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Abstract

Background Immune Checkpoint Inhibitors (ICls) have revolutionized cancer therapy. This study examines the
cardiovascular risks of ICls compared to non-ICl therapies.

Methods Utilizing the Chang Gung Research Database (CGRD) of Taiwan, this retrospective study analyzed 188,225
cancer patients, with 1,737 undergoing ICl treatment from January 1, 2008, to June 30, 2021. Through 1:1 propensity
score matching (PSM), we compared specific outcomes between patients treated with ICls and those who were not.
The analysis also accounted for the competing risk of mortality in assessing the results after PSM. The observation
period spanned from this index date to whichever came first: the date of the specific outcomes, the last follow-up
recorded, or the end date of the study on June 30, 2022.

Results The study found no significant increase in the risk of cardiac death, non-fatal myocardial infarction, heart
failure hospitalization, deep vein thrombosis, or pulmonary embolism in patients treated with ICls as compared
to those receiving non-ICl therapy. Interestingly, ICl treatment was linked to a lower risk of non-fatal stroke (0.27%
per year vs. 0.46% per year; subdistribution hazard ratio=0.59; 95% confidence interval =0.35-0.98; P=0.0430).
Furthermore, subgroup analysis revealed that the ICl group had a decreased risk of cardiac death in patients with
cancers other than head and neck cancer, and a reduced risk of stroke among diabetic patients.

Conclusions ICls do not significantly elevate the risk of cardiovascular events in cancer patients and may lower the
stroke risk, underscoring the need for additional prospective studies to clarify these findings.
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Background

Immune Checkpoint Inhibitors (ICIs) are monoclo-
nal antibody agents that activate and enhance the host
immune system for targeting and killing cancer cells,
they block different checkpoint proteins including cyto-
toxic T lymphocyte-associated protein 4 (CTLA-4), pro-
grammed cell death protein 1 (PD-1), and programmed
cell death ligand 1 (PD-L1). Despite its success in can-
cer treatment, ICIs led to nonspecific activation of the
immune system involving vital organs, causing several
immune-related adverse events [1]. ICIs associated car-
diotoxicity can be presented as myocarditis, pericardi-
tis, Takotsubo cardiomyopathy, myocardial infarction,
arrhythmias, and conduction disorders [2], which could
be explained by cross-reactivity between the tumor anti-
gen and cardiac antigen [3, 4] and immune-mediated
responses, including inflammatory cell infiltration and
myocardial fibrosis [5]. In addition, these immune check-
points are critical negative regulators of atherosclerosis,
and inhibiting these key pathways in atherosclerosis may
lead to an increase in atherosclerotic plaque and athero-
sclerosis-related cardiovascular events [6].

Several studies have investigated the impact of ICI-
related adverse cardiovascular events. In a meta-analysis
study, patients prescribed with ICI had an increased risk
of heart failure hospitalization (HFH), myocardial infarc-
tion (MI), and ischemic stroke compared with non-ICI
patients [7]. Cho-Han Chiang et al. reported that ICIs
were associated with increased risks of adverse cardio-
vascular events, particularly ischemic stroke and pulmo-
nary embolism (PE) in Asian populations [8]. However,
these data were still limited to make conclusions and
should be investigated in detail. Thus, the present study
aims to investigate the risks of cardiovascular events in
patients treated with ICIs versus non-IClIs.

Methods

Database

This study utilized data from the Chang Gung Research
Database (CGRD), which comprises comprehensive
patient-level medical records from the Chang Gung
Memorial Hospital (CGMH). As the largest healthcare
provider in Taiwan, the CGMH network includes four
tertiary care centers and three primary teaching hos-
pitals, boasting nearly 10,000 hospital beds and admit-
ting approximately 280,000 patients each year. In 2015,
CGMH accounted for around 10% of Taiwan’s medical
services, with 500,000 visits to the emergency depart-
ment and 8.6 million outpatient visits [9]. The CGRD
offers extensive medical records for each patient, encom-
passing diagnoses, imaging studies, laboratory tests,
medications, and medical procedures. To protect privacy,
all personal patient information was anonymized through
a uniform encryption process, obviating the need for
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informed consent for this research. The Chang-Gung
Medical Foundation’s Institutional Review Board granted
approval for this study (CGMH IRB No. 202101057B0),
and the requirement for informed consent was accord-
ingly waived.

Study design

We focused on adults aged 18 and older who were diag-
nosed with cancer, either as a primary or secondary
condition, and who underwent any form of cancer treat-
ment. These individuals were identified within the CGRD
from January 1, 2008, to June 30, 2021. The study distin-
guished between patients based on their treatment with
ICIs, which include: [1] CTLA-4 inhibitors: ipilimumab;
[2] PD-1 inhibitors: pembrolizumab and nivolumab; and
[3] PD-L1 inhibitors, including atezolizumab, avelumab,
and durvalumab. Those who received ICI therapy were
classified into the ICI therapy group, while patients who
did not receive ICI treatment were placed in the non-ICI
therapy group. From the CGRD’s Cancer Registry Data-
base, after excluding individuals younger than 18 years
old or those without follow-up data, we initially identi-
fied 188,225 cancer patients, of which 1,737 had under-
gone ICI treatment and 186,488 of non-ICI treated
controls from January 1, 2008, to June 30, 2021. Through
propensity score matching (PSM), we included 1,714
patients in the ICI treatment group and an equal number
in the non-ICI treatment group for comparative analysis,
as detailed in Table 1. The commencement of ICI treat-
ment was marked as the index date for the ICI group. For
those in the non-ICI group, the index date was aligned
to match their ICI counterparts based on the aforemen-
tioned characteristics. The observation period spanned
from this index date to whichever came first: the date of
the specific outcome, the last follow-up recorded in the
CGRD, or the end date of the study on June 30, 2022.

Study outcomes

This study aimed to investigate the occurrence of adverse
cardiovascular events, which consist of cardiac death,
non-fatal stroke, non-fatal MI, and HFH. Additionally,
it assessed thromboembolism events, including deep
vein thrombosis (DVT) and PE. To guarantee precision
and prevent incorrect classifications, the identification of
all study outcomes was strictly based on discharge diag-
noses. Initially, these codes followed the International
Classification of Diseases, Ninth Revision, Clinical Modi-
fication (ICD-9-CM) system. After January 1, 2016, the
system transitioned to using the Tenth Revision (ICD-
10-CM) codes. The specific ICD-9-CM and ICD-10-CM
codes utilized to identify both the adverse cardiovascu-
lar events under study and the baseline covariates are
detailed in Supplemental Table L.
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Table 1 (continued)

After PSM

Before PSM

Non- immune ASMD

Immune checkpoint
inhibitor therapy

(n

Total population

Non- immune ASMD

Immune checkpoint
inhibitor therapy

(N

Total population

(N

checkpoint inhibitor
therapy

(n

3,428)

(n=

checkpoint inhibitor

therapy
(N

188,225)

1,714)

1,737)

1,714)

186,488)

%

%

%

%

%

%

Cardiovascular Medications

Aspirin

0.0239
0.0183
0.0111

6.01
3.

103
68

6.59
3.62
0.18

113
62

6.30
3.79
0.20

216

0.0072
0.0898
0.0431
0.1270
0.1672
0.1825
0.1038
0.1295
0.0262

6.56
213
0.10
6.96

9.

12,236
3,970
191

6.74
3.63
0.29

6.56

12,353
4,033
196

(2024) 10:59

97

130
7

63

214

Clopidogrel
Ticagrelor
Statin

0.23

0.0036
0.0150
0.0235
0.0387
0.0251
0.0070

10.33
1441
945
1.28
2.16
0.76

177
247

1044
14.94

10.15

179
256

10.39
14.67
9.80
1.08
1.98
0.73

356
503

12,985
17,821
10,255

10.54
15.03
1042
1.04
2.07
0.75

183

261

7.00

13,168
18,082
10,436
430

9.61 56

5.

ACEl or ARB

162
22
37

174
15
31

336
37

5.50
0.22
0.59

0.

181
18
36

54

Beta-blocker
SGLT2-i

0.88
1.81
0.70

0.23
0.

68
25

1,099
999

60
54

1,135
1,012

DOACs

13

12

54

0.

Warfarin

* solid cancers such as breast, colorectal, gynecologic, stomach, esophageal, and other types that individually constituted less than 5% of the total were grouped together under the category “Others”

direct oral

diabetes mellitus; DOAC

coronary artery bypass graft; DM

sodium-glucose cotransporter-2 inhibitors;

absolute standardized mean difference; CABG

percutaneous coronary intervention; SGLT2i

angiotensin Il receptor antagonist; ASMD=

angiotensin-converting-enzyme inhibitor; ARB

ACEl=

left ventricle ejection fraction; Ml=myocardial infarction; PCl

anticoagulant; LVEF
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Covariates

For this study, we selected a range of covariates to ensure
a comprehensive analysis. These included demographic
factors (age and sex), physiological measures (body mass
index), the type of cancer diagnosed, a spectrum of car-
diovascular comorbidities, the severity of chronic kidney
disease (CKD), blood pressure, cardiac function (as mea-
sured by left ventricular ejection fraction), blood sugar
control (glycohemoglobin levels), and the use of cardio-
vascular medications. To define comorbidities accurately,
we relied on a patient having at least two outpatient
diagnoses or one inpatient diagnosis prior to joining the
study cohort. Measurements of body weight, height, and
blood pressure were taken from nursing records, whether
from outpatient visits or hospital admissions. Addition-
ally, we included data from medication records, echocar-
diograms, and laboratory tests, all collected within six
months leading up to the index date, to provide a detailed
health profile of each patient at the study’s outset.

Statistical analysis

Continuous variables were reported as mean and stan-
dard deviation, and categorical data were presented as
numbers and percentages. For confounding adjustment,
we employed propensity score matching (PSM) to miti-
gate the confounding effects between the two groups. To
ensure a fair comparison between groups, we assessed
the balance of potential confounders at the baseline
using the absolute standardized mean difference (ASMD)
rather than conventional statistical tests. This choice is
predicated on the understanding that balance is a char-
acteristic of the sample itself, not of any hypothetical
underlying population. An ASMD value of 0.1 or lower
was considered indicative of negligible differences in con-
founders between the groups [10]. Of note, solid cancers
such as breast (1.84%), colorectal (4.43%), gynecologic
(4.2%), stomach (3.8%), esophageal (2.3%), pancreatic
(1.15%), melanoma (0.9%), and other types that indi-
vidually constituted less than 5% of the total ICI therapy
were grouped together under the category “Others”. We
compared the risks of then major adverse cardiovascu-
lar events and venous thromboembolism between the
groups using Cox proportional hazards models. Given
the high mortality rate observed among cancer patients
in our study (40.25 per 100 person-years in the ICI group
and 15.55 in the non-ICI group), we adjusted our analysis
for the competing risk of death when evaluating all study
outcomes after PSM. The study outcomes were estimated
using the subdistribution hazard ratio (sub-HR) calcu-
lated through Fine-Gray competing risks regression anal-
ysis, with significance assessed using the Gray test [11].
Since the ASMDs of the listed confounding factors were
all less than 0.1 after PSM, only univariate competing risk
analysis was conducted in Table 2, without adjusting for
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Table 2 Clinical outcomes for Cancer patients receiving Immune checkpoint inhibitor therapy compared to those not receiving
Immune checkpoint inhibitor therapy after propensity score matching

Clinical outcomes Immune checkpoint Non- immune checkpoint  sub-HR (95% Cl) p
inhibitor therapy inhibitor therapy value
(n=1714) (n=1714)

Adverse cardiovascular events

Cardiac death 20 (0.24) 31(0.37) 0.65(0.37-1.13) 0.1259

Non-fatal myocardial infarction 13(0.15) 15(0.18) 0.87 (041-1.82) 0.7057

Non-fatal stroke 23(0.27) 39 (0.46) 0.59 (0.35-0.98) 0.0430

Hospitalization for heart failure 27(032) 30 (0.35) 0.90 (0.54-1.52) 0.6997

Venous thromboembolism

Deep vein thrombosis 51 (0.61) 55 (0.66) 0.93 (0.64-1.37) 0.7188

Pulmonary embolism 20 (0.24) 13(0.15) 1.54(0.77-3.10) 0.2230

Data presented as number (Incidence rate, per 100 person-year)
Cl=confidence interval; sub-HR=subdistribution hazard ratio

other factors. A subgroup analysis was also performed to
assess whether the sub-HR of study outcomes for the ICI
and Non-ICI treatment groups was consistent across the
pre-specified subgroups, including gender, diabetes mel-
litus (DM), CKD, lung cancer, hepatobiliary cancer, head
and neck cancer, and hematologic malignancy. A P-value
of less than 0.05 was deemed to indicate statistical sig-
nificance. Data processing and analysis were performed
using SAS statistical software version 9.4 (SAS Institute
Inc., Cary, NC, USA).

Results

Baseline characteristics

Between January 1, 2008, and June 30, 2022, a total of
188,225 cancer patients were identified for this analysis,
of which 1,737 had undergone ICI treatment and 186,488
had not. Before PSM, the three most prevalent cancers
among patients treated with ICI were lung (20.67%),
hepatobiliary (19.11%), and head and neck (14.85%).
Patients in the ICI group were observed to have a higher
incidence of undergoing surgery, radiation therapy, and
chemotherapy. They also showed a greater prevalence of
hypertension, DM, and dyslipidemia, alongside higher
prescription rates for statins and ACE inhibitors or
angiotensin receptor blockers (ACEI/ARB) compared to
the non-ICI group. Moreover, the ICI group exhibited a
larger proportion of patients with mild CKD, higher left
ventricular ejection fraction values, lower systolic blood
pressure, and reduced glycohemoglobin levels than those
in the non-ICI group. After PSM, the cohort was nar-
rowed down to 3,428 patients—1,714 treated with ICIs
and 1,714 not treated with ICIs—boasting well-balanced
baseline characteristics across all variables, as evidenced
by ASMD of less than 0.1. Table 1 presents the clinical
characteristics of the study population both before and
after PSM.

Cardiovascular and venous thromboembolism outcomes
In analyzing adverse cardiovascular events, the ICI
group had comparable risks of cardiac death (0.24% per
year versus 0.37% per year; sub-HR=0.65; 95% confi-
dence interval [CI]=0.37-1.13; P=0.1259), non-fatal MI
(0.15% per year versus 0.18% per year; sub-HR=0.87; 95%
CI=0.41-1.82; P=0.7057), and HFH (0.32% per year ver-
sus 0.35% per year; sub-HR=0.90; 95% CI=0.54-1.52;
P=0.6997) compared with the non-ICI group. However,
the ICI group exhibited a significantly lower risk of non-
fatal stroke compared to the non-ICI group (0.27% per
year vs. 0.46% per year; sub-HR=0.59; 95% CI=0.35—
0.98; P=0.0430). Regarding venous thromboembolism
events, the risks of DVT (0.61% per year vs. 0.66% per
year; sub-HR=0.93; 95% CI=0.64—1.37; P=0.7188) and
PE (0.24% per year vs. 0.15% per year; sub-HR=1.54; 95%
CI=0.77-3.10; P=0.2230) were also comparable between
the ICI and non-ICI groups. (Table 2; Figs. 1 and 2).

Subgroup analysis for high risk groups

The subgroup analysis revealed that patients with cancers
other than head and neck cancer who were treated with
ICI had a lower risk of cardiac death compared to those
with head and neck cancer (p interaction=0.0107; see
Supplemental Figure I). Additionally, patients with DM
who received ICI treatment had a reduced risk of non-
fatal stroke compared to those without DM (p interac-
tion=0.0239; see Supplemental Figure III). Overall, the
subgroup analysis consistently showed similar results for
non-fatal MI, DVT, and PE when comparing ICI versus
non-ICI treatments across different patient demograph-
ics, including gender, DM, CKD, and various cancer
types such as lung cancer, hepatobiliary cancer, head and
neck cancer, and hematologic malignancy (refer to Sup-
plemental Figures II, IV, V, and VI).
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The 196,694 subjects were identified
within the Cancer Registry Database of
Chang Gung Research Database from
January 1, 2008, to June 30, 2021.

y

Received ICI therapy
n=1,818

Exclude:

1. No follow-up data, n=80
2. Age less then 18 years old,
n=1

\ 4

Received ICI therapy
n=1,737

}

Received Non-ICI therapy
n= 194,876

Exclude:
| 1. No follow-up data, n=6,637
12 Age less then 18 years old,
n=1751

v

Received Non-ICI therapy
n=186,488

1:1 Propensity score matching

A\ 4

Received ICI therapy
n=1,714

A

Received Non-ICI therapy
n=1,714

Fig.1 Enrollment of Cancer Patients Receiving Immune Checkpoint Inhibitor Therapy Compared to Those on Non-Immune Checkpoint Inhibitor Therapy

Between January 1,2008, and June 30, 2022, after excluding individuals younger than 18 years old or those without follow-up data, we initially identified
188,225 cancer patients, of which 1,737 had undergone ICl treatment and 186,488 had not. After propensity score matching (PSM), we included 1,714
patients in the ICl treatment group and an equal number in the non-ICl treatment group for comparative analysis

Abbreviations: ICI = immune checkpoint inhibitor

Discussion
In the large cohort study, the main findings are as follows:
First, the use of ICIs had similar risks cardiac death, non-
fatal MI, HFH, DVT, and PE compared with non-ICIs
group. Second, ICI group showed a significantly lower
risk of non-fatal stroke compared to the non-ICI group.
Third, by subgroup analysis, patients with cancers other
than head and neck cancer who underwent ICI treat-
ment exhibited a significantly lower risk of cardiac death
compared to those with head and neck cancer. In addi-
tion, our analysis demonstrated a reduced risk of non-
fatal stroke among patients with diabetes treated with
ICI compared to those without diabetes. These findings
underscores the importance of considering tumor site
when evaluating the cardiovascular effects of ICI therapy
and suggest a potential association between ICI therapy
and a reduced risk of stroke, particularly among patients
with DM.

Before PSM, that patients treated with ICI therapy
had higher rates of medication use, including statins
and ACEI/ARB. These medications are known for their

cardioprotective effects and may reduce cardiotoxicity
in cancer patients [12, 13]. Additionally, the ICI group
exhibited higher left ventricular ejection fraction, lower
systolic blood pressure, and lower glycohemoglobin lev-
els compared to the non-ICI group, which are considered
beneficial for cardiovascular health. To address these
potential confounding factors, we conducted PSM. Since
the ASMDs of the listed confounding factors were all less
than 0.1 after PSM. This approach was implemented to
minimize bias and ensure a more accurate comparison of
outcomes between the ICI and non-ICI groups.

Several studies have brought to light the potential risks
associated with these therapies, particularly concerning
adverse cardiovascular events. For instance, Drobni et
al. conducted a significant single-center study, analyzing
2,842 patients over a 2-year period. Their findings indi-
cated a marked increase in cardiovascular risks among
those treated with ICIs, with a seven-fold and four-fold
escalation in the risks of MI and stroke, respectively [6].
Similarly, a retrospective analysis in an Asian cohort
by Cho-Han Chiang et al. underscored this concern,
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Fig.2 Cumulative Incidence Curves for Cardiovascular Outcomes in Cancer Patients: Comparing Immune Checkpoint Inhibitor Therapy to Non-Immune

Checkpoint Inhibitor Therapy After Propensity Score Matching

Cumulative incidence curves of specific outcomes for cancer patients are depicted in Fig. 2. The outcomes examined include (A) Cardiac death, (B) Non-
fatal MI, (C) Non-fatal stroke, and (D) HFH. The study show that ICl group exhibited comparable cumulative risks of cardiac death, non-fatal MI, and HFH
compared to the non-ICI group. ICl group demonstrated a lower annual event rate of non-fatal stroke in the ICl group compared to the non-ICl group
Abbreviations: HFH = heart failure hospitalization; ICI = immune checkpoint inhibitor; Ml = myocardial infarction

demonstrating an augmented risk of cardiovascular
events, especially ischemic stroke and PE, in 1,736 can-
cer patients receiving ICI therapy [8]. Contrasting these
findings, the most comprehensive meta-analysis to date,
encompassing 21 randomized controlled trials (RCTs)
with a combined cohort of 8,633 cases and 6,607 controls,
alongside three observational studies with 13,686 cases
and 23,183 controls, painted a more nuanced picture.
While RCTs suggested a marginal association between
ICI use and an increased odds of MI, observational stud-
ies did not corroborate this risk. Furthermore, neither
study design found a significant association between

ICI therapy and stroke risk [14]. Another meta-analysis,
specifically investigating neurologic adverse events asso-
ciated with ICIs, revealed that the overall risk of such
events is lower in patients treated with ICIs compared
to those undergoing chemotherapy. Additionally, the
incidence of stroke events was found to be low (<1%) in
both the ICI and non-ICI groups, aligning with the find-
ings of our study [15]. Our investigation diverges from
these earlier findings, presenting a comparative analysis
of cardiovascular risks between patients treated with ICIs
and those who are not. Interestingly, our study revealed
that the ICI group had comparable risks of cardiac death,
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Fig. 3 Cumulative Incidence Curves for Deep Vein Thrombosis and Pulmonary Embolism in Cancer Patients: Comparing Immune Checkpoint Inhibitor
Therapy to Non-Immune Checkpoint Inhibitor Therapy After Propensity Score Matching

Cumulative incidence curves of specific outcomes for cancer patients are depicted in Fig. 3. The outcomes examined include (A) DVT and (B) PE. The
study show that ICl group exhibited comparable cumulative risks of DVT and PE compared to the non-ICI group

Abbreviations: DVT = deep vein thrombosis; ICI = immune checkpoint inhibitor; PE = pulmonary embolism

MI, HFH, DVT, and PE, albeit with a notably lower risk
of stroke. This disparity in findings could be attributed to
the methodological considerations of our study, including
the analysis of cardiovascular outcomes amidst the com-
peting risk of death prevalent in the cancer population.
Such an approach provides a critical perspective on the
cardiovascular safety profile of ICIs, potentially explain-
ing the variance from previous research outcomes. This
discrepancy underscores the importance of context in
evaluating the safety of ICIs, as well as the need for fur-
ther research to clarify these associations, especially
in populations with high mortality risks such as those
afflicted with cancer.

We analyzed the distribution of ICI treatment sub-
types among the ICI-treated patients, with the follow-
ing results: CTLA-4 inhibitors: 38 patients (2.22%), PD-1
inhibitors: 1337 patients (78.00%), PD-L1 inhibitors: 302
patients (17.62%), and combined therapy (CTLA-4, PD-1,
or PD-L1 inhibitors): 37 patients (2.16%). To specifically
assess whether the lower risk of ischemic stroke is depen-
dent on the type of ICI treatment, we excluded the 37
patients who received combined therapies and analyzed
the remaining 3391 patients. In the CTLA-4 inhibitors
group, no events of non-fatal stroke were observed. The
PD-1 inhibitors group had 16 events (1.20%), with an
incidence rate of 0.24 per 100 person-years and a sub-HR
of 0.52 (95% CI: 0.29-0.94, p=0.0290). The PD-L1 inhibi-
tors group had 5 events (1.66%), with an incidence rate of
0.34 per 100 person-years and a sub-HR of 0.73 (95% CI:
0.29-1.86, p=0.5070). The non-ICI therapy group had
39 events (2.28%), with an incidence rate of 0.46 per 100

person-years, serving as the reference group. Notably,
patients treated with PD-1 inhibitors showed a statisti-
cally significant lower risk of non-fatal stroke compared
to those in the non-ICI group, while PD-L1 inhibitors
did not demonstrate a statistically significant difference.
These results suggest that the observed lower risk of isch-
emic stroke in the ICI-treated group may indeed vary
depending on the specific type of ICI treatment.

Previous studies have suggested that thoracic radia-
tion therapy may increase the risk of MI due to radia-
tion-induced heart disease [16]. In our study, among the
680 patients who received radiation therapy after PSM,
548 (80.59%) received thoracic radiation therapy, while
132 (19.41%) did not. The incidence of non-fatal MI was
0.44% in the overall cohort, with 0.55% in the thoracic
radiation group and 0% in the non-thoracic radiation
group. The p-value for this comparison was 1.0000, indi-
cating no significant difference in MI risk between the
groups. Additionally, previous research has shown that
cardiovascular risk in patients with non-metastatic can-
cer varies by cancer stage [17]. We have analyzed the data
with cancer stage as a factor. The results were consistent
with our previous analyses, showing no significant differ-
ence in outcomes based on cancer stage (data not shown).
This suggests that while cancer stage is an important con-
sideration, it does not substantially affect the compara-
tive outcomes between ICI and non-ICI therapies in our
study. The higher mortality rate in the ICI group may
be influenced by the higher proportion of patients with
stage 4 cancer, which is associated with more advanced
disease and potentially higher mortality. To address this,
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we have employed competing risk analysis to account for
the impact of mortality on the follow-up time for car-
diotoxic events. Additionally, the median follow-up time
differs between the groups, with 0.93 years for the ICI
group compared to 3.43 years for the non-ICI group. This
shorter follow-up period for the ICI group could contrib-
ute to an underestimation of cardiotoxic events.

Our study boasts several notable strengths that
enhance the validity and relevance of its findings in the
realm of cardiovascular outcomes associated with IClIs.
First, the large cohort size and the extensive follow-up
period offer a robust dataset for analysis, enabling a com-
prehensive evaluation of long-term cardiovascular risks.
Such scale and scope are crucial for detecting relatively
rare events like cardiac death and non-fatal stroke among
cancer patients undergoing ICI therapy, thereby provid-
ing a solid statistical power to our conclusions. Second,
the utilization of the CGRD, with its detailed patient-
level medical records, facilitates a nuanced analysis of
clinical outcomes. This comprehensive dataset includes
diagnoses, imaging studies, laboratory tests, medications,
and medical procedures, allowing for an in-depth assess-
ment of cardiovascular events and the potential impact
of ICIs. Finally, our investigation into the competing risks
of death represents an analytical approach that acknowl-
edges the complex realities of cancer patient outcomes.
By adjusting for this factor, we offer a more accurate por-
trayal of cardiovascular risks, accounting for the high
mortality rates inherent to this patient population.

This study has some limitations. First, the use of the
CGRD confines our observations to a Taiwanese popula-
tion treated at Chang Gung Memorial Hospital (CGMH)
facilities. While CGMH is a significant healthcare pro-
vider in Taiwan, the findings may not be fully gener-
alizable to other populations, especially considering
geographical and ethnic differences in cancer prevalence,
treatment approaches, and healthcare systems. The spe-
cific cancer types and treatment protocols prevalent in
Taiwan may differ from those in other countries. Sec-
ond, as a retrospective database study, our research is
inherently limited by the accuracy and completeness of
the recorded data. Despite the comprehensive nature of
the CGRD, potential inaccuracies in diagnostic coding,
missing information, or unrecorded confounders could
influence the outcomes. The use of ICD codes may also
introduce misclassification bias and reduce the accuracy
of event detection, potentially impacting the findings.
Although PSM was employed to minimize baseline dif-
ferences between groups, there remains a possibility of
residual confounding due to unmeasured or inadequately
captured variables. Third, the high mortality rate among
the cancer patient population, particularly those under-
going ICI treatment, introduces competing risks that
complicate the analysis of cardiovascular outcomes.
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Although we adjusted for the competing risk of death
in our analysis, this adjustment cannot fully account
for the complex interplay between cancer progression,
treatment effects, and cardiovascular risk. Fourth, can-
cer therapies have evolved significantly during the study
period from January 1, 2008, to June 30, 2021, potentially
influencing patient outcomes. However, detailed data on
concomitant cancer therapies were not uniformly avail-
able for all patients, and the diversity of cancers treated in
our study makes it difficult to clearly distinguish between
the different types of chemotherapy. This limitation poses
a challenge for comprehensive analysis. Future stud-
ies with more detailed treatment data could better elu-
cidate the impact of evolving cancer therapies on these
outcomes. Fifth, our study does not differentiate between
therapy-naive patients and those who may have received
ICI treatment prior to inclusion in the CGRD. This lack
of data could influence the interpretation of treatment
outcomes and may introduce variability in the patient
cohort. Additionally, information on the duration of ICI
therapy was not uniformly available for all patients. The
duration of treatment could significantly affect patient
outcomes, as longer exposure may lead to different car-
diovascular risks compared to shorter treatment periods.

Conclusions

In conclusion, our study demonstrates that ICIs did not
significantly increase the risk of major cardiovascular
events in cancer patients, compared with non-ICI ther-
apies in a large cohort of cancer patients. Furthermore,
our findings suggest that ICIs might reduce the risk of
non-fatal stroke. To confirm these observations, further
prospective or randomized studies are warranted.
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