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Background: Immune checkpoint inhibitors (ICls) have achieved acknowledged
progress in cancer therapy. However, ICl-associated cardiotoxicity as one of the most
severe adverse events is potentially life-threatening, with limited real-world studies
reporting its predictive factors and prognosis. This study aimed to investigate the real-
world incidence, risk factors, and prognosis of ICl-related cardiotoxicity in patients with
advanced solid tumors.

Methods: Electronic medical records from patients with advanced solid tumors
receiving ICls in the First Affiliated Hospital of Xi’an Jiaotong University were
retrospectively reviewed. All patients were divided into the cardiotoxicity group and
control group, with logistic regression analysis being implemented to identify potential
risk factors of ICl-related cardiotoxicity. Furthermore, survival analysis was also
performed to investigate the prognosis of patients with ICl-related cardiotoxicity.

Results: A total of 1,047 participants were enrolled in this retrospective study. The
incidence of ICl-related cardiotoxicity in our hospital is 7.0%, while grade 3 and
above cardiotoxicity was 2.4%. The logistic regression analysis revealed that diabetes
mellitus [odds ratio (OR):1.96, 95% confidence Interval (Cl): 1.05-3.65, p = 0.034]
was an independent risk factor, whereas baseline lymphocyte/monocyte ratio (LMR)
(OR: 0.59, 95% CI: 0.36-0.97, p = 0.037) was the protective factor of ICl-related
cardiotoxicity. Survival analysis indicated that severe cardiotoxicity (>grade 3) was
significantly correlated with bleak overall survival (OS) than mild cardiotoxicity (<grade
2) (8.3 months vs. not reached, p = 0.001). Patients with ICl-related overlap syndrome
had poorer overall survival than patients with mere cardiotoxicity (9.4 vs. 24.7 months,
p = 0.033). However, the occurrence of ICl-related cardiotoxicity was not significantly
associated with the OS of overall population with solid tumors. Subgroup analysis
showed that lung cancer and PD-L1 usage were significantly correlated with a higher
incidence of severe cases.

Conclusion: Immune checkpoint inhibitor-related cardiotoxicity is more common in the
real-world setting than the previously published studies. Diabetes mellitus and baseline
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LMR are the potential predictive biomarkers of ICl-related cardiotoxicity. Although ICI-
related cardiotoxicity is not correlated with the prognosis of these patients in our
cohort, a systematic and comprehensive baseline examination and evaluation should
be performed to avoid its occurrence.

Keywords: solid tumor, cardiotoxicity, rechallenge, risk factors, immune checkpoint inhibitor (ICI), prognosis

INTRODUCTION

Immune checkpoint inhibitors (ICIs) mainly act on the activation
of T cells to fight against tumor cells. There are currently FDA-
approved drugs that target cytotoxic T-lymphocyte-associated
antigen-4 (CTLA-4), programmed cell death protein 1 (PD-1),
and programmed cell death ligand 1 (PD-L1). Although ICI-
related adverse effects are overall less severe than chemotherapy,
there are potentially lethal adverse effects, such as cardiotoxicity,
neuromuscular toxicity, and pulmonary toxicity.

The first case of fatal ICI-related myocarditis was reported
by Liubli et al. in 2015 (1), in a 73-year-old patient with
metastatic melanoma who developed ICI-associated myocarditis
after receiving pembrolizumab, leading to acute heart failure.
Two cases of fulminant myocarditis were reported in 2016. Both
patients became symptomatic within 2 weeks of administration
and aggravated rapidly, leading to death within a short period
despite the admission of high-dose glucocorticoid and supportive
care. These two cases of severe cardiotoxicity warned clinicians of
the security of ICIs (2).

Cardiotoxicity associated with ICIs is broadly classified
into myocarditis, pericarditis, and arrhythmia. Other clinical
manifestations, such as hypertension, Takotsubo-like syndrome,
myocardial ischemia, and myocardial infarction, are less reported
(3, 4). In addition, some studies have roughly divided them
into inflammatory (including myocarditis, pericarditis, etc.) and
non-inflammatory (arrhythmia, myocardial infarction, etc.).

Early studies showed that the incidence of ICI-related
cardiotoxicity is less than 1% (5). However, as Ganatra
et al. (6) stated, the increasing application of ICIs in real-
world and the diverse presentation of cardiotoxicity suggest
a higher incidence of cardiotoxicity than previously reported.
In addition, subclinical cases and increased awareness of
toxicity may also be the contributing factors. Among these
classifications, myocarditis maintained the highest incidence
and fatality rate, as well as the worst prognosis. However,
the presentations of cardiotoxicity in real-world were not
separated. It is not rare for myocarditis to occur simultaneously
with arrhythmia or pericarditis. Studies have found that
approximately 19% of patients with pathologically defined
cardiotoxicity developed arrhythmias (7). Two patients with
fulminant myocarditis reported in 2016 also developed complete
atrioventricular conduction block (2). The pathophysiological
manifestation suggested the infiltrated T cells and macrophages
in the conduction system. As reported, atrial fibrillation,
ventricular arrhythmias, and conduction disturbances were
detected in 17-30% of patients with ICI-related cardiotoxicity,
of whom 3-13% had mere arrhythmias without myocarditis (8).
Although the mechanism is unclear, the investigators concluded

that there may be underlying undiagnosed myocarditis (8).
There are limited studies on ICI-related pericardial disease.
In addition, the incidence is unclear due to the lack of
cardiovascular monitoring during ICI clinical trials but maybe
more common than previously recognized. In an evaluation
based on VigiBase, Salem et al. included 95 cases of pericardial
disease associated with ICI, of which 60% were severe and
21% were associated with death (7). Unlike myocarditis,
the incidence of pericarditis did not increase significantly
with combination immunotherapy. In addition, the study
found that more than half of the cases with pericardial
diseases were reported in patients with lung cancer (7).
Based on the preclinical and clinical studies, several possible
influencing factors of ICI-related pericardial involvement were
proposed. Given the disproportionately high incidence of
pericardial disease in patients with lung cancer and synergy
between radiotherapy and immunotherapy is considered a
possible driver.

In the previous studies, autoimmune disease, prior heart
disease, and combined ICI therapy can be the probable risk
factors. Results are mostly derived from databases based on
overall irAEs with few real-world studies based on cardiotoxicity.
Therefore, we conducted a real-world retrospective study based
on the whole immunotherapy population to explore the risk
factors for ICI-related cardiotoxicity.

MATERIALS AND METHODS

Patients

Patients diagnosed with advanced solid tumors who were
hospitalized from January 2020 to June 2021 at the departments
of the medical oncology, surgical oncology, and radiation
oncology at the First Affiliated Hospital of Xi’an Jiaotong
University were included. We retrospectively screened patients
into two groups according to whether cardiotoxicity happened
during the administration of ICIs. Suspected cases were assessed
mainly according to Bonaca diagnostic criteria (9). There were
also cases that does not meet the criterion. In addition to that, we
also consider ICI-related myocarditis according to the following
two points:

1. Concurrent multi-organ damage with abnormal cardiac
biomarkers responding to corticosteroids. Infection and
autoimmune diseases were excluded.

2. Dynamical change in cardiac biomarker with ICI
medication responding to corticosteroids. Infection and
autoimmune diseases were excluded.
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Immune checkpoint inhibitor-related pericarditis and
arrhythmia were diagnosed according to Naranjo score:
Suspected patients who suffered from cardiac damage during
ICI therapy with a Naranjo scores > 5 were included in the
cardiotoxicity group.

Patients were categorized as “severe” cardiotoxicity if they
displayed a grade 3-5 toxicity according to criteria adapted from
the Common Terminology Criteria for Adverse Events V.5.0
(Table 1). Patients were categorized as “mild” cardiotoxicity if
they displayed a grade 1-2 toxicity.

Statistical Analysis

Continuous  variables are statistically  described by
means + standard deviation (subject to normal distribution)
or interquartile spacing (not subject to normal distribution);
categorical variables are expressed in terms of number and
percentage of cases. The SW test was used for the normality test,
and one-way ANOVA was used for the variance homogeneity
test. If the continuous variable obeys the normal distribution
and the variance is homogeneous, the independent sample ¢-test
is used, otherwise, the non-parametric rank sum test is used
for statistical analysis. Categorical variables were statistically
analyzed by the chi-square test or Fisher’s exact probability. All
patients were divided into occurrence group and non-occurrence
group based on whether cardiotoxicity occurred during ICI
treatment, with the univariate logistic regression analysis being
exploited to investigate the possible risk factors of cardiotoxicity.
Ultimately, the variables with p < 0.05 in univariate analysis
were included in multivariate logistic regression analysis.
All statistical analyses were performed in SPSS 23.0 and R
4.1.1 for Windows 64.0. Multiple imputations were used to
supplement missing data.

Ethical Approval and Informed Consent

This study was conducted in strict accordance with the
requirements of the Declaration of Helsinki. Our research also
passed the ethics review of the First Affiliated Hospital of Xi’an
Jiaotong University (no: XJTU1AF2020LSK-262).

RESULTS

Characteristics of the Whole Population
From January 2020 to July 2021, a total of 1,492 patients with
advanced solid tumors were hospitalized and treated with ICIs
in the departments of medical oncology, surgical oncology, and
radiation oncology. A total of 391 patients who did not meet
the requirements were excluded, and a total of 1,101 patients
who met the research criteria were screened. There were 127
patients with cardiac damage, of which 54 patients did not
meet the diagnostic criteria. In the end, 974 patients did not
develop cardiotoxicity, and 73 patients developed ICI-related
cardiotoxicity, including 25 patients with severe cardiotoxicity
and 48 patients with mild cardiotoxicity (Table 2).

Among the 1,047 patients treated with ICI, there were
713 male patients (68.1%) and 334 female patients (31.9%).
Most of the patients were younger than 65 years (673 cases,
64.3%), and the physical performance score was mostly 0-1

(866 cases, 82.7%). In terms of cancer types, respiratory tumors
(360 cases, 34.4%) and digestive tumors (496 cases, 47.4%)
accounted for the majority, followed by urethral tumors (83
cases, 7.9%) and malignant melanoma (43 cases, 3.9%). Other
tumor types included skin tumors, mediastinal tumors, head
and neck tumors, genital neoplasm, sarcomas, and other tumor
types. There were 220 (44.4%) gastrointestinal patients involved
in the digestive tumor group, whereas 78 patients (21.7%) with
small-cell lung cancer were involved in the respiratory tumor
groups. Heart disease (74 cases, 7.1%), diabetes (115 cases,
10.9%), and hypertension (241 cases, 23.0%) were the common
comorbidities. There were 379 patients (36.2%) with a history
of smoking and 89 patients (8.5%) with a family history of
tumors. Most patients received ICI combined chemotherapy (975
cases, 93.1%). PD-1 was the most predominantly used ICIs in
our cohort, accounting for 92.0% of cases. In the case of later-
line immunotherapy, prior treatment included chemotherapy,
radiotherapy, targeted therapy, and antiangiogenic therapy.
During the course of immunotherapy, 128 patients developed
ICI-associated pneumonia (12.2%), and 380 patients developed
ICI-associated thyroid dysfunction (36.3%).

Risk Factors of Immune Checkpoint

Inhibitor-Related Cardiotoxicity

Among the enrolled patients, 73 (7.0%) developed cardiotoxicity,
including 48 mild cases (4.6%) and 25 severe cases (2.4%).
Among the 115 patients with combined diabetes, 14 developed
cardiotoxicity (12.2%). Whereas the occurrence rate of ICI-
related cardiotoxicity among patients without diabetes was 6.3%,
difference between these two groups was statistically significant
(p = 0.033). Besides, patients who developed cardiotoxicity
have lower LMR (p = 0.01). Respiratory tumors maintained
the highest incidence of cardiotoxicity among all cancer types
(8.6%), but there was no significant difference in the incidence
of cardiotoxicity among tumor types. Combined cardiac diseases,
ICI agents, history of previous antitumor therapy, and treatment
modes have no correlation with the occurrence of cardiotoxicity.
In terms of baseline laboratory levels, patients who suffered
from cardiotoxicity have a lower lymphocyte ratio than patients
without cardiotoxicity. But the difference was not statistically
significant (p = 0.066). In addition, our research showed that
the occurrence of ICI-related pneumonia (p = 0.005) and
thyroid dysfunction (p < 0.005) during the course of ICI
treatment were significantly associated with the occurrence of
cardiotoxicity. Although most of the other two toxicities appear
before cardiotoxicity, we cannot yet explain the relationship
between ICI-related cardiotoxicity and ICI-related pneumonia or
thyroid dysfunction. But this correlation suggests a link between
adverse effects of different systems, and the presence of one
toxicity may warn of another that may be more serious.

The univariate logistic regression analysis found that
combined diabetes (OR = 2.05, 95% CI: 1.07-3.71, p = 0.023)
may be a risk factor for cardiotoxicity, whereas lower baseline
LMR (OR = 0.58, 95% CI: 0.35-0.93, p = 0.027) may be
a protective factor (Figure 1). Ultimately, the multivariate
regression analysis suggested that diabetes (OR = 1.96, 95%
CIL: 1.05-3.65, p = 0.034) was an independent risk factor for
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TABLE 1 | Criteria for myocarditis severity scoring.

Grade Criteria

18 Elevated biomarkers without symptoms® (e.g., dyspnea, chest pain, etc.)
Elevated biomarkers without symptoms but not requiring patient hospitalization
Elevated biomarkers without symptoms requiring patient hospitalization (not requiring intensive care unit level of care); abnormal cardiovascular
diagnostic studies (echocardiography showing reduction in LV function or wall motion abnormalities; abnormal cardiac MRI)

4 Deterioration of grade 3 clinical status or requirement for ICU level of care for cardiac symptoms with evidence of decreased cardiac output
(cardiogenic shock) or arrhythmia

5 Death of the patient refractory to medical therapy

LV, left ventricular; MRI, magnetic resonance imaging; ICU, intensive care unit.

aCTCAE5.0 released in 2017 does not include grade 1 myocarditis. But this criterion cannot reflect the whole situation of the occurrence of myocarditis. This table is

based on Bonaca and CTCAE4.0.

bBiomarkers for myocarditis are markers of myonecrosis, including cardiac troponin, CK-MB, or total CK.

the occurrence of ICI-related cardiotoxicity. In addition, lower
baseline LMR (OR = 0.59, 95% CI: 0.36-0.97, p = 0.037) was a
protective factor (Figure 1).

Severity of Myocarditis

The population with ICI-related cardiotoxicity included 48 mild
cases and 25 severe cases (Table 3). Among them, 4 patients
(5%) died in hospital. All in-hospital died patients were severe
cardiotoxicity. When cardiotoxicity occurs, echocardiography
was abnormal in 20 cases (26.3%), mainly with abnormal
wall motion. A total of 24 patients (31.6%) had an abnormal
electrocardiogram, including ST-T abnormality, conduction
block, and other changes. In addition, 30 patients (41.1%)
in the subgroup suffered from cardiotoxicity and concurrent
ICI damage of other systems, among which abnormal liver
function, myositis, skin rash, and abnormal thyroid function
were more COMmmon.

Cardiotoxicity happened mainly in men (56, 76.7%). In terms
of cancer types, the proportion of severe cases in respiratory
tumors was significantly higher than in other tumors (p = 0.045),
whereas the proportion in digestive tumors was significantly
lower than other tumors (p = 0.014). The ICI agents were mainly
PD-1 (65, 89.0%), of which 19 cases (29.2%) were severe, whereas
8 cases received PD-L1, and 6 cases (75.0%) were severe. The
difference between the two groups was statistically significant
(p = 0.008). We did not find that inflammatory parameters,
such as NLR, PLR, and LMR, were associated with the severity
of cardiotoxicity. Other indicators, including ECOG score,
comorbidities, smoking history, family history, prior antitumor
therapy, and treatment mode, were not significantly associated
with the severity of cardiotoxicity. In addition, unlike the general
population, the occurrence of ICI-related thyroid dysfunction
(p = 0.120) and ICI-related pneumonia (p = 0.327) was not
significantly associated with the severity of cardiotoxicity. There
was no statistically significant difference in the occurrence time
of mild and severe cardiotoxicities (median occurrence time: 105
vs. 134 days, p = 0.345) (Figure 2).

Survival Analysis

Survival analysis was performed in patients with or without
cardiotoxicity. We investigated the difference with overall
survival in these patients. The median follow-up time

was 19.0 months. There was no significant difference with
median overall survival time (mOS) between the two groups
without cardiotoxicity and those with cardiotoxicity (29.1
vs. 24.7 months, p = 0.184) (Figure 3A). The mOS of
severe cardiotoxicity was 8.3 months, while the mOS of
mild cardiotoxicity was not reached (p = 0.001) (Figure 3B).

Survival analysis was performed on the subgroups of patients
with respiratory tumors and digestive tumors due to different
prognoses of different tumor types. There was no statistically
significant difference between the two groups with or without
cardiotoxicity in the respiratory tumors (p = 0.360) (Figure 4A).
The mOS between the two groups without cardiotoxicity in
the digestive system and those with cardiotoxicity was 21.6 and
15.3 months, respectively (Figure 4B). But the difference was
also not statistically significant (p = 0.509). For all patients with
cardiotoxicity, mOS was 17.0 months.

In addition, we also compared the survival difference
between the groups with mere cardiotoxicity and those with
concurrent cardiotoxicity and other toxicities. The mOS with
mere cardiotoxicity was 24.7 months, and the mOS in the
group with overlap syndrome was 9.4 months (Figure 5A).
The difference was statistically significant (p = 0.033). In 2020,
Dolladille et al. (10) analyzed the clinical characteristics of early
and late cardiac adverse reactions through retrospective analysis
of multicenter cases and data from the VigiBase using 90 days
as a cutoff. They found differences in the characteristics of
early and late cardiac cardiotoxicities. We furtherly plotted the
survival curves of the two groups of patients with the occurrence
time before 90 days and after 90 days. However, there was no
significant difference between the two groups (Figure 5B).

Immune Checkpoint Inhibitor

Rechallenge

Current guidelines suggest that restarting ICI is not
recommended for grade 2 and above cardiotoxicity. We
also strictly follow the recommendations in our clinical work.
However, the complexity of real-world research results in patient
diversity. In our study, some patients persisted in restarting ICI
despite being fully informed of the risks. In the follow-up of
patients who developed cardiotoxicity, there were 5 additional
patients with grades 2 and 3 myocarditis who readmitted ICI
after recovery (Figure 6). Only one of the five patients who
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TABLE 2 | Characteristics of the whole population.

Characteristics Groups Number of patients (ratio)?®
Without cardiotoxicity With cardiotoxicity p-value
(N = 974) (N=73)
Weight 622+ 11.2 63.2 9.4 0.447
Age 505+ 11.2 590.8 £ 11.7 0.835
Gender Male 657 (67.5%) 56 (76.7%) 0.132
Female 317 (32.5%) 17 (23.3%)
Cardiac disease No 906 (93.0%) 67 (91.8%) 0.872
Yes 68 (7.0%) 6 (8.2%)
Hypertension No 750 (77.0%) 56 (76.7%) 1.000
Yes 224 (23.0%) 17 (23.3%)
Diabetes No 873 (89.6%) 59 (80.8%) 0.033
Yes 101 (10.4%) 14 (19.2%)
Cigarette No 625 (64.2%) 43 (58.9%) 0.437
Yes 349 (35.8%) 30 (41.1%)
Family history No 894 (91.8%) 64 (87.7%) 0.318
Yes 80 (8.2%) 9(12.3%)
Respiratory tumors 329 (33.8%) 31 (42.5%) 0.159
Digestive tumors 467 (47.9%) 29 (39.7%) 0.183
Urinary tract tumors 74 (7.6%) 9 (12.3%) 0.173
Malignant melanoma 39 (4.0%) 2(2.7%) 1.000
Other tumors® 65 (6.7%) 2(2.7%) 0.315
Prior chemotherapy No 482 (49.5%) 38 (52.1%) 0.763
Yes 492 (50.5%) 35 (47.9%)
Prior antiangiogenic therapy No 837 (85.9%) 62 (84.9%) 0.950
Yes 137 (14.1%) 11 (15.1%)
Treatment line First-line 486 (49.9%) 39 (563.4%) 0.646
Post-line 488 (50.1%) 34 (46.6%)
Lung metastasis No 750 (77.0%) 60 (82.2%) 0.380
Yes 224 (23.0%) 13 (17.8%)
Liver metastasis No 731 (75.1%) 48 (65.8%) 0.106
Yes 243 (24.9%) 25 (34.2%)
Brain metastasis No 909 (93.3%) 72 (98.6%) 0.121
Yes 65 (6.7%) 1(1.4%)
Bone metastasis No 764 (78.4%) 60 (82.2%) 0.544
Yes 210 (21.6%) 13 (17.8%)
ECOG 0-1 803 (82.4%) 63 (86.3%) 0.496
2-3 171 (17.6%) 10 (18.7%)
Treatment ICI monotherapy 66 (6.8%) 6 (8.2%) 0.818
ICI combined with chemotherapy 908 (93.2%) 67 (91.8%)
ICl agent PD-1 898 (92.2%) 65 (89.0%) 0.463
PD-L1 76 (7.8%) 8 (11.0%)
LDH (UL) <250 505 (70.0%) 41 (70.7%) 1.000
>250 216(30.0%) 17 (29.3%)
CK (UL <310 701 (98.9%) 56 (98.2%) 1.000
=310 8(1.1%) 1(1.8%)
CK-MB (U/L) <24 599 (84.5%) 45 (78.9%) 0.362
>24 110(15.5%) 12 (21.1%)
Hemoglobin (g/L; normal range 115-150) 126.7 £ 19.9 129.2 +£18.8 0.296
Platelet count (x109/L; normal range 125-350) 234.3+97.0 2143 +£98.5 0.091
White-cell count (x 10%/L; normal range 4.0-10.0) 6.9+3.3 6.9+26 0.892
Neutrophil count (><1O9/L; normal range 1.8-6.3) 49+ 36 49+25 0.937
Lymphocyte count (><109/L; normal range 1.1-3.2) 1.4+0.6 1.4+0.5 0.203
Monocytes (109/L; normal range 0.1-0.6) 04+02 05+04 0.166
Eosinophils (10%/L; normal range 0.02-0.52) 02+05 02+03 0.482
Albumin (g/L; normal range 40-55) 39.2+4.6 38.7+4.6 0.379
Globulin (g/L; normal range 20-40) 295+52 295+50 0.958
TC (mmol/L; 3.10-5.69) 43+1.0 45+13 0.428
PLR 197.3 + 156.9 183.3+116.8 0.341
NLR 42+46 4.4+42 0.653
LMR 39+34 33+1.7 0.010
AG 1.4+£03 1.3+0.3 0.442
Neutrophil ratio (normal range 40-75%) 68.8% + 39.6% 68.7% + 10.0% 0.923
Lymphocyte ratio (normal range 20-50%) 23.0% + 10.2% 21.1% + 8.3% 0.066

ECOG, Eastern Cooperative Oncology Group; ICIl, immune checkpoint inhibitor; LDH, lactate dehydrogenase; CK, creatine kinase; TC, total cholesterol; PLR, platelet to
lymphocyte ratio; NLR, neutrophil to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; A/G, albumin to globulin ratio.
aContinuous variables are expressed as mean and standard deviation.
bQOthers include skin tumors, mediastinal tumors, head and neck tumors, genital neoplasm, sarcomas, and other tumor types.
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Univariate logistics regression analysis

Characteristics Occurrence rate OR (95% Cl) P value
Gender(male vs. female) 5.20% 8.00% -.—|- 0.63 (0.35t0 1.08) 0.106
Age(265 vs. <65) 6.49% 7.46% & 0.86 (0.51to 1.41) 0.561
Cardiac disease(yes vs. no) 8.11% 7.03% —— 1.17 (0.44 t0 2.59) 0.728
Hypertension(yes vs. no) 7.26%  7.06% —— 1.03 (0.57 t0 1.77) 0.915
Diabetes(yes vs. no) 12.39% 6.46% —@®—— 205(1.07t03.71) 0.023
Cigarette(yes vs. no) 8.06% 6.56% —[.— 1.25(0.76 t0 2.02) 0.369
Family history(yes vs. no) 10.23% 6.82% T—o— 1.56 (0.70 to 3.10) 0.237
Prior chemotherapy(yes vs. no) 6.81% 7.41% @ 0.91 (0.57 to 1.47) 0.709
Prior antiangiogenesis(yes vs. no)7.59%  7.03% —— 1.09 (0.53 t0 2.04) 0.809
Line(post-line vs. first-line) 6.68% 7.53% -Q— 0.88 (0.54 to 1.42) 0.597
Lung metastasis(yes vs. no) 5.53% 7.58% - 0.71 (0.37 to 1.28) 0.286
Liver metastasis(yes vs. no) 9.54% 6.27% 00— 1.58 (0.94 t0 2.59) 0.078
Brain metastasis(yes vs. no) 1.56% 7.48% 1 5.15 (0.70 to 37.65) 0.106
Bone metastasis(yes vs. no) 591% 7.43% —@r— 0.78 (0.40to 1.41) 0.436
Treatment pattern(ICI+CT vs. ICI) 7.02%  8.33% —o— 0.83 (0.37t0 2.21) 0.675
ECOG (2-3vs. 0-1) 562% 7.42% —@1— 0.74 (0.35t0 1.41) 0.396
ICI(PD-I1 vs. PD-1) 9.64% 6.89% —+— 1.44 (0.62 t0 2.96) 0.352
Hemoglobin(2120 vs. <120) 7.64% 6.07% 10— 1.28 (0.77 t0 2.20) 0.357
Platelet count(=100 vs. <100) 6.92% 11.36% —@—+4+— 0.58 (0.24 t0 1.72) 0.267
White-cell count(210 vs. <10) 6.14% 7.23% —o— 0.84 (0.34t0 1.76) 0.670
Neutrophil count(26.3 vs. <6.3) 6.83% 7.18% —Q— 0.95 (0.50 to 1.69) 0.862
Lymphocyte count (1.1 vs. <1.1) 7.24% 6.85% —-0— 1.06 (0.64 to 1.80) 0.819
Monocytes(20.6 vs. <0.6) 8.94% 6.72% —+0— 1.36 (0.74 t0 2.38) 0.296
Albumin(235 vs. <35) 6.78% 8.77% -+ 0.76 (0.43t0 1.41) 0.355
Globulin(235 vs. <35) 7.04% 7.12% —— 0.99 (0.47 to 1.89) 0.974
TC(25.7 vs. <5.7) 7.95% 7.03% —— 1.14 (0.46 to 2.41) 0.747
PLR(2163.1 vs. <163.1) 6.23% 7.99% Ot 0.76 (0.47 to 1.23) 0.272
NLR(23.1 vs.<3.1) 7.90% 6.30% +0— 1.28 (0.79t02.07) 0.319
LMR(23.4 vs.<3.4) 5.35% 8.93% - 0.58 (0.35t0 0.93) 0.027
A/G(21.5 vs.<1.5) 6.31% 7.49% - 0.83 (0.48101.38) 0.489
Neutrophil ratio(=70% vs. <70%) 7.64% 6.63% —— 1.17 (0.72t0 1.88) 0.528
Lymphocyte ratio(220% vs. <20% 6.62%  7.80% -@— 0.84 (0.52 to 1.36) 0.470
o 1 2 3 4
Multivariate logistics regression analysis
Characteristics Occurrence rate OR (95% CI) P value
LMR(23.4 vs. <3.4) 5.35% 8.93% ‘—: 0.59 (0.36 t0o 0.97) 0.037
Diabetes(yes vs. no) 12.39% 6.46% 1 @ 1.96 (1.05t0 3.65) 0.034
o 1 2 3 4

FIGURE 1 | Univariate and multivariate logistic regression forest plot of baseline characteristics and incidence of cardiotoxicity in the whole population.

had grade 3 myocarditis suffered grade 2 myocarditis after the
rechallenge of ICI. No other grade 3 and above ICI toxicity were
found in all patients. Following up for more than 1 year, only one
case died of disease progression. The remaining patients were all

alive. According to our investigation, the ICI rechallenge seems
relatively secure. However, considering the small sample size in
our cohort, more relevant studies are needed in the future to
identify the safety of ICI rechallenge.
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TABLE 3 | Characteristics of patients with cardiotoxicity.

Characteristics Groups <Grade 2 (N = 48) >Grade3 (N = 25) p-value
Age <65 years old 33 (68.8%) 16 (64%) 0.883
>65 years old 15 (31.2%) 9 (36%)
Gender Male 38 (79.2%) 18 (72%) 0.692
Female 10 (20.8%) 7 (28%)
ECOG 0-1 43 (89.6%) 20 (80%) 0.440
2-3 5(10.4%) 5 (20%)
Cardiac disease No 44 (91.7%) 23 (92%) 1.000
Yes 4 (8.3%) 2 (8%)
Diabetes No 38 (79.2%) 21 (84%) 0.854
Yes 10 (20.8%) 4 (16%)
Respiratory tumors 16 (33.3%) 15 (60%) 0.045
Digestive tumors 24 (50%) 5 (20%) 0.014
Urinary tract tumors 6 (12.5%) 3 (12%) 0.476
Malignant melanoma 1(2.1%) 1(4%) -
Other tumors 1(2.1%) 1(4%) -
Treatment? ICl monotherapy 4 (8.3%) 2 (8%) 1.000
ICl combined with chemotherapy 44 (91.7%) 23 (92%)
ICI PD-1 46 (95.8%) 19 (76%) 0.029
PD-L1 2 (4.2%) 6 (24%)
Neutrophil count (x 10%/L; normal range 1.8-6.3) <6.3 38 (79.2%) 21 (84%) 0.854
>6.3 10 (20.8%) 4 (16%)
Lymphocyte count (x10%/L; normal range 1.1-3.2) <11 14 (29.2%) 9 (36%) 0.741
>1.1 34 (70.8%) 16 (64%)
Monocytes (10%/L; normal range 0.1-0.6) <0.6 35 (72.9%) 22 (88%) 0.238
>0.6 13 (27.1%) 3 (12%)
PLR <163.1 28 (58.3%) 13 (52%) 0.788
>163.1 20 (41.7%) 12 (48%)
NLR <31 20 (41.7%) 12 (48%) 0.788
>3.1 28 (58.3%) 13 (62%)
LMR <3.4 31 (64.6%) 14 (56%) 0.644
>3.4 17 (35.4%) 11 (44%)
AG <15 36 (75%) 16 (64%) 0.476
>1.5 12 (25%) 9 (36%)
Neutrophil ratio (normal range 40-75%) <70% 22 (45.8%) 14 (56%) 0.563
>70% 26 (54.2%) 11 (44%)
Lymphocyte ratio (normal range 20-50%) <20% 22 (45.8%) 11 (44%) 1.000
>20% 26 (54.2%) 14 (56%)

ECOG, Eastern Cooperative Oncology Group; ICl, immune checkpoint inhibitor; PLR, platelet to lymphocyte ratio; NLR, neutrophil to lymphocyte ratio; LMR, lymphocyte

to monocyte ratio; A/G, albumin to globulin ratio.

aQ0thers include prostatic cancer, mediastinal tumor, head and neck squamous cell carcinoma, sarcoma.

DISCUSSION

We found that the incidence of cardiotoxicity was 7.0%,
which was higher than the previously reported. By collecting
the cardiovascular risk factors of the enrolled patients, we
found that diabetes was an independent risk factor for the
occurrence of cardiotoxicity. This conclusion can be seen in
the retrospective study of Mahmood et al. (11). Through a
multicenter retrospective study of 35 patients, they found that
myocarditis was more common in patients with diabetes mellitus,
especially in patients receiving a combination of ICI therapy.
Although they ultimately failed to prove it an independent
risk factor, their research suggested a certain direction. In our
analysis, an exact association of diabetes with the development of
cardiotoxicity was found. However, we did not find an association

between other cardiovascular risk factors, such as hypertension
and the occurrence of cardiotoxicity.

The effect of diabetes on the development of ICI-related
cardiotoxicity may be related to the long-term chronic
inflammation in patients with diabetes. Till now, diabetes
has been regarded as a chronic inflammatory disease. The
high-glucose environment of diabetes significantly increases
the cytokines, such as interleukin 4(IL-4), interleukin 5(IL-5),
interleukin 6(IL-6), interleukin 13(IL-13), and tumor necrosis
factoro. (TNF-a). These cytokines maintained the balance of
the autoimmune microenvironment. The chronic pathological
state of immune imbalance caused by diabetes can promote
many diseases (12-14). In addition, the oxidative stress produced
by diabetes can also produce many inflammatory cytokines,
such as TNF-a, IL-6, and transforming growth factor B (14).

Frontiers in Cardiovascular Medicine | www.frontiersin.org 7

May 2022 | Volume 9 | Article 882167


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Chen et al.

ICl-Associated Cardiotoxicity in Solid Tumors

e <Grade 2

®

Groups e 2 Grade 3

Patients
o

0 100 200 300 400
Time since ICl initiation to caridotoxicity occurred (days)

FIGURE 2 | Bubble chart of the time since ICl initiation to the occurrence of
mild cardiotoxicity and severe cardiotoxicity.

The cytokine pathway has been confirmed to be closely related
to irAEs in many studies (15). In addition, diabetes affects
the number and activity of T cells, B cells, and NK cells in
peripheral blood, and the result of immune imbalance may
also play an important role (14). Moreover, whether diabetes,
as an autoimmune disease, also plays an important role in
irAEs like other types of autoimmune diseases remains to be
further studied.

We also collected baseline inflammatory indicators, such
as IL-6, C-reactive protein (CRP), and lactic dehydrogenase
(LDH), of all patients and calculated NLR, PLR, and LMR. We
found that lower baseline LMR was an independent risk factor
for the development of cardiotoxicity. In previous studies, the
correlation between peripheral lymphocyte levels and adverse
reactions has already been investigated. In a study of risk factors

for cardiotoxicity based on more than 4,000 immunotherapy
patients (16), the authors identified the association between
low baseline peripheral lymphocyte levels and cardiotoxicity
through a machine learning method. In a retrospective study of
NSCLC, an association of LMR with irAEs was also found (17).
Activated T lymphocytes in patients with tumors after using PD-
1/PD-L1 antibodies can not only attack tumor cells, but also
cause irAEs. According to the autopsy result of patients with
cardiotoxicity as previously reported, lymphocytic infiltration
was widely seen in the diseased tissue (2). Therefore, lymphocytes
may play a key role in the response of irAEs. However, no direct
correlation between peripheral lymphocyte count (or percentage)
and the occurrence of cardiotoxicity was found in our cohort.
Moreover, these indicators are often dynamic during tumor
treatment. Therefore, how does their changing act on adverse
reactions? What role do lymphocytes play in it? They deserve
further discussion.

In terms of gender, ICI was used in more men than women
in our study, possibly due to the higher tumor prevalence
in male patients. In this study, male patients received ICI
proportionally more often than female patients, but no
significant association between gender and the development
of myocarditis was found. One study found higher occurrence
rate of ICI associated cardiovascular with men (18). Several
additional studies had the same finding (7, 11, 19). However,
another research found a different result that women were
at higher risk of ICI-related myocarditis. These studies
suggested the relationship of gender and the occurrence of
ICI-related myocarditis. In addition, we found a higher incidence
of ICI-related cardiotoxicity in patients with respiratory
neoplasms than in other types of neoplasms. Salem et al. (7)
also found a higher rate of ICI-related pericardial disease
among patients with lung cancer. Basic research has found
upregulation of PD-L1 in models of myocardial injury
induced by ischemiareperfusion and hypothermia, which
may be a cytokine-mediated mechanism of cardiac protection.
Besides, radiation therapy in patients with lung cancer may
present with potential exposure to cardiac antigens. Immune
activation thereby conferring them a higher incidence of
cardiotoxicity. As for the correlation between comorbid
autoimmune diseases and cardiotoxicity, there were numerous
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reports of thymoma patients with ICI-related cardiotoxicity.
Toi et al. (20) retrospectively recruited 137 patients with

found that positive autoimmune antibody was significantly
associated with a higher occurrence of irAEs and better clinical

positive autoimmune antibody receiving ICI therapy. They benefit in NSCLC. In addition, another study also suggested
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a relationship between autoimmune antibodies and irAEs
(20). Therefore, we are more cautious about ICI initiation in
patients with autoimmune diseases in real-world. Therefore,
patients with active autoimmune disease were excluded from
our study. Because the treatment of active autoimmune
diseases is contrary to tumor treatment, they can affect the
judgment to response of tumor treatment and drug-related
adverse reactions.

In addition to ICI-related cardiotoxicity, we also collected
ICI-related thyroid dysfunction and pneumonia. We found
that both of them have a certain correlation with the
occurrence of cardiotoxicity. Although the onset of ICI-
related pneumonitis or abnormal thyroid function does not
completely precede the onset of cardiotoxicity, we cannot
establish a causal relationship between them. However,
this finding suggests that there may be a link between the
toxicities occurring at different times targeting different
organs. The occurrence of toxicities targeting the lung
or thyroid may then alert clinicians the occurrence of
cardiotoxicity. Besides, myositis, hepatitis, and pneumonia
may be complicated by the occurrence of cardiotoxicity. In
the cardiotoxicity population, a total of 30 (41.1%) patients
had concurrent toxicities targeting other organs. In a study
based on the VigiBase database, serious combined ICI-
related adverse reactions accounted for 42% of adverse
reactions, most of which were ICI-related myocarditis and
myositis (21). In a multicenter study, 32% of myositis was
associated with concurrent myocarditis (22). In addition,
the mortality rate is the highest in patients with combined
myocarditis and myasthenia gravis. Therefore, in patients with
symptoms of ICI-related myositis, they should be alert to the
occurrence of myocarditis.

Previous studies have demonstrated a possible correlation
between irAEs and tumor prognosis. A meta-analysis (23)
explored the relationship between ICI-related adverse drug
reactions and clinical benefits. It was suggested that in
patients receiving ICIs, the development of irAEs was positively
correlated with objective remission rate (ORR), progression-
free survival (PES), and OS, irrespective of disease site, type
of ICI, and irAE. ORR was better in patients with grade
3 or higher toxicity, but OS was worse. However, in this
study, we only did the analysis in overall survival, and no
significant difference was found between patients with or
without cardiotoxicity.

Till now, the National Comprehensive Cancer Network
(NCCN) guidelines do not recommend rechallenge of ICI after
grade 2 and above myocarditis. Subclinical myocarditis was
recommended continue the use of ICI with close detection. In a
single-center retrospective study in 2019 (24), the investigators
included 93 patients with grade 2 or higher toxicity, including
43 grade 2 events, 36 grade 3 events, and 14 grade 4 events.
Taking the occurrence of the second toxicity as the endpoint,
the final results suggested that the time since ICI use to the
occurrence of the initial irAE was related to the occurrence
of the second irAE. Besides, the severity of the second irAE
was not more severe than the first one. They concluded that
the risk-reward ratio of anti-PD-1 or anti-PD-L1 rechallenge

appears to be acceptable. However, patients with first ICI-
related toxicity involving the heart were not included in this
study. Conversely, there were also some studies restarting
ICI after the occurrence of irAEs, resulting in recurrence
of grade 5 toxicity in patients. Therefore, ICI rechallenge
after irAEs is still controversial. Due to the small number
of cases in our study, we cannot currently explain the safety
of cardiotoxicity after restarting, because once cardiotoxicity
occurs, it may be fatal drug toxicity, which is unacceptable
for clinicians and patients’ families. Moreover, the timing of
ICI restarting among these patients also varied, and some
patients even resumed ICI 1 month after ICI withdrawal. If
there are large clinical studies to confirm the feasibility of
restarting immunotherapy for ICI-related cardiotoxicity, the
timing of restarting ICI will also be a major focus. Furthermore,
there were many patients with grade 1 cardiotoxicity who
continue to use immunotherapy under strict monitoring, and a
small number of patients who suffered mild cardiotoxicity
for not one time, but it does not affect the progress of
tumor treatment.

CONCLUSION

We retrospectively analyzed the risk factors of ICI-related
cardiotoxicity in the whole population receiving ICI therapy. We
found a higher incidence of ICI-related cardiotoxicity, and a high
proportion of severe cases than previous reported in real-world
situation. Patients with diabetes mellitus and low baseline levels
of LMR have an increased incidence of cardiotoxicity, which
should be closely monitored during the use of ICIs. Besides, the
incidence of severe cardiotoxicity was correlated with shorter
overall survival.

SHORTAGE

Despite the advantages and potential insights on this study,
there are some inevitable shortcomings in our study.
First of all, some potential biases are still unavoidable
due to the retrospective design of this study, such as
investigator bias. Second, although the overall immunotherapy
sample size we included is relatively large, the number
of cardiotoxicity cases is relatively small, as well as the
number of patients who rechallenge ICI. Finally, due to
the serious lack of some data during the study period, we
could not analyze the relationship between the baseline
levels of some inflammatory markers (such as LDH, CRP,
and cytokines) and the occurrence of cardiotoxicity. Hence,
well-designed large-scale prospective studies are urgently
needed in the future.
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