagnosis of
cardiotoxicity [31], thus demonstrating the involvement of the RV in
CCMP. This was demonstrated to have clinical implications in patients
receiving isolated left ventricular mechanical support in the INTERMACS
series. Pre-operative assessments of surrogate markers of RV function,
such as alanine and aspartate amiontransferases, were twice to three
times higher in CCMP group than ICMP and NICMP, possibly suggest-
ing more severe congestive hepatopathy. In addition, pulmonary systolic
pressure was significantly lower in CCMP (43.9 mmHg) than in NICMP
(49.4, p=0.0015) and ICMP (51.2, pG0.0001), which may reflect the
inadequacy of RV to mount higher systolic pulmonary pressures. Mod-
erate to severe tricuspid regurgitation was more common in CCMP
(62 %) than NICMP (43 %, p=0.0037) and ICMP (49 %, p=0.04)
suggesting worse RV dilatation. Central venous pressure to pulmonary
capillary pressure, a marker of RV dysfunction, was significantly higher
in CCMP (0.68) than NICMP (0.54, pG0.0001) and ICMP (0.51,
pG0.0001).

Given these preoperative findings, it is not surprising that right ventricular
failure was much more frequent among CCMP patients treated with LVADs
than among those with other cardiomyopathies. In fact, almost one fifth of
CCMP patients needed subsequent or concomitant right ventricular assist
device (RVAD) support, in contrast to NICMP and ICMP (19 vs. 11 vs.
6 %, p=0.006) (Fig. 1). Post-LVAD RV failure was associated with sig-
nificantly poorer outcomes as 33 % of patients with RVADs died in the
early post-operative period.

This pattern of right ventricular failure in CCMP was also reported in
patients bridged to transplantation with MCSDs. In the ISHLT cardiac
transplantation registry (2000–2008), 19.6 % of CCMP patients were
bridged with LVADs and 5.6 % were bridged with RVADs [2••]. While
LVAD utilization was similar to other non-ischemic cardiomyopathies,
RVAD was more than twice as common in patients with CCMP (5.6 vs.
2.3 %, p=0.002).

Curr Treat Options Cardio Med (2015) 17: 28 Page 5 of 13 28



Outcomes and survival
Patients with CCMP had more concomitant surgery (tricuspid repair, RVAD
implant, atrial septal defect closure or others) comparedwithNICMP and ICMP
(48 vs. 36 % [p=0.03] and 36 % [0.04]) and had more failure to wean from
cardiopulmonary bypass (5 vs. 1 % [p=0.01] vs. 2 % [p=0.04]), which may
represent higher rate of RV failure.

Patients with CCMP had an increased risk of bleeding at 36-month
follow-up (p=0.0001), but there were no differences in rate of neuro-
logical events, device malfunction, infection, or RV failure events
(Fig. 2).

Patients with CCMP had 1-, 2-, and 3- year survival of 73, 63, and 47 %,
respectively. There were no differences in survival between bridge to trans-
plantation (BTT) and destination therapy (DT) groups. Patients with BiVAD
support had highermortality than LVAD alone (p=0.0007). CCMP patients had
similar overall survival to ICMP and NICMP (Fig. 3).

Myocardial recovery
Anecdotal reports of left ventricular recovery in cancer survivors after LVAD
implant are reported sporadically [18, 32, 33]. The INTERMACS database
demonstrated only 1 % recovery among CCMP patients implanted during
2006–2012 [3••]. Various factors promoting recovery could be young age [18]
[34], absence of significantmyocyte dropout [18], or early-onset HF [32]. While
our experience with LVAD therapy in this cohort is at present limited, progres-
sive advances in LVAD design and reliability will promote more CCMP patients
to opt for mechanical circulatory support.

Total artificial heart
With the bi-ventricular involvement typical in CCMP, the total artificial heart
(TAH) could be an attractive option for these patients. As of 2013, 239 TAHs
have been implanted in the USA during a 6-year period [30••, 35]. At present,
TAH can be implanted only as a bridge to transplant, with patients needing five
cancer-free years prior to listing for cardiac transplantation. However, the Food
and Drug Administration has recently approved the TAH for destination ther-
apy [36].While the TAH does have issues related to anti-coagulation and stroke,

Fig. 1. Need for RVAD support among different cardiomyopa-
thies.
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more than 47 patients have survived for more than 1 year on support. The new
drivers allow patients to ambulate freely both within and out of the hospital.
Only one case of TAH implanted in CCMP was reported in the literature
[37]. In the ISHLT (International Society of Heart and Lung Transplan-
tation) and INTERMACS registries, none of the patients with CCMP had
TAH [2••].

Cardiac transplantation

Cardiac transplantation remains the Bgold standard^ and only long-term solu-
tion for the definitive treatment of end-stage HF [28], with an expected 1-year
survival of 90 and a 70 % 5-year survival [38]. Given the concerns of increased

Fig. 2. Adverse events in patients with
CCMP and VAD. a Time to first bleeding. b
Time to first infection. c Time to first
neurological dysfunction. d Time to first
device malfunction. e Time to first right
heart failure event.
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risk of cancer recurrence and new cancers post-transplantation, patients are
currently required to be cancer free for 5 years before consideration for heart
transplantation.

Historical overview
Isolated reports of transplantation in cancer survivors with end-stage HF have
appeared in medical literature since 1987 [39–42]. Recent reports have chal-
lenged the 5-year rule and have demonstrated good survival if patients are
transplanted earlier [43]. As a result of reassuring data, the number of heart
transplantations for CCMP has tripled from 1987 to 2011 (Fig. 4). As of 2011,
453 patients with CCMP had received heart transplantations in the USA [44].
Recently, two large database reviews have provided more insight regarding this
surgical strategy in CCMP patients [2••, 44].

Demographics and clinical characteristics
The International Society of Heart and Lung transplantation (ISHLT), a volun-
tary self-reported database identified 232 patients with CCMP undergoing

Fig. 3. Survival of Patients with MCS. a
CCMP. b CCMP versus (ICMP and NICMP)
adult primary implants. c CCMP versus ICMP
versus NICMP adult primary implants. d
CCMP patients by device strategy. e CCMP
patient profile. f CCMP by device side.

28 Page 8 of 13 Curr Treat Options Cardio Med (2015) 17: 28



transplant during 2000–2008 and compared their characteristics with 8890
patients with NICMP [2••]. Most common pre-transplant malignancies were
leukemia and lymphomas (41.5 %), breast (38.9 %), and sarcomas (9.3 %).

Compared with NICMP, patients with CCMP were younger (mean
49.4 years vs. 45.5, p=0.002), more likely to be females (24.8 vs. 63.8 %,
pG0.001), and had lower BMI (26.0 vs. 24.6, pG0.001), less likely to have
diabetes (18.1 vs. 12.8 %, p=0.045) and hypertension (35.4 vs. 28.4 %,
p=0.039). This pattern is similar to that seen in patients implanted with LVADs
discussed earlier. There were no differences in LVAD use, intraaortic balloon
pump, extracoroporeal membrane oxygenation, or ventilator support between
the groups. However, RVAD support was more common in CCMP than in
NICMP (5.6 vs. 2.3 %, p=0.002).

In another review of UnitedNetwork for Organ Sharing (UNOS) database of
all heart transplantation in the USA from 1987 to 2011 [44], 453 patients with
CCMP were compared to 51,312 patients without CCMP (ischemic and non-
ischemic cardiomyopathies). In addition to the differences reported in the
ISHLT registry, this study showed that patients with CCMP were more likely to
use pre-transplantation intravenous inotropic support (48 vs. 39 %, pG0.001)

Fig. 4. Increase in the percentage of
orthotopic heart transplant per year from
1987 to 2011 for the CCMP of dilated car-
diomyopathy (DCA) (pG0.001).
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and were more likely to be hospitalized in the intensive care unit (17 vs. 14 %,
p=0.012).

Outcomes and survival
The outcomes of CCMP patients treated with heart transplantations are
overall favorable and comparable to that of other groups. Interestingly,
1-year freedom from rejection was higher in CCMP than in NICMP
patients (72 vs. 62 %, p=0.03), likely representing an attenuated im-
mune system in patients with CCMP as a result of chemotherapy-related
toxicity. Another major finding was that the incidence of cancer recur-
rence was not significant among CCMP patients, dissipating a
longstanding fear. Although the cumulative 1-year incidence of post-
transplantation malignancy was higher in CCMP (5 vs. 2 %, p=0.006),
this was mainly due to non-melanoma skin cancer.

Survival at 1, 3, and 5 years was 86, 79, and 71 % for transplanted
patients with CCMp. There was no significant difference in the survival
between CCMP and NICMP (p=0.19) (Fig. 5). The most common cause
of death among CCMP group was graft failure (30 %), followed by
allograft vasculopathy (20 %) and malignancy (15 %), similar to other
HF etiologies. These results were further supported by findings from the
UNOS database where survival was similar between CCMP and all other
cardiomyopathies (p=0.19) (52). Taken together, data from two large
databases have confirmed the safety and excellent outcomes of
orthotopic heart transplantation in patients with CCMP.

Future direction

More patients with chemotherapy-induced end-stage heart failure are
being considered for surgical treatment as a result of accumulating
favorable data. Cardiac transplantation is still the gold standard for
patients with end-stage heart failure. However, sometimes, we are unable
provide this therapy to patients in a timely manner. In these circum-
stances, LVAD and TAH therapy may be reliable solutions for cancer
survivors with end-stage heart failure.

Fig. 5. Adjusted Kaplan-Meier survival
curves for CCMP (bold dotted) and NICMP
(bold black), with 95% confidence intervals
as faint black lines.
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