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Abstract: Longitudinal strain (LS) measured by echocardiography has been reported to be useful not
only for the diagnosis and risk stratification of various cardiac diseases, but also in cardio-oncology.
Most previous studies have been conducted on patients undergoing treatment with anthracyclines
and human epidermal growth factor receptor 2-targeted therapies. Existing guidelines recommend
that global LS (GLS) should be measured before and after the administration of cancer drugs. This
recommendation is based on many reports showing that a decline in GLS is indicative of early or
mild cancer therapy-related cardiac dysfunction. The main purpose of this article is to provide
insight into the importance of LS in patients undergoing cancer treatment and highlight the role
of LS evaluation in patients undergoing immune checkpoint inhibitor (ICI) treatment, which is
being used with increasing frequency. Among cancer drug therapies, immune checkpoint inhibitors
(ICIs) have an important place in cancer treatment and are used for the treatment of many types of
cancer. Although the efficacy of ICIs in cancer treatment has been reported, immune-related adverse
events (irAEs) have also been reported. Among these irAEs, cardiovascular complications, although
rare, are recognized as important adverse events that may result in ICI treatment discontinuation.
Myocarditis is one severe adverse event associated with ICIs, and it is important to standardize
diagnostic and therapeutic approaches to it. Several studies have reported a relationship between
LS and cardiac complications associated with ICIs which may contribute to the early diagnosis of
ICI-induced cardiac complications.

Keywords: longitudinal strain; global longitudinal strain; echocardiography; immune checkpoint
inhibitor; immune-related adverse event; myocarditis; cancer therapy-related cardiac dysfunction

1. Introduction

The field of cardio-oncology has received substantial attention in recent years, and
cancer therapy-related cardiac dysfunction (CTRCD) has become a major clinical concern.
Although advances in cancer treatment have improved the prognosis of patients with
flat cancer, the incidence of cardiovascular complications is increasing. Among these
cardiovascular complications, CTRCD and immune checkpoint inhibitor (ICI)-induced
myocarditis are some of the most important clinical implications.

CTRCD can occur in patients treated with potentially cardiotoxic cancer therapies [1–3].
CTRCD can lead to heart failure (HF), and the prognosis of patients with HF caused by
cancer therapies is poor [4]. The risk of developing CTRCD is lifelong in both adults
and children [4]. Moreover, the incidence of CTRCD will continue to increase as the
survival time of patients with cancer is prolonged, the incidence of chronic underlying
conditions related to cardiovascular disease increases, and novel cancer therapies are
developed [5]. Several studies have reported the usefulness of global longitudinal strain
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(GLS) as a diagnosis of early and mild CTRCD. The usefulness of regional longitudinal
strain (LS) as well as GLS has also been reported. Regional LS is calculated from the LS in
each of the three layers (basal, mid, and apical) of the left ventricle, and GLS is measured
from the LS in the entire left ventricle. Regional LS has the potential to detect unique
myocardial damage earlier than GLS. On the other hand, regional LS is evaluated over
a narrower area than GLS and must be sensitive to image quality. Since both GLS and
regional LS can be measured in one measurement, the time to perform echocardiography is
not prolonged.

ICIs are among the drugs that have improved cancer treatment outcomes in recent
years, and their use and indications are continuously expanding [6,7]. However, ICI
therapy can cause immune-related adverse events (irAEs), of which cardiac irAEs are of
particular importance. Myocarditis is one example of a cardiac irAE caused by ICI therapy.
Although myocarditis has a low incidence rate in this context, it has a high mortality
rate of 27–50% [8–10]. Notably, the relationship between cardiac complications, such as
myocarditis, and LS in patients undergoing ICI therapy is beginning to be reported.

The main goals of this article are to describe the usefulness of LS assessment in
CTRCD; describe irAEs in patients undergoing ICI therapy; and investigate the utility of
LS in patients undergoing ICI therapy. We also aim to improve the understanding of the
importance of LS in patients undergoing cancer treatment and provide expert insight into
the position of LS assessment in patients undergoing ICI therapy, which is expected to
receive great research interest in the future.

2. CTRCD

A previous study reported that the incidence of CTRCD is approximately 27% with
trastuzumab, 11% with sunitinib, and 2% with imatinib, lapatinib, trametinib, and beva-
cizumab [1]. Anthracyclines are associated with a CTRCD incidence of 2–48% [11–15]. With
anthracyclines, 98% of CTRCD cases occur within the first year of treatment [16]. However,
simply waiting for a decrease in left ventricular ejection fraction (LVEF) or HF develop-
ment is clearly not the best approach to CTRCD management; instead, patients should
undergo regular echocardiographic follow-up. Current recommendations [17,18] describe
the recommended duration of echocardiographic follow-up after treatment with cancer
therapies to monitor CTRCD development. LVEF is a well-established echocardiographic
measure for the early recognition of cardiotoxic side effects, and it can be used to prevent
irreversible CTRCD and HF development. The diagnosis of CTRCD based on LVEF is
defined as a reduction in LVEF to below the normal range (Table 1).

LVEF of 50–55% after anthracycline therapy was reported to be associated with a high
rate of symptomatic heart failure and cardiac events thereafter (5.6–12.5%) [19,20]. LVEF
may, however, be ineffective for the detection of subclinical myocardial dysfunction that
later evolves into symptomatic HF [21], as reviewed previously [22]. Among patients with
cancer, as well as cancer survivors, the development of cardiac dysfunction (which can
present both acutely and chronically) is an important cause of morbidity and mortality.
Therefore, more accurate strategies for the early detection of CTRCD are paramount to
improve prognosis and patient outcomes.

LS is used in daily clinical practice [17,18]. Myocardial strain reflects the magnitude of
the deformation of a defined length of the myocardium during each cardiac cycle relative
to its original length [23]. In cardio-oncology, a number of studies have used GLS to detect
CTRCD, and its reliability was reviewed in a recent meta-analysis [24], which showed
sensitivity and specificity values ranging from 80% to 90%. In this meta-analysis, the median
sensitivity of CTRCD detection was 86% with a specificity of 79%, although a study of breast
cancer patients reported a sensitivity of 100% and specificity of 93% [25]. Importantly, GLS
is indicated as a useful measure for the detection of subclinical CTRCD [26]. A retrospective
study reported that GLS-guided cardioprotective drug intervention significantly reduced
the incidence of trastuzumab discontinuation due to cardiotoxicity [27]. Additionally, there
have been several reports of GLS improvement with the initiation of cardioprotective
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drugs based on GLS changes during treatment with anthracycline or trastuzumab [28,29].
However, although previous reviews have described the utility of LS as a prognostic
measure in patients undergoing cancer therapy, they have tended to focus on older cancer
therapies, such as anthracyclines and trastuzumab [23].

3. LS

GLS is an average of the LS of all myocardial segments. As the myocardial mus-
cle contracts (and shortens), myocardial strain is expressed as a negative value. Strain
measurements are obtained from echocardiographic images taken in the apical long-axis
four-chamber and two-chamber views. Moreover, GLS is measured automatically, making
it highly reproducible and easy to measure (Figure 1).
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Figure 1. Measurement of GLS. Measurement of GLS by speckle−tracking echocardiography, where
the regional strain map is superimposed on grayscale two−dimensional echocardiographic images
in three apical long−axis views. GLS, global longitudinal strain.

In clinical studies, GLS is presented as an absolute value, and percentage changes in LS
are calculated according to the following equation: ([strain value at follow-up—strain value
at baseline] × 100 ÷ strain value at baseline). Generally, percentage variations (relative
changes) in strain values reflect the absolute values of strain parameters, with negative
and positive variations indicating worsening and improving deformations, respectively.
A previous meta-analysis defined normal GLS as −18%, but its load dependence stipulates
that values ranging from −18% to −16% can be considered normal [30]. However, GLS
must be measured with the same machine and software because the values may vary
among vendors.

GLS is widely used in the field of cardiology generally, where it has demonstrated
value in detecting subtle myocardial dysfunction, diagnosing disease, predicting disease
progression, and allowing for early pharmacological intervention. GLS has demonstrated
its usefulness in a number of cardiac diseases, including cardiomyopathy, myocardial infarc-
tion, HF, hypertension, and acute coronary syndrome [31–34]. Correlations between GLS
and deleterious myocardial changes, prognostic predictors, and cardiovascular outcomes
have been established in various diseases [31–36]. Therefore, it is not surprising that GLS
assessment is recommended in the current cardio-oncology guidelines of the European
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Society of Cardiology [18]. In these guidelines, baseline transthoracic echocardiography
is recommended for all patients with cancer who are at high risk or very high risk of
cardiovascular toxicity before starting cancer therapy (Class I, Level of Evidence C), and
GLS measurement is recommended for all patients who undergo echocardiography (Class I,
Level of Evidence C). The definitions of asymptomatic and symptomatic CTRCD are shown
in Table 1.

Table 1. Inclusion of GLS in the European Society of Cardiology’s definition of CTRCD.

CTRCD

Symptomatic CTRCD (HF) a

Very severe HF requiring inotropic support, mechanical
circulatory support, or transplantation

Severe HF hospitalization

Moderate Requirement for outpatient intensification of
diuretics and HF treatment

Mild Mild HF symptoms; no intensification of
therapy required

Asymptomatic CTRCD

Severe New reduction in LVEF to <40%

Moderate

New reduction in LVEF of ≥10% to 40–49%
or new reduction in LVEF of <10% to an
LVEF of 40–49%, and either new relative

decline in GLS of >15% from baseline or new
increase in cTnI/cTnT, BNP, or NT-proBNP

Mild
LVEF of ≥50% and new relative decline in

GLS of >15% from baseline and/or new
increase in cTnI/cTnT, BNP, or NT-proBNP

Adapted from the 2022 European Society of Cardiology guidelines on cardio-oncology (Lyon et al., 2022) [18].
a With LVEF and supportive diagnostic biomarkers based on the 2021 European Society of Cardiology guidelines
for the diagnosis and treatment of acute and chronic HF [37]. BNP, brain natriuretic peptide; cTnI, cardiac
troponin I; cTnT, cardiac troponin T; CTRCD, cancer therapy-related cardiovascular dysfunction; GLS, global
longitudinal strain; HF, heart failure; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-brain
natriuretic peptide.

The benefits of GLS assessment have been demonstrated in patients treated with
anthracyclines and human epidermal growth factor receptor 2 (HER2)-targeted therapies,
ICIs, radiation therapy, bevacizumab, carfilzomib, and hematopoietic stem cell transplanta-
tion in cardio-oncology [5,27,38–46]. It has been reported that basal LS decreases earlier
than GLS in CTRCD in patients treated with anthracyclines [47]. Regional LS and GLS
may be used as key measurement indices. In another study of lymphoblastic leukemia
survivors, left ventricular systolic dysfunction was more easily detected by assessing GLS
than by assessing LVEF [48]. In this study, 90 lymphoblastic leukemia survivors with a
median time from diagnosis of 18 years were included. The prevalence of left ventricular
systolic dysfunction was higher when using LS than when using LVEF. In another study,
GLS was used to demonstrate that proton radiation therapy was superior to conventional
radiation therapy in that it did not affect left ventricular function and was not associated
with an increase in cardiac biomarkers [49]. In that study, 70 women treated with proton
radiation therapy for breast cancer underwent GLS measurement before, 4 weeks after, and
2 months after the completion of proton radiation therapy. The SUCCOUR study evaluated
whether there was a difference in the change in LVEF at 3 years between the group with
LVEF-guided cardioprotective drug administration and the group with GLS-guided cardio-
protective drug administration after anthracycline treatment [50]. This study was the first
randomized controlled trial to compare GLS with LVEF in patients treated with cardiotoxic
chemotherapy agents. The difference in LVEF from baseline to 3 years was not significantly
different between the two groups. This finding suggests that risk stratification is important
because of the low frequency of CTRCD. At 1 year, the proportion of patients with CTRCD
was lower in the GLS-guided group, reflecting the importance of identifying subclinical
left ventricular dysfunction and initiating treatment [29].
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Although GLS is a robust and sensitive marker of CTRCD, image quality limitations
can arise when GLS is measured by echocardiography [51]. In a previous study, 77 patients
with breast cancer underwent echocardiography at 3-month intervals for 1 year before and
after the initiation of chemotherapy. Image quality was classified as optimal, suboptimal,
or inadequate. Of the 376 examinations performed, image quality was optimal in only 52%,
suboptimal in 42%, and inadequate in 6%. Interobserver reproducibility in the optimal
group was 0.91, while in the suboptimal group it was 0.21. This is important because
changes in GLS may be missed if the image quality is suboptimal. Despite the limitations
of echocardiographic measurement being recognized, Russo et al. [52] and Mirza et al. [53]
concluded that the performance of echocardiography and cardiac magnetic resonance
imaging (MRI) are comparable.

4. ICIs and Cardiovascular Complications

ICIs inhibit T-cell (programmed cell death protein 1 [PD-1] or cytotoxic T lymphocyte
abtugen-4 [CTLA-4]) and tumor cell (programmed cell death-ligand 1 [PD-L1]) receptors,
allowing T-cells to attack cancer cells. Although ICIs are treated as monotherapy, there
are also combination therapies of ICIs that further improve clinical outcomes. They are
also used in combination with other cancer drug therapies. ICIs are increasingly being
used to treat a large number of cancer types [6,7]. However, ICIs attenuate self-tolerance to
autoimmune-induced cells, resulting in systemic irAEs. These irAEs often affect various
organs such as the colon, lungs, liver, thyroid, skin, and pituitary. Cardiovascular com-
plications caused by ICIs are not common, but they may require the discontinuation or
interruption of ICI therapy. Myocarditis, pericardial disease, vasculitis, coronary artery
disease related to atherosclerosis, Takotsubo cardiomyopathy, and arrhythmia have been
reported as possible cardiovascular complications [10,54–56]. Of these, myocarditis has a
particularly high mortality rate and thus requires special attention.

The mechanism of ICI-induced myocarditis is not yet known, but it is considered to
be related to CD8-positive T-cells [57–59]. Myocarditis associated with ICIs occurs in ap-
proximately 0.6–1.14% of patients [6,60,61], with a reported mortality rate of 27–50% [8–10].
Less severe ICI-induced myocarditis is now being diagnosed, and the reported mortality
is trending downward, but it is still higher than that of myocarditis not associated with
ICIs [62,63]. It has also been reported that patients who received higher doses of steroids
early after diagnosis had better prognoses [64]. In addition to these factors, the prediction
and early detection of ICI-induced myocarditis are important in situations where no preven-
tive measures for ICI-induced myocarditis were taken. At present, ICI combination therapy
is the most recognized risk factor for ICI-induced myocarditis, but no other definitive risk
factors have been identified [10,38]. The onset of myocarditis often occurs early on in the
course of treatment with ICIs, and numerous case reports have reported a median onset
time of 27–57 days after the initiation of ICI therapy [10,40,65]. ICI-induced myocarditis is
not common in the later remote phases after the initiation of ICI therapy [66,67]. Therefore,
risk factors and early predictors of myocarditis should be identified.

Pericardial diseases include pericarditis, pericardial effusion, and cardiac tamponade.
In a previous report [10], pericardial disease was most common in patients with lung cancer
and was associated with radiation therapy and pericardial metastases. The vasculitides
most commonly associated with ICIs were temporal arteritis and polymyalgia rheumatica,
which were reported to be more common in older patients [10]. The median onset of
vasculitis was 55 days after the start of ICI therapy. An association between coronary
atherosclerosis and ICIs has also been reported [55,68,69]. In a patient group matched by
age, prior cardiovascular events, and cancer type, a 3.3-fold increase in atherosclerotic
cardiovascular events (myocardial infarction, coronary revascularization, ischemic stroke)
was reported [55]. Arrhythmias have also been reported as cardiovascular complications
associated with ICI therapy [10,54,55]. Arrhythmias that have been reported during ICI
therapy include atrioventricular block, premature ventricular contraction, ventricular
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tachycardia, ventricular fibrillation, atrial fibrillation, and cardiac arrest, many of which
may be related to myocarditis [70–72].

5. LS and ICIs

As a result of many published studies, the 2022 European Society of Cardiology guide-
lines recommend the following regarding GLS: GLS should be measured in all patients
with cancer if available; GLS should be used to define mild or moderate asymptomatic
CTRCD; and cardioprotective agents should be introduced if GLS is significantly decreased
in patients undergoing treatment with anthracyclines or HER2-targeted therapies. Unfortu-
nately, as with all drugs except anthracyclines and HER2 inhibitors, there are no comments
specific to GLS measurement in patients treated with ICIs. However, recent studies have
demonstrated that GLS is useful for the assessment of cardiac dysfunction in patients
undergoing ICI therapy (Table 2).

Table 2. Summary of studies evaluating the relationship between LS and ICI therapy.

Publication Imaging Modality
(Timing) Number of Patients Details of ICIs Key Message

Awadalla et al.
2020 [40]

Echocardiography
(at baseline and upon

diagnosis of
myocarditis)

Patients with
ICI-induced

myocarditis (n = 101)
and patients treated
with ICIs (n = 92).

Patients with
ICI-induced myocarditis

Anti-PD1 (n = 78),
anti-CTLA4 (n = 11),
anti-PDL1 (n = 12),

combination therapy
(n = 27)

Patients treated with ICIs
Anti-PD1 (n = 73),

anti-CTLA4 (n = 17),
anti-PDL1 (n = 4),

combination therapy
(n = 6)

More than half of the patients
with ICI-induced myocarditis
had preserved LVEF, but GLS

was decreased after ICI
administration in the group of

patients with ICI-induced
myocarditis compared with

baseline. In patients with
ICI-induced myocarditis, GLS

was associated with major
cardiac events.

Mirza et al.
2022 [53]

Cardiac MRI and
echocardiography

(after initiation of ICIs,
24–48 h apart)

Patients with ICI
cardiotoxicity (n = 8)
and control subjects

(n = 16).

Pembrolizumab (n = 3),
nivolumab (n = 2),

nivolumab and
ipilimab (n = 1),

avelumab (n = 1),
duralumab (n = 1),

ipilimab (n = 1)

Global, basal, and mid-LS were
lower in patients treated with
ICIs compared with controls.

When comparing cardiac MRI
with echocardiography, there

was a strong coincidence
between the two modalities in

detecting changes in myocardial
contractility and relaxation.

Tamura et al.
2022 [73]

Echocardiography (at
baseline and 2 weeks

after initiation of ICIs)

Patients treated with
ICIs (n = 129).

Of those, patients with
troponin I elevation

(n = 18) and
ICI-associated

myocarditis (n = 6).

Nivolumab (n = 58),
pembrolizumab

(n = 53), atezolizumab
(n = 13), duralumab

(n = 3), nivolumab and
ipilimab (n = 2)

Early relative decline of >10% in
basal and mid-LS and of >15% in

GLS was associated with
increased cardiac troponin I.
Two thirds of patients with

ICI-induced myocarditis had an
early relative decline of ≥10% in

basal LS.

Faron et al.
2021 [74]

Cardiac MRI (at
baseline and 3 months
after initiation of ICIs)

Patients treated with
ICIs (n = 22).

Pembrolizumab (n = 9),
nivolumab (n = 6),

nivolumab and
ipilimab (n = 4),

Cemiplimab (n = 2),
duralumab (n = 1)

There was an increase in
markers of myocardial edema on
follow-up cardiac MRI compared
with baseline cardiac MRI. There
was a significant decrease in LS

on follow-up cardiac MRI.
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Table 2. Cont.

Publication Imaging Modality
(Timing) Number of Patients Details of ICIs Key Message

Higgins et al.
2021 [75]

Cardiac MRI (at
diagnosis of ICI
cardiotoxicity)

Patients with ICI
cardiotoxicity (n = 20).

pembrolizumab (n = 6),
nivolumab and
ipilimab (n = 5),

nivolumab (n = 4),
duralumab (n = 2),

tremelimumab (n = 2),
atezolizumab (n = 1),

ipilimab (n = 1)

Cardiac MRI showed a moderate
correlation between GLS and left
ventricular end-systolic volume
index, cardiac index, and LVEF.

CTLA4, cytotoxic T-lymphocyte-associated protein 4; GLS, global longitudinal strain; ICI, immune checkpoint
inhibitor; LS, longitudinal strain; LVEF, left ventricular ejection fraction; MRI, magnetic resonance imaging; PD1,
programmed cell death protein 1; PDL1, programmed death-ligand 1.

In a previous study, decreased GLS was observed in patients with ICI-induced my-
ocarditis, and decreased GLS was strongly associated with major adverse cardiac events,
regardless of LVEF [40]. Left ventricular dysfunction during ICI therapy is not necessarily
due to myocarditis. GLS monitoring in patients with melanoma can detect subclinical left
ventricular dysfunction induced by ICI therapy (in the absence of myocarditis) [76]. We
previously reported that a decrease in GLS, basal LS, and mid-LS at week 2 was associated
with cardiac troponin I elevation in patients undergoing ICI therapy [73]. In addition,
two-thirds of patients with myocarditis had decreased basal LS. Monitoring basal LS and
GLS may allow for early risk stratification of myocardial damage in patients undergoing
ICI therapy (Figure 2). In this study, regional LS was calculated on the basis of values in
the basal (six segments), mid- (six segments), and apical (five segments) layers.
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Figure 2. LS and cardiac events in patients undergoing ICI therapy. Summary of our study of
patients treated with ICIs, in which a decrease of ≥10% in basal and mid-LS and of ≥15% in
GLS were associated with troponin I elevation. In addition, two-thirds of patients with myocarditis
demonstrated a decrease of ≥10% in basal LS. GLS, global longitudinal strain; ICI, immune checkpoint
inhibitor; LS, longitudinal strain.

Mirza et al. [53] compared echocardiography with cardiac MRI to examine regional
and global changes in myocardial morphology and function induced by ICIs. Eight patients
treated with ICIs underwent echocardiography and cardiac MRI to measure myocardial
strain and strain rates, and the obtained measurements were compared between the two
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techniques. Echocardiography revealed a reduction in mean systolic LS in patients treated
with ICIs. LS scores were comparable between echocardiography and cardiac MRI, sug-
gesting a good coincidence between these two imaging methods. Moreover, ICI-treated
patients had significantly lower LS and strain rates at the basal and mid-layers compared
with controls. Thus, GLS and regional LS may be useful as diagnostic and predictive indices
for ICI-induced myocarditis. Therefore, further studies examining the relationship between
LS and ICI-induced myocarditis are expected in the future. In another study, cardiac MRI
was performed at baseline and 3 months after the initiation of ICI therapy. The results
also showed a decrease in LS in patients undergoing ICI therapy [74]. According to Mirza
et al., echocardiography and cardiac MRI demonstrate comparable performance in patients
undergoing ICI therapy [53]. Therefore, although some studies have evaluated LS by MRI,
the evaluation of LS by echocardiography is cheaper, faster, and easier. As the measurement
of LS by echocardiography is easy in real-world clinical practice, utilizing LS may be a
good option for patients undergoing ICI therapy.

6. Conclusions

In conclusion, CTRCD is an important cause of morbidity in patients undergoing
cancer therapy, and its incidence is likely to increase as patient survival is extended, the
incidence of chronic underlying comorbidities increases, and novel cancer therapies are
continuously developed. GLS is indicated as a useful echocardiographic measure that can
detect subclinical CTRCD, and it is recommended by the European Society of Cardiology
guidelines. GLS appears to be more sensitive to the detection of subclinical cardiac dysfunc-
tion than LVEF. Echocardiography and cardiac MRI demonstrate comparable performance
in measuring GLS, although interobserver variation has been reported with echocardiog-
raphy. Early diagnosis or prediction of irAEs associated with ICIs assessed by measuring
LS may enable the safe use of ICIs in patients with cancer. In the future, LS may play a
role as one of the key clinical factors in multifactorial analysis including multiomics and
deep phenotyping approaches (network medicine strategy) for risk stratification of cardiac
damages in patients with cancer therapy [77].
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