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INTRODUCTION

The number of cancer survivors increases annually
because of advances in detection and treatment of cancer
and the ageing of the population and continues to
grow annually'. The effects of the treatment affect the
survival and the quality of life of the patients, regardless
of its oncologic prognosis. Chemotherapy-related chronic
heart failure is one of the undesirable effects and occurs
in nearly 10% of the patients. The evolution to terminal
heart failure (HF) generates a two years survival prognosis
in this period®.

The definition of cardiotoxicity (CDTX) is still
controversial, but according to recent consensus, it is
considered when there is a drop of the ejection fraction
(EF) observed in the transthoracic echocardiogram
(TTE) of more than 10% of the baseline value or when
it decreases to values equal or lower than 53%°.

The chemotherapeutic agents cause or exacerbate
HF through several mechanisms: direct cardiac injury
(anthracyclines, antimetabolites, alkylant agents,
interleukins -2); by exacerbation of hypertension
(inhibitors of the endothelial growth factors); favoring
the occurrence of arrhythmias or other cardiotoxic
mechanisms still not completely understood’. Patients
with cancer or cancer survivors exposed to these agents
are under major HF risk’.

Despite these advances, studies have been made
to detect early CDTX biomarkers related to several
chemotherapeutics and mainly by anthracyclines. They
are the main responsible for the permanent heart injury
and responsible for negative outcomes in the medium and
long term. Similarly, there is still no specific and universal
risk score to predict more reliably the patients that are
more susceptible to the development of cardiac related
chemotherapy dysfunction despite the efforts of several
entities involved with cardio oncology.

It is known, however, that the stratification of the
patients through analysis of the risk factors is an initial step
for the CDTX evaluation. The most susceptible patients
are those who receive cumulative anthracycline dose
higher than 250 mg/m?, female patients, individuals older
than 65 years and lower than 18 years old, with chronic
kidney disorder, who underwent previous mediastinal
radiotherapy (RxT) or concomitant to treatment,
chemotherapy with alkylant or antimicrotubules agents,

in addition to those in constant use of immunotherapies"”.

The risk factors for the development of CDTX
for those who receive chemotherapeutics agents as
cyclophosphamide, ifosfamide and taxanes (paclitaxel
and docetaxel) are old age, combined therapy with others
antineoplastic and mediastinal irradiation'.

For those who receive immunotherapies as inhibitors
of HER-2 (trastuzumab and  pertuzumab) and inhibitors
of tyrosine kinase (ITQ) as lapatinib, have greater risk of
CDTX when its use is associated with antimetabolic and
alkylant agents’. It is worth noting that even younger
patients also presented increased risk of CDTX. Patients
with left ventricle (LV) global function close to normal
were also more susceptible'.

Based in these data and in the risk factors evaluation,
there are tools which have become more frequent and
important for the evaluation of the patient that is
submitted to cardiotoxic chemotherapy (CT) including
natriuretic peptide type B (BNP) and troponin dosages
and strain echocardiography. This kind of TTE can detect
myocardial fibers deformation’.

TTE is a quite relevant method in this scenario: it
is a non-expensive test, sensitive and widely available
and non-invasive®. However, the use of EF with TTE
has been shown scarcely sensitive for this evaluation as
there are more innovative and sensitive techniques to
predict CDTX. Therefore, duringa TTE test, myocardial
deformity parameter through 2D strain complement the
data already often used in a routine exam.
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The principal biomarkers involved in the early
detection of CDTX are dosages of troponin and BNP/
ProBNP Troponins are the golden-standard markers that
diagnose the myocardial injury.

BNP and the N-terminal portion of ProBNP have
been used to non-invasive evaluation of the LV systolic
function during antineoplastic treatment. Its increased
serum levels occur in response to the pressure and volume
overload and are strongly related to cardiovascular events,
HF symptoms and mortality’.

Troponin is another important biomarker to detect
myocardial injury of various causes, as, for instance,
myocardial acute infarction, Takotsubo’s syndrome and
myocarditis®. Troponin measures have been used in patients
receiving high AC doses. The dosage, through an ultrasensitive
method of I and T troponins presents high myocardial
damage sensitivity and specificity and its concentrations are
associated to the severity of the injury and clinic outcome’.
A study of Sawaya et al."” demonstrated that the increased
troponin associated to the abnormal longitudinal strain were
predictors of EF reduction.

Some services and societies propose “risk scores”
or specific flowcharts to stratify the higher CDTX
risk patient®. Its majority stratified the traditional risk
factors for the development of arteriosclerosis and those
intrinsic to the chemotherapy treatment. It is interesting
to note that, despite the suggestion of higher and lower
monitoring frequencies for each chemotherapy scheme,
several services emphasize the necessity of a baseline test
when it is estimated the use of cardiotoxic drugs regardless
of the clinical history'. It is questioned, however, the
economic feasibility of this suggestion as all the patients
with breast cancer, for instance, would have to undergo
a basal echocardiogram, which creates an additional cost
to health providers services.

Similarly, the American and European societies issued
a consensus in 2014 about the evaluation of patients
during and after antineoplastic therapy. In this document,
further to a detailed explanation about the imaging
methods used so far to follow up these ill patients, it was
created a routine to guide the medical communities about
the best follow up of patients submitted to cardiotoxic
therapies type I (represented by anthracyclines) and type I1
whose principal chemotherapy is trastuzumab. Therefore,
flowcharts that identify cardiologic follow up for those
patients with EF decrease below 53% or a drop of strain
and increase of troponin in the case of those submitted
to anthracyclines at each six months in the first year
are identified. For the patients who will be submitted
to trastuzumab, it is suggested a baseline evaluation of
echocardiogram, strain or troponin with its serial measures
at each three months.
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There are some risk factors evaluation scores and follow
up proposed by some services, as, for instance, the Mayo
Clinic that, in 2016, suggested risk grading. This grading
varies according to the risk factors and CT proposed,
promoting scores pursuant to each drug and risk factor,
assessing the risks for the CDTX development. Therefore,
the patients will undergo more frequent evaluations per
the scores reached (Table 1)%.

There are simple stratification methods proposed by
other societies as the European Society of Cardiology’
that in 2016 published a consensus emphasizing
the importance of risk factors identification related
to CDTX caused by anthracyclines (doxorubicin,
epirubicin), by inhibitors of the tumor growth factor
VEGEF-1 (antibodies represented by vacizumab and
inhibitors of tyrosine-kinase exemplified by sunitinib,
pazopanib, sorafenib and dasatinib),by inhibitors of
HER-2 (trastuzumab) and the methods of follow up
through biomarkers and imaging tests (preferentially the
same) that can vary among echocardiogram, multigated
acquisition scan (MUGA) and nuclear magnetic
resonance (NMR). In addition, biomarkers (troponin
or BNP) are attempted to be used for the detection of
subclinic cardiac injuries and better management of this
patient with higher CDTX risk’.

In patients submitted to anthracycline treatment, it is
unclear about the best follow up frequency with imaging
tests and biomarkers, but they need to be done in the
beginning and in the end of the treatment’.

According to the European Society, it should more
intensive monitoring of inhibitors of HER-2 with imaging
tests at each three months during and after the end of
the treatment. Many studies reveal an improvement of
the early detection of the drop of EF when troponins
and strain TTE were used at each three months during
treatment with trastuzumab. As there is a wide variation
time that dysfunction caused by this chemotherapeutic
may occur, it is suggested that the measure of troponin
should be done at each cycle in baseline high risk patients.

The same society additionally recommends that
the patients who receive inhibitors of VEGF-1 should
be monitored in the first two to four weeks from the
beginning of the treatment and after its termination.
However, the frequency is not well established. Frequently,
it is considered a revision at each six months until the
stabilization of EF when it is affected’.

Finally, this same perspective warns that at least one
baseline echocardiogram must be performed and for low
risk patients (T'TE of normal base and absence of risk
factors), follow up for those who receive anti-HER-2 at
each four cycles or after a cumulative dose of 200 mg/m?
of doxorubicin or equivalents.



Table 1. Risk estimate and monitoring associated to ventricular

dysfunction

Risk factors
associated to the
patient

Risk factors
associated with the
chemotherapeutic

1 score for each risk

High risk (score

factor 4): anthracyclines,
trastuzumab, ifosfamide,
cyclophosphamide,
clorafabine

Age (<15 years or Intermediate risk (score

>65 years) 2): docetaxel, pertuzumab,
sunitinib, sorafenib

Female Low risk (score 1):
bevacizumab, imatinib,
lapatinib, dasatinib

Hypertension Rare (score 0): etoposide,

rituximab, thalidomide
Diabetes mellitus
Atherosclerosis (CAD,
CV, OPAD)
Previous heart
disease or heart
failure
Previous use of
anthracyclines
Mediastinal or
previous thoracic RxT
RS of cardiotoxicity

RS of cardiotoxicity

Risk factors according to the chemotherapeutic +
number of risk factors related to the patient

RS >6: very high; RS 5-6: high risk; RS 3-4:
intermediate; RS 1-2: low; RS 0: very low

Recommendations of monitoring of Mayo Clinic

RS> 6: Strain TTE before each cycle, at the end of CT,
3, 6 and 12 months after. ECG optional and troponin
with echo during CT

RS 5-6: Strain TTE at each 3 cycles at the end of CT,
3, 6, and 12 months after. ECG optional and troponin
with echo during CT

RS 3-4: Strain TTE in the half of the cycles, 3, 6
months at the end of CT and 12 months after. ECG
optional and troponin with ECHO during CT

RS 1-2: Strain TTE optional and/or ECG at the end of
the treatment

RS 0: Exams not required

Captions: CAD = Coronary Artery Disease; CV = Cerebrovascular disease;
OPAD = Obstructive Peripheral Arterial Disease; ECG = Electrocardiogram;
TTE = Transthoracic Echocardiogram; RS = Risk scores; CT = Chemotherapy;
RxT = Radiotherapy; Strain = technique performed during the echocardiogram
to evaluate the degree of myocardial deformity.

Consequently, it is observed that, even in the
consensus, there is a certain difficulty of establishing the
patients with greater CDTX risk and the ideal frequency
of monitoring of echocardiogram and biomarkers and the
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best follow up marker of patients who, eventually, develop
heart failure during the treatment.

CONCLUSION

It is necessary a CDTX predictive “risk score”
because so far there is no specific biomarker. There is,
nevertheless, a set of several of them that seemingly detect
subclinic injuries. Biomarkers as troponins and BNP and
echocardiogram with strain have demonstrated ability to
predict patients who will develop early myocardial injuries.
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