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BACKGROUND Immune checkpoint inhibitors (ICIs) are a central part of cancer therapy; however, cardiac

complications, such as myocarditis, have the potential for significant morbidity and mortality. Within this population, the

clinical significance of longitudinal strain (LS) remains unknown.

OBJECTIVES This study sought to define the changes in LS in ICI-treated patients, and their associations with

high-sensitivity troponin I (hsTnI) and myocarditis.

METHODS We conducted a retrospective cohort study of patients who received ICIs at our hospital from April 2017 to

September 2021. All patients underwent echocardiography and blood sampling at standardized time intervals. We

measured the changes in global and regional LS before and after ICI administration. Age- and sex-adjusted Cox regression

analysis was used to evaluate the association between LS and elevations in hsTnI and myocarditis.

RESULTS In a cohort of 129 patients with a median follow-up period of 170 (IQR: 62-365) days; 6 and 18 patients had

myocarditis and hsTnI elevation, respectively. In an age- and sex-adjusted Cox proportional hazards model, an early

relative worsening of $10% in the basal and mid LS and $15% in global LS was associated with hsTnI elevation. Relative

reductions in LS were not significantly associated with myocarditis; however, 4 of the 6 patients with myocarditis had

relative reduction of $10% in the basal LS.

CONCLUSIONS An early worsening in the global and regional LS was associated with increased hsTnI in patients

receiving ICIs. Assessment of LS early after ICI administration should be further studied as a strategy for risk stratifi-

cation of ICI-treated patients. (J AmColl Cardiol CardioOnc 2022;4:673–685)©2022 TheAuthors. Published by Elsevier
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I mmune checkpoint inhibitors (ICIs)
represent a significant advance in cancer
therapy and are increasingly being

used.2 However, myocarditis due to ICIs can
be a serious adverse event. Although the fre-
quency of ICI-induced myocarditis is low
(0.6%-1.14%),1-3 its severity is high and mor-
tality has been reported to be 36% to 67%.4,5

Despite the provision of expert consensus
recommendations and position statements,6-9

the appropriate follow-upmethod for patients
receiving ICIs still remains to be clarified. In
other cardio-oncology populations, such as
anthracycline-treated patients, troponin I (TnI) and
global longitudinal strain (GLS) are associated with
a risk of adverse cardiac events.10,11 Although a
E 1 Follow-Up Schedule and Clinical Routine Tests for Patient

cting screening protocol for patients treated with immune checkp

ations (B-type natriuretic peptide [BNP], troponin I, D-dimer, cre

raphy, electrocardiogram [ECG]) in patients receiving ICI therapy
subject of debate, it has also been reported that
early cardioprotective therapy based on changes in
GLS might reduce the incidence of cardiotoxicity.12

In addition, a basal longitudinal strain (LS) reduc-
tion in patients treated with anthracyclines has
been shown to precede GLS reduction.13 However,
the only report on the association between GLS and
ICIs demonstrated that major adverse cardiac events
are more frequent in patients with myocarditis who
have worse GLS.14 The potential utility of early GLS
or regional LS as a predictor of cardiac events re-
mains to be determined.

Cardiac troponin is an organ-specific marker and
not a disease-specific marker. However, it is the most
widely used biomarker for myocarditis; furthermore,
it has high sensitivity for diagnosing myocarditis due
s Receiving ICIs

oint inhibitors (ICIs) was shown. The follow-up schedule and

atine kinase [CK], creatine kinase-myocardial band [CK-MB], chest

are shown. TTE ¼ transthoracic echocardiography



FIGURE 2 Flow Diagram Showing the Recruitment of ICI Therapy Patients

The CONSORT flow diagram showing the cases with immune checkpoint inhibitor (ICI) administration in our hospital.
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to ICIs.2 The role of troponin as a risk predictor in this
population is also an area of active research.

We hypothesized that patients with myocarditis
and TnI elevation might manifest changes in
myocardial deformation early in the course of ICI
therapy.15 Because echocardiography for patients
receiving ICI therapy is performed routinely and at
standardized time intervals for patients treated at our
hospital, we investigated whether early GLS and
regional LS changes predict myocarditis and TnI
elevation.

METHODS

ETHICS APPROVAL. This study conformed to the
ethical guidelines of the Declaration of Helsinki and
was approved by the ethics committee of the Inter-
national University of Health and Welfare Mita Hos-
pital (approval number 5-21-12). The requirement for
informed consent was waived due to the retrospec-
tive nature of the study.

STUDY PARTICIPANTS. This retrospective cohort
study included patients who received ICI therapy at
the International University of Health and Welfare
Mita Hospital, Japan, between April 2017 and
September 2021. The following patients were
excluded: 1) those without routine follow-up by a
cardiologist; 2) those who did not receive trans-
thoracic echocardiography at baseline or on days 8 to
14; and 3) those for whom GLS or local LS at baseline
or on days 8 to 14 was not analyzable. In our hospital,
all patients treated with ICIs are regularly followed up
by cardiologists.

PROCEDURE FOR FOLLOW-UP OF PATIENTS

RECEIVING ICIs. Patients treated with ICIs at our
hospital are followed according to a standardized
clinical protocol. As shown in Figure 1, patients
receiving ICIs were evaluated by a cardiologist before
ICI administration during week 1 (days 1-7), week 2
(days 8-14), and week 3 (days 15-21), after 60 days,
and every 3 months after ICI administration. In gen-
eral, patients with ICI therapy received medical
examination, blood tests, electrocardiography, and
chest radiography examination on visit days.
Echocardiography was performed before ICI



TABLE 1 Baseline Characteristics of Study Participants

Total
(N ¼ 129)

TnI Elevation and/or
Myocarditis
(n ¼ 19)

No TnI Elevation
or Myocarditis

(n ¼ 110) P Value

Age, y 65.6 � 11.2 66.4 � 15.5 65.5 � 10.3 0.74

Male 98 (76.0) 16 (84.2) 82 (74.5) 0.56

Body mass index, kg/m2 20.3 (17.8-23.4) 21.2 (17.8-23.7) 20.2 (17.9-23.1) 0.48

Cardiovascular risk factor and disease

Hypertension 41 (31.8) 6 (31.6) 35 (31.8) >0.99

Diabetes mellitus 14 (10.9) 0 (0.0) 14 (12.7) 0.22

Dyslipidemia 16 (12.4) 1 (5.3) 15 (13.6) 0.46

Chronic kidney disease 40 (31.0) 8 (42.1) 32 (29.1) 0.29

Current or prior smoking 79 (61.2) 13 (68.4) 66 (60.0) 0.61

Baseline cardiac findings

BNP, pg/mL 20.1 (10.1-34.5) 24.7 (10.7-38.6) 19.9 (9.9-34.3) 0.72

TnI, pg/mL 3.2 (1.9-6.0) 10.1 (3.0-14.8) 3.1 (1.9-5.3) 0.004

LVEF, % 65.0 (62.4-67.7) 64.9 (61.9-66.5) 65.1 (62.5-67.8) 0.47

LVEF <40% 0 (0.0) 0 (0.0) 0 (0.0) >0.99

GLS, % 17.7 (16.2-19.2) 17.3 (16.8-18.4) 17.7 (16.2-19.4) 0.74

Pre-ICI home cardiac medications

Renin-angiotensin system inhibitor 21 (16.3) 1 (5.3) 20 (18.2) 0.31

Beta-blocker 9 (7.0) 2 (10.5) 7 (6.4) 0.62

Mineralocorticoid receptor antagonist 3 (2.3) 1 (5.3) 2 (1.8) 0.38

Loop diuretic 4 (3.1) 0 (0.0) 4 (3.6) >0.99

Primary cancer type

Head and neck cancer 85 (65.9) 9 (47.4) 76 (69.1)

Lung cancer 23 (17.8) 8 (42.1) 15 (13.6)

Gastrointestinal cancer 8 (6.2) 0 (0.0) 8 (7.3)

Renal cell carcinoma/urothelial cancer 6 (4.7) 1 (5.3) 5 (4.5)

Melanoma 3 (2.3) 1 (5.3) 2 (1.8)

Hepatocellular carcinoma 3 (2.3) 0 (0.0) 3 (2.7)

Breast cancer 1 (0.8) 0 (0.0) 1 (0.9)

Prior chemotherapy or radiation

Anthracyclines 4 (3.1) 2 (10.5) 2 (1.8) 0.10

Radiation 85 (65.9) 11 (57.9) 74 (67.3) 0.44

Thoracic irradiation 21 (16.3) 4 (21.1) 17 (15.5) 0.51

Anti-VEGFR TKIs 7 (5.4) 2 (10.5) 5 (4.5) 0.27

ICIs type

Nivolumab (anti-PD-1) monotherapy 58 (45.0) 4 (21.1) 54 (49.1)

Pembrolizumab (anti-PD-1) monotherapy 53 (41.1) 8 (42.1) 43 (39.1)

Atezolizumab (anti-PD-L1) monotherapy 13 (10.1) 5 (26.3) 8 (7.3)

Durvalumab (anti-PD-L1) monotherapy 3 (2.3) 1 (5.3) 2 (1.8)

Combination therapy (nivolumab þ ipilimumab) 2 (1.6) 1 (5.3) 1 (0.9)

Values are mean � SD, n (%), or median (IQR).

CTL4 ¼ cytotoxic T lymphocyte associated protein 4; BNP ¼ B-type natriuretic peptide; GLS ¼ global longitudinal strain; ICI ¼ immune checkpoint inhibitor; LVEF ¼ left
ventricular ejection fraction; PD-1 ¼ programmed cell death protein-1; PD-L1 ¼ programmed death-ligand 1; TKI ¼ tyrosine kinase inhibitor; TNI ¼ troponin I; VEGFR ¼ vascular
endothelial growth factor receptor.
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administration, after 2 weeks, after 60 days, and then
every 3 months until 3 moths after the final ICI
administration. Blood tests included the measure-
ment of TnI, brain natriuretic peptide, D-dimer, cre-
atine kinase, and creatine kinase-myocardial band
levels. Patients were followed up by cardiologists
until 3 months after the final ICI cycle. In some situ-
ations, cardiologists may decide to shorten the
frequency of testing and perform additional tests
based on individual symptoms or objective findings.
EVALUATION AND DEFINITION OF CLINICAL VARIABLES.

We collected data from patients’ electronic medical
records including age, sex, body mass index, coex-
isting disease, cardiac biomarker levels, and echo-
cardiographic parameters. Cancer-specific covariates
including the type, prior anthracycline use, radiation



FIGURE 3 Number of Patients and Time to Troponin I Elevation or Myocarditis

Time from first immune checkpoint inhibitor (ICI) administration to troponin I elevation or myocarditis. Most clinical events occurred early in

the course of ICI administration, and less frequently after 6 months. The first administration of ICI therapy was on day 0.
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therapy, and ICI type were extracted. Hypertension
was defined as a systolic blood pressure $140 mm Hg
and/or diastolic blood pressure $90 mm Hg or receipt
of antihypertensive medication. Diabetes mellitus
was defined as glycated hemoglobin $6.5% or receipt
of insulin therapy or oral medication for diabetes
mellitus. Dyslipidemia was defined as a low-density
lipoprotein cholesterol level >140 mg/dL or receipt
of medication for dyslipidemia. Chronic kidney dis-
ease was defined as an estimated glomerular filtration
rate of <60 mL/min/1.73 m2.

ECHOCARDIOGRAPHIC ASSESSMENT INCLUDING

REGIONAL LS. Experienced sonographers performed
standard echocardiographic examinations according
to the American Society of Echocardiography guide-
lines.16 Vivid E95 ultrasound systems (GE Healthcare)
were used and data were analyzed using GE EchoPAC
software (v203, GE Healthcare). Left ventricular
ejection fraction was measured using the biplane
Simpson’s method of disks. GLS and regional LS
measurements were acquired by an experienced so-
nographer and an echocardiographic physician in a
blinded manner. Strain measurements were obtained
from the apical long-axis, 4-chamber, and 2-chamber
views using semi-automated image analysis. Regional
LS was measured through the same process, using
each mean peak strain value of 5 or 6 segments. Basal,
mid, and apical LS values were calculated by using
values in the basal (6 segments), mid (6 segments),
and apical (5 segments) layers, respectively. LS are
reported as absolute values in this study. We calcu-
lated percent changes in LS using the following
equation: ([strain value on days 8 to 14 � strain value
at baseline] $ 100 /strain value at baseline). Percent-
age variation (relative change) in strain values meant
the absolute value of strain parameters, with negative
and positive variations indicating worsening and
improving deformations, respectively. The position
statements of the Heart Failure Association, the Eu-
ropean Association of Cardiovascular Imaging, and
the Cardio-Oncology Council of the European Society
of Cardiology state that a relative LS reduction of 10%
to 15% from baseline is considered a clinically sig-
nificant change.7 Therefore, we analyzed the relative
reduction in GLS and regional LS at cutoff values of
10%, 12.5%, and 15%.

DEFINITIONS OF CLINICAL OUTCOMES. We evalu-
ated 2 clinical outcomes: 1) myocarditis; and 2) high-
sensitivity (hsTnI) elevation after the first follow-up
echocardiogram (days 8-14). Myocarditis was diag-
nosed as a pathological finding based on the lym-
phocytic infiltration in the myocardium with myocyte



TABLE 2 Laboratory and Imaging Findings in Patients With Myocarditis at Baseline and Diagnosis

Case Sex
Age at ICI
Start (y)

TnI at
Baseline
(pg/mL)

Symptoms/
Presentation

TnI at Diagnosis
(pg/mL) ECG Echocardiography MRI

ESC Criteria of
Hermann et al33

1 Male 36 1.4 Dyspnea
Fatigue

380 Reduced R-wave height
ST-segment elevation in

V1-V3

Preserved LVEF
LV wall thickening

Definite findings Pathological
diagnosis

2 Female 49 0.5 Dyspnea
Fatigue
Cardiogenic

shock

441 Reduced R-wave height Preserved LVEF
LV wall thickening

No signs of myocarditis Pathological
diagnosis

3 Male 88 89.7 Dyspnea
Fatigue
Muscle weakness
(Myositis)

1,374 Ectopy
T-wave inversion

Reduced LVEF
Diffuse hypokinesis
LV wall thickening

Not performed Troponin elevation
3 minor criteria

4 Male 51 5.3 Dizziness 16.7 Ectopy Reduced LVEF
Diffuse hypokinesis

Definite findings Not applicable
(1 major/
2 minor)

5 Male 65 10.1 Dizziness
Fatigue
Diplopia
(Myositis)

200 No change Preserved LVEF Not performed Troponin elevation
2 minor criteria

6 Male 73 15.5 Fatigue
Muscle weakness
(Myositis)

285 Reduced R-wave height Preserved LVEF Not performed Troponin elevation
2 minor criteria

CMR ¼ cardiac magnetic resonance; ECG ¼ electrocardiogram; ESC ¼ European Society of Cardiology; MRI ¼ magnetic resonance imaging; other abbreviations as in Table 1.
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loss or standard guideline-recommended diagnostic
criteria for clinically suspected myocarditis among
patients without a myocardial biopsy.17 hsTnI eleva-
tion was defined as >26.8 pg/mL (99th reference
percentile, standard value of Abbott hsTnI assay)
within 365 days. If the baseline hsTnI was above the
reference value, we defined elevation as twice the
baseline level.

STATISTICAL ANALYSIS. Continuous variables are
presented as mean � SD for those with a normal dis-
tribution, as median (IQR) for those with a non-
normal distribution, and as numbers (percentages)
for categorical variables. The Mann-Whitney U test or
Student’s t test was used to compare continuous
variables between the groups. The Wilcoxon signed
rank test was used for comparing continuous vari-
ables pre- and post-ICI therapy. We also used the
Fisher exact test to compare proportions of categori-
cal variables between the groups. Sensitivity was
calculated as the proportion of patients with relative
decrease in LS among all patients with hsTnI eleva-
tion, and specificity was calculated as the proportion
of patients without relative decrease in LS among all
patients without hsTnI elevation. The positive pre-
dictive value was defined as the proportion of pa-
tients with hsTnI elevation among all patients with
relative decrease in LS, and the negative predictive
value was calculated as the proportion of patients
without hsTnI elevation among all patients without
relative decrease in LS. The HR for the association
between LS decline and hsTnI elevation was analyzed
using univariable and multivariable age- and sex-
adjusted Cox proportional hazards models. Model 1
considered an early relative worsening in basal LS
of $10% as the main predictor and model 2 consid-
ered an early relative worsening in GLS of $15% as the
main predictor. Model results are presented as
adjusted HR with 95% CIs. The proportionality
assumption was tested using the Schoenfeld residuals
method. The Kaplan-Meier curves generated for
hsTnI elevation–free survival were compared using
the log-rank test (early relative decrease in basal LS
of $10% or not, mid LS of $10% or not, and GLS
of $15% or not). Time to event was the time from first
ICI administration to TnI elevation or myocarditis.
The maximum observation period was 1 year after the
first ICI administration. Patients were censored at
time of death, and death was also considered as a
competing risk in sensitivity analysis. A 2-sided
P value <0.05 was considered significant for all
statistical tests. Statistical analyses were performed
using R version 4.1.2 (R Foundation for Statisti-
cal Computing).

RESULTS

BASELINE CHARACTERISTICS. We enrolled 226 pa-
tients treated with ICIs in our hospital. We excluded
patients without follow-up by cardiology, echocardi-
ography at baseline or on days 8 to 14, or adequate
images for measuring LS; this excluded 25, 40, and 32



TABLE 3 Description of Patients With/Without hsTnI Elevation After ICI Administration

hsTnI Elevation (þ)
(n ¼ 18)

hsTnI Elevation (–)
(n ¼ 111) P Value

Age, y 67.3 � 15.5 65.4 � 10.4 0.50

Male 15 (83.3) 83 (74.8) 0.56

Hypertension 6 (33.3) 35 (31.5) >0.99

Diabetes mellitus 0 (0.0) 14 (12.6) 0.22

Dyslipidemia 1 (5.6) 15 (13.5) 0.47

Chronic kidney disease 8 (44.4) 32 (28.8) 0.27

Current or prior smoking 12 (66.7) 67 (60.4) 0.80

Baseline

BNP, pg/mL 22.0 (10.3-40.0) 20.1 (10.1-34.1) 0.88

Elevated TnI 1 (5.6) 2 (1.8) 0.38

GLS, % 17.3 (16.7-18.5) 17.7 (16.2-19.3) 0.69

Basal LS, % 16.0 (13.2-17.5) 15.8 (14.3-17.9) 0.65

Mid LS, % 18.3 (16.2-19.7) 18.0 (16.3-19.7) 0.96

Apical LS, % 20.4 (18.7-22.7) 20.0 (18.3-22.3) 0.77

LVEF, % 65.2 (62.2-66.7) 65.0 (62.5-67.8) 0.73

Days 8-14 after ICI

GLS

Absolute value, % 15.7 (14.8-17.4) 17.7 (16.3-18.7) 0.005

Relative change $15% 4 (22.2) 5 (4.5) 0.022

Relative change $12.5% 5 (27.8) 14 (12.6) 0.14

Relative change $10% 7 (38.9) 21 (18.9) 0.069

Basal LS

Absolute value, % 14.6 (13.5-15.6) 15.8 (13.8-17.3) 0.026

Relative change $15% 5 (27.8) 17 (15.3) 0.19

Relative change $12.5% 8 (44.4) 21 (18.9) 0.029

Relative change $10% 10 (55.6) 28 (25.2) 0.013

Mid LS

Absolute value, % 16.2 (15.1-18.1) 17.8 (16.5-19.0) 0.023

Relative change $15% 4 (22.2) 12 (10.8) 0.24

Relative change $12.5% 5 (27.8) 15 (13.5) 0.16

Relative change $10% 8 (44.4) 21 (18.9) 0.029

Apical LS

Absolute value, % 18.5 (16.3-21.3) 20.0 (17.9-21.9) 0.14

Relative change $15% 4 (22.2) 20 (18.0) 0.74

Relative change $12.5% 5 (27.8) 28 (25.2) 0.78

Relative change $10% 6 (33.3) 34 (30.6) 0.79

LVEF, % 64.9 (62.1-67.3) 65.1 (62.6-66.7) 0.98

Values are mean � SD, n (%), or median (IQR).

LS ¼ longitudinal strain; other abbreviations as in Table 1.
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patients, respectively (Figure 2). As a result, 129 pa-
tients (65.6 � 11.2 years of age, 98 [76.0%] men) were
analyzed in this study. The characteristics of patients
included in this study analysis (n ¼ 129) and those
excluded (n ¼ 97) were mostly similar
(Supplemental Table 1).

Baseline characteristics of patients are shown in
Table 1; few patients were treated with anthracyclines
before ICI administration. The most common in-
dications for ICI treatment were head and neck can-
cer, and nivolumab and pembrolizumab were
common ICIs used (Table 1). Only 2 patients received
combination ICI therapy.

MYOCARDITIS AND hsTnI ELEVATION AFTER ICI

THERAPY. The median observation period from the
start of ICI administration to the last follow-up by the
cardiologist was 170 (IQR: 62-365) days. Death
occurred in 26 patients. Among patients treated with
ICIs, 6 were diagnosed with myocarditis and 18 had
hsTnI elevation following ICI therapy. The median
time to TnI elevation and myocarditis was 62 (IQR:
34-134) days and 98 (IQR: 26-206) days, respectively.
The number of patients and timing of TnI elevation
are shown in Figure 3. The types of cancer and ICIs in
patients with myocarditis and hsTnI elevation are
shown in Supplemental Table 2. All patients diag-
nosed with myocarditis had received pembrolizumab
prior to the diagnosis of myocarditis. Of the 6
myocarditis patients, 1 had cardiogenic shock, while
another patient made the decision to pursue pallia-
tive care and passed away. In contrast, patients
without myocarditis had no major adverse cardio-
vascular events (cardiovascular death, cardiac arrest,
cardiogenic shock, or complete heart block
requiring pacemaker).

Five of the 6 patients with myocarditis had
elevated TnI at diagnosis. Three patients underwent
magnetic resonance imaging (MRI) to confirm the
diagnosis, while 2 underwent myocardial biopsy. One
of the patients who underwent MRI had no
myocarditis-related findings on imaging but did have
pathologic confirmation. Blood tests, electrocardiog-
raphy, and echocardiography were repeated early for
patients with elevated TnI to identify the cause of TnI
elevation. Table 2 shows the results of these tests and
other clinical characteristics for the 6 patients with
myocarditis.

ASSOCIATION BETWEEN LONGITUDINAL STRAIN

hsTnI ELEVATION AFTER ICI THERAPY. Table 3
shows the baseline and LS measures stratified ac-
cording to the presence or absence of hsTnI elevation
after ICI therapy. More patients with hsTnI elevation
showed a relative change of $15% in GLS than those
without hsTnI elevation (22.2% vs 4.5%; P ¼ 0.022),
and the absolute value of GLS was worse in patients
with hsTnI elevation (median 15.7% [IQR: 14.8%-
17.4%] vs 17.7% [IQR: 16.3%-18.7%]; P ¼ 0.005). Pa-
tients with hsTnI elevation were significantly more
likely to show a decline in regional LS than patients
without hsTnI elevation. Specifically, the relative
change of $12.5% in basal LS occurred in 44.4% with
hsTnI elevation vs 18.9% without (P ¼ 0.029), $10%
in basal LS occurred in 55.6% vs 25.2% (P ¼ 0.013),
and $10% in mid LS in 44.4% vs 18.9% (P ¼ 0.029).
The sensitivity, specificity, and positive and negative
predictive values of basal LS for relative

https://doi.org/10.1016/j.jaccao.2022.10.007
https://doi.org/10.1016/j.jaccao.2022.10.007


TABLE 4 Univariable Cox Regression Analysis of the Association

of LS and TnI Elevation

Univariable

HR 95% CI P Value

Age 1.02 0.98-1.07 0.32

Male 1.21 0.35-4.19 0.76

GLS

Relative change $15% 4.90 1.61-14.97 0.005

Relative change $12.5% 2.47 0.88-6.93 0.086

Relative change $10% 2.26 0.87-5.82 0.093

Basal LS

Relative change $15% 2.13 0.76-5.97 0.15

Relative change $12.5% 3.07 1.21-7.80 0.019

Relative change $10% 3.13 1.23-7.94 0.016

Mid LS

Relative change $15% 2.04 0.67-6.21 0.21

Relative change $12.5% 2.02 0.72-5.66 0.18

Relative change $10% 2.74 1.08-6.95 0.034

Apical LS

Relative change $15% 1.37 0.45-4.16 0.58

Relative change $12.5% 1.16 0.41-3.24 0.78

Relative change $10% 1.16 0.44-3.10 0.76

Abbreviations as in Tables 1 and 3.

TABLE 5 Age- and Sex-Adjusted Associations Between LS and

TnI Elevation

Predictor HR 95% CI P Value

Basal LS relative change $10% 3.22 1.26-8.23 0.015

Mid LS relative change $10% 2.77 1.09-7.02 0.032

GLS relative change $15% 4.75 1.53-14.80 0.007

HRs represent individual models of each of the strain predictors; each model was
adjusted for age and sex.

Abbreviations as in Tables 1 and 3.
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decrease $10% in hsTnI elevation were 55.6%, 74.8%,
26.3%, and 91.2%, respectively. The relative decrease
in GLS by $15% for elevated hsTnI had a sensitivity,
specificity, positive predictive value, and negative
predictive value of 22.2%, 95.5%, 44.4%, and
88.3%, respectively.

In univariable analysis, relative changes of $12.5%
and $10% in basal LS were associated with hsTnI
elevation, and relative changes of $15% in GLS
and $10% in mid LS were also associated with hsTnI
elevation (Table 4). An age- and sex-adjusted multi-
variable Cox model showed that relative changes
of $10% in basal LS (HR: 3.22; 95% CI: 1.26-8.23;
P ¼ 0.015), $10% in mid LS (HR: 2.77; 95% CI:
1.09-7.02; P ¼ 0.032), and $15% in GLS (HR: 4.75; 95%
CI: 1.53-14.80; P ¼ 0.007) were significantly associ-
ated with hsTnI elevation (Table 5). In Kaplan-Meier
curves, there was a significant difference between
relative change $10% and <10% in basal LS in
terms of hsTnI elevation (log-rank P ¼ 0.011)
(Figure 4A). The Kaplan-Meier curves for mid
LS (relative change $10% and <10%) and GLS
(relative change $15% and <15%) are shown in
Figures 4B and 4C.

Comparisons of clinical characteristics, as well as
the absolute values and relative changes in LS be-
tween those with and without myocarditis, are pre-
sented in Table 6. Although there were no significant
differences between the 2 groups, relative changes
of $10% in basal LS were common in patients with
myocarditis (4 of 6 patients).

We have presented the changes in echocardio-
graphic parameters other than LS in Supplemental
Table 3. Supplemental Table 4 showed left ventricu-
lar ejection fraction, LS, and TnI from baseline to day
60, respectively. Supplemental Figures 1 and 2
showed the changes in GLS, regional LS, and TnI
from baseline to day 60.

DISCUSSION

In this study, we presented the relationship between
GLS or regional LS and hsTnI elevation and myocar-
ditis after ICI therapy. Our results are as follows: 1)
early worsening in GLS, basal LS, and mid LS occurs
more commonly in patients with hsTnI elevation
compared with those who do not have hsTnI
elevations; 2) early relative changes in basal and mid
LS and GLS were associated with hsTnI elevation in
patients who received ICI therapy; and 3) although
GLS was not associated with subsequent risk of
myocarditis, basal LS was decreased in 4 of 6 patients
with myocarditis (Central Illustration). Although our
findings need to be validated in larger populations,
early changes in LS should be further studied as a tool
for the early detection of myocardial damage in
ICI-treated patients.

Early worsening in basal LS, mid LS, and GLS were
predictors of hsTnI elevation and may provide insight
into cardiovascular risk stratification of patients with
ICI therapy. In the present study, early basal LS, mid
LS, and GLS declines were significantly associated
with hsTnI elevation. Reduction in GLS has been re-
ported to be an early predictor of cardiac events in
patients receiving cancer drug therapy in meta-
analyses and systematic reviews.10,11 As for regional
LS, a decrease in basal LS was reported earlier than
the decrease in GLS in patients treated with anthra-
cyclines.13 These are consistent with the results of the

https://doi.org/10.1016/j.jaccao.2022.10.007
https://doi.org/10.1016/j.jaccao.2022.10.007
https://doi.org/10.1016/j.jaccao.2022.10.007
https://doi.org/10.1016/j.jaccao.2022.10.007
https://doi.org/10.1016/j.jaccao.2022.10.007


FIGURE 4 Kaplan-Meier Curves of Event-Free Survival With Change in LS

Kaplan-Meier estimates of event-free (troponin I [TnI] elevation) survival with relative change in longitudinal strain (LS): (A) $10% in basal LS, (B) $10% in mid LS,

(C) $15% in global longitudinal strain (GLS). The first immune checkpoint inhibitor administration was on day 0.
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present study. On the other hand, few studies have
examined whether regional LS is a useful predictor of
clinical cardiac events in ICI-treated patients. This
study demonstrates that a relative decrease in basal
LS demonstrates a high specificity for hsTnI elevation
in ICI-treated patients.
We believe that there may be several reasons for
the early decrease in basal LS. Because the onset of
ICI-induced myocarditis is often observed early af-
ter ICI administration,5,14,15 it is assumed that pa-
tients with clinical events have myocardial damage
due to inflammation at an early stage. As a result of



TABLE 6 Description of Patients With/Without Myocarditis After ICI Administration

Myocarditis (þ)
(n ¼ 6)

Myocarditis (–)
(n ¼ 123) P Value

Age, y 60.3 � 18.7 65.9 � 10.7 0.24

Male 5 (83.3) 93 (75.6) >0.99

Hypertension 3 (50.0) 38 (30.9) 0.38

Diabetes mellitus 0 (0.0) 14 (11.4) >0.99

Dyslipidemia 0 (0.0) 16 (13.0) >0.99

Chronic kidney disease 2 (33.3) 38 (30.9) >0.99

Current or prior smoking 3 (50.0) 76 (61.8) 0.68

Anthracycline 0 (0.0) 4 (3.3) >0.99

Trastuzumab 0 (0.0) 3 (2.4) >0.99

Thoracic irradiation 1 (16.7) 20 (16.3) >0.99

Baseline

BNP, pg/mL 8.6 (5.8-28.2) 20.3 (10.4-35.1) 0.22

Elevated TnI 1 (16.7) 2 (1.6) 0.14

GLS, % 18.2 (17.3-18.5) 17.7 (16.2-19.3) 0.97

Basal LS, % 16.7 (12.4-17.7) 15.8 (14.3-17.8) 0.84

Mid LS, % 19.7 (18.9-20.2) 18.0 (16.3-19.7) 0.21

Apical LS, % 20.5 (19.0-21.6) 20.0 (18.2-22.5) 0.84

LVEF, % 65.2 (57.8-66.6) 65.0 (62.5-67.8) 0.68

Days 8-14 after ICI administration

GLS

Absolute value, % 17.3 (15.4-18.7) 17.6 (16.1-18.7) 0.88

Relative change $15% 0 (0.0) 9 (7.3) >0.99

Relative change $12.5% 1 (16.7) 18 (14.6) >0.99

Relative change $10% 1 (16.7) 27 (22.0) >0.99

Basal LS

Absolute value, % 14.7 (11.1-15.7) 15.7 (13.8-17.3) 0.14

Relative change $15% 1 (16.7) 21 (17.1) >0.99

Relative change $12.5% 3 (50.0) 26 (21.1) 0.12

Relative change $10% 4 (66.7) 34 (27.6) 0.062

Mid LS

Absolute value, % 18.3 (17.1-19.4) 17.7 (16.2-18.8) 0.53

Relative change $15% 0 (0.0) 16 (13.0) >0.99

Relative change $12.5% 0 (0.0) 20 (16.3) 0.59

Relative change $10% 1 (16.7) 28 (22.8) >0.99

Apical LS

Absolute value, % 20.5 (19.0-22.0) 19.8 (17.5-21.8) 0.39

Relative change $15% 0 (0.0) 24 (19.5) 0.59

Relative change $12.5% 0 (0.0) 33 (26.8) 0.34

Relative change $10% 1 (16.7) 39 (31.7) 0.67

LVEF, % 64.4 (59.3-66.3) 65.1 (62.6-67.1) 0.42

Values are mean � SD, n (%), or median (IQR).

Abbreviations as in Tables 1 and 3.

Tamura et al J A C C : C A R D I O O N C O L O G Y , V O L . 4 , N O . 5 , 2 0 2 2

Longitudinal Strain in Patients on ICI Therapy D E C E M B E R 2 0 2 2 : 6 7 3 – 6 8 5

682
the failure of the entire myocardium, the wall stress
in the basal area, where the left ventricular lumen
is larger than that in other areas, is increased by
Laplace’s law.18,19 Interestingly, patients with ICI-
associated myocarditis presented with more late
gadolinium enhancement in basal and mid seg-
ments than in apical segments in MRI.20 From a
histopathological point of view, Michel et al21 re-
ported increased myocardial lymphocytes and
decreased strain in echocardiography in mice
treated with ICI therapy, even in the absence of
active myocarditis. In the largest pathological series
on ICI myocarditis, intermediate-grade myocarditis
without myocardial cell necrosis was seen in pa-
tients with laboratory or imaging abnormalities,
including elevated TnI.22 These studies indicates
that inflammatory cell infiltration without myocar-
dial cell death might result in early decrease in LS
without TnI elevations.

We believe that even an elevation in TnI alone is an
important finding in patients with ICI therapy.
Elevated cardiac TnI has been reported to predict
cardiac events in patients receiving cancer drug
therapy.23-25 Additionally, 94% of patients with ICI
myocarditis have elevated troponin levels.14 The
importance of TnI evaluation is also emphasized in
the diagnostic criteria for ICI myocarditis in the new
European guidelines.26 In this study, the number of
patients with elevated hsTnI was 14.0%, similar to
that in previous studies that measured hsTnI
routinely in ICI-treated patients (11.2%).27 In our
study, 5 were diagnosed with myocarditis among 18
patients with hsTnI elevation. Regarding the
remaining 13 patients who did not develop clinical
myocarditis despite elevated TnI, they might also
present myocarditis even if not evident. There are
some reports about the existence of clinically silent
myocarditis, one is from myocardial biopsy
findings,28 and another report described autopsy
findings suggestive of myocarditis without any clin-
ical presentations.29 Therefore, patients with
elevated TnI would be candidates for closer
observation.

In this context, early prediction of hsTnI elevation
in patients receiving ICI may be of clinical relevance
in the follow-up of such patients after ICI adminis-
tration. The major adverse cardiac event–free survival
rate was reported to be higher in a group of patients
with ICI myocarditis who received early steroids,30

suggesting the need for early diagnosis, ICI discon-
tinuation, and steroid therapy. Additionally, mortal-
ity rates for ICI myocarditis used to be very high5,15;
however, recent reports indicate that these mortality
rates are declining (14%-18%),31,32 partly due to
increased awareness of ICI myocarditis. This may be
related to earlier and more accurate diagnosis and
appropriate management. Therefore, with further
study, troponin measures could be used as a strategy
to identify and stratify high-risk patients with ICI
therapy.
STUDY LIMITATIONS. First, this was a single-center
study, and the results may not be generalizable.
Second, the sample size was small and the myocar-
ditis event rate was small, resulting in low power.
Third, selection bias is a consideration, as some
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in basal and mid longitudinal strain (LS) of $ 10% and in global longitudinal strain (GLS) of $15% were associated with troponin I (TnI) elevation. In addition, 67% of

patients with myocarditis had an early decline in basal LS of$10%. BNP ¼ B-type natriuretic peptide; ECG ¼ electrocardiogram; TTE ¼ transthoracic echocardiography.
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patients were unable to undergo echocardiography at
baseline or the first follow-up. Finally, few patients in
this study received ICI-combination therapy, which is
a risk factor for myocarditis. Larger multicenter pro-
spective studies are needed to define the external
validity of this study.

CONCLUSIONS

In patients treated with ICI therapy, early relative
worsening in basal and mid LS of $10% and in
GLS of $15% were associated with hsTnI elevation.
Early basal LS reduction was observed in the ma-
jority of cases of myocarditis in patients receiving
ICIs.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE: In patients

receiving ICIs, early decreases in GLS, basal LS, and mid LS

are associated with hsTnI elevation. An early worsening in

basal and mid LS and GLS was associated with hsTnI

elevation, and basal LS was commonly abnormal in

myocarditis patients. With further study, LS analysis may

be applied as a potential marker for the early detection of

myocardial damage in ICI-treated patients.

TRANSLATIONAL OUTLOOK: Larger multicenter

prospective studies are needed to define the external

validity of this study. The role of LS to predict early car-

diac injury and guide cardioprotective strategies with ICI

therapy needs to be further clarified.
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