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Abstract

Background: Although people are more and more aware of the cardiotoxicity caused by immune checkpoint inhibi-
tors (ICls) in the treatment of lung cancer, its incidence rate has not been systematically analyzed. This study aims to
evaluate the incidence of cardiotoxicity related to the ICl therapies for lung cancer, so as to enhance clinicians’ atten-
tion to cardiotoxicity, implement proper prevention and intervention for high-risk patients, and minimize the risk of
cardiac dysfunction during and after completion of therapy.

Methods: We conducted a systematic literature search for relevant publications in PubMed and Scopus from incep-
tion to 19 April 2022. Pooled incidence and risk ratios with 95% confidence intervals (95% Cls) for cardiotoxicity events

were calculated.

event

Results: A total of 37 studies covering 38 trials, including 14,342 patients, were identified. The pooled risk ratios of
incidence of any cardiac AEs were 1.944 [95% Cl 0.8-4.725] (Single ICI versus chemotherapy), 1.677 [95% Cl 1.065—
2.64] (Single ICl plus chemotherapy versus chemotherapy), and 0.478 [95% Cl 0.127-1.798] (Single ICI versus Dual ICl).
The incidence of myocarditis and arrhythmia were 0.003[95%CI 0.002-0.006] and 0.014[95%CI 0-0.037], respectively.

Conclusion: Single ICI did not increase the risk of cardiotoxicity compared with chemotherapy, and single ICl plus
chemotherapy increased the risk of cardiotoxicity by 67% compared with chemotherapy alone. Combination immu-
notherapy did not increase the risk of cardiotoxicity compared with single ICl.

Keywords: Immune checkpoint inhibitor, Immunotherapy, Cardiotoxicity, Myocarditis, Immune related adverse

Introduction

Patients with lung cancer, especially with advanced or
metastatic lung cancer, are often poorly treated due to
high morbidity and mortality [1]. The treatment pros-
pects of this refractory disease, however, have changed
with the in-depth research on immune checkpoint
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inhibitors (ICIs) in recent years [2]. Immune checkpoints
are immunosuppressive molecules that protect human
tissues and organs by regulating the immune response
to maintain tolerance. They are monoclonal antibodies
that prevent these molecules from releasing the immune
system and killing tumor cells [3], including PD-1, PD-L1
and CTLA-4. As ICIs are widely used in the treatment of
lung cancer, especially metastatic and advanced lung can-
cer [4], an excessively enhanced immune response has led
to a wide range of immune related adverse events, includ-
ing cardiotoxicity [5] that may be serious and have a poor
prognosis, such as myocarditis, pericardial disease [5],
non-inflammatory left ventricular dysfunction [6] and
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myocardial infarction (MI) [7]. Adverse cardiac events
caused by ICIs occur at a low rate but can be accompa-
nied by life-threatening events. Studies have shown that
the mortality of affected patients remains as high as 50%
[8, 9]. Although people are more and more aware of the
cardiotoxicity caused by ICIs in the treatment of lung
cancer, its incidence rate has not been systematically
analyzed.

For cancer survivors, asymptomatic or symptomatic
treatment related cardiac dysfunction or cardiac abnor-
malities may be responsible for interruption or discon-
tinuation of cancer-directed therapies, which may reduce
the chance for long-term survival [10]. By analyzing all
published randomized clinical trials (RCTs) on ICIs,
this study aims to evaluate the incidence of cardiotoxic-
ity related to the ICI therapies for lung cancer, so as to
enhance clinicians’ attention to cardiotoxicity, imple-
ment proper prevention and intervention for high-risk
patients, and minimize the risk of cardiac dysfunction
during and after completion of therapy.

Methods

The study was registered with INPLASY202250042
(https://inplasy.com/inplasy-2022-5-0042/) and reported
in accordance with the PRISMA statement [11].

Search strategy and selection criteria

We conducted a systematic literature search for relevant
publications in PubMed and Scopus from inception to
19 April 2022. Review articles, case series, conference
abstracts, and articles not published in English were
excluded. The full search strategies are supplied in Addi-
tional file 1: M1. Additional articles were identified
through reference lists and relevant systematic reviews.
We considered all randomized studies on ICIs for lung
cancer. Studies were eligible if they reported outcome
data with regards to immune related adverse events.
Observational studies were not considered.

Study selection and data extraction

The study selection and data extraction were per-
formed by two authors independently. Disagreements
were resolved through discussion. Data were extracted,
including first author, publication year, study design,
study registration, treatments, sample size in each arm,
tumor type and stage, follow-up time, outcome meas-
ures. The primary outcome of this meta-analysis was the
risk ratio of any cardiotoxicity between two ICI-related
therapies (including Single-ICI vs Chemotherapy, Single-
ICI+ Chemotherapy vs Chemotherapy, and Single-ICI
vs Dual-ICl). The secondary outcomes were incidence
of ICI-associated myocarditis, pericardial effusion,
heart failure, cardiopulmonary events, cardiac arrest,
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atrial fibrillation, arrhythmia, and MI. Risks of bias were
assessed independently using the Risk of Bias Tool devel-
oped by the Cochrane Collaboration [12].

Statistical analysis

The incidence of cardiotoxicity may be very rare, even no
event occurring in either or both arms of a study. Meta-
analysis of incidence using inverse variance methods has
the problem that the variance becomes very small when
the incidence is small or large, with the consequence
that such studies get a large weight in the meta-analysis.
Transformation methods can be used to avoid an undue
large weight for studies with small or large incidence. The
double arcsine transformation [13] has properties that
make it the clearly preferred option over the often-used
logit transformation. Pooled incidence and risk ratios
(RRs) with 95% confidence intervals (95% Cls) for cardio-
toxicity events were calculated. This meta-analysis was
conducted in MetaXL 5.3 (EpiGear International) using
the IVhet (inverse variance heterogeneity) model [14].
The Chi? test and the Higgins I* statistics were used to
assess heterogeneity between the included studies [15]. In
addition, sensitivity analyses were performed by a leave-
one-out analysis. Publication bias was assessed with the
LFK index and Doi plot. The Interpretation of the index
in terms of asymmetry was in Additional file 1: M2.

Results

Study characteristics

Our literature search returned 1081 articles, of which 315
were assessed as eligible. A total of 37 studies covering
38 trials, including 14,342 patients, were identified to be
based on quantitative analyses (Fig. 1). Among them, six
trials were phase la/b study, fourteen trials were phase 2
study, and eighteen trials were phase 3 study. Nine trials
covered patients with small-cell lung cancer (SCLC) and
29 trials reported patients with nonsmall-cell lung can-
cer (NSCLC). Nineteen trials reported cardiac adverse
events (AEs) with single ICI, twelve trials reported car-
diac AEs with single ICI plus chemotherapy, and seven
trials reported cardiac AEs with dual ICI plus or minus
radiotherapy. Seven trials provided data on cardiac AEs
of only ICI versus chemotherapy, nine trials provided
data on cardiac AEs of single ICI versus single ICI plus
chemotherapy, and four trials provided data on single
ICI versus dual ICI. The characteristics of each study
are shown in Table 1. Additional file 1: Fig. S1 and S2
describe the risk of bias according to each study and a
summary of the risk of bias, respectively. Except for five
trials, namely KEYNOTE-598 [16], KEYNOTE-189 [17],
PACIFIC [18], IMpower133 [19], and CA184-156 [20]
was a double- blind trial, the other 32 trials were open
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Fig. 1 Flowchart of study selection

label trials. The risk of attrition bias exists in seven trials
due to small sample size.

Primary outcomes

Single ICl versus chemotherapy

The pooled RR of incidence of any cardiac AEs across
the seven studies was 1.944 [95% CI 0.8—4.725], suggest-
ing that the incidence of any cardiac AEs with single ICI
treatment was 1.944 times higher than with chemother-
apy, but was statistically insignificant (p-value =0.142). I*
was 16%, indicating very small heterogeneity. Table 2, Fig.
S3, Additional file 1: Table S1.

Single ICI plus chemotherapy versus chemotherapy

The pooled RR of incidence of any cardiac AEs across
the nine studies was 1.677 [95%CI 1.065-2.64], sug-
gesting that the incidence of any cardiac AEs with sin-
gle ICI plus chemotherapy was 1.677 times higher than
with chemotherapy, which was statistically significant
(p-value =0.026). I* was 0%, indicating no heterogeneity.
Table 2, Additional file 1: Fig. S4, Table S2.

Single ICl versus dual ICI
The pooled RR of incidence of any cardiac AEs across the
four studies was 0.478 [95%CI 0.127-1.798], suggesting
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Table 2 Primary outcome: Comparison of incidence of cardiotoxicity between ICIS-related therapies and secondary outcomes:

Incidence of various heart damages with ICIS-related therapies

Primary outcomes RR LCI95% HCI95% I-squared P-value Studiesincluded LFKindex Publication bias
Single-ICl vs chemotherapy ~ 1.944 0.800 4725 16.483 0.142 7 —16 Minor
Single-ICI 4+ chemotherapy vs  1.677 1.065 2.640 0.000 0.026 9 -1.77 Minor
chemotherapy

Single-ICI+ CPA vs CPA 1.877 1.121 3.143 3

Single-ICl+ CPE vs CPE 2.666 0.546 13.011 3

Single-ICl+CE vs CE 0.694 0.208 2310 3

Single-ICl vs dual-ICl 0478 0.127 1.798 0.000 0.275 4 -1.81 Minor
Secondary outcomes Incidence  LCI95% HCl 95% l-squared P-value Studies included LFK index Publication bias
Single-ICl 0.007 0.001 0.015 80.550 - 19 3.96 Major
Single-ICl4-chemotherapy ~ 0.019 0.000 0.048 93.165 - 12 3.26 Major
Single-ICI4CPA 0.043 0.000 0.127 6

Single-ICI 4 CPE 0.008 0.000 0.050 3

Single-ICI4+CE 0.004 0.000 0011 3

Dual-ICl 0.024 0.000 0.068 74.070 - 7 4.28 Major
Cardiotoxicity 0.012 0.004 0.023 87.985 - 38 422 Major
SCLC 0.010 0.000 0.024 - 9 - -
NSCLC 0.013 0.003 0.026 - 29 - -
Myocarditis 0.003 0.002 0.006 0.000 - 9 236 Major
Pericardial effusion 0.011 0.005 0.018 34818 - 11 347 Major
Heart failure 0.006 0.003 0.010 29494 - 10 465 Major
Cardiopulmonary events 0.003 0.001 0.007 9.267 - 5 1.64 Minor
Cardiac arrest 0.006 0.002 0.011 36.093 - 7 2.87 Major
Atrial fibrillation 0.009 0.000 0.031 87.712 - 9 3.74 Major
Arrhythmia 0.014 0.000 0.037 85.284 - 7 478 Major
Myocardial infarction 0.006 0.001 0013 68.248 - 10 2.64 Major

Bold italic means significant difference

CPA cisplatin/carboplatin paclitaxel/nab paclitaxel, CPE cisplatin/carboplatin pemetrexed, CE cisplatin/carboplatin, etoposide, RR risk ratios. LFK index: A quantitative
measure of Doi plot asymmetry called the LFK index (because it was developed by a graduate student, Luis Furuya-Kanamori), No asymmetry LFK index within £ 1,

Minor asymmetry, LFK index exceeds + 1 but within &2, Major asymmetry: LFK index exceeds 42

that the incidence of any cardiac AEs with single ICI was
47.8% of that with dual ICI, but was statistically insignifi-
cant (p-value =0.275). I? was 0%, indicating no heteroge-
neity. Table 2, Additional file 1: Fig. S5, Table S3.

Secondary outcomes

The incidences of any cardiac AEs with single ICI, sin-
gle ICI plus chemotherapy, and dual ICI plus or minus
radiotherapy were 0.007 [95% CI 0.001-0.015], 0.019
[95% CI 0-0.048], and 0.024 [95% CI 0-0.068], respec-
tively, showing that they were in an increasing trend.
Table 2, Additional file 1: Fig. S6—-S8. During ICI treat-
ment, the incidence of myocarditis and arrhythmia was
0.003[95%CI 0.002-0.006] and 0.014[95%CI 0-0.037],
respectively. The incidence of other cardiac damage was
shown in Table 2, Additional file 1: Fig. S9-S16.

Subgroup analyses

We divided the ICI related cardiac AEs into SCLC and
NSCLC subgroups for meta-analysis. The incidence of
ICI related cardiac AEs in SCLC subgroup was 0.010,
while that in NSCLS subgroup was 0.013. Due to the lack
of studies comparing ICI related cardiac AEs of these two
types of lung cancer, it cannot be explained which sub-
group has a significantly higher incidence. Table 2, Addi-
tional file 1: Fig. S17.

The subgroup analysis of Single-ICI+ chemotherapy vs
chemotherapy showed that the RR of cardiac toxicity of
ICI+ CPA vs CPA was 1.88 [1.12,3.14], indicating that the
incidence of cardiotoxicity of ICI+ CPA was 1.88 times
higher than that of CPA, with statistical difference, while
there was no statistical difference between ICI+ CPE and
CPE, or between ICI+ CE and CE. Table 2. Additional
file 1: Fig. S4.
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Sensitivity analyses

We performed a sensitivity analysis of all pooled results
using leave-one-out analysis. When PACIFIC [18] was
excluded, I? decreased from 80 to 20%, and the incidence
of any cardiac AEs with single ICI treatment decreased
from 0.007 to 0.004, indicating that the heterogeneity of
the pooled effect size (ES) mainly came from PACIFIC.
When KEYNOTE-010 was excluded, I* dropped from 80
to 0%, the pooled RR of incidence of any cardiac AEs with
single ICI versus chemotherapy went from statistically
insignificant 1.944[95%CI 0.8—4.725] to statistically sig-
nificant 2.374 [95%CI 1.158-4.867]. This suggests that the
heterogeneity of the pooled ES mainly came from KEY-
NOTE-010 [48], which altered the statistical significance
of the pooled ES. When Impower-130 [51] was excluded,
the pooled RR of incidence of any cardiac AEs with sin-
gle ICI plus chemotherapy versus chemotherapy went
from statistically significant 1.677 [95%CI 1.065-2.64] to
statistically insignificant 1.257[95%CI 0.585-2.699], sug-
gesting that the pooled ES were sensitive to Impower-130
[51], which altered the statistical significance of the
pooled values. No sensitive studies were found in any of
the other pooled ES.

Publication bias

LFK index showed that there was major asymmetry and
significant publication bias for the all results of "pooled
incidence" except the pooled incidence of "cardiopulmo-
nary". But the results of three comparisons (single ICI
versus chemotherapy, single ICI plus chemotherapy ver-
sus chemotherapy, and single ICI versus dual ICI) showed
minor asymmetry and publication bias. Additional file 1:
Fig. S18-S32. Interpretation of the LFK index in terms of
asymmetry see Additional file 1: M2.

Discussion

A total of 38 studies involving 14,342 lung cancer patients
were included in this meta-analysis. Our findings showed
that there was no significant difference in the incidence
of cardiotoxicity between single ICIs and chemotherapy
alone, and that the increased risk of cardiotoxicity with
combination immunotherapy versus single ICIs was
statistically insignificant were fully consistent with the
meta-analysis performed by Agostinetto et al. [53]. This
should be good news for lung cancer patients. However,
the incidence of cardiotoxicity with single ICIs and com-
bination immunotherapy was 0.7% and 2.4%, respectively.
This was also confirmed in an analysis of Vigibase (The
World Health Organization’s international database of
case safety reports) by Salem et al. [9], who observed
that among 30,000 cancer patients treated with IClIs,
combination immunotherapy exhibited a significantly
higher rate of myocarditis (1.33%) than monotherapy did
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(0.31%). In addition, the mortality of myocarditis second-
ary to combination immunotherapy was higher than that
of monotherapy (67% vs. 36%), suggesting that combina-
tion immunotherapy had a more severe myocarditis [54].
Similar findings were reported by Johnson et al. [55] in a
query of the Bristol Myers Squibb Company safety data-
base. We think this is due to the large differences of pop-
ulation and intervention between retrospective studies
and RCTs. RCT’s population is ideal for random assign-
ment into groups that enjoy a similar baseline, whereas a
retrospective study population comes from the real world
and is susceptible to selection bias, and even if match-
ing is performed, the results can be affected by various
biases. “Pure” treatment in the RCT intervention and
control groups are guaranteed in the best possible way to
avoid exposure to other drugs, but in retrospective study
all interventions are performed in clinical settings with a
variety of comorbidities. Whatever, it’s a real side of the
real world. The results should therefore be interpreted
with caution. Simultaneously, our study also found
that ICIs plus chemotherapy increased the risk of car-
diotoxicity by 67% compared with chemotherapy alone,
suggesting that sometimes the combination is more
cardiotoxic than monotherapy. Sensitivity analysis sug-
gested that when removing IMpower-130 [51] changes
the statistical significance. As can be seen from Figure
S4, IMpower-130 is the study with the smallest confi-
dence interval and significant weight in this comparison.
So, this study had the largest impact on the pooled effect
size. We believe that the weight assigned to IMpower-130
is reasonable using the IVhet model, and we prefer the
pooled effect size with IMpower-130.

According to our pooled analysis of various cardiotox-
icity, myocarditis showed the lowest incidence (0.3%),
cardiac arrhythmia exhibited the highest incidence
(1.4%), and the incidence of MI and pericardial effusion
was 0.6% and 1.1%, respectively. Although the conse-
quences of myocarditis and MI are serious, the high inci-
dence of arrhythmia and pericardial disease cannot be
ignored in clinical setting. Although the ICIs related car-
diotoxicity mechanisms are currently unknown, there is a
strong association between immune responses and heart
disease. Severe systolic dysfunction/heart failure and
fatal arrhythmias are often triggered by viral and auto-
immune myocarditis. The heart is particularly vulner-
able to immune related damage, and immune responses
that normally lead to tissue damage and inflammation
are particularly dangerous for the heart. The reason for
this lies in its dense blood vessels that provide access to
antibodies and immune cells, its anatomy is nonredun-
dant and even small lesions can provide a substrate for
arrhythmias [56]. Previous studies have demonstrated
that PD-L1, PD-1, and CTLA-4 are important signaling
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pathways in cardiac immune crosstalk, and abrogation
of those pathways leads to autoimmune myocarditis and
heart failure [57, 58]. The independent autoantibody is
the mechanism by which T cell-mediated responses to
cardiac antigens promote disease progression and heart
failure through myocardial inflammatory cell infiltra-
tion and increased myocardial fibrosis [59]. Collectively,
acute MI, ventricular arrhythmias, autoimmune T cell-
mediated myocarditis and conduction disease may be
triggered by suppressing PD-L1, PD-1, or CTLA-4, and
direct inhibition of PD-L1 may inevitably accelerate pre-
existing heart disease, and invite noninflammatory car-
diomyocyte dysfunction in diseased hearts even in the
absence of an immune response.

In view of the severe cardiotoxicity with ICIs, detec-
tion of cardiac biomarkers in serum might be useful
for baseline-based risk stratification, early diagnosis of
cardiovascular disease during and after treatment, and
identification of cancer patients who might benefit from
cardioprotective therapy during continuing oncological
treatment, as well as identifying patients with cardiovas-
cular disease who might require long-term follow-up.
Cardiac troponins (cTn) T and cTnl are structural pro-
teins unique to the heart and are therefore organ-spe-
cific markers. Troponin assessment can help identify
patients who may benefit from preventive treatment for
cardiotoxicity and monitor response to cardioprotective
therapy. We sought to perform a meta-analysis of serum
biomarkers in patients receiving cardiotoxic cancer ICI
therapies, by collecting as few as three relevant obser-
vational studies that provided some noteworthy results.
According to. Mahmood et al. [8], among 35 ICI associ-
ated myocarditis patients and 105 ICI non-myocarditis
patients, those who experienced major adverse cardiac
events (MACE) obtained a higher admission, peak, and
discharge/final troponin T value than those who did not.
Patients with final/ discharge troponin T greater than or
equal to 1.5 ng/ml were bound to a fourfold increased
risk of MACE. Petricciuolo et al. [60] studied 30 patients
who had high-sensitivity troponin T measured before
starting ICI therapy. After 3 months of treatment, The
MACE occurred only in 7 patients (23%) with high-sensi-
tivity troponin T > 14 ng/L at baseline. However, accord-
ing to Yuan et al. [61], no significant changes in cTnl were
found in a cohort of 19 cancer patients whose biomark-
ers were assessed at baseline, 1, 3, and 6 months after ICI
administration. In our opinion, more studies are needed
to determine whether cTn has the potential to be a serum
biomarker for cardiotoxicity in ICI patients. Heart failure
is a well-recognized complication that impacts survival
and quality of life. It’s a progressive disorder [62]. This
process begins with cardiotoxicity of immunotherapy
and/or chemotherapy, and is usually progresses after
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structural change of the heart. It is increasingly impor-
tant to address chronic and long-term adverse treatment
effects in cancer survivors. For those high-risk lung can-
cer survivors, routine monitoring through cardiac imag-
ing may be required after completion of lung cancer
-directed therapy, in order to initiate appropriate inter-
ventions to prevent or even reverse the progression of
cardiac dysfunction [10].

This meta-analysis has several limitations. For ethi-
cal reason in cancer treatment, the studies we included
were basically from open label trials. In addition, there
are also several options for chemotherapy or radiother-
apy combined with ICI, and only one study was placebo-
controlled. All these factors may lead to inter-study
heterogeneity. Due to the extremely low incidence of
cardiotoxicity, it is possible that no events will occur in
any treatment arm, those studies with no cardiac events
in all arms were excluded from pooling, the results of this
meta-analysis might be overestimated. Due to the lack of
adequate studies, there was no meta-analysis of serum
biomarkers of cardiotoxicity in this study and no relevant
conclusions were drawn.

Conclusion

In summary, our study showed that single ICI did
not increase the risk of cardiotoxicity compared with
chemotherapy, and single ICI plus chemotherapy
increased the risk of cardiotoxicity by 67% compared
with chemotherapy alone. Our findings also suggested
that combination immunotherapy did not increase the
risk of cardiotoxicity compared with single ICI, and the
conclusions of this meta-analysis should be interpreted
with caution because of inconsistencies with the results
of large retrospective studies.
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