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BACKGROUND There is growing recognition of the risk of cardiovascular (CV) events, particularly myocarditis, in the

context of immune checkpoint inhibitor (ICI) therapy; however, true event rates in real-world populations and in the

background of CV disease remain uncertain.

OBJECTIVES The authors sought to determine CV event occurrence in ICI-treated patients and assess the accuracy of

diagnosis by International Classification of Diseases (ICD) code compared with adjudication using established definitions

and full-source documentation review.

METHODS Electronic medical record extraction identified potential CV events in ICI-treated patients in the University of

Colorado Health system. Two cardiologists independently adjudicated events using standardized definitions. Agreement

between ICD codes and adjudicated diagnoses was assessed using the kappa statistic.

RESULTS The cohort comprised 1,813 ICI-treated patients with a mean follow-up of 4.6 � 3.4 years (3.2 � 3.2 years pre-

ICI and 1.4 � 1.4 years post-ICI). Venous thromboembolic events (VTEs) were the most common event, occurring in 11.4%

of patients pre-ICI and 11.3% post-ICI therapy. Post-ICI therapy, the crude rates of myocardial infarction (MI), heart

failure, and stroke were 3.0%, 2.8%, and 1.6%, respectively. Six patients (0.3%) developed myocarditis post-ICI.

Agreement between the ICD code and adjudication was greater for VTE (k ¼ 0.82; 95% CI: 0.79-0.85) and MI (k ¼ 0.74;

95% CI: 0.66-0.82) and worse for myocarditis (k ¼ 0.50; 95% CI: 0.20-0.80) and heart failure (k ¼ 0.47; 95% CI: 0.40-

0.54).

CONCLUSIONS ICD codes correlated well with adjudicated events for VTE and MI, but correlation was worse for heart

failure and myocarditis. Adjudication with standardized definitions can enhance the understanding of the incidence of

CV events related to ICI therapy. (J Am Coll Cardiol CardioOnc 2022;4:649–656) © 2022 The Authors. Published by

Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ABBR EV I A T I ON S

AND ACRONYMS

CMR = cardiovascular magnetic

resonance

CV = cardiovascular

EMR = electronic medical

record

ICD = International

Classification of Diseases

ICI = immune checkpoint

inhibitor

MI = myocardial infarction

TIA = transient ischemic attack

VTE = venous thromboembolic

event
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I mmune checkpoint inhibitors (ICIs)
are monoclonal antibodies that block
intrinsic down-regulators of immunity,

such as cytotoxic T-lymphocyte antigen 4,
programmed cell death 1, or programmed
cell death ligand 1. By recent estimates,
more than one-third of patients with cancer
are eligible for ICI therapy.1 Because the Na-
tional Cancer Institute anticipates 1.8 million
new cancer diagnoses annually in the United
States, this translates into a large number of
potential ICI recipients and underscores the
importance of understanding cardiovascular
(CV) risk in this patient population.2

Immune-related adverse events are

observed in 70% to 90% of patients receiving ICI and
can affect any organ.3 The reported incidence of CV
immune-related adverse events, including pericar-
ditis, vasculitis, and myocarditis, is low.4 Cardiotox-
icity was reported in 10 of 5,347 patients in phase 3
trials, with only 1 having myocarditis.5 In the World
Health Organization database, 122 cases of myocar-
ditis were identified among 31,321 adverse events in
patients treated with ICIs.4 Despite the relatively low
frequency of CV events, the very high associated
mortality rates ranging from 20% to 45% make
myocarditis one of the most concerning complica-
tions of ICI therapy.

CV adverse events associated with new cancer
therapeutics are often not identified until the drugs
are in widespread use, and ICIs are no exception.
Cancer trials are not powered or generally designed
with formal CV event adjudication to ascertain dif-
ferences in CV events and often exclude patients with
underlying CV disease.6 Initial trials of cancer thera-
peutics often occur in late-stage patients with a short
follow-up because of their disease course, and CV
endpoints are generally captured through adverse
event reporting systems that include nonspecific
terms, symptoms, and testing findings, making
assessment for imbalances in infrequent events
difficult. Evaluating CV events with ICI use in a
real-world setting may provide clinically relevant
insight, particularly if CV events are adjudicated. On-
trial CV events identified by adverse event coding
performed by oncologists may lack fidelity. CV event
definitions and adjudication procedures are well
established for CV outcomes trials but can be expen-
sive.7,8 To address these knowledge gaps, we evalu-
ated CV events before and after ICI administration in
a real-world population and assessed the adequacy of
International Classification of Diseases (ICD) coding
compared with adjudication for specific types of CV
events.
METHODS

STUDY POPULATION AND PROCEDURES. This
retrospective observational study was approved by
the Colorado Multiple Institutions Review Board. The
University of Colorado enterprise health data ware-
house, Health Data Compass, integrated data from the
electronic medical record (EMR), provider billing, and
state and public data sources for all patients $18
years of age who received ICI within the University of
Colorado Health System from January 2011 to April
2019. This is a regional health system serving Colo-
rado, southern Wyoming, and western Nebraska with
a large academic medical center, 12 community-based
hospitals, and a network of outpatient clinics. To
comply with institutional privacy requirements, pa-
tients over the age of 89 years or who received ICI
therapy when they were over the age of 89 were
excluded from the data set. Patients for whom ICI was
prescribed but not administered were excluded from
the analysis. During the time span queried, ICD code
versions 9 and 10 were in use.

Medical history was collected by surveying Inter-
national Classification of Diseases-9th Revision and
-10th Revision codes. All ICD provenances were used
in this search (billing diagnosis, encounter diagnosis,
medical history, and problem list) and were reported
at most once per individual. ICI use was gathered
from a prescription database and identified through
the Medication Epic Identifier. ICIs were reported at
most once per individual, but individuals may be
prescribed more than 1 type of ICI. ICD codes
identifying potential CV events were prespecified in
the statistical analysis plan. CV events were defined
as prior if they occurred before the first dose of ICI
and as subsequent if they occurred on or after the
day of the first dose of ICI. Events are reported as
proportions. The cancer diagnosis for which ICI
therapy was administered was determined by chart
review.
ADJUDICATION OF CV EVENTS. CV events of inter-
est included cardiac ischemic events such as
myocardial infarction (MI), hospitalization for unsta-
ble angina, hospitalization for heart failure or heart
failure exacerbation requiring treatment, transient
ischemic attack (TIA), stroke, hypertensive emer-
gency, noncoronary (peripheral) vascular events, and
venous thromboembolism (VTE) defined as either
deep vein thrombosis and/or pulmonary embolism
and ICI myocarditis. For patients with potential CV
events identified by ICD code, all EMR data including
encounter notes, specialist assessments, diagnostic
testing, and medications were independently
reviewed by 2 cardiologists, and events were



TABLE 1 Baseline Characteristics (N ¼ 1,813)

Age, y 62.5 � 13.5

#65 990 (54.6)

>65 823 (45.4)

Female 751 (41.4)

Race/ethnicity

White 1627 (89.7)

Hispanic 106 (5.8)

Black or African American 40 (2.2)

Asian 26 (1.4)

American Indian and Alaska Native 3 (0.2)

Native Hawaiian and Other Pacific Islander 3 (0.2)

Other, including multiple races 90 (5.0)

Hypertension 874 (48.2)

Diabetes mellitus 291 (16.1)

Current smoker 204 (11.3)

Chronic kidney disease (eGFR #60) 207 (11.4)

Coronary revascularization 309 (17.0)

Values are mean � SD or n (%). Chronic kidney disease was defined by the most
recent eGFR rate before the first ICI administration. Other disease states at
baseline were determined by International Classification of Diseases codes present
before the first ICI administration.

eGFR ¼ estimated glomerular filtration rate; ICI ¼ immune checkpoint inhibitor.

TABLE 2 Cancer Types Treated With ICIs and Frequency of Use

Melanoma 716 (39.5)

Lung 468 (25.8)

Kidney and urinary tract 225 (12.4)

Gastric, colon, and esophageal 71 (3.9)

Head and neck 65 (3.6)

Reproductive tract 59 (3.3)

Hepatocellular, pancreas, spleen, gallbladder, and biliary 51 (2.8)

Lymphoma, leukemia, and myeloma 40 (2.2)

Breast 34 (1.9)

Sarcoma 29 (1.6)

Endocrine 20 (1.1%)

Prostate 18 (1.0)

Mesothelioma 14 (0.8)

Other 6 (0.3)

Specific ICI therapy types

Pembrolizumab 851 (46.9)

Nivolumab 769 (42.4)

Ipilimumab 474 (26.1)

Azetolizumab 104 (5.7)

Durvalumab 21 (1.2)

Cemiplimab 6 (0.3)

Avelumab 6 (0.3)

Values are n (%). Three patients had more than 1 cancer diagnosis. The cancer
diagnosis associated with immune checkpoint inhibitors (ICIs) administration in
pharmacy records is shown. Patients were counted once for each type of ICI
received; they could receive more than 1 type of ICI.
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adjudicated using prespecified definitions.8,9 Dis-
crepancies were resolved by consensus.

STATISTICAL METHODS. Continuous variables are
presented as mean � SD, and categoric variables
are reported as counts (percentages). Kappa
coefficients and 95% CIs were determined for the
comparison of CV events identified by ICD code and
those adjudicated through chart review. Event rates
are reported using both crude percentages in the
absence of time-to-event analyses that incorporate
competing risks and censoring. Here, patients could
have multiple events, and these were included in the
total count. SAS version 9.4 (SAS Institute, Inc) was
used for all data manipulation and analysis.

RESULTS

The analysis population included 1,813 patients
treated with ICI from January 2011 to April 2019. Pa-
tients were followed within the University of Colo-
rado Health System for 4.6 � 3.4 years. The duration
of any medical care in the health system before ICI
initiation was 3.2 � 3.2 years, and post-ICI it was 1.4 �
1.4 years. At the conclusion of this analysis, 859 (47%)
patients were alive, and their average post-ICI follow-
up was 2.2 � 1.5 years. For the 954 patients who died,
follow-up post-ICI was 0.7 � 0.8 years. Of the CV
events, 94 events were deemed related to the cause of
death, and 21 were fatal events.

The baseline characteristics of the cohort are
summarized in Table 1. Demographics were generally
consistent with the population in the state of Colo-
rado.10 CV risk factor prevalence at baseline included
48.2% with hypertension, 16.1% with diabetes, and
11.3% current smokers. A wide range of malignancies
were treated with ICIs, either in clinical trials or as
standard of care, including both solid tumors and
hematologic malignancies (Table 2). The most com-
mon types of cancer were melanoma, lung, and kid-
ney/urinary tract cancers. Pembrolizumab was the
most common ICI prescribed followed by nivolumab
and ipilimumab (Table 2).

The most common CV events were venous throm-
boembolic events (Central Illustration, Supplemental
Figure 1). Adjudicated VTE occurred in 206 patients
(11.4%) pre-ICI and 205 patients (11.3%) post-ICI.
Pulmonary embolism was identified in 89 patients
(4.9%) pre-ICI and 97 patients (5.4%) post-ICI and
deep vein thrombosis in 146 patients (8.1%) pre-
ICI and 148 patients (8.2%) post-ICI. MI, heart failure,
and stroke were more commonly identified than
myocarditis. Adjudicated MI was identified in 33
of 1,813 patients (1.8%) pre-ICI and 54 patients
(3.0%) post-ICI, heart failure in 40 patients (2.2%)
pre-ICI and 50 patients (2.8%) post-ICI, and stroke in
33 patients (1.8%) pre-ICI and 29 patients (1.6%) post-
ICI. One adjudicated myocarditis event was identified
before ICI initiation, and 6 patients (0.3%) had

https://doi.org/10.1016/j.jaccao.2022.09.003
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CENTRAL ILLUSTRATION Adjudicated Cardiovascular Events and Agreement With International
Classification of Diseases Coding
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TABLE 3 Description of Cases With International Classification of Diseases (ICD) Codes

For Myocarditis When Adjudication Revealed Alternate Diagnoses

Case ICD Diagnoses
Eventual Diagnosis

Through Adjudication

1 Infective myocarditis;
myocarditis, unspecified;
acute myocarditis,
unspecified

Diagnosed with viral myocarditis 5 years before
cancer diagnosis

2 Isolated myocarditis Ventricular bigeminy noted while on
pembrolizumab; troponin and LVEF by echo
were normal, CMR without myocarditis;
40% PVC burden on Holter decreased to
5% with metoprolol.

3 Acute myocarditis, unspecified In the setting of pembrolizumab had chest pain
that resolved with thoracentesis; inpatient
serial troponin monitoring revealed
NSTEMI. CMR showed LAD infarct and no
myocarditis.

4 Myocarditis, unspecified After the first infusion of ipilimumab, admitted
with diagnosis of Clostridioides difficile
colitis and developed a NSTEMI treated with
a drug-eluting stent to the RCA.

5 Myocarditis, unspecified Patient had dyspnea and fluid retention when
diuretic agents were held while on
ipilimumab and nivolumab; CXR was
ordered with myocarditis as the suspected
diagnosis and was unremarkable. Symptoms
improved within 1 week of restarting
diuretics.

6 Myocarditis, unspecified Presented with complete heart block in the
setting of receiving ipilimumab/nivolumab.
Troponin and LVEF by echo were normal,
and heart block was thought to be age
related. Underwent emergent dual-chamber
pacemaker placement.

CMR ¼ cardiovascular magnetic resonance; CXR ¼ chest X-ray; echo ¼ echocardiography; LAD ¼ left anterior
descending; LVEF¼ left ventricular ejection fraction; NSTEMI¼ non–ST-segment elevation myocardial infarction;
PVC ¼ premature ventricular contraction; RCA ¼ right coronary artery.
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myocarditis after ICI initiation. Hypertensive emer-
gency was infrequent (1 patient pre-ICI and 3 post-ICI)
as were noncoronary vascular events (5 patients
pre-ICI and 2 patients post-ICI). The rates of adjudi-
cated arrhythmia and pericardial disease events are
presented in Supplemental Table 1.

The accuracy of ICD coding for the identification of
CV events relative to adjudication varied by clinical
event type (Central Illustration). For VTE and MI, ICD
codes correlated well with events determined by
adjudication (k ¼ 0.82 [95% CI: 0.79-0.85] and 0.74
[95% CI: 0.66-0.82], respectively). For heart failure
and myocarditis, the kappa statistic was 0.47 (95% CI:
0.40-0.54) and 0.50 (95% CI: 0.20-0.80), respectively.
Agreement between ICD codes and adjudication
was particularly poor for hypertensive emergency
(k ¼ 0.23 [95% CI: 0.01-0.44]), TIA (k ¼ 0.12 [95%
CI: �0.00 to 0.24]), and unstable angina (k ¼ 0.08
[95% CI: �0.06 to 0.22]). As shown in Table 3, in the 6
cases in which an ICD code for myocarditis was pre-
sent after ICI initiation but myocarditis was not
confirmed by adjudication, the reasons for reclassifi-
cation included a prior diagnosis of viral myocarditis
that was coded, non–ST-segment elevation MI, and
age-related complete heart block. Chart review indi-
cated that the ICD codes were used for initial suspi-
cion of myocarditis that was not confirmed on
subsequent testing (eg, cardiovascular magnetic
resonance [CMR]) or when an alternative diagnosis
was subsequently identified (eg, acute coronary syn-
drome or heart failure). An additional 2 cases of
adjudicated myocarditis resulted from adjudicating
for a different event (eg, MI) and determining the
event was actually ICI myocarditis. Table 4 provides
the rates of ICD-coded versus adjudicated CV events
by patient in this study. With the exception of MI, ICD
coding overestimated the number of CV events.

DISCUSSION

In a large, real-world data set of patients treated with
ICIs, VTE, MI, heart failure, and stroke were much
more frequent than myocarditis (Central Illustration).
The former (VTE, MI, heart failure, and stroke)
occurred before and after ICI administration, whereas
myocarditis was primarily detected post-ICI. For
CENTRAL ILLUSTRATION Continued

(A) Agreement between cardiovascular events identified by Internation

statistics with 95% CIs are shown. ICD coding and adjudication correlat

myocardial infarction (MI). VTE included pulmonary embolism and deep

events after the initiation of immune checkpoint inhibitor (ICI) therapy.

included in the total count. The mean duration of follow-up was 1.4 �
some types of CV events (VTE and MI), ICD coding
and adjudication correlated well, whereas the corre-
lation was worse for events such as myocarditis and
heart failure.

An important finding from this analysis is that
common CV events, likely related to an underlying CV
disease ormalignancy, aremuchmore frequent among
patients treated with ICI than myocarditis, which is
consistent with the aphorism about hoofbeats and
zebras. In contrast to cancer clinical trials in which
patients with comorbidities may be excluded, the
prevalence of hypertension, diabetes, smoking, and
renal impairment among patients in this real-world
data set was generally in-line with national rates.11-14
al Classification of Diseases (ICD) code and adjudication. Kappa

ion was strongest for venous thromboembolic event (VTE) and

vein thrombosis (DVT). (B) Crude event rates of adjudicated CV

Patients could have multiple events, and recurrent events were

1.4 years post-ICI.
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TABLE 4 Frequency of ICD Coded Versus Adjudicated

Cardiovascular Events

Cardiovascular Event ICD Coded Adjudicated

VTE 476 381

MI 74 86

Stroke 93 59

Myocarditisa 10 6

Heart failure 215 86

Hypertensive emergency 22 4

TIA 47 3

UA 25 1

Cardiovascular events were reported at most once per individual. aAn additional 2
cases of adjudicated myocarditis resulted from adjudicating for a different event
(eg, MI) and determining the event was actually immune checkpoint inhibitor
myocarditis.

ICD ¼ International Classification of Diseases; MI ¼ myocardial infarction;
TIA ¼ transient ischemic attack; UA ¼ unstable angina; VTE ¼ venous
thromboembolism.
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As such, heart failure and acute coronary and cere-
brovascular syndromes are to be expected because of
the background comorbidities of the population. Our
observation that myocarditis was observed in 1 pa-
tient before ICI and 6 patients after ICI is consistent
with reports of ICI-associated inflammation.15 The
incidence of myocarditis in this study of 0.3% is
lower than the reported incidence of myocarditis
(1.14%-1.40%) in more recent prospective studies.16,17

The lower incidence of myocarditis cases in our study
may reflect the reliance of ICD coding triggered pre-
dominantly by oncology providers for the detection
of signs and symptoms of myocardial injury in
contrast to prospective studies that screened for
suspected cases. However, the incidence of myocar-
ditis (0.3%) in this study is similar to the incidence of
myocarditis (0.39%) reported in a retrospective
pharmacovigilance study of the World Health Orga-
nization’s VigiBase database, which adds validity to
our work.4 We note that routine screening with bio-
markers would increase the ascertainment of poten-
tial myocarditis events; however, it would not be
expected to modify the number of myocarditis events
that result in clinically overt cases that would then be
expected to translate into a clinical encounter and a
diagnosis code. The relative rarity of myocarditis
relative to other CV events underscores the impor-
tance of appropriate evaluation and management of
patients presenting with cardiac symptoms, particu-
larly as ICI therapy evolves to earlier and broader use.
Given the observational nature of this study and the
overall small number of CV events, we are not able to
draw connections between whether the use of ICIs
led to CV events like VTE and ischemia. Interestingly,
through analysis of the World Health Organization
pharmacovigilance database, Allouchery et al18 found
that ICIs did not correlate with higher reporting of
VTEs compared with other anticancer drugs. In
contrast, Drobni et al19 showed that atherosclerotic
cardiovascular events increased after ICI initiation as
did atherosclerosis on imaging.

The major contribution of this work is that these
findings suggest that the use of ICD codes alone may
be sufficient to assess the occurrence of specific CV
events (eg, VTE and MI), whereas adjudication may
be more useful for the following types of CV events in
which codes are less specific: unstable angina (ICD
n ¼ 25 vs adjudication n ¼ 1), transient ischemic
attack (n ¼ 47 vs n ¼ 3), heart failure (n ¼ 215 vs
n ¼ 86), and noncoronary vascular events (n ¼ 59 vs
n ¼ 6) (Table 4). Myocarditis was identified by ICD
coding in 1 patient pre-ICI and 9 patients post-ICI;
adjudication identified 1 patient with myocarditis
pre-ICI and 6 post-ICI. The reason for this difference
was generally initial misclassification of patients
presenting with myocardial injury as myocarditis,
which was subsequently recognized as being caused
by an alternative etiology. This observation un-
derscores the difficulty of diagnosing conditions like
ICI myocarditis, unstable angina, and TIA in the
clinical setting and a limitation to ICD-based ana-
lyses, which may not capture changes in diagnosis
with evolution of the clinical picture over time. For
example, as shown in Table 3, for someone presenting
with chest pain and elevated troponin, the initial
clinical diagnosis may be myocarditis. However,
additional work-up (eg, serial troponins, angiogram,
and CMR) may show an alternative diagnosis such as
non–ST-segment elevation MI with findings of left
anterior descending infarct on CMR and no myocar-
ditis. Code-based analyses generally look for the
presence of the code and not for changes, and in this
case, the event would be misclassified as myocarditis.
Also, most of the coding for CV events in this study
was performed by oncology providers, so there may
be significant variability in the coding of CV events.
Developing harmonized definitions of CV events with
integration into standard oncology adverse event
reporting, educating oncology providers, and a move
toward more multidisciplinary team management
may lead to more precise coding of CV events. In the
meantime, adjudication of potential CV events may
be useful and may increase specificity for true di-
agnoses relative to ICD codes alone. Because VTE and
MI comprise the bulk of the identified events, selec-
tive application of event adjudication (eg, restricting
to subsets with poor agreement) should substantially
mitigate the resourcing of adjudicating other types of
events.
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This analysis supports the need for evidence-based
CV management in patients with cancer, including
those receiving ICIs. Patients can be on ICIs for years
and switch from 1 ICI or combination to another.
Although ICI myocarditis can be fatal and warrants
proper evaluation, this analysis and the work of others
show that ICI myocarditis is rare in contrast to VTE,
ischemic CV events, and heart failure, all of which can
benefit from evidence-based treatments. In fact, the
overwhelming majority of deaths related to CV causes
in this cohort were related to events other than
myocarditis. A multidisciplinary team-based
approach may facilitate the evaluation of ICI-treated
patients with CV symptoms for acute coronary syn-
dromes and heart failure as well as myocarditis/peri-
carditis. Evidence-based efforts to formalize the
identification of CV events will also help oncologists
rapidly diagnose cardiac side effects and improve
patient care. The management of CV risk factors will
be an ongoing topic for provider-patient discussion
and will evolve as cancer outcomes continue to
improve. This analysis contributes to cardio-oncologic
care by raising awareness of the relative frequency of
CV events among patients treated with ICI and iden-
tifying the types of CV events for which ICD coding is
sufficiently accurate for clinical research purposes.
STUDY LIMITATIONS. Although the cohort is a good
representation of residents in a large regional center,
as the only National Cancer Institute–designated
center in the state of Colorado, it attracts patients
who may only interface with the health system during
their cancer treatment. It is not feasible in the data set
to discriminate whether patients are responding to
ICI therapy and correlate this to CV events (ie, to
determine if events such as new VTE correlate with
the progression of underlying malignancy). Because
the EMR reflects an incomplete health care record, we
are cautious about inferring CV event rates within our
cohort. The initial patient screening was performed
using ICD codes, which carries the risk of reduced
sensitivity of identifying events because it is depen-
dent on the entry of billing codes. A number of the
patients received ICI in clinical trials, which may have
excluded individuals with active CV disease. Addi-
tional limitations are that it does not include time-to-
event analysis, and the data set does not include
cardiac biomarker data (eg, troponin). Moreover, we
observed a low frequency of some events and
consequent wide CIs.

The strengths of the analysis include the fact that it
represents all ICI-treated patients during an 8-year
period and that CV events were independently adju-
dicated by 2 cardiologists. Another strength of this
work is that it offers a model for identifying CV events
retrospectively that can be applied to any new cancer
therapeutic.

CONCLUSIONS

ICI therapy is becoming a mainstay of contemporary
cancer therapy with an incompletely understood CV
impact. In this analysis of real-world patients, com-
mon CV events such as VTE, MI, heart failure, and
stroke were also those most frequently identified in
patients post-ICI therapy, whereas myocarditis was
rare. This work shows that ICD codes can be used to
determine the incidence of MI and VTE; however, this
method lacks the fidelity needed to accurately iden-
tify other CV events. Adjudication, which is typical of
CV trials, is an effective approach to determine the
rates of CV events in patients treated with ICIs.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: CV dis-

ease is common among patients receiving ICI. The most

common cardiovascular events after ICI initiation were

VTE, MI, heart failure, and stroke, whereas myocarditis

was rare. Determining the incidence of CV events related

to ICI therapy remains challenging because using ICD

codes proved relatively reliable for MI and VTE but less

accurate for other CV events. More in-depth analysis with

techniques like adjudication are needed to accurately

assess the rates of most CV events.

TRANSLATIONAL OUTLOOK: Future studies should

focus on identifying predictors of CV events in patients

receiving ICIs and on determining effective strategies to

mitigate their CV risk. It is of critical importance to

continue to clarify the incidence of CV rates from ICI

therapy to help patients and providers understand CV risk

associated with ICI therapy and curtail a “one-size-fits-

all” approach of elaborate cardiac evaluations for rare

events.
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