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In recent decades, advances in cancer treatment have led 
to a significantly increased survival rate for several types of 
cancer. On the other hand, cancer survival increases patients’ 
vulnerability to cardiovascular complications induced by 
potentially cardiotoxic cancer therapy.1,2 Cardiovascular 
diseases are currently recognized as a main cause of 
morbidity and mortality in cancer survivors depending on 
the type of therapeutic approach used, patient age, and the 
presence of preexisting cardiovascular risk factors.3 Due to 
the high incidence of breast cancer in women, anthracyclines 
and monoclonal antibodies against human epidermal growth 
factor receptor type 2 (HER2) are the drugs most well-known 
as potential cardiotoxicity (CTX) inducers.4 However, other 
medications such as vascular endothelial growth factor 
inhibitors, tyrosine kinase inhibitors, proteasome inhibitors, 
and immunological checkpoint inhibitors, in addition to 
mediastinal radiotherapy, are also recognized for having a 
possible deleterious effect on the cardiovascular system.4 

It is worth mentioning that CTX can express not only as 
myocardial dysfunction but also as acute coronary syndrome, 
arrhythmia, valve disease, pericardial disease, systemic 
arterial hypertension, and pulmonary hypertension.5 Thus, 
although left ventricular (LV) systolic dysfunction secondary 
to anticancer therapy is not the only CTX presentation, 
its development is among the most worrisome in clinical 

cardio-oncology practice, and the terms are often used 
interchangeably.

The diagnosis of LV dysfunction in a CTX setting is 
traditionally based on the serial evaluation of the LV ejection 
fraction (LVEF) using the Simpson method on two-dimensional 
echocardiography.6 Despite variation between international 
guidelines and cancer trials, the most commonly used CTX 
definition is a decrease of at least ten absolute points for a 
LVEF below the lower limit of normal after cancer treatment 
(considered below 53% by the cardiovascular imaging 
consensus of the European Association of Cardiovascular 
Imaging/American Society of Echocardiography [EACVI/ASE],7 
or below 50% by the European Society of Cardiology [ESC]).8 
However, LVEF measurements have important limitations, 
which include significant inter- and intra-observer variability, 
dependence on loading conditions, and low sensitivity to 
small LV function changes.9  Therefore, it was postulated that 
LVEF changes would occur later, when myocardial damage is 
severe enough to determine an irreversible cardiomyopathy.

Three-dimensional echocardiography and cardiac magnetic 
resonance imaging (CMRI) are more reliable and accurate 
imaging techniques in the assessment of LVEF in cancer patients 
since they are able to detect more subtle changes in cardiac 
function than traditional two-dimensional echocardiography.10  
Despite their advantages, neither method is routinely used in 
daily clinical practice due to a lack of broad access and trained 
staff and their relatively high cost.11 Thus, an accessible and 
sensitive tool in the daily rotine to detect minor subclinical 
myocardial function is an unmet need.

Two-dimensional speckle tracking (2D-ST) can assess 
myocardial deformation as a marker of contractility. It can 
also estimate the LV global longitudinal strain (GLS), a robust 
and sensitive parameter to detect subclinical myocardial 
dysfunction. GLS has better reproducibility than LVEF by 
traditional 2D echocardiography and a greater correlation 
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with LVEF calculated by CMRI.10 In general, a cutoff value ≥ 
-18% (absolute value without the negative sign) is considered 
normal. Several studies have shown that an early GLS 
reduction predicts a subsequent LVEF decrease in patients 
on chemotherapy with anthracyclines.7 The currently most 
widely accepted definition for CTX diagnosis by GLS was 
proposed by the EACVI/ASE consensus and considers the 
relative variation of the parameter over time, comparing the 
baseline GLS with that obtained after treatment with the 
potentially cardiotoxicity-inducing drug. Thus, the presence of 
subclinical LV dysfunction is indicated when there is a relative 
decrease of more than 15% from the baseline GLS value. A 
relative decrease between 8% and 15% suggests more frequent 
patient follow-up, while variation below 8% is consistent 
with adequate cardiac function maintenance.9 GLS also has 
important limitations, including a strong dependence on image 
quality, vulnerability to load conditions and arrhythmias, and 
measurement variability between software from different 
equipment manufacturers. It is recommended that one always 
uses the same echocardiography machine brand and the same 
2D-ST software version for the serial evaluation of GLS in the 
follow-up of the same patient.12

Despite intense research and the body of publications 
generated, consensus is still lacking on which echocardiographic 
parameter of LV systolic function should be used throughout 
cancer treatment to monitor CTX and appropriately indicate 
cardioprotective intervention. Several studies have described 
the relative variation and/or absolute value of GLS as predictors 
of LV dysfunction and worse prognosis, but there is little 
evidence to support the initiation of drug therapy with renin-
angiotensin system inhibitors and/or beta-blockers guided 
by GLS changes.13 A study of HER2-positive breast cancer 
patients under adjuvant therapy suggested that the early 
detection of cardiac injury guided by GLS reduction can lead 
to total or partial recovery of LV function through appropriate 
interventions, such as the initiation of cardioprotective 
treatment and/or cancer therapy adjustment.14 However, the 
lack of a direct comparison between the two surveillance 
approaches (GLS versus LVEF) prevented the confirmation 
of the superiority of one method over the other to initiate 
drug treatment in asymptomatic patients with LV systolic 
dysfunction (stage B heart failure).

The randomized multicenter Strain Surveillance of 
Chemotherapy for Improving Cardiovascular Outcomes 
(SUCCOUR) study was designed to provide this answer by 
comparing two distinct CTX monitoring strategies for initiating 
cardioprotective therapy - the traditional one guided by LVEF 
and the new one guided by GLS. A total of 307 patients (91% 
with breast cancer, of which almost 88% were the HER2 type) 
treated with anthracyclines and stratified as at high risk for 
heart failure were followed up for one year. Beta-blockers 
and/or renin-angiotensin system inhibitors were administered 
when there was an LVEF decrease greater than ten points to an 
absolute value < 55% (or a decrease greater than 5% associated 
with symptoms) in any of the study arms or when there was a 
GLS relative decrease ≥ 12% in the strain guided arm. 

The primary outcome was the comparison of LVEF 
changes between the two groups over the course of the study. 
Secondary outcomes were the comparison of CTX incidence 

(declining LVEF) and symptomatic heart failure in addition 
to chemotherapy completion rates. LVEF was obtained 
by three-dimensional echocardiography in most patients 
(in only 8% LVEF was obtained from 2D echocardiography). 
GLS was feasible in 100% of the sample at baseline and in 81% 
of patients at the end of the study. A worsening in the quality of 
thoracic acoustic window during cancer treatment impairs the 
use of the three apical planes necessary to calculate GLS and 
reflects a series of factors, such as left mastectomy, prosthesis 
or breast expander insertion, concomitant radiotherapy, and 
cachexia. After a one-year follow-up, there was no significant 
intergroup difference in LVEF changes, but fewer patients were 
diagnosed with CTX in the GLS-guided group (5.8% versus 
13.7%, p = 0.02).15 Although the authors concluded that 
these results support the use of GLS for the early initiation 
of cardioprotective therapy, the editorial that accompanied 
the study was quite harsh in questioning such assumptions.16

Attention should be drawn to some important SUCCOUR 
limitations. The main point is that the study did not reach its 
primary outcome (the mean LVEF difference after a one-year 
follow-up was -3% for the LVEF arm and -2.7% for the GLS 
arm, p = 0.69). In addition, the finding of LVEF < 55% after 
one year did not differ between groups (21% versus 22%). 
The cutoff values used to define significantly decreased LVEF 
and GLS were not the ones most currently used, as the study 
design was established before the publication of the EACVI/
ASE consensus. Thus, the sensitivity level for GLS change was 
higher than the one currently recommended. Furthermore, the 
short-term clinical impact can be questioned, as the outcome 
of hospitalization for heart failure was rare (only one patient 
in each group). 

Another concern was that the incorporation of the 
concept of myocardial dysfunction by GLS led to therapy 
discontinuation in nine patients versus only five in the LVEF-
guided group. Although these numbers reached no statistically 
significant difference, the tendency to interfere more with 
cancer therapy can be critical in the clinical outcome of 
individual cases. Finally, the GLS-based strategy resulted in the 
prescription of cardiac medications for more than twice the 
patients in this group versus the LVEF group. This fact should 
not be ignored in clinical practice due to the potential of 
causing side effects and financial impact on patients. Although 
a decreased GLS appears to be a predictor of further LVEF 
decline, the number of patients in the GLS arm that would 
develop CTX if untreated is unknown.

On the other hand, the results of the study published to 
date are limited to the temporal observation window of one 
year. It is known that doxorubicin and trastuzumab can lead 
to a modest but persistent LVEF decline up to three years after 
treatment.17 Further studies should determine whether an 
asymptomatic cardiac function decline will have a long-term 
impact on the development of heart failure symptoms, the 
need for hospitalizations, and mortality for cancer survivors. It 
is reasonable to assume that the heart subjected to subclinical 
cardiotoxic insult has a lower myocardial reserve and is more 
susceptible to cardiovascular complications in the long term. 
In addition to the CTX diagnosis, it is important to remember 
that the identification of a GLS decrease showed prognostic 
value in retrospective studies.18
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Although SUCCOUR was an eagerly awaited study expected 
to change the current cardio-oncologic monitoring paradigm, 
the superiority of GLS in the management of patients at risk for 
CTX has not been categorically confirmed. Therefore, its final 
message should be addressed using an alternative approach. 
The current clinical approach of monitoring and waiting for an 
LVEF decrease by more than ten points to a value of < 50% 
and only then intervening does not seem to be late in practical 
terms. However, the information brought by the GLS, whose 
detection of subclinical dysfunction is welcome and must be 
considered within a careful and vigilant clinical approach, 
should not be discarded. The cardiology monitoring of cancer 
patients at moderate to high risk of heart failure should include 

all of the tools available to the cardiologist. However, in services 
and/or situations in which GLS monitoring is not possible (due 
to the unavailability of the technique or in patients whose 
echocardiographic images are inappropriate for analysis), LVEF 
screening is the correct approach for the time being. Although 
GLS is more sensitive and reproducible, there seems to currently 
be no advantage for treating asymptomatic and stable cancer 
patients based exclusively on its findings.
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