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Abstract

Objectives: Immune checkpoint inhibitors are associated with adverse cardiovascular events. How-

ever, there are no data characterizing cardiovascular events among Asians on immune checkpoint

inhibitors. We aim to determine the incidence and risk of cardiac events associated with immune

checkpoint inhibitors in an Asian population.

Methods: We performed a retrospective, propensity score-matched cohort study at two tertiary

referral centers in Taiwan. Immune checkpoint inhibitor users were matched with non-immune

checkpoint inhibitor users based on predetermined clinical variables. The primary outcome was
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major adverse cardiovascular events, defined as a composite of myocardial infarction, ischemic

stroke, acute peripheral occlusive disease, pulmonary embolism, deep venous thrombosis, heart

failure, pericardial disease, myocarditis, cardiac arrhythmias and conduction block.

Results: Between January 2010 and November 2021, 868 immune checkpoint inhibitor users were

matched 1:1 with non-immune checkpoint inhibitor users. Among immune checkpoint inhibitor

users, 67 (7.7%) patients developed major adverse cardiovascular events. During a median follow-

up period of 188 days, the incidence rate of major adverse cardiovascular events for immune

checkpoint inhibitor and non-immune checkpoint inhibitor users was 94.8 and 46.2 per 1000 patient-

years, respectively, resulting in an incidence rate ratio of 2.1 [95% confidence interval: 1.5–2.9].

In multivariate Cox proportional hazard models, immune checkpoint inhibitor users had a 60%

increased risk for major adverse cardiovascular events [hazard ratio, 1.6 (95% confidence interval:

1.1–2.3)]. Immune checkpoint inhibitors use was independently associated with increased risk of

ischemic stroke [hazard ratio, 3.0 (95% confidence interval: 1.0–9.0)] and pulmonary embolism

[hazard ratio, 5.5 (95% confidence interval: 1.4–21.3)]. In multivariate logistic regression analysis,

age > 65, metastatic disease, hypertension and baseline platelet-to-lymphocyte ratio < 180 were

risk factors for major adverse cardiovascular events.

Conclusions: Among Asians, immune checkpoint inhibitors were associated with an increased risk

of major adverse cardiovascular events, particularly ischemic stroke and pulmonary embolism.

Key words: Immune checkpoint inhibitor, cardiovascular event, immune-related adverse event

Introduction

Immune checkpoint inhibitors (ICIs) constitute a new paradigm
in cancer treatment and are increasingly used in a broad range
of cancers (1). They work by blocking inhibitory checkpoints and
activating T cells to seek and destroy cancerous cells (2). Despite
their efficacy, ∼60–80% of ICI-treated patients develop immune-
related adverse events (irAEs) with various clinical manifestations
(3). Among these irAEs, cardiovascular adverse events, although
relatively uncommon, are increasingly reported in the literature (4–
7). Based on previous studies, ICI-associated cardiovascular adverse
events may include myocarditis, pericardial disease, vascular throm-
botic diseases, heart failure and cardiac arrhythmias (8–13). The
incidence of ICI-associated cardiac events is estimated to vary from
5 to 15%, depending on the definitions, types of study and the
populations (8–15).

Previous randomized controlled trials (RCTs) investigating the
safety and efficacy of ICIs were not designed to report and detect car-
diovascular events and these events were underreported (16). Most
of the current evidence suggesting an increased risk of cardiovascular
adverse events associated with ICIs came from observational studies
and meta-analyses. In a large observational study, ICI-treated patients
had more than three times the risk of atherosclerotic events compared
with patients who were not treated with ICI (9). In a meta-analysis
of RCTs, ICI users had a more than three times risk of myocarditis
and dyslipidemia, and two times higher risk of pericardial disease,
heart failure, myocardial infarction and ischemic stroke compared
with non-ICI users (17).

Despite reports on cardiovascular adverse events among ICI
users, there have been no reports of cardiac risk associated with ICI
treatment among Asian populations. A focused study in an Asian
population is merited as Asians have a high baseline susceptibility
to cardiovascular events, principally atherosclerotic cardiovascular
events and a different cardiac risk profile compared with other
populations (18–20). For example, the proportion of premature
cardiovascular deaths was close to 2-fold higher in Asia compared
with the United States and Europe (20). Therefore, there is a need to
characterize the incidence and risk of cardiovascular adverse events

associated with ICI use in this unique population. In this study, we
describe the incidence and risk of cardiac events associated with ICI
use in Asia, using data retrieved from two hospitals in Taiwan.

Methods

Study design

This was a retrospective, propensity-score matched cohort study
conducted at Chung Shan Medical University Hospital, Taichung,
Taiwan, and Taipei Tzu Chi Hospital, New Taipei City, Taiwan.
Both hospitals are tertiary referral centers for cancer. This study was
approved by the Institutional Review Board at both hospitals (Chung
Shan Medical University Hospital, number CS2–21095, approved on
July 2021; Taipei Tzu Chi Hospital, number 10-X-157, approved on
November 2021).

We included all patients diagnosed with cancer between January
2010 and November 2021, identified using the International Classi-
fication of Diseases (ICD)-9 or ICD-10 codes. Patients who had only
one hospital visit, or missing data were excluded. We defined cases
as patients who received at least one cycle of ICI, and controls as
patients who did not receive any ICI. The index date for cases was
determined as the date of the first ICI cycle, and the index date for
controls was determined as the date of non-ICI treatment. The non-
ICI treatment included chemotherapy, targeted therapy, surgery and
radiotherapy. We utilized the electronic medical records to collect
data such as age, sex, cancer information, underlying comorbidi-
ties, previous cardiotoxic cancer therapies, use of cardioprotective
medications. For ICI users, we further collected information on ICI
type and treatment cycle, occurrences of other irAEs and clinically
indicated laboratory data.

Outcome definition

We defined ICI-associated cardiovascular adverse events as incident
cardiovascular events occurring after the initiation of ICI. Only
cardiac events that occurred for the first time after the initiation
of ICI were considered. The primary outcome was major adverse
cardiovascular events (MACE), defined as a composite of myocardial
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Figure 1. Flowchart of patient enrollment. Abbreviations: ICI, immune checkpoint inhibitor; ICD, International Classification of Diseases.

infarction, ischemic stroke, acute peripheral occlusive disease, pul-
monary embolism, deep venous thrombosis, heart failure requiring
hospitalization, pericardial disease, myocarditis, cardiac arrhythmias
and conduction block. These were defined as events as each has been
reported, in predominately non-Asian populations, to be increased
with the use of ICIs (5,9,13–15,21). The secondary outcomes were
composites of arterial thrombotic events (composite of myocardial
infarction, ischemic stroke and peripheral arterial disease), venous
thrombotic events (composite of deep venous thrombosis and pul-
monary embolism) and other individual cardiovascular outcomes.
Two investigators (Cho-Han Chiang and Cho-Hung Chiang) adjudi-
cated the cardiovascular events independently using a combination
of ICD codes, medication use and clinical/imaging findings (Supple-
mentary Table 1) and blinded to group status.

Statistical analysis

To minimize the baseline differences between ICI and non-ICI users,
we conducted propensity score matching to match ICI users with
non-ICI users based on the following predetermined variables: age,
sex, cancer type, presence of metastasis, history of cardiovascu-
lar diseases, underlying comorbidities: hypertension (HTN), dia-
betes mellitus, chronic kidney disease (CKD), hyperlipidemia, chronic
obstructive pulmonary disease (COPD) and autoimmune diseases,
prior use of cardiotoxic agents: tyrosine kinase inhibitor (TKI),
5-fluorouracil, angiogenesis inhibitor, radiotherapy and anthracy-
clines, and use of cardioprotective agents: angiotensin-converting
enzyme inhibitors (ACEIs)/angiotensin receptor blockers (ARBs),
beta-blockers, calcium-channel blockers (CCBs), statins and aspirin.
Differences in baseline characteristics between ICI and non-ICI users
were compared using standardized mean differences (SMDs) after
propensity score matching. An SMD greater than 10% implied an
imbalanced distribution of covariates between ICI and non-ICI users.

We calculated the incidence rates of MACE and individual cardio-
vascular outcomes, and incidence rate ratios using Poisson regression.
We performed Kaplan–Meier survival analysis to compare the cumu-
lative incidence curves between ICI and non-ICI users, and conducted
Cox proportional hazard model analysis to assess the association
between ICI use and the risk of various cardiovascular events. The
proportional hazard ratio (HR) assumption was tested based on
Schoenfeld residuals. We also performed a subgroup analysis to
assess the cardiovascular risk of different classes of ICI: programmed
cell death protein 1 (PD-1), programmed death-ligand 1 (PD-L1) and
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4). To identify
potential risk factors predictive of ICI-associated cardiac events, we
used logistic regression model analysis using known cardiovascular
risk factors and a stepwise selection approach. A P value <0.05
indicates statistical significance. All analyses were conducted using
Stata version 16.0 (StataCorp LLC, College Station, TX).

Results

Patient demographics

Eligible cancer patients treated at Chung Shan Medical University
and Taipei Tzu Chi Hospital between 2010 and 2021 were identified
using ICD codes. After excluding patients with incomplete data,
there remained 868 ICI users (cases) and 56 897 non-ICI users
(controls) eligible for analysis (Fig. 1). As expected, ICI users tended
to have a higher rate of metastatic disease as compared with non-
ICI users (81 vs. 25%, SMD = 133.8) (Supplementary Table 2).
Patients who were treated with an ICI also received more types of
cardiotoxic therapies in the past as compared with patients who were
not treated with ICI. After propensity score matching, all covariates
including underlying comorbidities, previous cardiotoxic therapies
and previous cardioprotective agents were balanced between the two
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Table 1. Demographics of cases and controls after propensity score matching.

Demographics Total Non-ICI user ICI user SMD (%)
N = 1736 N = 868 N = 868

Age 68 (59–78) 68 (59–78) 69 (59–77) −1.8
Male 1092 (63%) 536 (62%) 556 (64%) 4.7
History of cardiovascular event 398 (23%) 186 (21%) 212 (24%) 7.6
Presence of metastasis 1424 (82%) 724 (83%) 700 (81%) −6.7
Cancer types

Head and neck cancer 176 (10%) 84 (10%) 92 (11%) 3.8
GI cancer 137 (8%) 67 (8%) 70 (8%)
Hepatobiliary cancer 301 (17%) 150 (17%) 151 (17%)
Pancreatic cancer 23 (1%) 13 (1%) 10 (1%)
Lung cancer 789 (45%) 397 (46%) 392 (45%)
Skin cancer 38 (2%) 16 (2%) 22 (3%)
Breast cancer 48 (3%) 28 (3%) 20 (2%)
Gynecologic cancer 161 (9%) 80 (9%) 81 (9%)
Renal and genitourinary 28 (2%) 14 (2%) 14 (2%)
Bone and connective tissue 10 (1%) 6 (1%) 4 (0%)
Others 25 (1%) 13 (1%) 12 (1%)

Common comorbidities 765 (44%) 390 (45%) 375 (43%) −3.7
Hypertension 380 (22%) 188 (22%) 192 (22%) 1.2
Diabetes Mellitus 321 (18%) 154 (18%) 167 (19%) 4.2
Hyperlipidemia 208 (12%) 98 (11%) 110 (13%) 4.8
CKD 327 (19%) 159 (18%) 168 (19%) 3.1
COPD 74 (4%) 34 (4%) 40 (5%) 3.6
History of autoimmune disease 765 (44%) 390 (45%) 375 (43%) −3.7

Use of cardiotoxic agents
Anthracyclines 683 (39%) 338 (39%) 345 (40%) −1.1
Angiogenesis inhibitor 683 (39%) 338 (39%) 345 (40%) 2.2
TKI 588 (34%) 296 (34%) 292 (34%) −1.2
5-FU 344 (20%) 174 (20%) 170 (20%) −1.3
Radiation 192 (11%) 100 (12%) 92 (11%) −3.7

Use of cardiovascular medications
ACEI-ARB 198 (11%) 91 (10%) 107 (12%) 5.8
B-blocker 175 (10%) 86 (10%) 89 (10%) 1.1
CCB 147 (8%) 66 (8%) 81 (9%) 5.9
Diuretics 125 (7%) 63 (7%) 62 (7%) −0.4
Statin 139 (8%) 73 (8%) 66 (8%) −3.1
Aspirin 109 (6%) 55 (6%) 54 (6%) −0.5

ACEI, Angiotensin-converting enzyme inhibitor; ARB, Angiotensin receptor blockers; CCB, calcium channel blocker; CKD, chronic kidney disease; COPD,
chronic obstructive pulmonary disease; TKI, tyrosine kinase inhibitors; SMD, standardized mean differences.

groups (Table 1 and Supplementary Fig. 1). The median ages for
ICI and non-ICI users were 69 (59–77) and 68 (59–78), respectively
(Table 1). Lung and hepatobiliary cancers were the most common
types of cancer in both ICI and non-ICI users.

Primary outcome

Among 868 ICI users, 67 patients (74 cases) developed MACE,
resulting in an incidence proportion of 7.7% (Supplementary Fig.
2). The most common type of ICI-associated MACE was cardiac
arrhythmias (27 cases), followed by pericardial disease (9 cases),
ischemic stroke (9 cases) and pulmonary embolism (9 cases). There
were three identified cases of ICI-associated myocarditis. Only
1% of the patients received combination therapy (nivolumab plus
ipilimumab). The most commonly used regimen was single-agent
nivolumab (52%), followed by single-agent pembrolizumab (38%)
(Supplementary Table 3). There were more patients receiving a PD-
L1 inhibitor and fewer patients receiving a PD-1 inhibitor among

cases with MACE. Patients with MACE tended to more commonly
develop any other irAE than non-MACE patients (25 vs. 17%,
P value = 0.09) (Supplementary Table 4). The baseline white blood
count, absolute neutrophil count , neutrophil-to-lymphocyte ratio
(NLR) and platelet-to-lymphocyte ratio (PLR) were all lower in
patients who had MACE (Supplementary Table 5).

During a median follow-up period of 188 days, the incidence rate
of MACE for ICI and non-ICI users was 94.8 and 46.2 per 1000
patient-years, resulting in an incidence rate ratio of 2.1 [95%confi-
dence interval (CI): 1.5–2.9] (Table 2). In univariate and multivariate
Cox proportional hazard models, ICI users had a 60% increase
in the risk for MACE [univariate HR, 1.6 (95% CI: 1.1–2.2);
multivariate HR, 1.6 (95% CI: 1.1–2.3)] (Table 3). Kaplan–Meier
analysis showed that ICI users had a higher cumulative incidence
of MACE compared with non-ICI users (Log-rank, P value = 0.01)
(Fig. 2). The median overall survival for patients who developed
MACE was shorter than that for patients who did not develop MACE

https://academic.oup.com/jjco/article-lookup/doi/10.1093/jjco/hyac150#supplementary-data
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Table 2. Incidence rate ratio of cardiac outcomes between ICI and non-ICI users

Outcomes Exposure Incidence rate, per
1000 patient-years

Incidence rate ratio
(95% CI)

MACE ICI 94.8 2.1 (1.5–2.9)
Non-ICI 46.2 Reference

Arterial thromboembolism (MI, stroke) ICI 20.8 3.0 (1.3–6.8)
Non-ICI 7.0 Reference

Venous thromboembolism (PE, DVT) ICI 19.5 2.6 (1.1–5.8)
Non-ICI 7.6 Reference

Myocardial infarction ICI 8.3 3.9 (0.9–18.7)
Non-ICI 2.1 Reference

Ischemic stroke ICI 12.4 3.3 (1.1–10.5)
Non-ICI 3.8 Reference

Pulmonary embolism ICI 12.4 7.7 (1.9–44.5)
Non-ICI 1.6 Reference

Deep venous thrombosis ICI 9.7 1.5 (0.5–4.2)
Non-ICI 6.5 Reference

Heart failure hospitalization ICI 5.5 1.7 (0.4–7.3)
Non-ICI 3.2 Reference

Pericardial disease ICI 12.5 2.1 (0.8–5.6)
Non-ICI 5.9 Reference

Myocarditis ICI 4.3 7.6 (0.6–402)
Non-ICI 0.6 Reference

Arrhythmia ICI 36.5 1.4 (0.8–2.3)
Non-ICI 25.9 Reference

MI, myocardial infarction, PAOD, peripheral arterial occlusive disease; PE, pulmonary embolism; DVT, deep venous thrombosis
Note: No PAOD and heart block cases were reported

[12.3 (interquartile range, IQR: 4.6–25.5) vs. 16.2 (IQR: 4.08–58.4)
months; log-rank, P = 0.14] (Supplementary Fig. 3).

Secondary outcomes

During the follow-up period, the incidence rate of arterial throm-
boembolism (ATE) for ICI and non-ICI users was 20.8 and 7.0 per
1000 patient-years, resulting in an incidence rate ratio of 3.0 [95%
CI: 1.3–6.8] (Table 2). The incidence rate of venous thromboem-
bolism (VTE) for ICI and non-ICI users was 19.5 and 7.6 per 1000
patient-years, resulting in an incidence rate ratio of 2.6 [95% CI: 1.1–
5.8] (Table 2). In multivariate Cox proportional hazard models, ICI
users had a 2-fold or higher risk of ATE [multivariate hazard ratio
(HR), 2.6 (95% CI: 1.1–5.8)] and VTE [multivariate HR, 2.0 (95%
CI: 0.9–4.3)] than non-ICI users (Table 3).

With the individual cardiovascular outcomes, ICI users had a sig-
nificantly higher risk of ischemic stroke [incidence rate, 12.4 vs. 3.8
per 1000 patient-years; incidence rate ratio 3.3 (95% CI: 1.1–10.5)]
and pulmonary embolism [incidence rate, 12.4 vs. 1.6 per 1000
patient-years; incidence rate ratio 7.7 (95% CI: 1.9–44.5)] than non-
ICI users (Table 2). In multivariate Cox proportional hazard models,
ICI users had a 3-fold or higher risk of ischemic stroke [multivariate
HR, 3.0 (95% CI: 1.0–9.0)] and pulmonary embolism [multivariate
HR, 5.5 (95% CI: 1.4–21.3)] than non-ICI users (Table 3). The risk
of other individual cardiovascular events was numerically but not
significantly higher in ICI users.

Subgroup analyses

We conducted a subgroup analysis to investigate if a particular ICI
drug class is associated with an increased risk of MACE. We did not
analyze patients treated with a CTLA-4 inhibitor (ipilimumab) as
only 15 patients received a CTLA-4 inhibitor. We excluded patients

from this subgroup analysis if they have received both PD-1 and PD-
L1 inhibitors. Among 671 PD-1 inhibitor users, the incidence rate of
MACE was 87.5 per 1000 patient-years, resulting in an incidence rate
ratio of 1.9 (95% CI: 1.3–2.8) when compared with non-ICI users
(Supplementary Table 6). Among 145 PD-L1 inhibitor users, the
incidence rate of MACE was 172.2 per 1000 patient-years, resulting
in an incidence rate ratio of 3.7 (95% CI: 2.1–6.2) when compared
with non-ICI users. In univariate and multivariate Cox proportional
hazard models, PD-L1 inhibitor users had a nearly 2-fold higher risk
of MACE compared with PD-1 inhibitor users [multivariate HR, 2.8
(95% CI: 1.7–4.8) vs. 1.5 (95% CI: 1.0–2.2)].

Predictive variables for ICI-associated cardiovascular

events

In model 1, incorporating prespecified clinical variables, among ICI
users, age and presence of metastatic disease were independently
associated with an increased risk of MACE (Table 4). In model 2,
using a stepwise selection approach, age ≥ 65, presence of metastatic
disease, HTN at baseline and development of any irAE were inde-
pendently associated with an increased risk of MACE. By contrast,
use of a PD-1 inhibitor and use of beta-blockers were associated
with a lower risk of MACE. In model 3, using a stepwise selection
that includes peripheral blood markers, a baseline PLR < 180 was
independently associated with a 2-fold increased risk for MACE
[odds ratio, 2.00 (95% CI: 1.15–3.50)], P value = 0.02).

Discussion

Evidence from RCTs and real-world observational studies have
reported severe and fatal irAEs related to ICIs (11,22). In this
propensity-score matched cohort study among Asian patients,

https://academic.oup.com/jjco/article-lookup/doi/10.1093/jjco/hyac150#supplementary-data
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Table 3. Univariate and multivariate Cox proportional hazard analysis for various cardiovascular events

Outcomes Univariate HR(95% CI) Multivariate HRa (95% CI)

MACE 1.6 (1.1–2.2) 1.6 (1.1–2.3)
Arterial thromboembolism (MI, stroke) 2.4 (1.1–5.4) 2.6 (1.1–5.8)
Venous thromboembolism (PE, DVT) 1.9 (0.9–4.1) 2.0 (0.9–4.3)
Myocardial infarction 2.4 (0.7–8.5) 2.5 (0.7–9.0)
Ischemic stroke 2.9 (0.9–8.7) 3.0 (1.0–9.0)
Pulmonary embolism 5.2 (1.3–20.2) 5.5 (1.4–21.3)
Deep venous thrombosis 1.1 (0.4–2.9) 1.2 (0.4–3.0)
Heart failure hospitalization 2.0 (0.5–8.0) 2.3 (0.6–9.4)
Pericardial disease 1.9 (0.8–5.0) 2.0 (0.8–5.1)
Myocarditis 3.0 (0.3–28.8) 2.9 (0.3–28.9)
Arrhythmia 1.0 (0.6–1.7) 1.1 (0.6–1.8)

MI, myocardial infarction, PAOD, peripheral arterial occlusive disease; PE, pulmonary embolism; DVT, deep venous thrombosis
Note: No PAOD and heart block cases were reported
aAdjusted for age, gender, metastatic disease, cancer type and previous history of cardiovascular disease

Figure 2. Cumulative incidence of major adverse cardiovascular events. Abbreviations: ICI, immune checkpoint inhibitor.

ICI treatment was associated with a 1.6-fold increased risk of
cardiovascular events compared with non-ICI treatment. Patients
treated with ICIs had an increased risk of arterial and venous
thrombotic events, in particular ischemic stroke and pulmonary
embolism. Notably, PD-L1 inhibitors were associated with a ∼2-fold
higher risk of cardiovascular events compared with PD-1 inhibitors.
Our findings have important implications for Asian patients who are
currently treated with ICI and potential candidates for ICI treatment.

RCTs have not consistently reported an association between ICI
use and cardiovascular outcomes for several reasons: conventional
cancer trials were not designed to report cardiovascular outcomes
(16), patients recruited in these trials tended to have better per-
formance status (23) and patients with a history of cardiovascular
diseases were often excluded from these trials (24). Nevertheless,
some studies have investigated the association between ICI and the

risk of cardiovascular events. In a population-based study conducted
in Denmark, ICI was associated with a 2– 5-fold increased risk of
composite cardiac events in lung cancer and melanoma patients (13).
Similarly, in a large single-center study, ICI was associated with a
3-fold increased risk of atherosclerotic cardiovascular events (9).
Recently, a safety meta-analysis of RCTs showed that ICI was asso-
ciated with a 1.5–4-fold increased risk of cardiac events, including
dyslipidemia, myocarditis, pericardial diseases, heart failure, ischemic
stroke and myocardial infarction (17).

Our study adds value to the current literature by extending these
findings to an Asian population. In addition, we note several impor-
tant differences between our study and previous reports. First, we
found an increased risk of VTEs, specifically pulmonary embolism,
associated with ICI. Although VTEs were frequently reported among
ICI users (10,21,25), a recent meta-analysis of RCTs did not find
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Table 4. Multivariate logistic regression analysis for major adverse

cardiac events

Covariates Odds ratio (95% CI) P value

Multivariate model 1
Age 1.03 (1.01–1.05) 0.02
Metastasis 3.47 (1.35–8.88) 0.01
Cardiovascular disease 0.84 (0.45–1.58) 0.60
Hypertension 1.50 (0.85–2.68) 0.17
Diabetes mellitus 1.14 (0.62–2.11) 0.67
Hyperlipidemia 0.98 (0.50–1.92) 0.96
Chronic kidney disease 0.95 (0.44–2.03) 0.89
Any other irAE 1.66 (0.92–2.99) 0.09
Multivariate model 2
Age ≥ 65 2.15 (1.25–3.71) 0.006
Metastasis 3.48 (1.36–8.87) 0.009
PD-1 0.51 (0.29–0.92) 0.02
Hypertension 1.75 (1.02–2.98) 0.04
Beta-blocker 0.26 (0.08–0.86) 0.03
Any other irAE 1.73 (0.95–3.14) 0.07
Multivariate model 3a

Age ≥ 65 2.08 (1.19–3.57) 0.01
Metastasis 3.57 (1.40–9.11) 0.01
PD-1 0.58 (0.32–1.05) 0.07
Hypertension 1.72 (1.00–2.94) 0.05
Beta-blocker 0.25 (0.07–0.83) 0.02
Any other irAE 1.70 (0.93–3.10) 0.08
Baseline PLR < 180 2.00 (1.15–3.50) 0.02

irAE, immune-related adverse events; PD-1, programmed cell death protein
1; PLR, platelet-lymphocyte ratio
aOnly 727 patients have baseline lab data for analysis

an increased risk of VTEs associated with ICI use (17). Metastatic
disease is a risk factor for VTEs (26), and the higher rates of
metastatic disease among ICI users might be a confounder that
increases the risk of VTEs in the ICI-treated group. Nevertheless,
we included metastatic disease in the propensity score model where
we matched ICI and non-ICI users, and we adjusted for metastatic
disease in the Cox Proportional Hazard model analysis, minimiz-
ing the concern for metastatic disease as a confounding variable.
Further studies are required to ascertain if ICIs are associated with
VTEs. We detected three cases of myocarditis (incidence of 0.35%).
This is a rate lower than reported by previous studies (5,11,17).
This lower rate of myocarditis is likely due to misclassification of
myocarditis in large cohort studies as other cardiovascular diseases
such as heart failure, pericarditis or cardiac arrhythmia. Cardiac
magnetic resonance imaging, one of the diagnostic modalities for
myocarditis (7,14,27), is not routinely available and applied in our
cohorts presenting with other potential manifestations of myocardi-
tis, likely leading to an underdiagnosis of this condition in our study.
In addition, only 15 (1.7%) of our patients received ipilimumab
mono or combination therapy, both of which are risk factors for
myocarditis (5). We did not detect a statistically significantly higher
risk of myocardial infarction, also likely because of the short follow-
up time in the ICI cohort. The median follow-up time in this
study was only 188 days since the initiation of ICI, and ICI-related
atherosclerotic changes might not have developed within this short
timeframe (9). We did observe an increased risk of ischemic stroke
and composite ATE in our analysis, which is consistent with the
theory that ICI might lead to atherosclerotic changes and progression

of atherosclerotic plaques (9). We did not detect an increased risk of
heart failure among ICI users, which differed from a recent meta-
analysis showing that ICI use was associated with a 2-fold increased
risk of heart failure (17). This discrepancy might be because we only
included incident (first-time) heart failure hospitalizations and the
meta-analysis included recurrent heart failure hospitalizations (17).
We also observed a shorter median overall survival for patients who
developed ICI-associated MACE, though the association was not
statistically significant. This was contrary to the observations that the
development of ICI-associated irAEs is associated with an improved
survival outcome (28–30). This is likely because immune-related
cardiovascular events can be of a greater severity. For example, the
mortality for myocarditis is estimated to be >25% (5,31,32). In a
systematic review of 125 trials, deaths due to cardiovascular irAEs
comprise about 10% of all ICI-related deaths (33). In line with these
findings, the development of serious non-cardiovascular irAEs such
as hepatitis and pneumonitis is associated with a poor prognosis
(22,34,35).

In this study, we observed an incidence proportion of 7.7% per
1000 patient-years for a composite cardiovascular outcome, which
was lower than that reported by previous observational studies. In
a single-center study, conducted by Chitturi and colleagues, the inci-
dence proportion for MACE comprising cardiovascular death, non-
fatal myocardial infarction, nonfatal stroke and hospitalization for
heart failure was 13.3% (36). In a population-based study performed
by D’Souza and colleagues, the absolute 1-year risk for a composite
cardiovascular outcome comprising arrhythmia, cardiac death/arrest,
chest pain, heart failure, myocarditis/pericarditis and stroke was
9.7% (13). This lower rate in our study could be due to several
reasons. First, in these observational studies, only patients with lung
cancer or melanoma were included. Lung cancer patients have one of
the highest risks of cardiovascular diseases among all types of cancer
(37), so the incidence of cardiac events would likely be higher than
that in a general cancer population. Second, the study performed by
D’Souza and colleagues had a longer follow-up time than our study,
thereby allowing for the development of more cardiovascular events.
Third, these studies were conducted in Caucasian populations, which
had different baseline risk of cardiovascular diseases compared with
Asian populations (19). For example, East Asians were found to have
higher stroke rates and lower coronary heart disease rates compared
with the United States and Scandinavian populations (18). Consistent
with the literature, our study found a higher ICI-associated stroke
incidence proportion (9/868 vs. 0/135) and lower ICI-associated MI
incidence rate (6/868 vs. 1/135) compared with the single-center
study by Chitturi and colleagues (36).

The optimal approach to detection and management of ICI-
associated adverse cardiovascular events remains unclear. We report
several clinical variables that may aid clinicians to identify patients
at an increased risk of developing adverse cardiac events from ICI
treatment. Age, metastatic disease and HTN are well-recognized
risk factors for cardiovascular diseases (26,38–40). A lower baseline
NLR and PLR have been reported to predict the occurrences of
irAEs (41,42). Both NLR and PLR appear to represent the balance
between immunoreaction and non-specific inflammation, potentially
influencing the response to ICIs (41). In a secondary analysis of
five RCTs in cardiovascular diseases, baseline NLR correlated pos-
itively with risk of cardiac events (43); in this study, a higher NLR
seemed to reflect a higher degree of inflammation and myocardial
damage. By contrast, in a case–control study of ICI-treated patients,
a higher NLR was noted on admission with myocarditis and was
associated with worse outcomes (44). Even though we did not find
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an association between baseline NLR and risk of ICI-associated
cardiovascular event in our multivariate logistic regression analysis,
we did observe a lower NLR in patients who developed MACE. In
contrast to NLR, baseline PLR was independently associated with
risk of MACE after adjusting for other clinical variables. Similar
to a previous study investigating irAEs (41), 70% of patients who
developed MACE had a PLR lower than 180. Thus, baseline PLR may
be used to predict irAEs that include cardiovascular adverse events, in
combination with other clinical variables. Of note, we found a lower
risk of cardiac events among ICI patients treated with beta-blockers,
consistent with a cardioprotective role of beta-blockers in cancer
therapy (45). Whether beta-blockers can be utilized to reduce the risk
of ICI-associated cardiovascular events remains to be determined by
future studies.

The mechanisms underlying cardiovascular adverse events result-
ing from ICI treatment have not been fully elucidated but are based
on solid scientific plausibility. These same immune checkpoints being
targeted for cancer are also critical regulators of atherosclerosis. For
example, inhibition of PD-1 and PD-L1 is associated with an increase
in atherosclerotic plaque in animal models, through a mechanism
of increased vascular adhesion and a marked infiltration of CD4-
and CD8-positive T-cells (46,47). Possible other explanations include
increased T-cell activity against antigens in cardiomyocytes, ele-
vated concentrations of inflammatory mediators and autoantibodies,
and accelerated atherosclerotic progression (9,48). For example, in
myeloid progenitor cells, PD-1 knockout induced cholesterol synthe-
sis and suppressed cholesterol metabolism, leading to increased levels
of cholesterol levels intracellularly (49).

Previous studies investigating the relative toxicity profile of PD-
1 and PD-L1 treatment have produced conflicting results. In a
systematic review conducted by Pillai et al., PD-1 and PD-L1 treat-
ment exhibited similar incidences of irAEs in Non-Small Cell Lung
Cancer patients (50). However, two meta-analyses of RCTs reported
that PD-1 inhibitors were associated with higher rates of grade 3
or higher adverse events than PD-L1 inhibitors (33,51). To date,
there were scarce clinical reports on the effects of different ICI
drug classes on cardiac risks. In a case series of two ICI-associated
myocarditis, patients had an increased expression of PD-L1 in their
injured myocardium (31). In preclinical studies, depletion of PD-
L1 by genetic deletion or inhibiting antibody worsened transient
myocarditis to fatal disease, suggesting a cardioprotective role of
PD-L1 (52). Consistent with these findings, we found that PD-L1
inhibitors were associated with a higher risk of cardiac events than
PD-1 inhibitors. A plausible explanation is that although blockade of
PD-1 promotes the recruitment and activation of T cells, blockade of
PD-L1 additionally promotes the infiltration of polymorphonuclear
leukocytes, which together produce exaggerated acute inflammatory
response damaging the myocardium (52). More studies are required
to determine if a particular class or type of ICI is associated with a
higher risk of cardiac events.

There were several limitations to this study. First, this was a
retrospective study and there were some missing data. Furthermore,
cardiac outcomes could only be adjudicated based on a review
of medical records and might not be accurate. Nevertheless, the
adjudication should have influenced both the ICI and non-ICI groups
similarly and therefore should not have affected the risk estimation.
Second, there could be residual confounders that were not included
in the propensity score matching model used to adjust for the
baselines between ICI and non-ICI users. However, we included most
of the known covariates that were deemed to have influences on
cardiovascular risks in cancer patients in our model. Third, it was
difficult to determine if a previous cardiovascular event might modify

the exposure to ICI treatment. However, a history of cardiac disease
is not an exclusion from most ICI efficacy trials and is not considered
a contraindication to ICI use (53–55). Finally, the onset of ICI-
associated cardiovascular adverse events can occur after the end of
ICI treatment and our short follow-up duration for ICI users might
underestimate the incidence and risk of cardiac events associated
with ICI use.

Conclusion

In conclusion, ICIs are associated with an increased risk of cardiovas-
cular events, in particular ischemic stroke and pulmonary embolism,
among Asian populations. There were differences in the incidence
and risk of ICI-associated cardiovascular incidence events between
our study and those conducted in the United States and Europe
due to differences in study design and ethnicity. Age, metastatic
disease, HTN and baseline PLR may be used in combination to
identify patients who might be at risk of developing ICI-associated
cardiovascular events.
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