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Background: Few studies have focused on the subclinical cardiotoxicity of immune checkpoint inhibitors 
(ICIs) in cancer patients. This study aimed to evaluate the manifestations of subclinical cardiotoxicity of ICI 
therapy using cardiovascular magnetic resonance (CMR) and to explore whether CMR parameters can help 
predict cardiotoxicity at the early stage of ICI therapy.
Methods: A prospective, longitudinal study was conducted among patients with lung cancer. The patients 
were planned to undergo serial CMRs before (baseline), 3 weeks after (1st follow-up), and 3 months after (2nd 
follow-up) the initiation of ICI therapy, respectively. Patients with 3 CMRs were included in the analysis. 
Serial quantitative measurements based on CMR were compared using one-way repeated measures analysis 
of variance (RM-ANOVA). On the basis of cancer therapy-related cardiac dysfunction (CTRCD) observed at 
the second follow-up, patients were categorized into a CTRCD group and a non-CTRCD group. Baseline 
clinical and CMR parameters and the relative reduction of left ventricular global strain at the second 
follow-up was compared between the CTRCD group and the non-CTRCD group. Receiver operating 
characteristic (ROC) analysis was used to identify CTRCD that developed 3 months after ICI therapy.
Results: A total of 36 patients with 3 CMRs (60.7±9.2 years old, 77.8% male) were included in the analysis. 
Left ventricular-global radial strain (LV-GRS) decreased significantly at the second follow-up (37.9%±8.5% 
vs. 33.1%±1.0%; P=0.014), but left ventricular ejection fraction (LVEF) did not change significantly 
(51.5%±6.0% vs. 49.2%±6.5%; P>0.05). A total of 7 patients (19.4%) had developed CTRCD by the 
second follow-up. Baseline clinical and CMR parameters did not differ between the CTRCD group and 
the non-CTRCD group (P>0.05 for all). In the CTRCD group, the left ventricular-global circumferential 
strains (LV-GCSs) showed significant reductions at both the first and second follow-up (P=0.008 and 0.035, 
respectively), but the LVEF only showed a significant reduction at the second follow-up (P<0.001). The 
relative reduction of LV-GRS at the second follow-up was significantly higher in the CTRCD group than 
in the non-CTRCD group (29.8%±25.8% vs. 6.8%±20.4%; P=0.036) and was used to predict CTRCD 
developed at the 3-month timepoint after ICI therapy [area under the curve (AUC) =0.759; P=0.036].
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Introduction

In recent years, immune checkpoint inhibitors (ICIs) have 
been increasingly applied in cancer therapy. Cardiotoxicity 
resulting from can present as myocarditis, arrhythmia, 
pericarditis, and cardiac dysfunction (1). Among these 
complications, ICI-related myocarditis is an uncommon but 
severe complication, with an incidence of less than 1.0% 
but a high mortality of 46% (2-4). The time of myocarditis 
after the initiation of ICIs varies greatly, ranging from 17 to 
75 days (average =34 days), and about 81% of myocarditis 
cases are reported within 3 months after treatment (5-7). 
However, ICI-related cardiotoxicity can extend beyond 
myocarditis, and it is important to detect subclinical or 
mild myocardial injury (for example, asymptomatic left 
ventricular dysfunction), which may influence clinical 
decisions regarding the choice of ICI therapy, indication for 
cardio-protection, or frequency of surveillance.

Cardiovascular magnetic resonance (CMR) plays a 
crucial role in diagnosing and monitoring cardiotoxicity 
during cancer therapies, with advantages such as the ability 
to conduct non-invasive evaluation of cardiac function 
and tissue characterization in a single scan (8). Myocardial 
strain based on CMR tissue tracking is widely used to detect 
subclinical myocardial dysfunction and is thought to be a 
more sensitive diagnostic index than ejection fraction (9,10). 
Cardiovascular (CV) changes on CMR in patients receiving 
ICI therapy have been observed in some retrospective 
studies (11-13). To date, there has been only 1 prospective 
study describing the changes on CMR in patients receiving 
ICI treatment, the findings of which indicated that the usage 
of ICI may induce a high burden of subclinical myocardial 
injury, including myocardial inflammation and systolic 
dysfunction (14). As reported by Oikonomou et al. (15),  
assessment of myocardial strain can be used to detect 
subclinical cancer therapy-related cardiac dysfunction 
(CTRCD) in patients receiving cardiotoxic cancer therapy. 

Assessment of CMR parameters at baseline may facilitate 
appropriate interpretation of subsequent results/changes 
during regular monitoring. Accordingly, we performed a 
prospective, longitudinal cohort study to (I) dynamically 
assess and monitor subclinical cardiotoxicity in patients with 
lung cancer receiving ICI therapy and (II) explore if CMR 
parameters can help predict cardiotoxicity during the early 
stages of ICI therapy. We present the following article in 
accordance with the STARD reporting checklist (available 
at https://qims.amegroups.com/article/view/10.21037/
qims-22-41/rc).

Methods

Study participants

From January 2021 to December 2021, patients with lung 
cancer in a chest tumor ward of the Cancer Center at Wuhan 
Union Hospital who were ready to receive ICI therapy were 
consecutively recruited. They were scheduled to undergo 
CMR and laboratory examinations at 3 timepoints: before 
(baseline), 3 weeks after (1st follow-up), and 3 months after 
(2nd follow-up) the initiation of ICI therapy, respectively. 
Demographics, CV risk factors, primary cancer type, 
and details of treatment were extracted from electronic 
medical records. The results of the laboratory examinations 
conducted at the same time as the CMR examinations were 
also recorded. The exclusion criteria for patients included: 
(I) failure to complete a CMR examination due to various 
reasons (e.g., poor breath-holding ability or an inability to 
lie down for a duration of approximately 40 min due to bone 
metastasis) and (II) treatment with left-side radiotherapy 
after the initiation of ICI therapy. Only patients who 
completed the entire study protocol were included in the 
final analysis. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). This study 
was registered at the Chinese Clinical Trials Registry Center 

Conclusions: In the early stage of ICI therapy, assessment of myocardial strain can be used to detect 
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(http://www.chictr.org.cn/index.aspx; registration number 
ChiCTR2100041797), and was approved by the Ethics 
Committee of Tongji Medical College, Huazhong University 
of Science and Technology (No. [2019]S878). Written 
informed consent was provided by each participant.

CMR protocol

All CMR examinations were performed with a 1.5 T 
scanner (Magnetom Altea, Siemens Healthineers, Erlangen, 
Germany) using an 18-channel, cardiac phased-array 
receiver coil, electrocardiographic gating, and with breath-
holding. A balanced steady-state free precession (bSSFP) 
sequence was used for cine acquisition, including a stack of 
short-axis slices covering the entire left ventricle (LV) and 
three long-axis slices (2-, 3-, and 4-chamber images). Native 
T1 mapping was performed in the 3 short-axis slices (basal, 
middle, and apical) using a Modified Look-Locker inversion 
recovery (MOLLI) sequence with a 5b(3b)3b sampling 
scheme. The T2 mapping was scanned using a T2-prepared, 
single-shot bSSFP sequence, with 3 different echo times: 0, 
30, and 55 ms. Late gadolinium enhancement (LGE) was 

obtained at least 10 min after administering the contrast 
injection (0.2 mmol/kg, Magnevist; Bayer Healthcare, 
Leverkusen, Germany) in all short-axis planes and three 
long-axis planes, using a conventional two-dimensional (2D) 
phase sensitive inversion recovery (PSIR) sequence by breath 
holding appended by a motion-correction free-breathing 
PSIR sequence (to assist identification of LGE in patients 
with poor breath-holding ability). Post-contrast T1 mapping 
was acquired with the same planes of native T1 mapping 
after LGE scanning with a 4b(1b)3b(1b)2b sampling scheme.

CMR image analysis

Analyses of cardiac function and myocardial strain were 
performed using commercially available software (CVI 42 
v. 5.13.5; Circle Cardiovascular Imaging, Inc., Calgary, 
Canada). Endocardial and epicardial borders of the LV 
and the right ventricle (RV) were automatically tracked 
and manually corrected in all cine sequences in both end-
diastolic and end-systolic phases (Figure 1). Parameters 
of bi-ventricular end-diastolic volume, end-systolic 
volume, and stroke volume were normalized to body 

Figure 1 Strain analysis based on CMR tissue tracking. The LV strain is visualized by colored overlay on (A) short-axis and (B-D) 3 long-
axis slices in the end-diastolic phase. The RV free wall strain is derived by contouring (E) 4-chamber long axis and (F) short-axis cine images. 
The contours of LA (orange line) and RA (blue line) at end-systolic and end-diastolic phases were automatically generated in (I,J) 2-chamber 
and (G,H) 4-chamber long-axis slices to calculate regional deformation, and the white lines connect the LA/RA apices and the midpoints of 
the mitral/tricuspid valves’ connecting lines, respectively. LA, left atrium; RA, right atrium; CMR, cardiovascular magnetic resonance; LV, 
left ventricle; RV, right ventricle. 
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surface area (BSA). The global radial strain (GRS), global 
circumferential strain (GCS), and global longitudinal 
strain (GLS) of the bi-ventricles were derived by the three-
dimensional (3D) model of CVI software. Endocardial and 
epicardial borders of the left atrium (LA) and the right 
atrium (RA) were automatically evaluated by contouring 
the 2- and 4-chamber long-axis slices throughout the 
cardiac cycle in the long-axis strain analysis module of 
CVI software. The RA long-axis strain was obtained by a 
4-chamber long-axis slice, and the average LA long-axis 
strain was obtained from both long-axis slices (Figure 1).

Native and post-contrast T1 values of both the 
myocardium and the blood pool were obtained by drawing 
the region of interest (ROI) on 3 short-axis slices in the 
CVI software. Blood samples for the determination of the 
hematocrit were taken on the day of the CMR scanning. 
The extracellular volume (ECV) value of the global 
myocardium was calculated from native and post-contrast 
T1 maps, as previously described (16). The presence, 
location, and pattern of LGE were visually evaluated by 2 
independent radiologists (JL and YC) with 5 and 6 years of 
experience, respectively, in the CMR field. A final consensus 
was achieved by discussion.

Definitions of cardiotoxicity of ICI therapy

Cardiotoxicity of ICI therapy is defined as CTRCD with a 
relative left ventricular ejection fraction (LVEF) reduction 
of more than 10% to a value below 55% (17,18).

Statistical analysis

The normality of continuous variables was tested using the 
Shapiro-Wilk test. Continuous variables were described 
as mean ± standard deviation (SD) or median with 
interquartile range (IQR). Serial measurements based on 
CMR were compared using one-way repeated measures 
analysis of variance (RM-ANOVA). Categorical variables 
were presented with number and percentage and were 
compared using the chi-square test or Fisher’s exact test. 
The relationships between changes in LVEF and changes in 
LV global strains were assessed by Pearson’s or Spearman’s 
correlation tests. Based on CTRCD observed at second 
follow-up, patients were divided into a CTRCD group and 
a non-CTRCD group. Continuous measurements of the 
CTRCD group and non-CTRCD group were compared 
using the independent sample t-test or Mann-Whitney 
U test, and categorical variables were compared using the 

chi-square test or Fisher’s exact test. Receiver operating 
characteristic (ROC) analysis was performed to identify the 
ability of CMR parameters in predicting the development 
of CTRCD. The intra- and inter-observer agreements 
of CMR quantitative parameters were evaluated by the 
intraclass correlation coefficient (ICC), and an ICC >0.750 
was considered high consistency. The baseline CMR images 
of 15 participants were analyzed by the same reader (YC) at 
2 timepoints (2 weeks apart) and by a second, blinded reader 
(MY), respectively. Statistical analyses of all data were 
performed using SPSS software (version 22.0; IBM Corp., 
Armonk, NY, USA) and GraphPad Prism (version 9.0.0; 
GraphPad Software, Inc., San Diego, CA, USA). A 2-sided 
P value <0.05 was considered statistically significant.

Results

A total of 36 patients with 3 CMRs were included 
(60.7±9.2 years old; 77.8% male) (Figure 2). The median 
time between the initiation of ICI therapy and first and 
second follow-ups were 22 (IQR, 20 to 23) and 83 (IQR, 
73 to 90) days, respectively.

Baseline clinical characteristics

All baseline clinical characteristics are presented in Table 1. 
There were 28 (77.8%) of the 36 patients with at least one CV 
risk factor. All participants (100%) received ICI monotherapy 
using anti-programmed death 1 (anti PD-1; including 
camrelizumab, sintilimab, tislelizumab, and pembrolizumab) 
or anti-programmed death-ligand 1 (anti PD-L1; including 
durvalumab and atezolizumab) therapy. There were 32 
(88.9%) participants who received ICI therapy combined with 
chemotherapy as a first-line treatment method. None of the 
participants received anthracycline-based chemotherapy.

Results of laboratory and CMR parameters at baseline, 
first follow-up, and second follow-up

The results of laboratory and CMR parameters at three 
timepoints are summarized in Table 2. The results of the 
laboratory examinations did not change significantly after 
ICI therapy (P>0.05 for all), and none of the patients 
showed an abnormal high-sensitivity troponin (hs-TnI) 
value (>26.2 ng/L) during follow-up. After ICI therapy, 
LVEF progressively decreased, but there were no significant 
differences among the 3 CMRs (P>0.05). Left ventricular-
global radial strain (LV-GRS) at the second follow-up 
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Figure 2 Flow chart of our study cohort. CMR, cardiovascular magnetic resonance; ICI, immune checkpoint inhibitor. 

Patients underwent a CMR before the initiation of ICI therapy (n=65)

Lost to 1st follow-up:
• Too weak to undergo CMR (n=7)
• Treated with left-side radiotherapy (n=1)
• Return to local medical care (n=4)

Lost to 2nd follow-up:
• Decline to participate (n=4)
• Too weak to undergo CMR (n=4)
• Decide not receiving further ICI therapy (n=3)
• Return to local medical care (n=6)

Patients underwent a CMR before the second ICI therapy (n=53)

Patients underwent a CMR about 3 months after the initiation of ICI therapy (n=36)

Baseline

1st follow-up

2nd follow-up

Table 1 A full summary of patient demographics

Demographics Baseline (n=36)

Age (years) 60.7±9.2

Male gender 28 (77.8%)

CV risk factors 28 (77.8%)

BMI ≥25 (kg/m2) 8 (22.2%)

Smoking 18 (50.0%)

Coronary artery disease 5 (13.9%)

Hypertension 11 (30.6%)

Diabetes mellitus 1 (2.8%)

Hyperlipidemia 6 (16.7%)

ICI regimen

Dual therapy 0 

Monotherapy 36 (100.0%)

Anti PD-1 30 (83.3%)

Anti PD-L1 6 (16.7%)

Anti CTLA-4 0 

Concurrent treatment

Chemotherapy/anthracyclines 32 (88.9%)/0 

Values are mean ± SD or n (%). CV, cardiovascular; BMI, 
body mass index; ICI, immune checkpoint inhibitor; PD-1, 
programmed death 1; PD-L1, programmed death-ligand 1; 
CTLA-4, cytotoxic T-lymphocyte-associated protein 4; SD, 
standard deviation. 

showed a significant difference compared with the baseline 
(37.9%±8.5% vs. 33.1%±1.0%; P=0.014). Right ventricular 
ejection fraction (RVEF) at the second follow-up revealed 
a significant reduction compared with the baseline and 
first follow-up (P=0.008 and 0.038, respectively). The right 
ventricular-global radial strain (RV-GRS) at both first and 
second follow-up showed significant differences compared 
with the baseline (P=0.027 and 0.001, respectively). Average 
LA long-axis strain and RA long-axis strain did not reveal 
significant differences among the 3 timepoints (P>0.05 
for all). Regarding parameters of tissue characteristics, 
the native T1, post-contrast T1, ECV, and T2 values of 
the global myocardium showed no significant differences 
compared with the baseline (P>0.05). 

Sub-epicardial enhancement at the inferior right 
ventricular insertion point (RVIP) was common, occurring 
in 5 patients (13.9%) at baseline. The number had slightly 
increased at the first (n=9, 25.0%) and second (n=10, 27.8%) 
follow-ups, but showed significant differences compared 
with the baseline (P=0.234 and 0.147, respectively). None of 
the patients were observed to have visible diffuse myocardial 
edema on the T2 stir sequence. The amount of pericardial 
effusion was found slightly increased in 1 patient (2.8%) at 
first follow-up and in 2 patients (5.6%) at second follow-up 
(Figure 3) compared with that found in patients at baseline.

Associations between changes in LVEF and changes in LV 
global strains

As shown in Figure 4, there were significant correlations 
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Table 2 The results of laboratory and CMR measurements at baseline, first follow-up, and second follow-up

Parameters Baseline (n=36) 1st follow-up (n=36) 2nd follow-up (n=36)

Times of ICI therapy at follow-up, number – 1 3 [3, 4]

Time interval since first ICI therapy, days – 22 [20, 23] 83 [73, 90]

Laboratory results

LDH (U/L) 193.0 [163.0, 263.0] 197.0 [158.0, 249.0] 188.0 [147.5, 249.0]

CK (U/L) 57.0 [38.0, 73.3] 51.0 [35.0, 70.0] 51.0 [37.0, 75.0]

CK-MB (ng/mL) 0.6 [0.3, 0.8] 0.5 [0.4, 0.7] 0.5 [0.3, 0.7]

hs-TnI (ng/L) 1.3 [0.9, 3.1] 1.9 [0.8, 3.3] 1.6 [1.0, 2.6]

CMR parameters

LVEDVi (mL/m
2
) 72.8±15.5 70.8±15.5 69.8±15.9

LVESVi (mL/m
2
) 35.5±8.1 35.0±8.7 34.9±8.7

LVSVi (mL/m
2
) 37.3±10.1 35.8±10.1 34.9±9.8

LVEF (%) 51.5±6.0 50.4±6.9 49.2±6.5

RVEDVi (mL/m
2
) 68.0±15.3 67.7±15.6 67.2±18.0

RVESVi (mL/m
2
) 37.0±10.3 37.8±9.3 39.2±9.2

RVSVi (mL/m
2
) 31.0±9.0 29.9±9.2 28.0±11.2

RVEF (%) 46.5±8.1 43.9±8.5 40.3±9.4*
#

LV-GRS (%) 37.9±8.5 36.1±9.7 33.1±1.0*

LV-GCS (%) −18.0±2.8 −17.6±2.6 −17.7±2.9

LV-GLS (%) −13.4±3.2 −13.2±3.1 −12.7±2.5

RV-GRS (%) 32.8±11.3 28.8±8.9* 25.8±8.7*

RV-GCS (%) −12.1±4.0 −11.9±4.8 −11.7±4.3

RV-GLS (%) −14.8±5.0 −14.6±5.4 −13.4±5.1

Average LA long-axis strain (%) 27.0±7.1 26.5±9.3 26.3±9.5

RA long-axis strain (%) 31.7±8.9 27.9±8.7 27.3±9.1

Native T1 (ms) 1,030.7±44.0 1,023.3±53.4 1,027.6±50.9

Post-contrast T1 (ms) 448.2±39.5 451.4±42.6 459.8±40.6

ECV (%) 28.5±3.3 29.0±4.6 28.4±3.7

T2 (ms) 46.3±3.8 46.2±5.4 47.8±5.4

Continuous variables were described as mean ± SD or median [IQR]. *, P<0.05 compared with baseline; #, P<0.05 compared with first 
follow-up. CMR, cardiovascular magnetic resonance; ICI, immune checkpoint inhibitor; LDH, lactate dehydrogenase; CK, creatine kinase; 
hs-TnI, high-sensitivity troponin I; LVEDVi, left ventricular end-diastolic volume index; LVESVi, left ventricular end-systolic volume index; 
LVSVi, left ventricular stroke volume index; LVEF, left ventricular ejection fraction; RVEDVi, right ventricular end-diastolic volume index; 
RVESVi, right ventricular end-systolic volume index; RVSVi, right ventricular stroke volume index; RVEF, right ventricular ejection fraction; 
LV-GRS, left ventricular global radial strain; LV-GCS, left ventricular global circumferential strain; LV-GLS, left ventricular global longitudinal 
strain; RV-GRS, right ventricular global radial strain; RV-GCS, right ventricular global circumferential strain; RV-GLS, right ventricular global 

longitudinal strain; LA, left atrium; RA, right atrium; ECV, extracellular volume; SD, standard deviation; IQR, interquartile range.
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Figure 3 A 66-year-old male patient was observed with pericardial effusion (arrows) on CMRs at 3 timepoints. Compared with (A) baseline, 
the pericardial effusion revealed a slight increase at (B) first follow-up and (C) second follow-up. CMR, cardiovascular magnetic resonance. 

Figure 4 LVEF and global strain values at 3 timepoints in the CTRCD group and non-CTRCD group. *, P<0.05 compared with baseline 
value. CTRCD, cancer therapy-related cardiac dysfunction; LVEF, left ventricular ejection fraction; LV-GRS, left ventricular-global radial 
strain; LV-GCS, left ventricular-global circumferential strain; LV-GLS, left ventricular-global longitudinal strain. 
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between changes in LVEF and changes in LV global strains 
at 2 time-points (compared with baseline) during follow-up 
(P<0.05 for all).

Comparison of clinical and CMR parameters in the 
CTRCD group and the non-CTRCD group

A total of 7 patients (19.4%) had developed CTRCD by 
the second follow-up. Among them, 2 patients (5.6%) met 
CTRCD criteria at first follow-up. We further divided the 
patients into a CTRCD group (n=7) and a non-CTRCD 
group (n=29) at the second follow-up, and compared the 
baseline clinical and CMR parameters between these 
subgroups (Table 3). The combined CV risk factors and 
results of baseline laboratory examinations did not differ 

between the CTRCD group and the non-CTRCD group 
(P>0.05 for all). There were no significant differences in 
baseline LVEF between the CTRCD group and the non-
CTRCD group (53.4%±8.7% vs. 51.1%±5.3%; P=0.253). 
As shown in Figure 5, the LVEF of patients in the CTRCD 
group had decreased significantly at the second follow-up 
(P<0.001). The absolute values of the left ventricular-global 
circumferential strain (LV-GCS) decreased significantly at 
both timepoints of follow-up compared with the baseline 
(P=0.008 and 0.035, respectively).

We also compared the relative reductions of LVEF and 
global strains at the second follow-up in the CTRCD group 
and non-CTRCD group (Figure 6). The relative reduction 
of both LVEF (18.1%±5.3% vs. 1.8%±5.8%; P<0.001) and 
LV-GRS (29.8%±25.8% vs. 6.8%±20.4%; P=0.036) differed 
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Table 3 Baseline clinical and CMR parameters in the CTRCD and non-CTRCD groups

Parameters CTRCD (n=7) Non-CTRCD (n=29) P value

Age (years) 61.4±6.1 60.5±9.9 0.969

Male gender 6 (85.7) 23 (79.3) 1.000

BMI ≥25 kg/m2 2 (28.6) 6 (20.7) 1.000

Smoking 3 (42.9) 15 (51.7) 1.000

Coronary artery disease 1 (14.3) 4 (13.8) 1.000

Hypertension 1 (14.3) 10 (34.5) 0.559

Diabetes mellitus 0 1 (3.4) 1.000

Hyperlipidemia 1 (14.3) 5 (17.2) 1.000

Number of CV risk factors 1 [1, 1] 1 [1, 2] 0.450

Combined with chemotherapy 6 (85.7) 20 (69.0) 0.676

Anti PD-1 5 (71.4) 24 (82.8) 0.883

Times of ICI therapy 3 [3, 3] 3 [3, 4] 0.537

Baseline LDH (U/L) 263.0 [184.0, 277.0] 192.0 [161.0, 230.0] 0.270

Baseline CK (U/L) 67.0 [38.0, 92.0] 53.5 [38.3, 72.8] 0.384

Baseline CK-MB (ng/mL) 0.5 [0.3, 1.0] 0.6 [0.3, 0.8] 0.901

Baseline hs-TnI (ng/L) 1.0 [0.8, 4.3] 1.3 [0.9, 3.1] 0.739

Baseline LVEF (%) 53.4±8.7 51.1±5.3 0.253

Baseline LV-GRS (%) 41.4±5.6 37.1±6.2 0.106

Baseline LV-GCS (%) −19.2±3.2 −17.8±2.7 0.241

Baseline LV-GLS (%) −13.9±2.7 −13.3±3.4 0.681

Baseline native T1 (ms) 1,028.3±43.0 1,031.3±44.9 0.876

Baseline post-contrast T1 (ms) 446.9±33.0 448.5±41.4 0.924

Baseline ECV (%) 27.5±2.3 28.8±3.5 0.373

Baseline T2 (ms) 44.3±1.8 46.8±4.0 0.117

Variables were described as mean ± SD, median (IQR) or n (%). CMR, cardiovascular magnetic resonance; CTRCD, cancer therapy-
related cardiac dysfunction; BMI, body mass index; CV, cardiovascular; PD-1, programmed death 1; ICI, immune checkpoint inhibitor; 
LDH, lactate dehydrogenase; CK, creatine kinase; hs-TnI, high-sensitivity troponin I; LVEF, left ventricular ejection fraction; LV-GRS, left 
ventricular-global radial strain; LV-GCS, left ventricular-global circumferential strain; LV-GLS, left ventricular-global longitudinal strain; ECV, 
extracellular volume; SD, standard deviation; IQR, interquartile range.

between the CTRCD group and the non-CTRCD group. 
Furthermore, the ROC analysis revealed that the relative 
reduction of LV-GRS can predict CTRCD after ICI 
therapy at second follow-up with an area under the curve 
(AUC) of 0.759 (Table 4).

Inter- and intra-observer reproducibility

Intra- and inter-observer agreements are shown in Table 5. 

Except for RV-GRS, other CMR quantitative parameters 
showed good intra- and inter-observer agreements, with 
ICC values >0.750.

Discussion

We conducted a prospective, longitudinal study of lung 
cancer patients receiving ICI therapy. Assessment of LV-
GRS can be used to detect subclinical systolic dysfunction 
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Figure 5 Correlation between changes in LVEF values and changes in LV global strain values during follow-up. LV-GRS, left ventricular-
global radial strain; LV-GCS, left ventricular-global circumferential strain; LV-GLS, left ventricular-global longitudinal strain; LVEF, left 
ventricular ejection fraction; LV, left ventricle.
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of LV at the early stage of ICI therapy. In patients who 
developed CTRCD 3 months after ICI therapy, LV-GCS 
decreased before LVEF, and the relative reduction of LV-
GRS provided the ability to predict the CTRCD that 
developed at the 3-month timepoint after ICI therapy.

Cardiac dysfunction is a long-established adverse 
effect in patients receiving cancer therapy, and it has 
been reported in patients receiving ICI therapy (19). The 
baseline LVEF value in our study was lower than that in 
a another CMR study conducted by Faron et al., but was 
similar to that in the CMR study conducted by Higgins 
et al. (14,20). We speculated that this may be due to the 
baseline characteristics of the patient cohort in our study 
[with lung cancer, older age (60.7±9.2 years old), and a 

large proportion (77.8%) of patients with at least 1 CV risk 
factor]. Subclinical cardiac dysfunction is reported to have 
an association with pulmonary function, and smoking is also 
an independent risk factor for worse RV function (21,22). 
In patients with lung cancer (especially at the advanced 
stage), a history of prior cancer therapy may have impacted 
the LVEF value detected at the baseline in this study. In the 
present study, none of the patients showed typical clinical 
symptoms of cardiac failure. Given that subclinical or 
mild cardiac dysfunction may have symptoms overlapping 
with lung cancer, the CMR manifestations observed were 
thought to mainly present as the subclinical cardiotoxicity 
of ICI therapy.

In a CMR study, LV-GRS and LV-GLS were observed 
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Figure 6 Comparison of relative reductions of LVEF and global strains in the CTRCD group and non-CTRCD group 3 months after ICI 
therapy. *, P<0.05. LVEF, left ventricular ejection fraction; CTRCD, cancer therapy-related cardiac dysfunction; LV-GRS, left ventricular-
global radial strain; LV-GCS, left ventricular-global circumferential strain; LV-GLS, left ventricular-global longitudinal strain; ICI, immune 
checkpoint inhibitor.
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Table 4 ROC analysis of left ventricular global strain relative reductions and the prediction of CTRCD at second follow-up

Parameters Sensitivity (%) Specificity (%) Cut-off value (%) AUC P value

LV-GRS relative reduction 71.4 82.76 22.6 0.759 0.036*

LV-GCS relative reduction 71.4 75.9 9.5 0.714 0.082

LV-GLS relative reduction 57.1 77.8 21.2 0.651 0.225

*, P<0.05. ROC, receiver operating characteristic; CTRCD, cancer therapy-related cardiac dysfunction; AUC, area under the curve; LV-
GRS, left ventricular-global radial strain; LV-GCS, left ventricular-global circumferential strain; LV-GLS, left ventricular-global longitudinal 

strain. 

to decrease in patients with ICI-related myocarditis with 
preserved LVEF (20). In our study, we observed a significant 
reduced LV-GRS at the second follow-up, but the LVEF did 
not show a significant change compared with the baseline. 
The animal model study found that the GRS was decreased 
by 51% in anti PD-1-treated, tumor-bearing mice as a sign 
for globally impaired LV contractility (23). A mathematical 
model proposed by MacIver et al. (24) indicated that LVEF 
is determined by both myocardial strain and wall thickness, 
and the model explained why reduced myocardial strain 
may be observed in patients with normal LVEF values. 
The mechanism of cardiotoxicity using ICI therapy is not 
fully understood. In clinical contexts, patients with lung 
cancer mainly receive anti PD-1/PD-L1 therapy. The 
greatest proportion of cardiac PD-L1 is located on cardiac 
endothelial cells, and at the early stage of ICI therapy, LV 
dysfunction may be associated with disrupted immune 

homeostasis and induced dysregulated metabolism (24). 
PD-L1 expression in the myocardium is upregulated in the 
situation of cardiac stress, including ischemia-reperfusion 
and left ventricular hypertrophy in preclinical models (25).  
The cardiotoxicity of ICI therapy can be represented 
in different forms and severity levels, and only a small 
portion of patients manifest severe cardiotoxicity including 
myocarditis, which requires immediate treatment. Those 
cardiotoxic effects which develop more slowly may have 
equally important detrimental effects.

In our study, 7 patients (19.4%) met the CTRCD 
criteria at the second follow-up (3 months) after ICI 
therapy. In patients who developed CTRCD (n=7), LV-
GCS decreased before LVEF after ICI therapy. As we 
mentioned above, in the whole patient cohort (n=36), LV-
GRS was more sensitive than LVEF in detecting systolic 
dysfunction after ICI therapy. These findings illustrated 
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the importance of myocardial strain in detecting systolic 
dysfunction. It is unknown if this denoted the chronological 
order of impairment strain parameters impairment, and 
more longitudinal studies are still needed to clarify this 
theory. Meanwhile, this raised a question that the specific 
values of LVEF or global strains may not fully reflect 
the influence of ICI therapy in an individual patient, and 
new cardiac dysfunction compared with the baseline may 
help identify ICI-related cardiotoxicity. In our study, the 
changes in LVEF were significantly correlated with changes 
in global strain values. This phenomenon was consistent 
with findings of previous studies (26,27). At the time of 
the second follow-up, we further compared the relative 
reductions of LV global strain values between the CTRCD 
group and the non-CTRCD group. The relative reduction 
of LV-GRS observed in the CTRCD group was higher than 
that in the non-CTRCD group and had a predictive value 
in identifying the CTRCD population at the early stage of 
ICI therapy (3 months). The value of LV strain in predicting 
cardiotoxicity in patients receiving cancer therapy has 
been confirmed (28). It is very important to explore the 
feasibility of CMR indexes in predicting the development of 
cardiotoxicity before starting or during the cancer therapy. 
In addition, the early detection of subclinical cardiotoxicity 
is crucial in the effort to prevent irreversible cardiac 

injury. In a previous report, some CV support drugs, such 
as angiotensin-converting enzyme inhibitor/angiotensin 
receptor blocker and beta blockers, have been shown to 
prevent CTRCD in patients receiving anthracyclines-based 
chemotherapy (29). However, the evidence and strength 
of recommendations for the management of ICI-related 
cardiotoxicity is preliminary and relatively scant in practical 
detail. Currently, ICI-related cardiotoxicity remains 
therapeutically challenging, and there is a lack of hard 
evidence to support these therapeutic strategies. There is a 
need to explore the appropriate cardioprotective therapeutic 
strategies in subclinical patients developing CTRCD.

Assessment of RV function has been included in the CV 
evaluation in our study. Grover et al. found a significant 
decrease in RVEF during anthracycline and/or trastuzumab 
therapy, which emphasized the need for bi-ventricular 
function assessment of CTRCD (30). In our patient cohort, 
RVEF decreased significantly at the 3-month timepoint 
after ICI therapy, and RV-GRS decreased before RVEF 
after ICI therapy. The prognostic value of the concomitant 
reduction of bi-ventricular strains will be further studied 
after expanding the sample size of our patient cohort. The 
LA long-axis strain was reported to be reduced in patients 
with confirmed myocarditis, which was associated with LV 
diastolic dysfunction (31). In our study, the long-axis strain 

Table 5 Inter- and intra-observer agreements of CMR parameters

Parameters
Intra-observer Inter-observer

ICC 95% CI ICC 95% CI

LV-GRS 0.925 0.842–0.964 0.906 0.795–0.958

LV-GCS 0.960 0.905–0.979 0.973 0.882–0.980

LV-GLS 0.958 0.878–0.986 0.947 0.866–0.978

RV-GRS 0.658 0.557–0.750 0.625 0.502–0.768

RV-GCS 0.885 0.754–0.947 0.859 0.732–0.938

RV-GLS 0.780 0.645–0.824 0.756 0.625–0.835

Average LA long-axis strain 0.934 0.820–0.967 0.923 0.799–0.955

RA long-axis strain 0.953 0.886–0.974 0.945 0.858–0.978

Native T1 0.985 0.893–0.995 0.978 0.870–0.985

Post-contrast T1 0.970 0.905–0.998 0.954 0.877–0.989

T2 0.969 0.887–0.985 0.972 0.895–0.995

CMR, cardiovascular magnetic resonance; ICC, intraclass correlation coefficient; CI, confidence interval; LV-GRS, left ventricular global 
radial strain; LV-GCS, left ventricular global circumferential strain; LV-GLS, left ventricular global longitudinal strain; RV-GRS, right 
ventricular global radial strain; RV-GCS, right ventricular global circumferential strain; RV-GLS, right ventricular global longitudinal strain; 
LA, left atrium; RA, right atrium.
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of LA and RA did not decrease significantly compared with 
the baseline, which may indicate that the diastolic functions 
of the ventricles were not impaired after ICI therapy.

Another important strength of CMR is its ability to 
provide tissue characterization techniques. The presence 
of LGE at RVIP (RVIP-LGE) has been reported in a 
retrospective study on patients with confirmed ICI-related 
myocarditis (20). The RVIP-LGE may be caused by an 
expanded extracellular space due to an exaggeration of the 
myocardial disarray and plexiform fibrosis at the RV and LV 
cross (32,33). It is reported that the presence of RVIP-LGE 
does not convey a worse prognosis in patients without other 
CMR evidence of myocardial injury (34). In our study, the 
number of patients with RVIP-LGE was observed to be 
slightly increased after ICI therapy but with no significance 
difference. The prospective study conducted by Faron  
et al. (14) also revealed no statistically significant increase 
of quantitative LGE at follow-up. The pattern of LGE 
in confirmed ICI-related myocarditis can appear as sub-
epicardial or diffuse enhancement, but the presence of LGE 
showed low relevance with myocarditis (11). Therefore, 
the traditional criteria for diagnosing myocarditis are not 
always present in this disorder. We speculated that the 
pattern of RVIP-LGE should be analyzed by combining 
the clinical presentation with other supporting evidence. 
The clinical significance of this enhancement pattern and 
the manifestations of CMR-LGE in patients receiving ICI 
therapy need to be further explored. 

A CMR study demonstrated that T1 mapping can 
provide important diagnostic value and prognostic value 
in patients with ICI-related myocarditis (35). Therefore, 
ICI-related cardiotoxicity may not be limited to rare 
side effects like myocarditis, and some more global and 
subclinical effects should raise attention (23). In this study 
that mainly focused on subclinical cardiotoxicity, T1, T2, 
and ECV values of global myocardium at follow-up showed 
no significant differences compared with baseline values. 
Patients receiving combination ICI therapy or anti-cytotoxic 
T lymphocyte-associated antigen 4 (CTLA-4) are more 
likely to experience ICI-related myocarditis (36). This may 
be due to there being no positive CMR clues regarding ICI-
related myocarditis (increased level of tissue characteristics 
parameters) in the current study. The biomarkers (especially 
hs-TnI, which represents acute myocardial injury) did 
not exceed the normal range during this 3-month follow-
up. We speculated that, in the early stage, the subclinical 
manifestations of myocardial fibrosis or inflammation were 
mild or still limited to a local region of the myocardium, 

rather than being diffusely spread. Secondly, the positive 
presentation of myocardial fibrosis/inflammation on CMR 
may be the result of a long-term consequence of constantly 
developing myocardial inflammation. On this occasion, it 
may be helpful to continuously monitor for inflammation 
or fibrosis in T1 or T2 mapping analyses. Pericardial 
effusion after ICI therapy has been reported in patients with 
lung cancer (37). However, it is more likely to be caused 
by disease progression if there is concomitant increased 
amounts of pericardial effusion and pleural effusion. The 
presence and increase of pericardial effusion need to be 
evaluated individually and determined whether their cause 
is ICI therapy.

Limitations

First, this was a single-center study with a small sample 
size and a single type of primary tumor. Second, as the 
baseline level of biomarkers did not differ between the 
CTRCD and the non-CTRCD groups and were limited 
to the study sample size and research period, none of the 
patients showed an abnormal level of hs-TnI (>26.2 ng/L). 
Therefore, the prognostic value of biomarkers in predicting 
cardiotoxicity assessed by CMR needs to be further 
studied. Third, most participants with lung cancer received 
chemotherapy (not anthracycline-based chemotherapy) 
as combined treatment method, and the CV effect of 
chemotherapy cannot be completely ignored. Therefore, 
the manifestations and the prognostic significance of CMR 
in patients receiving ICI therapy with different cancer types 
should be verified in further studies using larger cohort or 
multi-center results.

Conclusions

This prospective, longitudinal study using CMR showed 
that assessment of myocardial strain can be used to detect 
subclinical LV systolic dysfunction earlier than LVEF in 
the early stage of ICI therapy (within 3 months). A relative 
reduction of LV-GRS can predict the CTRCD developed  
3 months after ICI therapy.
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