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IMPORTANCE Echocardiographic left ventricular global longitudinal strain (GLS) detects early
subclinical ventricular dysfunction and can be used in patients receiving potentially
cardiotoxic chemotherapy. A meta-analysis of the prognostic value of GLS for cancer
therapy–related cardiac dysfunction (CTRCD) has not been performed, to our knowledge.

OBJECTIVE To explore the prognostic value of GLS for the prediction of CTRCD.

DATA SOURCES Systematic search of the MEDLINE, Embase, Scopus, and the Cochrane
Library databases from database inception to June 1, 2018.

STUDY SELECTION Cohort studies assessing the prognostic or discriminatory performance of
GLS before or during chemotherapy for subsequent CTRCD.

DATA EXTRACTION AND SYNTHESIS Random-effects meta-analysis and hierarchical summary
receiver operating characteristic curves (HSROCs) were used to summarize the prognostic
and discriminatory performance of different GLS indices. Publication bias was assessed using
the Egger test, and meta-regression was performed to assess sources of heterogeneity.

MAIN OUTCOMES AND MEASURES The primary outcome was CTRCD, defined as a clinically
significant change in left ventricular ejection fraction with or without new-onset heart failure
symptoms.

RESULTS Analysis included 21 studies comprising 1782 patients with cancer, including breast
cancer, hematologic malignancies, or sarcomas, treated with anthracyclines with or without
trastuzumab. The incidence of CTRCD ranged from 9.3% to 43.8% over a mean follow-up of
4.2 to 23.0 months (pooled incidence, 21.0%). For active treatment absolute GLS (9 studies),
the high-risk cutoff values ranged from −21.0% to −13.8%, with worse GLS associated with a
higher CTRCD risk (odds ratio, 12.27; 95% CI, 7.73-19.47; area under the HSROC, 0.86; 95% CI,
0.83-0.89). For relative changes vs a baseline value (9 studies), cutoff values ranged from
2.3% to 15.9%, with a greater decrease linked to a 16-fold higher risk of CTRCD (odds ratio,
15.82; 95% CI, 5.84-42.85; area under the HSROC, 0.86; 95% CI, 0.83-0.89). Both indices
showed significant publication bias. Meta-regression identified differences in sample size and
CTRCD definition but not GLS cutoff value as significant sources of interstudy heterogeneity.

CONCLUSIONS AND RELEVANCE In this meta-analysis, measurement of GLS after initiation of
potentially cardiotoxic chemotherapy with anthracyclines with or without trastuzumab had
good prognostic performance for subsequent CTRCD. However, risk of bias in the original
studies, publication bias, and limited data on the incremental value of GLS and its optimal
cutoff values highlight the need for larger prospective multicenter studies.
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A dvances in cancer treatment over the last decades have
remarkably improved the survival rates of patients diag-
nosed as having solid and hematologic malignancies.1

Unfortunately, several chemotherapeutic agents (eg, anthracy-
clines, trastuzumab) commonly used in the treatment of these
malignancies are known to have cardiotoxic effects.2 One of
the most worrisome adverse effects is ventricular dysfunction
and heart failure. While the incidence of overt heart failure is less
than 5% typically, subclinical left ventricular (LV) dysfunction,
defined by a threshold change in LV ejection fraction (LVEF), may
be seen in up to 42% of patients with cancer in selected treatment
groups.3-5 The development of LV dysfunction (cancer therapy–
related cardiac dysfunction [CTRCD]) is associated with poor
prognosis and contributes to long-term cardiovascular morbid-
ity and mortality.6-8 In the absence of robust risk prediction mod-
els, there is an interest in the use of sensitive markers to detect
early myocardial dysfunction,9 with the hope of instituting
interventions to prevent CTRCD.

Amongmeasuresofmyocardialfunction,echocardiography-
measured peak systolic global longitudinal strain (GLS) is the
most extensively studied marker and provides an easy, inexpen-
sive, and quantitative assessment of global long-axis systolic
function.10 Several studies have linked threshold changes in GLS
or an absolute GLS value during cancer treatment with the sub-
sequent development of CTRCD. However, these studies differ
in the GLS cutoff values used and the populations studied.10-12

While the cardio-oncology expert consensus document of the
American Society of Echocardiography (ASE) and European
AssociationforCardiovascularImaging(EACVI)recommendsthe
routine use of GLS in monitoring patients during cancer therapy
when possible,5 the American Society for Clinical Oncology prac-
ticeguidelinedoesnot.13 Tounderstandthestrength,robustness,
and quality of the available evidence supporting this recommen-
dation by the ASE/EACVI and to compare the different clinical
approaches to using pretreatment and posttreatment GLS (ab-
solute values vs absolute or relative changes), we performed a
systematic review and meta-analysis of studies reporting on the
prognosticanddiscriminatoryperformanceofGLSmeasurement
as a predictor of CTRCD.

Methods
Study Design and Guidelines
This study was performed according to the Meta-analysis of
Observational Studies in Epidemiology (MOOSE) guidelines
(eMethods in the Supplement).14 The original study protocol
was registered prospectively in PROSPERO (CRD42018102709).
The primary aim was to assess the evidence regarding the use
of different GLS indices and proposed cutoff values as
predictors of CTRCD.

Study Eligibility
Studies were deemed eligible if they were prospective or retro-
spective cohort studies reporting on the prognostic or discrimi-
natory performance of early GLS analysis for the development
of CTRCD in patients with cancer of all ages undergoing chemo-
therapy with potentially cardiotoxic medications. The studies

needed to have defined CTRCD based on clinical criteria, such
as an absolute or relative decrease in the LVEF less than a speci-
fied threshold and/or development of heart failure symptoms.
Echocardiographic assessment of GLS should have occurred
shortly before or during the active course of chemotherapy treat-
ment, with further subsequent follow-up visits to detect CTRCD
based on LVEF changes. No further restrictions were applied,
given the expected heterogeneity in the use of GLS indices and
CTRCD definition (eg, Cardiac Review and Evaluation Commit-
tee [CREC] criteria vs ASE/EACVI criteria).4,5

Database Search
The MEDLINE, Embase, Scopus, and the Cochrane Library da-
tabases were searched for eligible studies from database in-
ception to June 1, 2018. A combination of free-text words and
MeSH subheadings were used, including the terms cardiotox-
icity, heart failure, chemotherapy, anthracycline, trastuzumab,
doxorubicin, daunorubicin, adriamycin, idarubicin, epirubi-
cin, mitoxantrone, echocardiography, deformation, and strain,
appropriately linked with the Boolean operators AND or OR.
Case reports, comments, and editorials were excluded. No lan-
guage restrictions were applied. Reference lists of selected
articles were also searched manually to identify additional eli-
gible studies. The full search algorithm for each database can
be found in the eMethods in the Supplement.

Study Selection and Data Extraction
Following removal of duplicate publications, the selected stud-
ies were screened by 2 independent reviewers (E.K.O. and
D.G.K.), first based on the title and abstract and subsequently
based on the full manuscript. The reference lists of selected
publications were also manually searched to identify addi-
tional eligible studies. All disagreements were resolved by a
third reviewer (P.N.K.). Predefined forms were used to manu-
ally extract information on the study design, populations, and
outcomes for each eligible study.

Risk of Bias Assessment
Risk of bias was assessed using the Quality in Prognosis Stud-
ies (QUIPS) tool.15 Briefly, the following 6 fields were evalu-
ated for each study: study participation, study attrition,

Key Points
Question What is the value of left ventricular global longitudinal
strain (GLS) for the prediction of cancer therapy–related cardiac
dysfunction (CTRCD)?

Findings In this systematic review and meta-analysis of 21
prognostic studies, worse absolute GLS during chemotherapy and
a greater relative deterioration compared with baseline were
associated with a higher risk of CTRCD. Additionally, there was
significant publication bias and interstudy heterogeneity.

Meaning Global longitudinal strain measured after treatment
initiation has strong prognostic value for subsequent CTRCD, but
available evidence is limited to specific regimens and cancer types
and has publication bias and clinical heterogeneity, highlighting
the need for larger prospective multicenter studies.

Research Original Investigation Prognostic Value of Global Longitudinal Strain for Early Prediction of Chemotherapy-Induced Cardiotoxicity

1008 JAMA Cardiology October 2019 Volume 4, Number 10 (Reprinted) jamacardiology.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 03/08/2022

https://www.equator-network.org/reporting-guidelines/meta-analysis-of-observational-studies-in-epidemiology-a-proposal-for-reporting-meta-analysis-of-observational-studies-in-epidemiology-moose-group/
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamacardio.2019.2952&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2019.2952
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=102709
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamacardio.2019.2952&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2019.2952
http://www.jamacardiology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2019.2952


prognostic factor measurement, outcome assessment, study
confounding, and statistical analysis and reporting.

Strain Reporting
All references to changes in GLS in this article are based on ab-
solute values per the ASE/EACVI recommendations.16 Therefore,
an increase in GLS means that the value is more negative, while
a decrease in GLS means that the value is less negative.

Statistical Analysis
FourdifferentGLS-basedindiceswereidentified:(1)pretreatment
absolute GLS, (2) active treatment absolute GLS, (3) absolute
change in GLS, and (4) relative (percentage) change in GLS after
treatment initiation compared with a pretreatment baseline
value. Studies differed in their use of these indices as continu-
ous or dichotomous predictors. We did not attempt to convert
the dichotomous variables to continuous since the association
of GLS with cardiac function and risk may not be linear, and cur-
rent clinical practice relies on such thresholds to guide patient
management.5 The prognostic performance of continuous pre-
dictors (if available in 2 or more studies) was summarized using
an inverse-variance weighted random-effects model. We did
not pool odds ratios (ORs) with hazard ratios and opted not to
pool ORs that were adjusted for different covariates. For dichoto-
mous GLS predictors of CTRCD, we estimated the number of
events and nonevents in the high vs low GLS groups. The asso-
ciation of the cutoff values with sensitivity and specificity was
assessed using the nonparametric Spearman rank coefficient. To
account for the use of various cutoff values,17,18 the prognostic
and discriminatory performance of GLS-based dichotomization
was summarized using inverse-variance weighted random-
effectsmodelsandhierarchicalsummaryreceiveroperatingchar-
acteristiccurves(HSROCs)withBayesianstudyestimates(ifavail-
able in 4 or more studies), respectively.18 The 95% prediction
intervals (PIs) are also presented to estimate the interval where
a future observation may fall.17,19 The potential clinical utility of
a GLS index was also evaluated by using the positive and nega-
tive likelihood ratios of the HSROC-derived (hypothetical) sum-
mary point to calculate the posttest risk of CTRCD based on a pre-
test probability. These were depicted using Fagan nomograms
and conditional probability plots, assuming a pretest probabil-
ityintherangereportedintheincludedstudies.Statisticalhetero-
geneity was assessed by Higgins I2 (substantial heterogeneity if
I2 was 50% or greater). Univariate meta-regression of the log(OR)
with relevant study characteristics (eg, GLS cutoff values) was
performed to assess potential sources of heterogeneity.17 Pub-
lication bias was assessed using funnel plots and the Egger test
(with P < .10 demonstrating significant bias). All analyses were
performed using the metan, metandi, metareg, and metabias
packagesofStataversion14(StataCorp).AllPvalueswere2-tailed,
and α was set at .05, unless specified otherwise.

Results
Selected Studies
Of the 2171 records retrieved, a total of 21 studies fulfilled the
inclusion criteria for the study (eFigure and eTable 1 in the

Supplement). The study and clinical characteristics are sum-
marized in the Table and eTable 2 in the Supplement. All stud-
ies were published between 2011 and 2018 and included pa-
tients with breast cancer (13 studies), hematologic malignancies
(4 studies), or a combination of malignancies (4 studies). A total
of 17 studies were based on prospective cohorts. Most en-
rolled patients received anthracycline-based chemotherapy,
while at least 1 subgroup in 13 studies received trastuzumab
therapy. The definition of CTRCD was variable, with the CREC
criteria based on 2-dimensional LVEF being used in 12 studies.4

Over a follow-up duration ranging from 4.2 to 23.0 months
(Table), the incidence of CTRCD ranged from 9.3% to 43.8%,
with a weighted pooled estimate of 21.0%. In 15 studies, GLS
measurements were performed using GE EchoPAC software
(General Electric).

GLS Indices and CTRCD
Absolute GLS Before Treatment Initiation
Four studies examined the association of GLS before treat-
ment initiation with subsequent CTRCD.20,26,36,37 Following
multivariable adjustment, 2 studies found no association,36,37

whereas 1 study26 reported a significant association (OR per
1% decrease, 1.48; 95% CI, 1.15-1.89) (eTable 3 in the Supple-
ment). An independent study in patients with hematologic
malignancy20 reported an area under the curve (AUC) of 0.76
(95% CI, 0.58-0.88), with an optimal cutoff value of −19.95%
(sensitivity, 83%; specificity, 72%) for CTRCD (Figure 1).

Absolute GLS Value During Treatment
Eleven studies assessed the association of absolute GLS
measured during treatment with the development of
CTRCD,12,20,21,24,26,29-31,33-35 with 9 studies using the GE
EchoPac system for analysis. All studies treating GLS as a con-
tinuous variable reported significant unadjusted and ad-
justed associations of lower GLS values with a higher risk of
CTRCD (eTable 3 in the Supplement),21,26,34,35 with univari-
ate AUCs for CTRCD discrimination ranging from 0.67
to 0.95.12,20,21,24,29,33

In 9 studies examining the value of specific GLS cutoff
values,12,20,21,24,26,29-31,33 the threshold for detection of
patients at risk of CTRCD ranged from −21.0% to −13.8% (me-
dian, −18.0%), with sensitivity ranging from 64% to 96%
(median, 86%) and specificity ranging from 45% to 95% (me-
dian, 73%) (Figure 1). Study-specific cutoff values were inde-
pendent of the reported specificity (ρ = −0.03; P = .94) and the
reported sensitivity (ρ = 0.54; P = .13). The summary OR for a
threshold-based low vs high treatment GLS was estimated at
12.27 (95% CI, 7.73-19.47; 95% PI, 7.03-21.42) (Figure 2A).
Meta-regression analysis revealed no association of the
GLS cutoff values with study size, average patient age, base-
line LVEF, baseline GLS, cancer type or CTRCD incidence, or defi-
nition (eTable 4 in the Supplement), but there was evidence of
significant funnel plot asymmetry, suggesting publication bias
(Figure 2B). With regard to discrimination performance, hier-
archical analysis resulted in an area under the HSROC of 0.86
(95% CI, 0.83-0.89) (Figure 2C). Considering a pretest probabil-
ity of 21.0% (pooled estimate in all included studies), a GLS mea-
surement lower or higher than the hypothetical summary point
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would be associated with a posttest CTRCD probability of 6.0%
and 46.5%, respectively (Figure 3A).

Absolute Change in GLS During Treatment
Six studies examined the prognostic and discriminatory value
of the absolute change in GLS after treatment initiation (me-
dian [range] follow-up, 3 [1.5-6] months),20,22,27,36-38 with all
6 using the GE EchoPac system. In 2 studies with unadjusted
risk estimates,27,38 the summary OR was 1.81 (95% CI, 0.44-
7.40; I2 = 91%). Similarly, 2 of 3 studies reporting adjusted ORs
also showed no significant association with CTRCD (eTable 3
in the Supplement).36-38 Univariate AUCs were 0.64,36 0.72,20

and 0.8427 (eTable 3 in the Supplement). In 3 studies report-
ing specific absolute change cutoff values, these ranged from
0.45% to 2.77% (median, 2.00%), with sensitivity ranging from
80% to 83% (median, 80%), specificity ranging from 65% to
81% (median, 73%), and a summary OR of 4.59 (95% CI, 2.64-
7.98; I2 = 0%).20,22,27

Relative Change in GLS During Treatment
Nine studies assessed the value of the relative change
in GLS measured shortly after chemotherapy initiation
compared with baseline (median [range] follow-up, 3 [2-6]
months).11,12,20,21,23,25,26,28,32 Most studies (7 of 9) used GE

EchoPAC for GLS analysis. Among studies treating GLS as a
continuous variable, the summary OR for the unadjusted
association with subsequent CTRCD per 1% relative decrease
in GLS was 1.19 (95% CI, 1.01-1.39),25,28,32 whereas one study
reported a significant association after multivariable adjust-
ment for age, traditional cardiovascular risk factors, and
LVEF (eTable 3 in the Supplement).12 The univariate AUC for
CTRCD in 6 studies ranged from 0.74 to 0.97 (median,
0.85).12,20,21,23,25,28

All 9 studies reported optimal cutoff values for relative
change in GLS ranging from 2.3% to 15.9% (median, 13.7%), with
a sensitivity and specificity between 45% and 100% (median,
86%) and 65% and 95% (median, 79%), respectively (Figure 1).
Study-specific cutoff values were again independent of the re-
ported sensitivity (ρ = 0.15; P = .71) and specificity (ρ = 0.11;
P = .77). The summary OR for high vs low GLS was estimated
at 15.82 (95% CI, 5.84-42.85), with significant heterogeneity
and a wide 95% PI of 0.74 to 338.11 (Figure 4A). Meta-
regression analysis revealed an inverse association between
risk estimates and use of the ASE definition and study size but
no association with the GLS cutoff values or other study char-
acteristics (eTable 4 in the Supplement). Funnel plot analysis
showed significant asymmetry, suggesting publication bias
(Figure 4B). With regards to discrimination performance,

Figure 2. Prognostic and Discriminatory Performance of Absolute Left Ventricular Global Longitudinal Strain
(GLS) Measured After Initiation of Cardiotoxic Chemotherapy for Cancer Therapy–Related Cardiac Dysfunction
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hierarchical analysis resulted in an HSROC with an AUC of 0.86
(95% CI, 0.83-0.89) (Figure 4C). For a pretest probability of
21.0%, a greater relative decrease in GLS above the hypotheti-
cal summary point was associated with a posttest CTRCD prob-
ability of 51.8%, while a decrease below this summary point
lowered the posttest probability to 6.7% (Figure 3B).

Incremental Prognostic Value of GLS Assessment
Two studies have assessed the incremental value of GLS be-
yond other risk factors for prognostication of CTRCD. Negishi
et al12 reported significant improvement in the prognostic
performance of a baseline model that included age, diabetes,
hypertension, hyperlipidemia, smoking, and LVEF when add-
ing the relative GLS change. However, Mornoş and Petrescu27

found no significant improvement when including the abso-
lute GLS change on top of other echocardiographic and treat-
ment parameters, such as LV twist, untwist rate, troponin
levels, and anthracycline dose.

Sensitivity and Subgroup Analyses
Assessment of the methodological quality with the QUIPS tool
revealed that most included studies were at high risk of
bias (eTable 5 in the Supplement) predominantly owing to
unclear study population selection and absence of adjust-
ment for relevant risk factors (ie, troponin levels, anthracy-
cline dose). After excluding retrospective studies, the thresh-
old summary ORs as well as 95% PIs for active treatment

absolute GLS (8 studies) and relative change in GLS (7 stud-
ies) were consistently greater than 1 (absolute: OR, 14.62; 95%
CI, 8.38-25.53; 95% PI, 7.30-29.31; relative: OR, 24.18; 95% CI,
11.51-50.81; 95% PI, 9.13-64.00). However, the low number of
studies precluded further heterogeneity analysis based on
treatment type (ie, use of trastuzumab, anthracyclines, or both).

Discussion
In this study, we present a meta-analysis of the prognostic and
discriminatory performance of GLS for CTRCD. We show that
a threshold relative reduction in GLS compared with baseline
or a lower absolute GLS value early during chemotherapy can
be used to stratify individuals at high risk of developing CTRCD.
Pretreatment GLS values and absolute changes are also asso-
ciated with CTRCD; however, the number of published stud-
ies supporting the use of these metrics is limited. Notably, our
analysis demonstrated possible publication bias in the litera-
ture and a high risk of bias in the published studies predomi-
nantly owing to unclear study population selection and ab-
sence of adjustment for relevant risk factors. Therefore, despite
the encouraging data on the value of GLS in patients receiv-
ing cancer therapy, our meta-analysis suggests the need for
larger prospective studies with carefully defined patient popu-
lations to determine the value of GLS for predicting CTRCD and
to define the most optimal diagnostic thresholds.

Figure 3. Posttest Probability of Cancer Therapy–Related Cardiac Dysfunction
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A, Fagan nomogram for calculation of posttest probabilities based on low
(orange) or high (gray) absolute global longitudinal strain (GLS) measurements
during chemotherapy treatment. The unconditional negative predictive value
was 0.92 (95% CI, 0.84-0.99), and the unconditional positive predictive value
was 0.52 (95% CI, 0.45-0.60). The positive likelihood ratio was 3.27, and the
negative likelihood ratio was 0.24. B, Fagan nomogram for calculation of
posttest probabilities based on a significant (orange) or nonsignificant (gray)
relative change in GLS after initiation of chemotherapy. The calculation of

positive and negative predictive values is based on an expected probability of
cardiotoxicity between 9.3% and 43.8%. The Fagan nomogram is based on a
pretest probability of 21.0%, which is the pooled cardiotoxicity estimate in our
study. A positive or negative test is defined based on the summary points
calculated from hierarchical summary receiver operating characteristic curves.
The unconditional negative predictive value was 0.91 (95% CI, 0.83-0.98), and
the unconditional positive predictive value was 0.57 (95% CI, 0.49-0.65). The
positive likelihood ratio was 4.05, and the negative likelihood ratio was 0.27.
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Absolute Values vs Relative Change in GLS and CTRCD
The ASE/EACVI consensus document recommends GLS as the
optimal deformation index for the early detection of subclini-
cal LV dysfunction in patients with cancer, and ideally, mea-
surements acquired during chemotherapy should be com-
pared with baseline values.5 The document suggests that a
relative change in GLS less than 8% is not meaningful, whereas
a change greater than 15% is likely to indicate subclinical LV
dysfunction.5 In our meta-analysis, in support of these rec-
ommendations, we observed a strong prognostic value for rela-
tive changes in GLS during treatment. However, absolute GLS
values during treatment also had comparable prognostic and
discriminatory performance for CTRCD. In this regard, in in-
dividuals without baseline echocardiography, low active treat-
ment absolute GLS values can be used to identify patients at
risk of CTRCD. This is important given that many patients are
referred to cardiology or cardio-oncology clinics either with-
out baseline imaging or baseline imaging performed without
GLS. The threshold active treatment absolute GLS value to iden-
tify risk has been variable in the literature, with most studies
suggesting a value between −18.0% and −19.0% (median,
−18.0%), predominantly based on GE EchoPac analysis (8 of
9 studies). Of note, certain studies suggest that baseline GLS

may also flag patients at risk of CTRCD, possibly through de-
tection of preexisting subclinical cardiac dysfunction, which
may be aggravated by chemotherapy.20 However, a higher level
of evidence is needed to support these claims and any asso-
ciated clinical recommendations.

Relative GLS Change Threshold for CTRCD
The relative GLS change of greater than 15% to detect subclini-
cal myocardial dysfunction suggested in the ASE position state-
ment was based on the best data available at that time, and it
is unclear whether this is a sensitive or specific threshold. Our
meta-regression suggests that the GLS thresholds used in the
published studies did not explain the statistical heteroge-
neity in the prognostic or discriminatory performance of GLS
indices, thus suggesting that lower thresholds for relative
change in GLS may still be important in identifying CTRCD risk.
This highlights the need for external validation of the recom-
mended cutoff values in different centers and vendors,
especially given the crucial role of GLS in guiding clinical
decision-making.5

Another important consideration of the existing studies
is that all but one29 of the studies included in our analysis used
2-dimensional echocardiography and Simpson biplane

Figure 4. Prognostic and Discriminatory Performance of Relative Change in GLS Compared With a Baseline
Value for Cancer Therapy–Related Cardiac Dysfunction
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method39 to define CTRCD. Therefore, despite the fact that
3-dimensional echocardiography has been suggested as the
preferred method in patients with cancer therapy owing to
reduced measurement variability,5 we do not have adequate
data on the association of GLS with CTRCD defined by
3-dimensional echocardiography. Also, since many of the
studies were published prior to the ASE/EACVI consensus
document, the confirmation of a change in LVEF or GLS with
a repeated scan was not performed in most studies prior to the
diagnosis of CTRCD.5 Regardless of whether an absolute GLS
value or relative GLS change is used, these measures appear
to have high negative predictive value for CTRCD in the re-
ported range of cutoff values. Taken together, these findings
could be used to update current guidelines on the use of
GLS in patients receiving anthracyclines with or without
trastuzumab therapy.

Bias and Sources of Heterogeneity Between Studies
In most studies, the optimal GLS cutoff values were identi-
fied in post hoc analyses of ROC curves, thus introducing pos-
sible bias in their selection. We identified evidence of statis-
tical heterogeneity between the included studies. This was
attributed predominantly to differences in study size and
CTRCD definition. The more contemporary studies were more
likely to use the ASE/EACVI definition of CTRCD. Meta-
regression analysis suggested that the use of the ASE/EACVI
criteria for cardiotoxicity was associated with significantly
lower prognostic performance compared with alternative defi-
nitions (eg, CREC criteria). This could reflect the fact that the
ASE/EACVI definition uses a lower LVEF threshold for cardio-
toxicity and does not include symptoms in the diagnostic cri-
teria. We also identified significant publication bias, suggest-
ing that studies that failed to show a significant prognostic or
discriminatory value for GLS may have not been published at
all or may have failed to examine the value of specific GLS
cutoff values.

Strengths and Limitations
Strengths of our study include the systematic collection of evi-
dence on the prognostic and discriminatory value of GLS for
CTRCD and the first quantitative synthesis of previously re-
ported data, to our knowledge. This enables a direct compari-
son of various GLS metrics (both absolute values as well as ab-
solute and relative changes) for CTRCD discrimination using
a range of cancer types and patient populations.

Our study also has some limitations. First, the ASE/
EACVI recommendations acknowledge the importance of an
integrated approach in the early diagnosis of CTRCD combin-
ing changes in strain parameters with circulating troponin
levels.5 The incremental value of this approach is discussed
in some studies12,31,40 but could not be explored quantita-
tively in this meta-analysis.

Second, the pooled incidence of CTRCD in our study
(21.0%) may be particularly high, especially since most stud-
ies included patients with breast cancer with mean anthracy-
cline doses of approximately 240 mg/m2. This does raise con-
cerns about selection bias in the original studies and
retrospective identification of eligible patients. Also, the
CTRCD definition was based on changes in LVEF, which can
be common, especially with the use of anthracyclines and
trastuzumab, but may not translate to worse clinical out-
comes. In our search, we identified 2 studies that examined
the association of lower GLS measured before chemotherapy
initiation with cardiac mortality or symptomatic heart
failure,41,42 but to our knowledge, no studies have explored
the prognostic value of postchemotherapy GLS for adverse
events, such as cardiac mortality.

Additionally, despite the use of the broad term CTRCD
based on ASE’s recommendations, most studies included in
our analysis have focused on anthracyclines with or without
trastuzumab therapy in patients with breast or hematologi-
cal malignancies. However, knowing that heart failure is not
only driven by these drugs and is often multifactorial (eg, tra-
ditional risk factors, radiation therapy), we have elected to use
this broad term.43 Interestingly, our search did not reveal any
prospective cohort reports on the role of GLS in pediatric
patients or patients receiving nonanthracycline and non-
trastuzumab regimens. Therefore, the results of this analy-
sis, like the reported thresholds and conclusions of all
individual studies, should be extrapolated with caution to dif-
ferent study populations, including different cancer types
and/or treatments.

Conclusions
In patients receiving potentially cardiotoxic cancer therapy,
deformation analysis by means of GLS can be used to detect
early subclinical ventricular dysfunction before progression
to CTRCD. An active treatment absolute GLS value or a rela-
tive change compared with baseline appears to have similar
prognostic and discriminatory performance for subsequent
CTRCD. Current evidence supports the use of GLS predomi-
nantly in patients with hematological and solid malignancies
treated with anthracycline-based regimens with or without
trastuzumab. However, significant statistical heterogeneity
between published studies, variable GLS cutoff values, and
publication bias highlight the need for higher-quality evi-
dence in the form of large prospective cohorts. Finally, stud-
ies focusing on additional types of cancer, as well as novel
cardiotoxic chemotherapeutic or immunotherapeutic agents,
are needed to better understand the potential value of echo-
cardiographic myocardial strain in these growing yet under-
studied populations.
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