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ABSTRACT

Background: Immune checkpoint inhibitors may be associated with multiple immune-related toxicities. Cardio-
vascular adverse effects are underreported in clinical trials.

Methods: We conducted a systematic review and meta-analysis to evaluate cardiovascular adverse effects inci-
dence among patients with solid tumors receiving immune checkpoint inhibitors in randomized clinical trials and
the relative risk of presenting these effects compared to placebo or best supportive care. The search was con-
ducted through MEDLINE, Embase, and Scopus databases from January 1st, 2010 until July 1st, 2020. Outcomes
were reported following Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
guidelines.

Results: 57 randomized clinical trials including 12,118 patients were included. All grade CV AEs incidence rate
was 8.32% (95% CI = 6.35%-10.53%). When only grade 3-5 CV AEs were considered, ICIs were significantly
associated with increased risk than placebo or BSC (RR = 1.36; 95% CI = 1.06-1.73; p = 0.01).

Conclusion: This meta-analysis corroborates the hypothesis of increased CV risk related to immune checkpoint
inhibitors.

Introduction

dermatological and endocrinological systems [3-5], but rare events may
also cause morbidity and mortality.

Immune checkpoint inhibitors (ICIs) are currently widely used for
the therapy of a variety of advanced cancers. Monoclonal antibodies
targeting programmed cell death protein 1 (PD-1), programmed cell
death ligand 1 (PD-L1), and cytotoxic T-lymphocyte-associated antigen
4 (CTLA-4) received regulatory approval in different indications and are
also in development for new ones [1]. Hence, their role in clinical
practice is expected to increase in the coming years. The efficacy of ICIs
is derived from their ability to unleash the host immune system against
cancer cells. An unplanned consequence of this mechanism of action is
the development of an immune response against normal host cells,
leading to immune mediated toxicities [2]. Inmune toxicities are more
commonly described affecting the pulmonary, gastrointestinal,
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The PD-1/PD-L1 pathway appears to be particularly important in
cardiac protection from T cells. The upregulation of PD-L1 in human
myocardium, both on myocytes and endothelium, by interferon-gamma
secretion, is evident in the hearts of cancer patients treated with ICIs [6].
Activated T cells further produce large amounts of pro-atherogenic cy-
tokines that may contribute to atherosclerotic plaque growth and
destabilization. These findings suggest that cancer patients receiving
ICIs therapy could worsen cardiovascular (CV) inflammation and as
consequence suffer CV or cerebrovascular events [7].

Cases of myocarditis, heart failure, coronary syndromes, arrhyth-
mias, pericardial disease, and other CV adverse effects (AEs) have been
described in patients treated with ICIs alone or in combination [8].
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Nevertheless, CV toxicity is underreported in randomized clinical trials
(RCTs) and the true risk associated with ICIs use has yet to be defined.
Data from the U.S. Food and Drug Administration Adverse Events
Reporting System (FAERS) states that 92,073 adverse events secondary
to the most prescribed immune checkpoint inhibitors Ipilimumab,
Pembrolizumab, and Nivolumab were reported over the last ten years.
Among these, only 31 were from cardiovascular nature: 30 were clas-
sified as severe (96.77%), and 14 led to death (45.16%) [9] Therefore,
our aim was to investigate the incidence and risk of CV toxicities in
patients receiving ICls, using an up-to-date meta-analysis of prospective
clinical trials.

Methods
Search methods and study selection

We conducted a systematic review of the literature to identify RCTs
testing PD-1, PD-L1, and CTLA-4 inhibitors for solid tumors, either in
monotherapy or in combination between them. For incidence estimation
of CV AEs, we included phase II and phase III trials regardless of the
control arm. For relative risk (RR) assessment, we included phase II or
phase III RCTs using best supportive care (BSC) or placebo as compar-
ator. As our intention was to make comparisons, to maintain balance
between both ICIs and BSC or placebo arms, we removed single-arm
trials from this second phase of the analysis. The search was conduct-
ed through MEDLINE, Embase, and Scopus databases from January 1st,
2010 until July 1st, 2020. The search strategy can be found at SUP-
PLEMENTARY MATERIAL 1. All data obtained from initial search can be
found at SUPPLEMENTARY MATERIAL 2. Data presented as meeting
abstracts without published full-text original articles were included if
they comply with all the eligibility criteria mentioned above. In case of
more than one publication reporting on the same study, the most recent
and comprehensive publication was included in the analysis. Study
classification, selection, and duplicate removal were conducted using
Rayyan, a web and mobile app for systematic reviews [10]. Trials that
did not mention cardiovascular side effects were excluded. Trials that
reported zero cardiovascular events were included. Processed data after
study selection and duplicate removal can be found at SUPPLEMEN-
TARY MATERIAL 3.

Data extraction

Data were extracted by two independent reviewers (C.B.X. and G.
H.), and discordant cases were analyzed by a third reviewer (D.L.F.J.)
Using the used the Rayyan mobile app [10], both authors (C.B.X. and G.
H.), did separate evaluation of the trials, assessing if they met the in-
clusion criteria and removing duplicates. Then, trial name, phase, cancer
type, ICIs dose and dosing schedule, and the number of exposed patients
were obtained from each arm in each included study. All-grade CV AEs
and treatment related deaths data were both extracted according to
study information. CV AEs were categorized based on Common Toxicity
Criteria (CTCAE) version 4.03 [11] as described in SUPPLEMENTARY
TABLE 1. All the process followed Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) guidelines [12].

Statistical analysis

The principal summary measures were incidence, RR and corre-
sponding 95% confidence intervals (CIs). Incidence analysis were per-
formed using Metaprop module from STATA v.16.1 [13]. The presence
of heterogeneity was evaluated using the Chi? test, and a random-effects
meta-analysis was performed as substantial heterogeneity was observed.
The approach allows investigators to address heterogeneity that cannot
be obviously attributed to other factors, assuming that the effects being
estimated in the different studies follow normal random distribution
[14].
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The Freeman-Tukey method was applied for the outcome of adverse
events incidence and the Clopper-Pearson method was applied for the
mortality outcome. The incidence of CV AEs was investigated for all ICIs
cohorts and reported by arm with 95% CIs. RR analysis was performed
for ICIs cohorts from placebo-controlled or BSC-controlled RCTs using
RevMan v.5.4 [15]. Tau? was incorporated to measure the extent of
variation among the effects observed in different studies and perform
weight adjustments. Each RCT was categorized as “low-risk” or “high--
risk” of bias using predefined quality criteria according to Higgins et Al
[16].. Quality assessment in the context of meta-analysis is inter-
changeable with bias risk assessment and refers to the internal validity
of a study [17]. Random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other biases were
considered. Bias risk from the included studies is summarized in SUP-
PLEMENTARY TABLE 2.

Results
Eligible studies and characteristics

Our initial search yielded a total of 21,249 relevant publications
(FIG. 1). After screening and eligibility assessment, we selected 57
clinical trials [18-74] that are presented at data set SUPPLEMENTARY
TABLE 3. A total of 21,118 patients (67 cohorts from 57 trials) were
available for this meta-analysis. Trial distribution included 3 phase II, 1
phase II/1II, and 53 phase III RCTs. The most frequent tumor types by
number of studies included lung cancer (n = 16; 28.0%), melanoma (n =
13; 22.80%), urothelial carcinoma (n = 6; 10.53%) and gastric cancer (n
= 5; 8.77%). While the majority of studies included advanced cancer
patients, four RCTs tested ICIs as adjuvant therapy (1 for lung cancer and
3 for melanoma). We categorized the cohorts by ICIs regimen as mon-
otherapy with a PD-1 inhibitor (35 cohorts; 10,241 patients), PD-L1
inhibitor (12 cohorts; 3755 patients), CTLA-4 inhibitor (11 cohorts;
4135 patients), and combination therapy (9 cohorts; 2987 patients). For
the RR analysis, we included 11 placebo-controlled or BSC-controlled
RCTs. ICIs regimens were likewise categorized as PD-1 inhibitor (5 co-
horts; 1452 patients), PD-L1 inhibitor (2 cohorts; 823 patients), CTLA-4
inhibitor (4 cohorts; 1307 patients), and combination therapy (1 cohort;
278 patients). Forty-four studies adequately reported follow-up dura-
tion. Amidst this data set, the median follow-up was 12.6 months
(6.3-60).

Incidence of cardiovascular adverse events with checkpoint inhibitors

Across all ICIs study arms, incidence of all grade CV events was
8.32% (95% CI = 6.35-10.53%). PD-1 and PD-L1 inhibitors exhibited
similar incidence rates of 7.59% (95% CI = 5.31-10.22%) and 7.69%
(95% CI = 3.88-12.60%) respectively. Among trials testing CTLA-4 in-
hibitors, incidence was 8.33% (95% CI = 3.40-15.08%). Combination
therapy exhibited a higher incidence of 12.45% (95% CI =
4,99-22.56%). Grade 3-5 CV AEs occurred in 4.28% (95% CI =
3.37-5.28%) among all ICIs arms. Incidence of severe events was 3.72%
(95% CI = 2.60-5.03%), 4.79% (95% CI = 2.91-7.07%), 4.62% (95% CI
= 2.11%—-7.97%) and 5.48% (95% CI = 2.73-9.07%) with the use of
PD-1, PD-L1 and CTLA-4 inhibitors and with combinations, respectively.
Incidence results are summarized in FIG. 2 and FIG. 3. For mortality
analyses, only studies that provided an adequate report on mortality
causes were included. Deaths from any CV cause occurred in 0.32% of
the patients receiving ICIs (95% CI = 0.20-0.44%) (SUPPLEMENTARY
FIGURE 4). Funnel plots for estimation of the intervention effect from
each individual study were generated. For all grade CV AEs incidence,
some heterogeneity was noted, while for grade 3-5 CV AEs and mor-
tality analyses the plots resemble a symmetrical inverted funnel (SUP-
PLEMENTARY FIGURE 5).
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Fig. 1. - Consort diagram of study selection.

Relative risk of cardiovascular toxicities with checkpoint inhibitors

Risk of experiencing all grade CV AEs was numerically higher among
patients that received ICIs compared to placebo or BSC, although not
statistically significant (RR = 1.16; 95% CI = 0.98-1.37; P = 0.09) as
exhibited in FIG. 4. When only grade 3-5 CV AEs where considered, ICIs
were associated with increased risk (RR 1.36; 95% CI = 1.06-1.73; P =
0.01) as depicted in FIG. 5. The risk of death from any CV cause did not
differ between ICIs and placebo or BSC arms (RR = 1.52; 95% CI =
0.58-3.97; P = 0.39) (SUPPLEMENTARY FIGURE 6).

Additional analyses were conducted to estimate the RR individual CV
AEs, including arrhythmia, cardiac arrest, heart failure, stroke, hyper-
tension, myocardial infarction, myocarditis, pericardial events, and
thromboembolic events. None of the analysis identified a statistically
significant additional risk of these events compared placebo or BSC
(SUPPLEMENTARY FIGURES 7-15). Although the number of patients
in these sub-analyses was small, the risk of stroke (RR 1.70; 95% CI =
0.58-4.95; P = 0.33), myocarditis (RR 1.69; 95% CI = 0.35-8.18; P =
0.51) and myocardial infarction (RR 2.0; 95% CI = 0.87-4.59; P = 0.10)
was numerically higher among patients exposed to ICIs. It reinforces the
hypothesis of an increased risk of atherosclerotic and inflammatory
events rather than non-inflammatory events like hypertension (RR 1.0;
95% CI = 0.74-1.36; P = 0.99) and thrombosis (RR 0.93; 95% CI =
0.53-1.63; P = 0.80).

Discussion

To our knowledge, this is the first meta-analysis that succeeds in
demonstrating the association between ICIs and CV risk. Among 21,118
patients from 57 RCTs, all grade CV events incidence was 8.32% (95%
CI = 6.35-10.53%). PD-1 and PD-L1 inhibitors exhibited similar inci-
dence rates which was slightly lower then with CTLA-4 inhibitors.
Incidence rates reached up to 12.45% (95% CI = 4.99-22.56%) with
combination regimens. Grade 3-5 CV AEs occurred in 4.28% (95% CI =
3.37-5.28%) among all ICIs arms. Incidence increased progressively
from 3.72% (95% CI = 2.60-5.03%) with PD-1 inhibitors to 5.48% (95%

CI = 2.73-9.07%) with combinations. Deaths from any CV cause
occurred in 0.32% of the patients receiving ICIs (95% CI = 0.20%—
0.44%). The risk of all grade CV AEs and grade 3-5 CV AEs was higher
among patients that received ICIs compared to placebo or BSC (RR =
1.16; 95% CI = 0.98-1.37; P = 0.09 and RR 1.36; 95% CI = 1.06-1.73; P
= 0.01) but this correlation was statistically significant only when where
considered. Risk of death from any CV cause did not differ between ICIs
and placebo or BSC arms (RR = 1.52; 95% CI = 0.58-3.97; P = 0.39).

The results presented herein can be added to other recent meta-
analyses approaching an equivalent outcome [75,76]. Rahouma and
colleagues investigated the association between ICIs use and CV AEs,
including comparator arms that contained either inactive or active
treatments. Among 6574 patients from 11 RCTs included, no difference
was found regarding all grade cardiotoxicity (RR 1.15; 95% CI =
0.73-1.80; P = 0.55) or high-grade CV adverse events (RR 1.47; 95% CI
= 0.87-2.46; P = 0.15). More recently, Agostinetto and colleagues
performed a two-parts meta-analyses — the first part assessing ICIs versus
non-ICIs active treatments and the second part investigating whether
dual-agent ICIs induce higher toxicity than single-agent ICIs. Eighty
studies including 35,337 patients were included in the analysis. No
difference in CV events incidence was observed between ICIs and
non-ICIs groups (RR 1.14; 95% CI = 0.88-1.48; P = 0.326) nor between
dual ICIs versus single ICIs groups (RR 1.91; 95% CI = 0.52-7.01, P =
0.329). Myocarditis incidence did not differ between ICI and non-ICI
groups (RR 1.11; 95% CI = 0.64-1.92; P = 0.701) nor between dual
ICI and single ICI groups (RR 1.10; 95% CI = 0.31-3.87; P = 0.881). We
understand that the abovementioned difference can be assigned to the
methodology we adopted. Analyzing risks using a placebo or BSC
comparator rather than other active treatment showcases the exact ef-
fect of ICIs in CV toxicity. As ICIs may also present synergistic CV tox-
icities with other anticancer therapies, there is a future need to evaluate
CV AEs related to combined treatments.

There are several potential hypotheses for an increase in CV toxicities
with ICIs. Preclinical studies utilizing murine models showed that PD-L1
is expressed in nonlymphoid tissues like the heart, and the relative levels
of inhibitory PD-L1 may determine a threshold to immunotolerance,
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Fig. 2. - Incidence of all-grade cardiovascular AEs in studies testing ICIs according to the mechanism of action. Incidence rates are represented by boxes and whiskers
indicate 95% CI; size of squares is proportional to amount of data of each trial. Numbers in brackets for selected studies identifies different studies from same author

published on the same year.

exhibiting a protective effect against autoimmune damage to the heart
[77]. Pathology reports from patients affected with ICIs-related
myocarditis confirm an imbalance between tolerance and autoimmu-
nity, resulting in a T-cell mediated event [6]. Molecular examination of
recurrent ICIs-associated myocarditis exhibited microRNAs with known
inflammatory roles and its parallel with circulating cytokine abundance.
Besides, serum autoantibodies linked to autoimmune disease were also

identified [78]. The combination of CTLA-4 and PD-1 or PD-L1 in-
hibitors is known to increase both incidence and severity of immune
related AEs when compared to single agent regimens [79]. For example,
in the MYSTIC trial [19] treatment-related AEs of any grade occurred in
54.2% of patients who received durvalumab, a PD-L1 inhibitor, and in
60.1% patients who received combination of durvalumab with trem-
elimumab, a CTLA-4 inhibitor. When CV AEs were selected, this study
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Fig. 3. — Incidence of grade 3-5 cardiovascular AEs in studies testing ICIs according to the mechanism of action. Incidence rates are represented by boxes and
whiskers indicate 95% CI; size of squares is proportional to amount of data of each trial. Numbers in brackets for selected studies identifies different studies from

same author published on the same year.

outweighed others, with an incidence of 36.93% of all grade CV AEs.
Therefore, inferences on the role of this single study on the overall CV
AEs incidence rate can not be made. A recently published meta-analysis
evaluated incidence rates of AEs secondary to combination regimens of
one active treatment (chemotherapy, targeted therapy, immunotherapy,
or radiation therapy) with PD-1 or PD-L1 inhibitors in 161 prospective
trials. Among 17,197 patients included, 6083 received immunotherapy

plus a PD-1 or PD-L1 inhibitor. Incidence of AEs following this combi-
nation was 86.8% (95% CI = 80.9 — 91.1; I2 = 94%) for all-grade AEs
and 35.9% (95% CI = 29.5 — 42.9; 12 = 92%) for grade 3 or higher AEs.
Treatment-related deaths occurred in 0.87% of patients in this group.
For CTLA-4 inhibitors combination, deaths were caused by a spectrum of
uncommon adverse events, consistent with our and our colleagues’
findings [80].
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Fig. 4. —Forest plot of relative risk (RR) of all-grade cardiovascular AEs associated with ICIs versus placebo/BSC. RR are represented by boxes and whiskers indicate
95% CIs; size of squares is proportional to amount of data of each trial. Numbers in brackets for selected studies identifies different studies from same author

published on the same year.

One limitation of our study is that although the inclusion criteria
comprised low bias-risk features (e.g., phase III, randomized and
placebo-controlled), many studies were classified as high bias-risk after
careful evaluation. In most of cases, the reason leading to the high-risk of
bias classification was the lack of clarity of the outcome reports, mainly
regarding death cases. Sensitivity analyses were performed excluding
these papers, and the results supported our previous findings (SUP-
PLEMENTARY FIGURES 16-18). Other limitation is the inclusion of CV
events that could be considered non-immunogenic like hypertension and
thromboembolic events. As the in vivo mechanism of ICIs AEs is not fully
elucidated, and the RR of this events is mainly the same compared to
placebo, we don’t believe that it underpowers our findings.

Due to the relatively short follow-up of studies with ICIs, we cannot
conclude about late cardiac risk associated with these agents. Studies
that exhibited follow-up duration above the median of 12.6 months
exhibited more all-grade and high-grade CV AEs than those with follow-
up duration below the median (n = 1260 versus 340 and 526 versus 206,
respectively). Nevertheless, this is an exploratory hypothesis, and may
be related to a more prolonged period of observation for assessment of
toxicities.

Currently, guidelines do not recommend cardiac monitoring for
cancer patients receiving ICIs [81,82]. We argue that clinical assessment

of CV risk factors should be routinely recommended for these patients
based on our results. It is highly important to adjust or minimize other
potential CV risks during therapy with ICIs. For patients presenting risk
factors for CV events, a multi-disciplinary approach including cardiol-
ogy assessment might be recommended.

Conclusion

This systematic review and meta-analysis corroborate the pre-
clinical hypothesis of an increased risk of CV AEs related to ICIs. The
data presented also contributes to a better comprehension of the inci-
dence of these events and risk’s magnitude. Based on our results, there is
satisfactory evidence suggesting awareness for patient’s CV signs and
symptoms while receiving ICIs in clinical practice.
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