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Abstract: Over the past decade, immune checkpoint inhibitors (ICl) have dramatically improved the prognosis of
many cancer patients, but many immune-related adverse cardiovascular events (ACEs) have been observed. We
aimed to investigate the occurrence of ACEs in the real world after receiving ICl and provide clinical reference for
how to evaluate it. The study retrospectively included 204 patients who received ICl from October 2019 to November
2020 and 205 patients who only received traditional chemotherapy. The mean duration of follow-up for ICI group
was 4.88 months, and the control group was 4.79 months. Patients in the control group did not develop myocarditis,
only 2 cases of new-onset pericardial effusion occurred. In contrast, among ICI group, there were 3 cases of ICI-
associated myocarditis, accounting for 1.47% (3/204), 6 cases of pericardial effusion. The incidence of new-onset
ECG abnormalities in the ICI group was significantly higher than that of the control group (38/180 VS 16/178, HR
2.71, 95% Cl: 1.449-5.067, P=0.001). In the ICI group, after receiving ICI treatment, cardiac biomarkers including
average cardiac troponin T and N terminal pro B type natriuretic peptide increased significantly, peak in about 1
month, and then gradually decreasing. After the third or fourth month, the cardiac biomarkers gradually increased
again. In conclusion, ICI may lead to various ACEs, and its incidence is higher than that of patients who only receive
traditional chemotherapy. The changing trend of cardiac biomarkers reflects that ICI may cause acute and chronic
myocardial damage. Regularly performing ECG, echocardiogram and cardiac biomarker examinations are helpful for
early detection of ACEs caused by ICl and providing timely treatment.
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Introduction cular toxicity which may be severe and have a
poor prognosis [4]. The incidence of adverse

Immune checkpoints are immunosuppressive cardiovascular events (ACEs) caused by ICI is

molecules that maintain self-tolerance by regu-
lating the immune response, thereby protecting
human tissues and organs. Immune checkpoint
inhibitors (ICl) are monoclonal antibodies that
can block these molecules to unleash the
immune system and kill tumor cells [1]. In
recent years, ICl has been widely used in the
treatment of many kinds of tumors, especially
metastatic and advanced cancer [2], which
have improved the prognosis of many patients
and have become a new promising method [3].
However, over-augmented immune response
may result in a wide spectrum of immune-relat-
ed adverse events (irAEs), including cardiovas-

low. Forexample, the incidence of ICl-associated
myocarditis is about 1% [5], but once it hap-
pens, its prognosis is poor. Previous studies
have shown that the mortality rate of myocardi-
tis caused by ICI is very high, ranging from 35%
to 50% [6, 7]. ICl may cause a variety of ACEs,
such as myocarditis, pericardial disease [8],
vasculitis [9], Tako Tsubo Syndrome [10, 11],
non-inflammatory left ventricular dysfunction
[12], and myocardial infarction [13]. Early diag-
nosis and timely treatment are the main meth-
ods to reduce ACEs caused by ICI. However, in
the real world, the understanding of cardiotoxic-
ity caused by ICl is insufficient. Due to the rela-
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tively low incidence of serious ACEs caused by
ICl, many oncologists are not concerned about
this. Most published reports on ICI have under-
estimated its cardiotoxicity. On the other hand,
there is still a lack of consensus on how to
detect cardiotoxicity caused by ICI as early as
possible.

In recent years, some methods of monitoring
cardiotoxicity have been used in some tradi-
tional chemotherapy. These methods have
been proved be able to predict the subsequent
ACEs of tumor patients. Among them, electro-
cardiogram (ECQG) [14], echocardiogram [15],
cardiac biomarkers including cardiac troponin T
(cTnT) and N terminal pro B type natriuretic pep-
tide (NT-proBNP) are widely used to monitor the
cardiotoxicity of tumor treatment drugs [16].
These methods are noninvasive and easy to
operate, and can be used to monitor cardiotox-
icity caused by ICI. At present, there are many
case reports of cardiotoxicity caused by ICI, but
there are few reports about the occurrence of
ACEs caused by ICI in the real world and how to
detect them early. The purpose of this study is
to evaluate the incidence of ACEs in cancer
patients receiving ICl in the real world, explore
the early diagnosis value of ECG and cardiac
biomarkers, and provide reference for how to
monitor and early diagnose cardiotoxicity
caused by ICI.

Methods
Patients

ICl is a new type of drug for the treatment of
tumors, and many cancer patients in our hospi-
tal have their treatment indications. In the past
two years, many cancer patients at the hospital
have received ICI treatment. According to the
electronic medical record database, the names
of the ICl were used as the search key to select
patients who have received ICl. We searched
for all cancer patients in our center who
received ICI from October 2019 to November
2020. Patients who received known cardiovas-
cular toxic drugs such as anthracyclines or tar-
geted HER-2 drugs at the same time or before
receiving ICl were excluded. Eligible patients
received at least one of ECG, cardiac biomark-
ers, and echocardiography before and after ICI
treatment. Patients who met the above criteria
were included in the ICI group.
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During the same period, we searched all cancer
patients who received traditional chemothera-
py, and selected 250 of them through a random
data table. Patients who received anthracy-
clines or targeted drugs or other drugs that
may cause cardiotoxicity were excluded. Eligible
patients also need to receive at least one of
ECG, cardiac biomarkers, and echocardiogra-
phy before and after receiving traditional che-
motherapy. Patients met the above criteria
were included in the control group.

Clinical data collection

Data of the study were extracted retrospec-
tively from electronic medical records of the
First Affiliated Hospital of Chongqging Medical
University. This hospital is a large general hos-
pital, and the patients receiving tumor treat-
ment in the hospital are representative. We
have recorded the patient’s diagnosis accord-
ing to the IC-10 code on the first page of the
electronic medical record. According to the
electronic medical records, basic demographic
data about gender, age, body mass index (BMI),
nicotine/tobacco use, alcohol consumption,
etc. as well as the patient’s cardiovascular
disease-related medical history and risk fac-
tors including hypertension, diabetes, coronary
heart disease were recorded.

We collected information about the character-
istics of the patient’s cancer, including the diag-
nosis, whether to undergo surgery, radiothera-
py, and details of chemotherapy drugs or ICls.
In order to investigate the impact of tumor
treatment on the cardiovascular system, we fol-
lowed up the patient’s heart rate, blood pres-
sure, ECG, cardiac markers including ¢TnT and
NT-proBNP, and echocardiogram or chest CT for
pericardial effusion detection after receiving
traditional chemotherapy or ICI. The diagnosis
of ICl-associated myocarditis was confirmed
after the discussion of the oncologist and cardi-
ologist team of our hospital.

This study was a retrospective controlled study
which has received funding from the Science
Commission and the Health Department of
Chongqing city (Fund number, 2018ZDXMO010).
This study was conducted in accordance with
the principles of the Declaration of Helsinki,
and the study protocol was approved by the
ethics committee of the first affiliated hospital
of Chongqing medical university (ethics num-
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Figure 1. A consort flow diagram of cohort. A total of 232 patients received ICl treatment, and a total of 204 patients
met the inclusion criteria and were included in the ICI group. After screening, a total of 205 patients who received
traditional chemotherapy at the same time were included in the control group.

ber, 2018-10-2). As the information was
obtained retrospectively, the patient’'s name
and privacy were not involved.

Primary and secondary endpoints

The primary endpoint of the study was the inci-
dence of ACEs (including cardiac death, acute
heart failure, pericardial effusion, abnormal
ECG, and acute myocarditis) in patients receiv-
ing ICl only or combined with traditional chemo-
therapy, and comparison with patients who
only received traditional chemotherapy. The
secondary endpoints were the changes in car-
diac biomarkers and heart rate before and
after ICl treatment in ICI group and comparison
with patients who only received traditional
chemotherapy.

Statistical analysis and definitions

ACEs (including cardiac death, acute heart fail-
ure, pericardial effusion and acute myocarditis)
and ECG abnormalities in the ICI group or con-
trol group were recorded and counted in detail.
The changes of serum cardiac biomarkers
including NT-proBNP and cTnT before and after
treatment in the two groups were analyzed
descriptively, and a mixed linear model was
used to compare the differences in cardiac bio-
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markers before and after treatment. Continuous
variables were described as mean * standard
deviation, and their normality was evaluated by
K-S test. According to their normality, Student’s
t-tests or Wilcoxon rank sum test was used
to compare continuous variables. Categorical
variables were presented as percentage and
were compared using the Pearson chi-square
test. Statistical tests were 2 sided, and 5% was
set as the level of significance. Statistical anal-
yses were performed using IBM SPSS Statistics
version 21 (IBM, Armonk, New York).

Results
Basic demographic characteristics

A total of 232 people in our cancer treatment
center received ICI treatment from October
2019 to November 2020. After screening, a
total of 204 people were included in the ICI
group. In the same period, there were 2121
patients who received only traditional chemo-
therapy. We randomly selected 250 cancer
patients as the control group. After screening,
205 patients were eligible for inclusion (Figure
1). The average follow-up time of the ICI
group was 4.88 months, and the control group
was 4.79 months. Baseline characteristics of
patients included in our study were summa-
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Table 1. Baseline patient characteristics

All patients

Control ICl group

Variables N=409 N=205 N=204 P value
Demographic characteristics
Mean age, years 60.78+8.2 59.9+8.2 61.7+8.1 0.033
Gender, male, % 321 (78.5) 161 (78.9) 160 (78.0) 0.830
Height, cm 164.2+6.7 164.0+6.7 164.4+6.7 0.555
Weight, kg 61.6+£9.3 62.3+9.7 60.8+8.7 0.108
Body mass index, kg/m? 22.8+2.9 23.1+2.9 22.5+2.6 0.020
Hemodynamics
HR, beats per minute 81.4+8.0 80.81£7.8 82.0+£8.3 0.555
BP systolic, mmHg 123.7+£18.1 123.8+16.8 123.6+£19.5 0.908
BP diastolic, mmHg 76.48+11.5 77.6+£10.2 75.3+12.6 0.040
Cancer category
Lung cancer 267 153 114 <0.001
Esophageal cancer 104 31 73 <0.001
other 38 21 17 0.721
Cardiovascular disease or risk factor
Diabetes 17 10 17 0.167
Hypertension 86 42 44 0.828
Coronary Heart Disease 12 7 5 0.552
Smoking 171 90 81 0.345
Drinking 118 61 57 0.640
Baseline examination
NT-proBNP, pg/ml 85.78+129.4 69.1+60.6 104.0+174.6 0.011
cTnT, pg/ml 0.0079+£0.0039  0.0077+0.0047 0.0081+0.0103 0.571
Abnormal ECG 75 37/152 38/153 0.938
Pericardial effusion 1 0 1 NA

Abbreviations: HR, heart rate; BP, blood pressure; NT-proBNP, N terminal pro B type natriuretic peptide; cTnT, cardiac troponin

T; ECG, electrocardiogram.

rized in Table 1. Among them, the mean age of
patients in the ICl group was 59.9+8.2 year
(30-81 years old) and is slightly higher than the
control group (61.7+8.1 year, 28-77 years old,
P=0.033). There was no significant difference
between ICI group and control group in gender,
height, and weight. The proportion of male
patients in the ICI group was 78.4% (160/204),
while the control group was 78.5% (161/205).
In comparison with ICI group, control group
had a higher body mass index (23.1+2.9 VS
22.5+2.6, P=0.02).

Cancer and treatment

The most common tumors were lung cancer
and esophageal cancer in this study. The pro-
portion of lung cancer in the control group was
higher than that of the ICI group (153/205 VS
1147204, P<0.001), while the proportion of
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esophageal cancer was lower (31/205 VS
73/204, P<0.001). Some patients underwent
surgery before receiving ICl or chemotherapy.
The control group received only traditional
chemotherapy, and the most commonly used
drugs were docetaxel and paclitaxel-albumin.
The most commonly used ICI include Carreli-
zumab, Pembrolizumab, and Tislelizumab. In
addition to ICI treatment, most patients in the
ICI group also received traditional chemothera-
py drugs similar to those in the control group
(Supplementary Tables 1 and 2).

Adverse cardiovascular events

There were 3 cases (1.47%, 3/204) of acute
immune myocarditis in the ICI group, but none
in the control group. The 3 patients with ICI-
associated myocarditis included in this article
were treated with Camrelizumab. The main clin-
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cTnT in 3 patients with myocarditis

ECG changes in case 1,
and NT-proBNP changes in

e Methylprednisolone 240mg IV bid == case 2 (Figures 2-4). 39
16 —*—case1 days after receiving Cam-
1.4 —e—case2 relizumab, case 3 under-
12 —e—case3 went a CMR examination,
:léa 1 == \ethylprednisolone 160mg\|V bid and the results showed
= that the T2 value of the
EGB ventricular septum incre-
O g6 ased to 68.76 ms (Figure

0.4 5).
0.2 Methylpr(-idnisolone 160mg IV bid There were 2 cases of new-
onset pericardial effusion
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Time to rececive carrelizumab(days)

Figure 2. Changes of c¢TnT in 3 patients with myocarditis before and after re-
ceiving carrelizumab and glucocorticoid. After receiving carrelizumab treat-
ment, the cTnT of case 2 increased slightly, the cTnT of case 1 and case 3 both
increased significantly within 1 month, and the troponin decreased significantly

after methylprednisolone treatment.

NT-proBNP in case 2

40000
35000 |Methylprednisolone 160mg V=
30000
25000
20000

15000

NT-proBNP (ng/L)

10000
Carrelizumab

5000

0 818

1 7 14 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Time to receive carrelizumab (days)

Figure 3. Changes of NT-proBNP before and after treatment with carrelizumab
and glucocorticoid in case 2. NT-proBNP increased sharply 24 days after receiv-
ing carrelizumab treatment, and decreased after receiving methylprednisolone

treatment.

ical manifestations are dyspnea, fatigue, abnor-
mal ECG, and elevated cardiac biomarkers. The
occurrence time of 3 cases of acute immune
myocarditis was 21 days, 28 days and 31 days,
respectively. All 3 patients received methyl-
prednisolone to suppress the immune system.
Two of the patients gradually improved after
treatment and eventually recovered and were
discharged from the hospital. However, the
heart failure of one of the cancer patients did
not improve and died of ventricular fibrillation.
The figures showed cTnT changes in 3 patients,
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in the control group and 6
cases of new-onset peri-
cardial effusion in the ICI
group. Abnormal ECG was
the most common ACEs in
cancer patients after re-
ceiving ICl, a total of 38
patients developed new
ECG abnormalities, includ-
ing sinus bradycardia, sinus
tachycardia, bundle branch
block, atrioventricular blo-
ck, premature atrial or ven-
tricular contraction, ST seg-
ment or T Wave changes.
The incidence of new-onset
ECG abnormalities in the
ICl group was significantly
higher than that of the
control group (38/180 VS
16/178, HR 2.71, 95% Cl:
1.449-5.067, P=0.001). In
the ICI group, the NT-pro-
BNP of 10 patients with a
normal baseline significant-
ly increased (more than 2
times the upper limit of
normal) after receiving ICl,
while 5 patients in the control group increa-
sed, but there was no statistical difference
between the two groups (P=0.162). In addition,
9 patients in the ICI group had elevated cTnT
(At least 2 times higher than the upper limit of
normal), which was higher than 5 patients in
the control group (P=0.028) (Table 2).

5006

Carrelizumab (n=154), pembrolizumab (n=20),
and tislelizumab (n=11) were the most com-
monly used ICIs in this study. After receiving
different ICls, there were differences in the
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Figure 4. The ECG changes before and after ICl treatment in case 1. Left: before receiving Carrelizumab; Middle: day
24 after receiving Carrelizumab, ECG examination showed abnormal ST-T; Right: day 29 after receiving carrelizumab
(5 days after receiving glucocorticoid), ECG shows that ST-T abnormality has returned to normal.

incidence of various ACEs

(Supplementary Table 3).
Among them, the incidence

of abnormal cTnT caused by

Cont@ur 1 . .
Ag@gg Ao carrelizumab was relatively
MBX: 77256 ms ° high, and all 3 cases of
wWih: 58.04 ms ) myocarditis occurred after
4 the use of carrelizumab.
The incidence of abnormal
ECG caused by Pembroli-
zumab was higher, and the
incidence of pericardial
effusion and abnormal NT-
proBNP was higher after
the use of Navulumab. How-
ever, due to the low inci-
dence of ACEs and there
were few users of some ICI
drugs, it was difficult to sta-

Figure 5. Myocardial T2 mapping by CMR in case 3. 39 days after receiving Car- tistically determine wheth-
relizumab, CMR showed an increase in the T2 value of the ventricular septum, er there were differences
which indicated local edema of the myocardium.

between various drugs. The
incidence of ACEs in differ-
ent cancer stages (stages
1-4) after ICl treatment was
analyzed. Cancer patients
receiving ICl treatment

Table 2. Adverse cardiovascular events after tumor treatment

Control (N=205) ICI group (N=204) P value
Abnormal ECG 178 (miss27) 16 180 (miss24) 38 0.001

Pericardial effusion 202 (miss 3) 2 203 (miss 1) 6 0.135 were more in stage 3 and
NT-ProBNP abnormal 201 (miss 4) 4 187 (miss17) 10 0.076 stage 4. There was no sta-
Sinus tachycardia 202 (miss 3) 6 203 (miss1) 15 0.045 tistical difference in the
Acute myocarditis 205 0 204 3 0.083 incidence of abnormal ECG
¢TnT abnormal 201 (miss4) 2 203 (miss1) 9  0.028 among patients in each
Abbreviations: ECG, electrocardiogram; NT-proBNP, N terminal pro B type natriuretic stage. Acute myocarditis
peptide; cTnT, cardiac troponin T. and abnormal c¢TnT only
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Figure 6. Changes of cTnT and NT-proBNP at baseline and after receiving anti-tumor drug treatment in control group

(group 1) and ICI group (group 2).

occurred in patients with stage 3-4 cancer.
Pericardial effusion and abnormal NT-ProBNP
occurred in patients with stage 2-4 cancer, but
there was no statistical difference (Supple-
mentary Table 4).

Cardiac biomarkers

Most of the patients included in the study
underwent regular testing of cardiac biomark-
ers including cInT and NT-proBNP. Before
receiving ICl or traditional chemotherapy, the
average cInT of the ICI group was not different
from the control (0.0081+0.0103, 0.0077+
0.0047, respectively, P=0.571). We used a lin-
ear mixed model to analyze the troponin levels
of the two groups after receiving tumor treat-
ment. The results showed that compared with
the control group, after receiving ICI (with or
without traditional chemotherapy), the ICI
group has a higher ¢TnT (P<0.001). In the ICI
group, about 1 month after receiving ICI, cTnT
was significantly higher than the baseline
(0.0267+0.0102 VS 0.0081+0.0103, P=0.039)
and it gradually decreased in the second to
fourth months. In the 5th and 6th months
after ICl treatment, the average cTnT gradually
increased compared with the 4th month (Figure
6).

NT-proBNP was examined in 187 (93.5%)
patients in the ICI group and 201 (98.0%)
patients in the control group. Compared with
the control group, before receiving ICI or tradi-
tional chemotherapy, the average NT-proBNP of
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the ICI group was slightly higher than the con-
trol (85.78+129.4 pg/L VS 69.1+60.6 pg/L,
P=0.011). We conducted a mixed linear model
analysis on the NT-proBNP of the two groups.
The results showed that the average NT-proBNP
of the ICI group was significantly higher than
that of the control group after receiving cancer
treatment (P=0.005). The average NT-proBNP
of the ICI group increased drastically from
104.0+174.6 ug/L at baseline to 310.86%
2730.58 ug/L in the first month after receiving
ICI. It declined in the second and third months,
but gradually increased in the fourth to sixth
months. No similar changes were observed in
the control group, and compared with baseline,
there were no significant changes in cardiac
biomarkers after receiving traditional chemo-
therapy (Figure 6).

Discussion

This study was a retrospective controlled study
focusing on cardiotoxicity caused by ICI in
the real world. We found that some patients
receiving ICl developed ACEs, such as acute
myocarditis (n=3), pericardial effusion (n=6)
and abnormal ECG (n=38), and its incidence
were significantly higher than that of patients
who only received traditional chemotherapy. In
addition, we found that after cancer patients
received ICI, the average cTnT and NT-proBNP
were higher than the baseline and the control
group, indicating that ICI-induced myocardial
immune damage and decreased cardiac
function.

Am J Cancer Res 2021;11(12):6074-6085
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The human immune system controls the
immune response by regulating the surface
molecules of immune cells to protect the
human body from threats and not respond
to self-antigens [17]. Cytotoxic T lymphocyte
associate protein-4 (CTLA-4) and programmed
cell death protein 1 (PD-1) or its ligands, pro-
grammed cell death 1 ligand 1 (PD-L1) are neg-
ative immunomodulatory molecules which are
called immune checkpoints [18]. ICl is a mono-
clonal antibody that can block one of these
immune checkpoints to enhance the body’s
immune function to kill tumor cells [1].

PD-1 is located on the surface of T cells, and
PD-L1 is its ligand and can be expressed in
tumor cells or cardiomyocytes. The activation
of T cells can be suppressed after PD-1 and
PD-L1 binding. ICls such as pembrolizumab,
nivolumab, and carrelizumab are antibodies
that target PD-1, while atezolizumab, durvalum-
ab, and avelumab are antibodies that target
PD-L1. These drugs can block the binding of
PD-1 and PD-L1, thus enhancing the activa-
tion of T cells against tumors. PD-L1 can be
expressed on the cardiomyocytes of adult ani-
mals and plays an important role in maintaining
the immune tolerance of the heart [19]. After
PD-1 or PDL-1 is inhibited by ICI, the immune
tolerance of the heart is reduced, and the acti-
vated immune system can lead to autoimmuni-
ty of the heart [20]. CTLA-4 is another negative
regulator of T cell activation, which is very
important for maintaining the stability of lym-
phocytes. CTLA-4-deficient mice have suffered
autoimmune damage, with particularly severe
myocarditis and pancreatitis [21, 22]. CTLA-4
antibody such as ipilimumab, the first drug
approved for the treatment of advanced mela-
noma, which can inhibit CTLA-4 to relieve its
inhibitory effect on T cell activation. The activa-
tion of T cells can kill tumor cells, but at the
same time, over-activated T cells can cause
damage to organs and tissues such as myocar-
dium. Cardiomyocytes may have shared anti-
gen target with tumor cells, and autoimmunity
occurs after recognition by the activated
immune system [23]. ICI can also increase the
level of cytokines and promote the formation of
autoantibodies against target tissues, resulting
in immune damage [24].

In recent years, many ICls have been approved
to treat a variety of malignant tumors and
improve the prognosis of many cancer patients.
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However, the suppression of immune check-
points by ICI may lead to excessive activation of
the immune system and cause inflammatory
side effects, which are called irAEs [25]. Among
them, ACEs caused by ICI have been continu-
ously reported in recent years [26, 27]. Previous
studies have shown that the cardiotoxicity of ICI
may lead to acute myocarditis, pericardial dis-
ease, arrhythmia and other diseases [28].

ICl-associated autoimmune myocarditis is an
acute cardiovascular complication with a poor
prognosis. A meta-analysis showed that the
incidence of ICl-associated myocarditis was
between 0.27% and 1.14% [5, 23], and the
mortality rate was as high as 30%-50%. The
onset time of ICl-associated myocarditis was
mostly within 2 months after receiving ICl treat-
ment, with a median time of 30 days [29]. In
this study, 3 patients developed ICl-associated
myocarditis (1.46%), and the onset time was
within 30 days. All 3 patients were treated with
steroids, but one of them died of heart failure.
The basic condition of the heart may be one of
the risk factors for death after the occurrence
of myocarditis. The patient who died of myocar-
ditis had signs of cardiac dysfunction before
using ICI. The echocardiogram showed that the
motion of the left ventricle wall was uncoordi-
nated, and NT-proBNP (818 ng/L) was high.
Therefore, it is necessary to comprehensively
assess the patient’s baseline cardiovascular
status and carry out risk stratification.

Arrhythmia and pericardial diseases are also
common complications related to tumor treat-
ment. ECG abnormalities caused by ICI may
present atrioventricular block, bundle branch
block, atrial and ventricular arrhythmia, and
severe arrhythmia may lead to syncope and
sudden death [30]. In this study, 38 patients
with normal baseline ECG developed abnor-
mal ECG after receiving ICl. Among them, 18
patients developed atrial or ventricular arrhyth-
mia, and 10 patients developed tachycardia.
The abnormal ECG may reflect the early im-
mune damage of the myocardium. Many oncol-
ogy drugs or chest radiotherapy may cause
pericardial disease. Echocardiogram and chest
CT can effectively detect pericardial diseases.
204 patients in the ICI group and 205 patients
in the control group underwent chest CT or/
and echocardiogram during tumor treatment.
Among them, 6 patients in the ICl group devel-
oped pericardial effusion (2.9%), while only 2
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patients in the control group. Heart rate can
reflect the state of heart function and may be
related to the prognosis of cardiovascular dis-
ease. After receiving ICl, the heart rate of can-
cer patients was significantly higher than the
baseline.

Cardiac biomarkers are commonly used indica-
tors to detect myocardial damage and cardiac
dysfunction, which are related to the prognosis
of cardiovascular system and are often used to
monitor cardiotoxicity caused by tumor treat-
ment drugs [31, 32]. In this study, the average
cTnT and NT-proBNP in patients were signifi-
cantly increased about 1 month after receiving
ICI, which reflected early myocardial immune
damage. In the second month, the average cTnT
and NT-proBNP decreased, indicated that myo-
cardial inflammatory injury has been partially
recovered. As time gone by, the average cTnT
and NT-proBNP in the ICI group gradually
increased. This reflected chronic accumulation
and delayed immune damage in myocardium.

There have been many reports of acute ACEs
caused by ICI, and its main mechanism is acute
autoimmune injury. ICl leads to excessive acti-
vation of T cells, promoting inflammatory cyto-
kines, and other possible mechanisms lead
to acute myocardial immune injury. However,
there were few research reports on chronic
ACEs caused by ICI. A retrospective study car-
ried out by Dolladille C showed that 19 patients
had late (=90 days) ICl-related ACEs after
receiving ICl treatment, accounting for 50% of
the total ACEs [33], and none of them had pre-
vious acute (<90 days) ACEs. The mechanisms
of chronic ACEs caused by IClI were not fully
understood. The continuous activation of T
cells caused by periodic use of IClI may cause
chronic and cumulative injury to the myocardi-
um, which gradually lead to the remodeling of
myocardial structure. Some clinical cases have
reported the presence of myocardial fibrosis
detected by MRI or endomyocardial biopsy in
patients with ICl-related dilated cardiomyopa-
thy, which was the clinical evidence of ICI leads
to chronic injuries of myocardium [11]. In addi-
tion, the production of autoantibodies may also
be one of the mechanisms of chronic myocar-
dial injury. Taku Okazaki found that autoanti-
body against cardiac troponin | in PD-1 deficient
mice was a possible mechanism for the devel-
opment of dilated cardiomyopathy in mice [34].
This study found that after accepting ICI 3-4
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months, the average cardiac biomarkers gradu-
ally increase, which reflected the chronic myo-
cardial injury caused by ICI.

For patients suspected of acute myocarditis,
CMR is a very important examination method.
The elevated T1 and T2 values reflect the
inflammation and edema of the myocardium. A
recent study showed that T1 and T2 values
were abnormal in 78% and 43% of the patients
with ICl-associated myocarditis, respectively
[35]. Case 2 with myocarditis in this study had
an elevated T2 value in the ventricular septum,
which indicated edema of the myocardium
(Figure 5). The value of CMR in the detection of
cardiovascular toxicity in cancer patients treat-
ed with ICI deserves further study.

With the increasing use of ICl in clinical prac-
tice, reports of cardiovascular complications
continue to increase. However, in general,
insufficient attention has been paid to the car-
diotoxicity of ICI. It is very important to actively
monitor the cardiotoxicity of ICl and treat it. The
study showed that ECG, cardiac biomarkers
and echocardiogram are common methods
that can be used to assess cardiotoxicity
caused by ICl. For patients with suspected
acute myocarditis or heart failure, radionuclide
myocardial imaging, angiography, CMR and
endocardial biopsy can also be selected accord-
ing to the condition. Cardiotoxicity caused by
ICI should be brought to the attention of clini-
cians. The key to prevention and treatment is to
assess the cardiovascular condition before
using ICI, monitor closely, find and diagnose it
as early as possible, and provide timely treat-
ment after cardiovascular complications occur.

Conclusions

Compared with patients who only received tra-
ditional chemotherapy, patients who received
ICI had a higher incidence of ACEs. The cardio-
vascular toxicity of ICI may lead to various ACEs
such as acute myocarditis, pericardial effusion,
arrhythmia, and cardiac dysfunction. Among
patients receiving ICl, the average NT-proBNP
and cTnT reached the highest around the first
month, decreased in the second month, and
gradually increased from the third or fourth
month. This indicates that cTnT and NT-proBNP
can detect acute and chronic myocardial injury
caused by ICI. The combined use of ECG, echo-
cardiography and cardiac biomarkers can help

Am J Cancer Res 2021;11(12):6074-6085



Real-world cardiovascular toxicity of immune checkpoint inhibitors

early detection of cardiovascular events caused
by ICI.

Study limitations

Due to the low incidence of ICl-associated myo-
carditis, pericarditis and heart failure, cancer
patients with no cardiovascular clinical symp-
toms undergoing ICI treatment have not
received enough attention from oncologists to
receive regular cardiovascular assessments.
For example, whether a patient receives echo-
cardiogram or CMR usually depends on the
doctor, and this results in a relatively small
number of cancer patients undergoing echocar-
diogram or CMR, and difficult to conduct statis-
tical analysis. This may cause some data loss
and statistical bias in the assessment of ICI
cardiotoxicity.
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Supplementary Table 1. Commonly used immune checkpoint inhibitors

Drug Drug target Approval agency The usual dose and cycle of the drug
Camrelizumab PD-1 NMPA 200 mg IV Q3W
Tislelizumab PD-1 NMPA 3 mg/kg IV Q2W
Pembrolizumab (Keytruda) PD-1 FDA, NMPA 2 mg/kg IV Q3W

Toripalimab PD-1 NMPA 3 mg/kg IV Q2w
Durvalumab PD-L1 FDA, NMPA 10 mg/kg IV Q2W

Navulumab (Opdivo) PD-1 FDA, NMPA 3 mg/kg IV Q2w

Sintilimab PD-1 NMPA 200 mg IV Q3W

Abbreviations: FDA, Food and Drug Administration (United States); NMPA, National Medical Products Administration (China).

Supplementary Table 2. Commonly used traditional chemotherapy drugs

Drug The usual dose and cycle of the drug
Docetaxel 75 mg/m? IV Q3W
Pemetrexed 500 mg/m? IV Q3W
Nedaplatin 75 mg/m? IV Q3W

Etoposide 150 mg (D1-D3) IV Q3W
Gemcitabine 1250 mg/m? (D1) IV Q3W
Paclitaxel-albumin 260 mg/m? D1 IV Q3W
Paclitaxel 100 mg/m? IV Q3W

Supplementary Table 3. ACEs after receiving different ICI treatments

Camrelizumab  Pembrolizumab Tislelizumab  Toripalimab  Navulumab  Sintilimab Durvalumab

(N=154) (N=20) (N=11) (N=7) (N=4) (N=4) (N=3)
Abnormal ECG 16/136 (miss 18) 5/17 (miss 3) 2/10 (miss 1)  1/6 (miss 1) 1/4 1/4 0/3
11.8% 29.4% 20.0% 16.7% 25.0% 25.0% 0%
Pericardial effusion 3/153 (2.0%) 1/20 (5.0%) 0 0 1/4 (25.0%) 0 0
NT-ProBNP abnormal 5/148 (miss 6) 2/18 (miss 2) 1/11 0/5 (miss 2) 2/3 (miss 1) 0/3 (miss 1) 0/3
3.4% 11.1% 9.1% 0.0% 66.7% 0.0% 0.0%
Acute myocarditis 3/154 (1.9%) 0 0 0 0 0 0
¢TnT abnormal 8/153 (5.2%) 0 1/12 (8.3%) 0 0 0 0

Abbreviations: ACEs, adverse cardiovascular events; ICl, immune checkpoint inhibitors; ECG, electrocardiogram; NT-ProBNP, N terminal pro B type natriuretic peptide;
cTnT, cardiac troponin T.

Supplementary Table 4. ACEs in cancer patients of different stages after receiving ICl treatment

Stage 1 (N=10) Stage2 (N=27) Stage 3 (N=98) Stage 4 (N=69) P value
Abnormal ECG 3/9 (miss 1) 33.3%  3/24 (miss 3) 12.5%  16/85 (miss 13) 18.8%  16/62 (miss 7) 25.8%  0.387"
Pericardial effusion 0 1/27 (3.7%) 2/96 (miss 1) 2.1% 2/69 (2.9%) 0.874*
NT-ProBNP abnormal 0/9 (miss 1) 3/26 (miss 1) 11.5% 4/87 (miss 11) 4.6% 3/65 (miss 4) 4.6% 0.506"
Acute myocarditis 0 0 1/98 (1.0%) 2/69 (2.9%) 0.571*
¢TnT abnormal 0 0 5/97 (miss1) 5.2% 4/69 (5.8%) 0.779*

Abbreviations: ACEs, adverse cardiovascular events; ICl, immune checkpoint inhibitors; ECG, electrocardiogram; NT-ProBNP, N terminal pro B type natriuretic peptide;
cTnT, cardiac troponin T. “Chi-square test or *Fisher’s exact test for contingency table.



