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Abstract
Purpose Echocardiographic surveillance for asymptomatic left ventricular systolic dysfunction (ALVSD) is advised in child-
hood cancer survivors (CCS), because of their risk of heart failure after anthracycline treatment. ALVSD can be assessed with
different echocardiographic parameters. We systematically reviewed the prevalence and risk factors of late ALVSD, as defined
by contemporary and more traditional echocardiographic parameters.
Methods We searched databases from 2001 to 2020 for studies on ≥ 100 asymptomatic 5-year CCS treated with anthracyclines,
with or without radiotherapy involving the heart region. Outcomes of interest were prevalence of ALVSD—measured with
volumetric methods (ejection fraction; LVEF), myocardial strain, or linear methods (fractional shortening; FS)—and its risk
factors from multivariable analyses.
Results Eleven included studies represented 3840 CCS. All studies had methodological limitations. An LVEF < 50% was
observed in three studies in 1–6% of CCS, and reduced global longitudinal strain (GLS) was reported in three studies in 9–
30% of CCS, both after a median follow-up of 9 to 23 years. GLS was abnormal in 20–28% of subjects with normal LVEF.
Abnormal FS was reported in six studies in 0.3–30% of CCS, defined with various cut-off values (< 25 to < 30%), at a median
follow-up of 10 to 18 years. Across echocardiographic parameters, reported risk factors were cumulative anthracycline dose and
radiotherapy involving the heart region, with no ‘safe’ dose for ALVSD.
Conclusions GLS identifies higher prevalence of ALVSD in anthracycline-treated CCS, than LVEF.
Implications for Cancer Survivors The diagnostic and prognostic value of GLS should be evaluated within large cohorts.
Protocol registration PROSPERO CRD42019126588
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Introduction

With improved childhood cancer survival, cardiotoxicity
emerges as the major non-malignant cause of late morbidity
and mortality. Compared to the general population, childhood
cancer survivors (CCS) have a sixfold heart failure specific
mortality [1]. The cumulative incidence of symptomatic heart
failure reaches 5–12%, 30 to 40 years after cancer diagnosis.
Major causes are anthracyclines and radiotherapy involving
the heart region [2, 3]. Hence, survivorship care focusses on
early detection of left ventricular (LV) dysfunction, and guide-
lines recommend echocardiographic surveillance of asymp-
tomatic CCS at least every 5 years [4].

Knowledge of asymptomatic LV systolic dysfunction
(ALVSD) in CCS is important to define surveillance recommen-
dations. A systematic review on prevalence of and risk factors for
ALVSD after anthracycline treatment, with or without radiother-
apy, dates from 2002 [5]. Reported systolic dysfunction varied
between 0 and 38%, and denoted risk factors were cumulative
anthracycline dose and follow-up duration, while age at cancer
diagnosis and female sex were ambiguous risk factors. The in-
cluded studies showed heterogeneity in cardiotoxic exposure
and, importantly, outcome definition, andmost studies hadmeth-
odological limitations. The reported outcome parameters were
mostly fractional shortening (FS) and rarely LV ejection fraction
(LVEF), but also circumferential fibre shortening velocity and
stress velocity index [5].

The introduction of strain measurement by speckle track-
ing, especially global longitudinal strain (GLS), has led to
earlier recognition of systolic dysfunction in various cardio-
vascular diseases including adult cardio-oncology [6, 7]. The
prevalence and risk factors for ALVSD in CCS have not been
described in a systematic review addressing both strain mea-
surements and conventional systolic function measurements.

We systematically reviewed the available literature, continu-
ing from our last systematic review [5], on (1) the prevalence of
and (2) risk factors for ALVSD, to add evidence on contempo-
rary echocardiographic parameters such as biplane and 3D
LVEF and GLS, in long-term survivors of childhood cancer
treated with anthracyclines with or without radiotherapy.

Methods

Search strategy

We searched Medline/PubMed, EMBASE and Cochrane
CENTRAL with terms for ‘anthracyclines’, ‘children’ and
‘asymptomatic systolic dysfunction’ (Online Resource 1)
without language limits, from May 2001, up until April 13,
2020. We explored reference lists of included articles and
narrative reviews and performed automated citation searching
in Web of Science.

Study selection

Two authors independently reviewed titles, abstracts and
full-texts for potentially eligible studies. A third author
solved disagreements. We included original studies eval-
uating at least 100 asymptomatic CCS [8], who received
anthracyclines with or without radiotherapy involving
the heart region. As childhood cancer types incidentally
occur at later ages, 90% should be diagnosed before the
age of 21 years. Echocardiographic evaluation was re-
quired at least 5 years after cancer diagnosis. As the
major screening studies included some symptomatic
cases, we accepted a maximum of 2.5%.

Primary outcomes were (1) prevalence of ALVSD, or (2)
its risk factors derived from multivariable analysis that mini-
mally included sex, age at diagnosis and either attained age or
follow-up duration since cancer diagnosis.

We defined ALVSD according to adult [9] and pedi-
atric [10] echocardiography guidelines: (i) a volumetric
approach (e.g. reduced biplane or 3D LVEF), (ii) myo-
cardial strain analysis (e.g. reduced GLS or global cir-
cumferential strain (GCS)), by any technique and (iii) a
linear approach (e.g. reduced FS or Teichholz LVEF)
although currently discouraged in adults.

Cut-off values for abnormal were adopted as stated. For
strain measurements, these should be specific to the software
used. Studies where outcomeswere not reported separately for
the defined population, cohorts with unclear (a)symptomatic
status, and studies during pregnancy were excluded.

We accepted multivariable risk factor analyses to in-
clude CCS not treated with anthracyclines or with
slightly shorter follow-up since diagnosis, since
anthracycline dose and follow-up duration were
corrected for in the analysis and no analyses were more
specific. From studies reporting identical outcomes in
overlapping cohorts, a combined or latest report was
selected.

Data extraction, risk of bias assessment and analysis

Abovementioned authors independently extracted data
using piloted forms. Up to two written requests were
sent to study authors when missing data or eligible sub-
groups were encountered. Authors reporting continuous
values of systolic function were requested to provide the
prevalence of systolic dysfunction. Risk of bias was
evaluated based on previously published criteria for ob-
servational studies (Online Resource 2) [11, 12].
MetaXL 5.3 (EpiGear International) was used to calcu-
late 95% confidence intervals of prevalences with con-
tinuity correction. Continuous values are presented as
median [range], unless stated otherwise.
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Results

Identified studies

Of the 4004 unique titles and abstracts identified, 163 were
selected for full-text assessment. Additional data were re-
ceived from seven studies. To address the prevalence ques-
tion, ten studies were included, and for the risk factor question,
six were eligible (Fig. 1, Table 1).

Three studies (2174 CCS) used a volumetric approach (bi-
plane LVEF n = 660, 3D LVEF n = 1514) to quantify ALVSD
[13, 15, 18]. Myocardial strain was reported in four studies (n
= 2281). One of these studies used vendor specific normative
values for GLS and GCS [18], another study in a pediatric
cohort defined abnormal GLS (apical 4-chamber view) as
vendor specific z-score < − 2 [13]. A third study reported
apical 4-chamber GLS and mid-ventricular GCS as continu-
ous values, and compared to normative values for adults [24]

and children [25] upon our request [19]. The fourth study
reporting GLS was only eligible for its risk factor analysis
[17]. Two of these studies compared myocardial strain to
LVEF [18, 19]. A linear approach was reported in six studies
(FS n = 1366, Teichholz LVEF n = 557). Two studies reported
continuous values and provided prevalences according to their
local cut-off values upon request [14, 16, 20–23].

Median follow-up from cancer diagnosis until echocardio-
graphic examination varied between the studies from 9 to 23
years, as did the proportion of survivors who received radio-
therapy involving the heart region (5–52%). Median cumula-
tive anthracycline dose ranged from 166 to 333 mg/m2, but
studies used different dose-equivalence ratios.

Risk of bias assessment

Figure 2 depicts the risk of bias assessment. Ninety-one per-
cent of the studies did not report original cohort sizes and thus

Fig. 1 PRISMA flowchart of
study selection. Flowchart
describing the systematic
literature search and inclusion of
studies. *Multiple reasons can be
given per study, references in
Online Resource 3. **Although
directly eligible, 2 of these 6
authors provided additional data
upon request
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risk of selection bias remained unclear; in 9% the risk was high.
Four studies (36%) reported blinded outcome assessment; the
remainder carried a high risk of detection bias. All six studies
assessing risk factors in a multivariable analysis had low risk of
confounding. The risk of study group reporting bias was high in
73%. Not all studies reported median cumulative anthracycline
dose; only three studies summarized radiotherapy doses involv-
ing the heart region, and only one reported additional chemother-
apeutic agents. Follow-up duration was summarized by 91% of
the studies, and all studies provided their outcome definition.
Risk estimation was not adequate in 17% of the 6 studies
assessing risk factors. The few studies for each outcome
prevented formal testing for publication bias. However, as we
searched all major databases and most studies were not industry
funded, we judge the risk of publication bias ‘low’.

Prevalence of asymptomatic systolic dysfunction

Volumetric methods

Three studies, all defining an abnormal biplane or 3D LVEF <
50%, reported a prevalence of 1–6% (Fig. 3). The prevalence
was lowest in the study with the shortest median follow-up
duration (9 years, versus 16 and 23 years). Anthracycline
doses varied. Not all studies reported a median dose. The
proportion that received radiotherapy on the heart region var-
ied from 10 to 31%[13, 15, 18]. This observed clinical hetero-
geneity prevented pooling of results.

Myocardial strain analysis

Three studies assessing myocardial strain reported abnor-
mal GLS, according to vendor-, age- and sex-specific
cut-off values, in 9–30% (Fig. 3). The lowest preva-
lence was again seen in the study with the shortest
median follow-up duration (9 years, versus 13 and 23
years). Anthracycline doses varied. Not all studies re-
ported a median dose. The proportion that received ra-
diotherapy on the heart region varied from 6 to 31%
[13, 18, 19]. We did again not pool results from these
heterogeneous cohorts. Two studies reported GLS in
subjects with normal LVEF, which was abnormal in
20–28% (Table 1) [18, 19].

Of note, in one study, only 20% of survivors with abnormal
LVEF also had abnormal GLS[19]. Two studies reported
higher[19], or lower[18] prevalence of abnormal GCS, com-
pared to the prevalence of abnormal GLS.

Linear methods

Prevalence of abnormal FS and Teichholz LVEF varied
between the six studies from 0.3 to 30%, using different
definitions of abnormal FS (< 25 to < 30%; Fig. 3). As
median follow-up duration (10 to 18 years) and
anthracycline dose (180–250 mg/m2) and proportion that
received radiotherapy involving the heart region (5–
28%) varied widely, we did not pool results. No direct

Fig. 2 Risk of bias summary per
study. The risk of bias per study is
indicated for each domain.
Assessment criteria are shown in
Online Resource 2. Green = low
risk; yellow = unknown risk; red
= high risk; n.a, is not applicable
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comparisons between FS and other ALVSD parameters
were found in these studies.

Risk factors

Five out of six studies that reported multivariable risk factor
analyses on either dichotomous or continuous outcomes
(Table 2) agreed on the incremental risk of ALVSD with
increasing cumulative anthracycline dose [17, 18, 20–22].
For abnormal LVEF and FS, the risk ratios increased with
higher dose categories. However, in the study assessing
GLS, the risk ratios showed a more stable elevation through-
out dose categories, compared to LVEF [18]. Furthermore,
GLS as a continuous outcome variable was not associated
with anthracycline dose [13]. Either radiation exposure or
dose to the heart region were identified as risk factors by three
out of four studies that assessed radiotherapy, and across all
systolic function parameters [17, 18, 20]. Younger age at di-
agnosis and shorter follow-up duration were associated with
abnormal FS in one of the three studies that analysed these
variables [20]. Only one study found a sex association with,
discrepantly, more males with an LVEF < 50%, but more

females with abnormal GLS (sex-specific normative values).
The same study analysed traditional cardiovascular risk fac-
tors and found hypertension associated with an abnormal
LVEF and all components of the metabolic syndrome and
attained age to be associated with an abnormal GLS [18].

Discussion

This systematic review shows a high variation in the preva-
lence of ALVSD in long-term CCS, also when including con-
temporary echocardiographic measurements such as myocar-
dial strain. The heterogeneity in cardiotoxic exposure and time
since diagnosis, within and between cohorts, as well as het-
erogeneous measurement methods and cut-off values for ab-
normality, prevented pooling of data. This makes large cohort
studies and pooling of individual patient data the most appro-
priate ways to study the epidemiology of ALVSD in long-
term CCS. The prevalence of abnormal GLS is higher com-
pared to abnormal LVEF, and both are increased in studies
with longer periods of follow-up. The reviewed studies add
data to the conclusions from our previous review on the

Fig. 3 Prevalence of asymptomatic left ventricular systolic dysfunction in
childhood cancer survivors. Prevalence is depicted for different
echocardiographic parameters and cut-off points in the included studies.
*Mean ± SD. Closed symbols depict the original cut-offs from the stud-
ies, open symbols were extracted from additional data provided by

authors. Symbol size depicts sample size. Continuous values are median
[range]. ANT = anthracycline, CI = confidence interval, FS = fractional
shortening, GLS = global longitudinal strain, RT = radiotherapy on the
heart region
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increased risk of ALVSD with higher doses of cardiotoxic
exposures [5]. However, for additional risk factors that could
aid further risk stratification, the studies show little agreement.

Prevalence of ALVSD

Within two studied cohorts, GLS-based ALVSD was more
prevalent than LVEF-based ALVSD (9% versus 1%, and
30% versus 6%, respectively), at a median of one to two
decades after diagnosis [13, 18]. Although the CCS studied
by Christiansen et al. did not all receive anthracyclines, they
found prevalences of abnormal GLS (32%) and either abnor-
mal LVEF or FS (11%), at a mean of 22 years since diagnosis,
that were in accordance with the included studies [17].
Strikingly, for CCS at median ages of 20 to 31 years, these
four to five times greater prevalences of GLS-based ALVSD
versus LVEF-based ALVSD, approximate those in a> 80
years old subgroup of a United States community-based
cohort[26].

Ageing is an important risk factor for cardiovascular dis-
ease in the general population. The highest prevalence of
ALVSD indeed was reported in cohorts with the longest
follow-up since diagnosis, but not all included risk factor anal-
yses support this finding.

Risk factors for ALVSD

Cumulative anthracycline dose and radiotherapy involving the
heart region are evident risk factors for ALVSD, across echo-
cardiographic parameters. Even the lowest anthracycline dose
categories carry a risk of ALVSD [18]. Interestingly, in the
largest included study, the risk ratios for abnormal GLS were
only slightly elevated in the higher dose categories (up to
1.73), compared to the straightforward increasing risk for ab-
normal LVEF up to 7.71 [18]. This may reflect a higher prev-
alence of abnormal GLS among CCS with no anthracycline
exposure. These CCS were, in this study, exposed to radio-
therapy involving the heart region. Reporting systolic function
parameters as continuous outcomes might allow to find the
lowest cardiotoxic doses and takes the degree of abnormality
into account in risk factor analyses.

There was no agreement on the role of sex, age at cancer
diagnosis or attained age as risk factors for ALVSD.
Interestingly, Armstrong et al. found more abnormal LVEF
in males but more abnormal GLS in females [18]. Since males
are known to have lower LVEF values [9], this perceived
discrepancy might dissolve after application of sex-specific
LVEF cut-off values, as was already done for GLS. Studies
on clinical heart failure incidence also remain ambiguous on
the role of female sex as a risk factor [2, 27].

The largest included study investigated the association of
ALVSD with modifiable cardiovascular risk factors. The au-
thors found all components of the metabolic syndrome

associated with abnormal GLS and hypertension associated
with abnormal LVEF [18]. This substantiates the evidence
provided by large cohort studies that assess risk factors for
clinical heart failure in CCS [28, 29], indicating especially
hypertension as clinically actionable risk factor.

Comparison of different echocardiographic
parameters

Abnormal GLS is regarded as an early and sensitive indicator
of systolic dysfunction in adults with cardiovascular disease,
including adult cardio-oncology patients [6, 7, 30]. As expect-
ed, abnormal GLS was more prevalent than abnormal LVEF
within our included cohorts. However, GLS measurement
should not replace LVEF, since not only longitudinal shorten-
ing contributes to LVEF but also circumferential shortening,
wall thickness and end-diastolic volume [31]. This may also
explain why some subjects with abnormal LVEF exhibited
normal GLS [17, 19]. Combined measurements may add
prognostic value to single measurements.

A systematic review found that GCS abnormalities were
more consistently present than GLS abnormalities in CCS at
longer follow-up after anthracycline therapy. It also showed,
with some heterogeneity, that GLS abnormalities were more
frequent in the first year posttreatment [32]. In our review,
only one of two studies showed a higher prevalence of abnor-
mal GCS than of abnormal GLS [19]. Since the reproducibil-
ity of GCS measurements is questionable, GCS may be less
useful as a sensitive marker for ALVSD [18, 24].

Different contraction and remodelling patterns, which
might be caused by different cardiotoxic exposures, affect
different parameters of systolic function. Furthermore, preva-
lence of abnormality is affected by the definition of abnormal-
ity, including measurement method and cut-off value. In the
present review, the prevalence of abnormal FS, when defined
with a liberal cut-off value of < 30%, approximates that of an
abnormal GLS, albeit in different cohorts [18, 20, 21].
However, GLS was shown to better correlate with
LVEF than with FS [19]. Ideally, the relationships of
systolic function parameters and cut-off values should
be studied within large cohorts that include a control
group, to put the abnormality in perspective.

Which systolic function parameter to use?

Different LV function parameters may serve different pur-
poses, such as selecting CCS that would benefit from therapy,
or identification of CCS with very low risk of future heart
failure. Prognostic evidence for echocardiographic parameters
was only recently presented with retrospective data on longi-
tudinal changes of LVEF and FS [33], and the 10-year pre-
dictive value of LVEF measurement, when added to
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anthracycline dose and radiotherapy, for developing an LVEF
< 40% [34].

Regarding GLS, the recently published results on GLS-
guided cardioprotection in adults on active cancer treatment
do not justify early initiation of heart failure treatment [35].
However, the evidence on the added sensitivity and prognos-
tic value of GLS over LVEF in predicting severe endpoints is
accumulating in cardiology and adult cardio-oncology [6, 7].
The lack of evidence in CCS should not be confused with lack
of prognostic value. Knowing this, research may focus on
strict cardiovascular risk management in CCS with abnormal
GLS, and surveillance reduction for those with normal GLS.

The current cardiomyopathy surveillance guideline de-
scribes LVEF, FS and wall stress as ‘most frequently used
and readily reproducible variables of LV systolic function’[4].
It should be noted that linear measurements of global LV
function, such as FS, are discouraged in adult guidelines for
echocardiography [9]. Linear measurements may also be in-
ferior to volumetric methods in children [36]. They ig-
nore regional wall motion abnormalities and abnormal
ventricular geometry, which may not be uncommon in
CCS since cardiotoxicity can include valvular and isch-
aemic heart disease [3].

Also, 3D LVEF measurement is more reproducible than
biplane LVEF [37], which is useful in detecting subtle chang-
es during follow-up. It is also more comparable to magnetic
resonance imaging as gold standard [38]. Multi-view GLS
measurements are considered more reproducible than mea-
surements in a single apical view [39].

Echocardiography labs incorporating GLS measurement in
their clinical routine will facilitate future studies. GLS mea-
surement has been standardized by recommendations of a
dedicated task force [40]. Practical cut-off values were pro-
posed in adult cardio-oncology patients with an LVEF of 50–
59%, with − 16% as most specific cut-off for abnormal with-
out losing sensitivity. Values between − 16 and − 18%
constitute a ‘grey zone’, which can be acceptable in
elderly subjects with hypertension but abnormal in
healthy young adults [6, 41]. These cut-off values are
not yet validated in pediatric subjects.

Strengths and limitations

Studies carried an unknown risk of selection bias and a sub-
stantial risk of detection bias and reporting bias, the latter
hampering detailed comparison of heterogeneous cohorts.
Large within-study variation in important study characteristics
always prevents pooling of results. We chose rather stringent
inclusion criteria, as small studies would be underpowered to
estimate prevalences [8]. Prevalence estimation was not the
primary goal of many potentially eligible studies. No multi-
variable risk factor analysis exactly matched our inclusion
criteria, but all adequately adjusted for the most important

confounders. Our attempts to contact study authors made
new data available, to construct a complete as possible review.
Narrowing down the inclusion criteria to specific cut-off
values for ALVSD would result in missing information. We
highlight that the prevalence of ALVSD is related to the def-
inition used, underscoring the need to harmonize ALVSD
definitions in CCS.

Conclusions

ALVSD detected with echocardiography is common in long-
term CCS treated with anthracyclines. GLS identifies a higher
prevalence of ALVSD, compared to LVEF, but should not
replace LVEF measurement. Even CCS treated with the low-
est anthracycline doses may show ALVSD. Hypertension
might be an important modifiable risk factor for ALVSD.
The diagnostic and prognostic value of GLS, as well as the
relations between different echocardiographic measurements,
should be evaluated within large cohorts.
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