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The progress in cancer therapy in recent decades has increased the life expectancy of
breast cancer, concomitantly with increased morbidity. Exposure to the side effects
of chemotherapy may be catastrophic in some cases, especially when it comes to
cardiotoxicity, represented by chemotherapy-related dilated cardiomyopathy. The
combination of trastuzumab and anthracycline is highly effective in combating primary
breast cancer; however, it is associated with a higher incidence of cardiotoxicity when
compared to the use of trastuzumab alone. The main consequences are the interruption
of the cancer treatment and the frequent cardiac decompensation’ s, which can even
come to cardiogenic shock in its most severe form. Several papers aim to define
primary prophylaxis drug measures, but still lack universal consensus in the literature.
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Introduction
Neoplasms and cardiovascular diseases are the main causes of
death in the general population. In recent years, the survival of cancer
patients has improved exponentially due to several factors, such as
early cancer diagnosis, better control of risk factors and advances in
oncology therapy, especially chemotherapy. By 2020, the United States
estimative is that the number of survivors with cancer reaches its 18
million people. In this scenario, the paradox is established: increased
longevity x greater morbidity.1 A unique entity called chemotherapyrelated dilated cardiomyopathy (CRDCM), which accounts for
about 1% of all dilated cardiomyopathies, is the cardiotoxic
manifestation associated with agents such as anthracyclines (ATC)
and trastuzumab.2‒4 In its most severe form of presentation, it has
heart failure with reduced left ventricular ejection fraction (LVEF).1,5
Clinically significant CRDCM was defined as a LVEF reduction
greater than 10% for a final value of less than 50%. Decreases in
LVEF that do not result in a final ejection fraction below 50% are
generally not classified as clinically significant, although several
studies suggest that early subclinical declines in LVEF may have a
higher predictive value than originally defined, identified through
myocardial injury markers and some indirect echocardiographic
signs (echo).1‒4,6 The combination of ATC with trastuzumab, however,
although highly effective against cancer, potentiates the occurrence of
cardiotoxicity.4,6‒8
Cardiotoxic chemotherapy are classified into type I agents whose
prototype of are the ATC and determine irreversible lesions. Type
II agents, represented by trastuzumab, cause reversible and better
prognostic lesions. Grade I cardiotoxicity: asymptomatic LVEF
reduction between 10% and 20%, Grade II: reduction of LVEF
below 20% or below normal and Grade III: HF with reduced and
symptomatic LVEF. It can also be classified as acute, subacute and
chronic. Acute or subacute cardiotoxicity may occur from the onset
until 14 days after the end of chemo and is characterized primarily by
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cardiac arrhythmias. Chronic cardiotoxicity, represented by CRDCM,
has two subtypes according to the onset of symptoms. The first
subtype occurs within the first year after the end of chemotherapy,
and the second usually after one year after its completion. The main
consequence of heart disease in this context are the various episodes
of decompensated HF and interruption of chemotherapy.3‒6 A fatal
outcome with cardiogenic shock and cardiovascular death is likely
to occur.3‒6
Screening measures aimed at identifying patients at greater risk
of developing cardiotoxicity are recommended by cardiology and
oncology guidelines, however, so far no medication has been able to
prevent the occurrence of CRDCM.5,9,10 Once the CRDCM is installed,
the treatment does not differ from the conventional therapy for HF
of other etiologies.5,9,11‒13 The present study aims to report a case of
CRDCM with biventricular dysfunction and cardiogenic shock that
evolved with reverse remodeling after 6 months of drug therapy
optimized for HF with reduced LVEF.

Case report
K.B.S.S, female, 38 years old and antecedent of right breast
neoplasm, submitted to total mastectomy and chemotherapy with ATC
and transtuzumab for 1 year. After the first 6 months of the end of the
chemotherapy regimen, she developed dyspnea on moderate exertion,
lower limb edema and nocturnal paroxysmal dyspnea. She went to
our institution’s ER because of worsening of those symptoms. At
admission, she was in regular general condition, preserved peripheral
perfusion, jugular turgidity, heart sounds, regular heart rhythm, no
murmurs, with B3, crackles in bases, hepatomegaly, without lower
limb edema, blood pressure 90x60mmHg, heart rate of 100 bpm.
LVEF at the pre treatment was 63%. We performed an echocardiogram
that demonstrated biventricular dysfunction with severe LV systolic
dysfunction (LVEF 27%) and grade II diastolic dysfunction, moderate
right ventricular (RV) systolic dysfunction without anatomically
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important valvulopathy. She was admitted with a diagnosis of
decompensated heart failure. During her stay, a cardiac magnetic
resonance imaging (CMR) with functional study was performed and
confirmed the biventricular dysfunction seen in echocardiogram, and
also diffuse myocardial edema, dilation of the inferior vena cava and
hepatic, moderate pericardial effusion, thrombus at the apex of LV and
RV, and absence of fibrosis. Angiotensin II receptor blocker (BRA)
was started. After about 1 week, the patient evolved with cardiogenic
shock, being refer to Coronary Unit and handled with iv dobutamine
at a maximum dose of 20mcg/kg/min, weaning the inotropic with iv
vasodilators and subsequently with captopril in 15 days. In the course
of hospitalization, furosemide 40mg bid, spironolactone 50mg qd,
losartan 50mg qd, bisoprolol 10mg qd, hydrochlorothiazide 25mg
qd, warfarin 5mg qd and atorvastatin 20mg qd were prescribed and
gradually optimized. She was then discharged in good health condition.
After 6 months of drug therapy for HF, he performed a new CMR that
showed a LVEF of 56%; FEVD 39% (lower limit of normality) and
absence of thrombus. He was followed up in outpatient care at our
institution for 6 years, and the drugs were adjusted and optimized.
Currently in NYHA functional class I. She was on bisoprolol 15mg
qd and losartan 50mg qd. CMR and Echo were normal (Figure 1 & 2).
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dramatically in the last decades, which represents the early diagnosis
and the new arsenal of available chemotherapy, however patients
began to experience the concomitant increase in the side effects of
these drugs, such as cardiotoxicity.3,10,14‒16 The CRDCM courses with
reduced FEVE in the majority of cases, which negatively impacts the
outcome of these patients, as leads to the interruption of chemo and
maybe compromise the cure or the adequate control of the cancer.
Our patient had what we call chronic cardiotoxicity and therefore did
not need to interrupt the chemotherapy.1,5,16 Trastuzumab, approved
for treatment of early and metastatic HER2-positive breast cancer,
demonstrated a significant benefit in outcomes after 1 year of
administrion.1,7 The association of Trastuzumab with ATC is widely
used and highly effective. However, this combination is related to an
increased incidence of cardiotoxicity, reaching 34%, compared to the
use of trastuzumab alone, which has an incidence of 0.6% to 4.5%.1‒4
Trastuzumab is a humanized monoclonal antibody that binds to the
overexpressed HER-2 protein domain in about 20% to 25% of breast
cancers. The pathogenesis of trastuzumab-mediated CRDCM has
not been fully elucidated, but appears to be linked to HER2 receptor
blockade, an important cardioprotector in normal myocytes, which
modifies contractile and mitochondrial proteins at structural and
functional level, but rarely leads to cell death, explaining the potential
for reversibility with drug withdrawal.1‒3 It starts at the end of the
treatment, regardless of dose.5,1,2
ATC, CRDCM prototype, damages the myocardium through
oxidative stress, resulting in myocardial necrosis and irreversible
lesions dose and time-independent, in addition to leaving myocytes
susceptible to injury by oxygen reactive species.2,5 In the case of
adjuvant therapy for primary breast cancer, the use of ATC derivatives
caused a reduction of 10% in LVEF in 10 to 50% of treated patients,
even with doses considered safe for treatment, after 10 to 20 years of
treatment.17 Our patient made use of this association, demonstrating
that summation synergism is actually harmful to the myocardium.
Several studies have described a number of potential risk factors,
although only age and concomitant therapy actually correlate with
increased risk of cardiotoxicity.5,16,17

Figure 1 Echocardiogram (Before).

Figure 2 Echocardiogram (After).

Discussion
The present report reflects the reality of a patient who has gone
through all the consequences of the current oncologic cardiology
panorama. The life expectancy of breast cancer has increased

The clinical picture is compatible with decompensated heart
failure, and although not described in the literature, cadiogenic shock
(CS) is a possible complication.6,9,15 Chronic heart failure with reduced
EF, independent of etiology, when decompensated, accounts for up to
30% of cases. Even with all therapeutic advances developed in recent
years. In the context of acute coronary syndrome, CS mortality is high,
with 80% in the pre-angioplasty era and 40-60% in the contemporary
era. To date there are no data regarding the actual incidence and
prevalence of CS in the population with CRDCM.9 The treatment
consists of standard CS therapy, with inotropes, vasopressors and
mechanical circulatory assistance devices.6,9,15 The pharmacological
treatment of CRDCM includes the same pharmacological regimens
recommended for HF of other etiologies.5,15 The first line drugs are:
angiotensin converting enzyme inhibitors (ACEI), AT2 receptor
blockers (ARBs), beta-blockers (B-blockers), and aldosterone
antagonists.15,16,18 Recently, the combination of the neprilysin and
valsartan inhibitor, recognized by the PARADIGM-HF study, is
indicated for HF LVEF <35%, CF NYHA II-IV, which remain
symptomatic despite standard therapy optimized for HF.19
It is known that the late recognition of CRDCM is associated
with a worse prognosis, including lack of clinical response to
pharmacological therapy and terminal HF, as occurred with the
present report that was already diagnosed in NYHA functional
class III, progressing rapidly for cardiogenic shock.12,16,20,21 The
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primary objective of both cardiologists and oncologists has been
the early stratification of the risk of cardiotoxicity, since it allows
the implementation of therapeutic strategies and the monitoring of
progression of cardiac injury and fatal outcomes.15,16 However, the
development of strategies for monitoring ATC-induced cardiac injury
has been challenging.22,23 Endomyocardial biopsy is the gold standard,
but because it is an invasive and operator-dependent procedure, it is
not routinely used.21 Measurement of cardiospecific biomarkers, such
as cardiac troponin I (cTnI), is a useful diagnostic and prognostic tool.
Its increase after the onset of chemo is a marker of risk for future
cardiac events, and elevation of cTnI after 1 month of chemotherapy
was related to a higher incidence of events when compared to a
transient increase. cTnI has a high negative predictive value, allowing
the exclusion of long-term monitoring with expensive methods such
as echocardiography and cardiac magnetic resonance.13,20,21
The use of medications in the prophylaxis of cardiotoxicity
mediated by ATC and trastuzumab is a very controversial topic.
More recently, the PRADA and MANTICORE trials have shown an
impact on CRDCM drug therapy in patients with breast cancer and
chemo.8,18 Both studies evaluated the prophylaxis of cardiotoxicity
caused by chemotherapy with anthracyclines and trastuzumab
specifically in early-stage breast cancer. In summary, MANTICORE
concludes that perindopril and bisoprolol attenuated the LVEF
associated with trastuzumab but did not prevent the primary outcome
(LV remodeling).8 The PRADA study, however, concluded that in
patients with early-stage breast cancer treated with ATC, metoprolol
did not affect the overall decline in LVEF, but candesartan provided
protection against early LVEF decline.18 In 2018, another randomized
study evaluating the prevention of > 10% reduction in LVEF at 6
months and the values of markers of myocardial injury (cTnI, BNP
and diastolic dysfunction), concluded that the use of carvedilol
significantly reduced myocardial injury evaluated by troponin I levels,
as well as the onset of diastolic dysfunction. However, this reduction
had no impact on myocardial dysfunction related to cardiotoxicity or
the onset of HF.20
Prevention is based on the recognition of risk factors, especially
the cumulative dose of anthracycline above 550 mg/m2, and the
combination with trastuzumab.16,17,23 Most recent guidelines of the
American Society of Clinical Oncology and the European Society
of Cardiology do not recommend ACE inhibitors or beta-blockers
as preventive strategies for potentially cardiotoxic patients in
chemo due to limitations in studies (size of sample and measures of
effectiveness).15,16 No studies have reported the long-term outcome
of prophylactic therapies after cessation of both anthracyclines
and cardio protective therapies. Therefore, to date, the data are not
sufficient to support the routine use of primary prevention in this
scenario, requiring larger studies with long-term follow-up and in
patients at higher risk.5,15,16

Conclusion
The present report aimed to demonstrate the case of a patient with
late diagnosis (after having completed chemotherapy for breast cancer
with Trastuzumab and ACT), CRDCM and biventricular dysfunction,
who presented cardiogenic shock, a rare entity in this context and high
mortality, but progressed with complete reverse remodeling after drug
therapy optimized for HF. Studies are required to better understand
the role of primary prophylaxis of cardiotoxicity in these patients, in
order to avoid such catastrophic and potentially fatal presentation.
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