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ABSTRACT

Background: Immune checkpoint inhibitors (ICIs) have demonstrated high efficacy in many solid
tumour treatments. However, they are burdened with many side effects with high morbidity and,
sometimes, mortality. Cardiovascular (CV) adverse events are those with the higher mortality but
are reported as rare. Since available data are based on trials and pharmacovigilance studies, with
the exclusion of patients with CV diseases and reporting only severe cases, the incidence of CV
toxicity is believed to be higher. The present work aims to describe the incidence of CV toxicities in
a real-world cohort of patients diagnosed with a solid tumour and candidates for immunotherapy,
alone or in combination with other anti-neoplastic agents and identify eventual early predictors of
cardiac adverse events.

Methods: all the patients with a new diagnosis of solid tumour candidate for immunotherapy
schemes first lines are consecutively recruited at the Oncology Outpatient Clinic of the Policlinico
Umberto Primo Hospital, “La Sapienza” University of Rome. They undergo serial CV evaluations
at baseline or TO (before starting therapy), at T1 (before the third therapy cycle), and at T2 (before
the ninth therapy cycle). CV evaluation comprises clinical visit, electrocardiogram (ECG), standard
and advanced transthoracic echocardiogram (TTE), cardiac biomarkers (Hs-TnT, NT-proBNP) and
oxidative stress parameters (H202, sSNOX2dp) evaluation.

Results: This work presents the preliminary data of the project on the first enrolled eight patients
(50% males, mean age 68 + 10 years) with available data at TO, T1 and T2. The vast majority of patients
underwent Pembrolizumab plus Axitinib (VEGFi) therapy.

No myocarditis or pericarditis nor myocardial infarction occurred. All the patients developed new
onset or decompensated hypertension requiring anti-hypertensive therapy. One patient, with a
history of coronary artery disease treated with multiple angioplasty and stent procedures, was
diagnosed with asymptomatic left ventricular apical thrombosis at T1 and started anticoagulants.
The comparison between ECG, TTE, biomarkers, and stress oxidative markers does not show
significant differences between the three evaluations. A trend of increasing oxidative stress at T1 and
T2 and decreasing LV-GLS at T2 was observed but without statistical significance, probably due to
the small sample size.

Conclusions: Preliminary data on a small cohort of patients with solid tumours undergoing
immunotherapy, in combination with VEGFi or alone, showed no significant changes in ECG, TTE
and biomarkers across three times evaluations. However, serial CV evaluation allows for detecting
a case of endo-ventricular thrombosis and promptly starting anticoagulants, thus holding the

potential for early identification of CV toxicities.



Introduction

Immune checkpoint inhibitors (ICIs) have completely changed the history of solid tumour
therapy. Since their first appearance, they have been demonstrated to be effective in many
tumour treatments. Indeed, they are currently used in the treatment of metastatic neoplastic
diseases such as genitourinary cancers, non-small lung cancer, melanoma and other skin
cancers (1,2). However, they can also provoke many side effects since they work differently
from other drugs as chemotherapy agents. Side effects due to ICIs are known as immune-
related adverse events (irAEs). They can involve the cardiovascular (CV) system with
crucial consequences in terms of morbidity and mortality, not only related to the CV events
but also to the interruption of anti-cancer therapies and the consequent eventual
progression of the disease (3). Based on the data currently available in the literature, ICI-
related cardiotoxicity seems not so frequent but is often fatal (3,4). It must be considered
that current data are derived from approval studies, clinical trials and observational
registries, which are not focused on detecting CV disorders and do not involve patients with
a history of CV diseases before starting anti-cancer therapies. Thus, CV events could be
underestimated in a certain way, especially considering those presenting with mild course
or symptoms. Prospective data are scarce and mainly based on studies with a single
diagnostic focus: echocardiography, cardiac magnetic resonance (CMR), biomarkers and
electrocardiogram (ECG). At the moment of writing, prospective studies on comprehensive
CV evaluations during ICIs therapy are not available (many of them are on course). For

these reasons, conducting prospective and sequential CV evaluations of patients



undergoing ICIs is paramount, not only for the correct description of CV side effects

incidence but also for the identification of early markers of cardiotoxicity.



1.1 Immune-Checkpoints Inhibitors: Mechanisms of Action.

ICIs are monoclonal antibodies that block molecular signalling pathways that inhibit the
human body's immunological response.

For decades, it has been known that neoplastic cells can stimulate the immune system to
raise a response against the cells themselves and that this is a mechanism used to eliminate
cancers. This mechanism is known as the “immunosurveillance hypothesis” (5,6). On the
contrary, it was also discovered that cancer cells developed the capacity to escape the
human immune response using various expedients summarised into the so-called “immune
escape”. Specifically, neoplastic cells could lose antigens expressed on their surface that
would activate the immune system (i.e. major histocompatibility complex class I and II
antigens), or they can produce cytokines and immunosuppressive factors which inhibit the
immune response (7,8).

CD8+ T lymphocytes are the main actors of the anti-tumour response and, consequently,
the target of molecular therapies. Indeed, ICIs" targets are co-inhibitors of the T cell-
mediated response, such as cytotoxic T lymphocyte-associated antigen 4 (CTLA-4),
programmed death-1 (PD-1), PD-1 ligand (PD-L1), and lymphocyte activation gene 3 (LAG-
3). All these targets are called checkpoints since they are sort of “controllers” of the immune
response, limiting excessive immune system activation in physiological situations by
downregulating T lymphocytes” action. ICIs inhibit the downregulation of the T
lymphocyte, thus stimulating the immune response against the tumour, and this is the

reason them to be so effective against high immunogenicity cancers (which are capable of



stimulating the immune response) such as melanoma or non-small cell lung carcinoma

(NSCLC) (5).

A brief, specific description of the single ICIs’ target receptors will follow.

1)

2)

CTLA4 is a receptor present on the surface of the T lymphocytes, which helps
downregulate their activity. It is the target of Ipilimumab, an ICI approved in 2011
and substantially the only CTLA4 used in standard practice, particularly in treating
melanoma. It has been demonstrated to be highly effective in this setting, but,
unfortunately, it is burdened with many side effects (5). Tremelimumab is another
CTLA4 ICI approved for clinical use.

PD1 and PDIL are, respectively, a T lymphocytes receptor that activates
downregulating pathways and turns off their activity and its ligand, usually
expressed on target cells, as PD1 starts downregulation when bound to PDI1L.
Tumours have acquired the capability of overexpressing PDIL to escape T
lymphocyte response and protect themselves from destruction. Thus, ICIs with PD1
and PD1L as targets prevent the cancer cells from escaping the immune system and
stimulate T lymphocytes to react against them. PD1 ICls are Pembrolizumab,
Nivolumab and Cemiplimab, while PD1L-directed ICIs are Avelumab, Atezolizumab and

Durvalumab. Their use is more frequent than CTLA-4 ICIs due to fewer side effects

(5)-



3) LAG-3 is a receptor present on the surface of T lymphocytes and regulatory T cells
(T-reg). It has inhibitory properties on T lymphocytes' action, both directly and
indirectly, by T-reg cells. It seems to have a synergic effect if used combined with
PD1 ICIs. Currently, there is only one LAG3-ICI, Relatlimab, which is approved only

in combination with Nivolumab for the treatment of melanoma (9).

Figure 1. ICIs mechanisms of action. Tan et Al. JACC Cardioncology 2022
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1.2 Immune-Checkpoints Inhibitors: clinical uses, efficacy and safety
ICIs can be used to treat many tumours at advanced stages, most commonly in their
metastatic phase as the first-line treatment or in adjuvant and neoadjuvant therapies. They
can dramatically change the natural history of cancers and show great efficacy (5).
Nowadays, ICIs can be used as monotherapy, in combination with other molecular targeted
therapies and chemotherapy, and, more recently, as dual therapy (double ICIs). They also
entered therapeutic schemes involving radiotherapy (10).

The first ICI to be approved by the FDA in 2011 was Ipilimumab for the treatment of
melanoma (11). Ipilimumab is also used along with Nivolumab to treat advanced treatment-
naive renal cell carcinoma (RCC), metastatic microsatellite instability-high or mismatch
repair deficient colorectal cancer, NSCLC with PD-1 expression and unresectable pleural
mesothelioma (4). This combination was recently approved also for treating hepatic
carcinoma (12).

The most used ICIs are PD1/PDL1 inhibitors, particularly PD1 inhibitors, such as
Nivolumab and Pembrolizumab.

Nivolumab is used with Ipilimumab as a combination therapy but also alone. As a
monotherapy, it is approved for treating gastric cancer, NSCLC, melanoma and Hodgkin
Lymphoma (4). It also shows efficacy and is clinically indicated in RCC, hepatocellular

carcinoma, urothelial carcinoma and head and neck cancers (13).



Pembrolizumab is approved in the treatment of metastatic NSCLC with PD1 expression,
metastatic melanoma, gastric and oesophageal cancers, high-risk triple-negative breast
cancer and advanced RCC combined with a VEGF inhibitor, Axitinib (4).

Figure 2 summarises the ICIs’ clinical uses approved by the Food and Drug Administration

(FDA), updated in April 2022.

Figure 2. ICIs FDA Approvals. Tan et Al. JACC Cardioncology 2022
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As stated before, ICIs can be used as single-agent therapy, as dual therapy (double ICIs),
and in combination with chemotherapy or molecular targeting drugs. Moreover, many
ongoing trials aim to expand ICIs” possible clinical uses both alone and in combination

therapies, particularly with chemo- and molecular therapies. Specifically, research focuses



on the potential role of dual ICIs therapies (involving, for instance, more recent ICIs such as
anti-LAG3) tumours with low responses to immune therapy, such as pancreatic cancer or
glioblastoma (14).

Recently, the efficacy of Nivolumab plus chemotherapy has been demonstrated in
improving the overall survival of patients with oesophageal carcinoma and NSCLC (14-16).
Furthermore, there are established and commonly applied combination therapies involving
PD1 ICIs and angiogenic inhibitors (vascular endothelial growth factor inhibitors-VEGFi),
for instance, in endometrial carcinoma and metastatic RCC (14). The main combination
therapies involved in metastatic RCC treatment are Pembrolizumab plus Axitinib and
Nivolumab plus Cabozantinib (17,18).

Unfortunately, the high efficacy of ICIs therapies is counterbalanced by numerous side
effects that could greatly impact patients” morbidity and mortality, not only because of their
severity but also due to eventual therapies’ interruption and cancer progression. ICIs’ side
effects are known as immune-related adverse events (iRAEs) since their mechanism is
immune-mediated. Indeed, the immune system activation provoked by ICIs is often not
specific, i.e. directed only toward cancer cells, but it can virtually involve all human cells.
These adverse events are similar to auto-immune diseases and more frequently occur in
autoimmune-predisposed organs (e.g., the thyroid) and organs with greater environmental
exposure, such as the skin and gastrointestinal tract (5).

The severity scale of iRAEs goes from Grade 1, or mild, to Grade 5, or death caused by

toxicity, and is based on the Common Terminology Criteria for Adverse Events (19).
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The types of iRAEs that occur are regimen-specific. CTLA4 ICIs are more likely to involve
the skin, intestinal tract, and liver and cause endocrinopathies and uveitis. In contrast,
PD1/PDL1 ICIs primarily cause fatigue (up to 37% for PD1i and 24% for PDL1i), colitis and
skin involvement. Severe iRAEs (grade > 3) occur in up to 27% of patients treated with
CTLAA4i and 20% treated with PD1/PDL1i. iRAEs due to CTLAA4i are dose-related, which is
not true for PD1/PDL1 (13). ICIs dual therapy is the one showing the highest rate of severe
iRAEs, with a 55% incidence of high-grade adverse effects for CTLA4-PD1/PDL1 ICIs
combination (5).

A 2018 work conducted a retrospective analysis of the World Health Organization (WHO)
pharmacovigilance database (Vigilyze-Vigibase), a multicenter retrospective analysis of
seven international academic centers, and a meta-analysis of all the ICIs trials available at
that moment. It characterised 750 fatal iRAEs and showed that they are relatively
uncommon (overall toxicity fatality rate ranging from 0.36 to 1.23%), generally occur early
after the start of the treatment and are more frequent during combination therapies,
particularly ICIs dual therapies (20). Specifically, the Vigilyze-Vigibase analysis alone
identified 613 fatal iRAEs over 31,059 individual ICI-related case reports and showed how
adverse events markedly differ based on the type of regimen. Moreover, the authors
assessed the fatality rates of iRAEs in different classes, demonstrating how cardiovascular
toxicity, particularly myocarditis, has the highest risk of mortality (39.7% i.e. 52 deaths over

131 cases) (20).
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Figure 3. IRAEs fatality rate. Wang et Al. JAMA Oncology 2018
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1.3 Immune Checkpoints induced Cardiotoxicity

Cardiovascular (CV) toxicity associated with ICIs therapies is reported to be relatively low
in terms of incidence (20). A recent meta-analysis involving more than 83.000 patients
reported an overall incidence of CV iRAEs around 1% (21).

Unfortunately, ICIs cardiotoxicity shows an extremely high mortality, as demonstrated by
previous data reported (20). The first evidence of ICI-induced myocarditis came from case
reports published in 2015-2016 (22,23). A subsequent case series also demonstrated the
existence of cardiotoxicity forms other than myocarditis (24).

Myocarditis is, indeed, the most frequent CV adverse event. Still, ICIs can also induce
pericarditis, conduction system disturbances (i.e. atrioventricular-AV blocks), coronary
artery disease (CAD) and not immune-related heart failure (HF) or cardiac dysfunction,
which seems to be a late event during the therapy course, and Tako-Tzubo syndrome (3).
Inflammatory-mediated adverse events recognise the rationale of removing the protective
role of cardiomyocyte checkpoints, especially PD1 when their pharmacological inhibitors
are administered. Thus, the T lymphocyte response is also free to direct toward myocardial
cells, even more so in the case of previous myocardial diseases, given that stressed
cardiomyocytes generally overexpress PD1. This mechanism is the base of direct-induced
cardiotoxicity (3). Still, the possible indirect damage due to the systemic inflammation
provoked by the immune system's overactivation must also be mentioned (3).

The main issue regarding CV toxicity is that the current known incidence is probably

underestimated. Indeed, the available data are based on trials, case reports, case series,

13



retrospective analyses of pharmacovigilance registries, and small single-center cohorts.
There is a lack of prospective data on ICIs CV toxicities in the real world, and clinical
scenarios can markedly differ from those of trials and studies mainly because of the
exclusion of patients with CV diseases from the study populations. On the contrary, CV
patients often need IClIs therapies in the real world. Consequently, due to the lack of robust
data about them, there is also a paucity of knowledge about managing CV toxicities in CV
patients treated with ICIs.

A brief discussion of the main ICIs' CV toxicities will follow.

Figure 4. Most common cardiac iRAEs. Lyon et Al. Lancet Oncology 2018
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1.3.1 Myocarditis

Myocarditis is the most common ICI-induced CV adverse event. It is relatively rare but has
a high mortality rate. Myocarditis generally occurs early after treatment initiation, with
some studies reporting a higher frequency after the first two cycles and others after the first
four cycles (25-27). This probably suggests the existence of predisposing factors, and
nowadays, it is known that ICIs dual therapy, combination therapies with other cardiotoxic
agents, as well as a history of previous CV or autoimmune diseases, are the main red flags
for developing ICIs-related myocarditis (3).

Myocarditis frequently presents along with other iRAEs, particularly myositis and
myasthenia gravis (3).

It has to be considered that myocarditis has very heterogeneous clinical manifestations,
ranging from severe cases (fatal or life-threatening) with a myocardial infarction/ acute
heart failure/arrhythmic-like presentation or to the so-called “smouldering myocarditis”,
which can start with mild presentation but, if not diagnosed and treated, evolve to severe
courses (28). This could also add to the reasons for ICIs myocarditis underestimation.

The diagnosis is the same as that of non-ICl-induced myocarditis, with clinical elements
(signs and symptoms), electrocardiogram (ECG), transthoracic echocardiogram (TTE),
biomarkers (particularly troponins and brain natriuretic peptides), and, when possible,

cardiac magnetic resonance (CMR) concurring to delineate the overall clinical picture.
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The treatment depends on the severity of the case. It involves withdrawing IClIs, steroids
(generally administered intravenously with admission to the intensive care unit), or
immunoglobulins/immunosuppression agents (21).

Pericarditis can present both alone and along with myocarditis (peri myocarditis) and can
range from mild pericardial effusion to clinically overt cases until cardiac tamponade. Even
though there is the possibility of isolated pericarditis, this event is rare and reported in a

few cases (21).

1.3.2 Arrhythmias

Arrhythmias can also occur during ICIs treatment. They can occur in the setting of
myocarditis with or without arrhythmic clinical onset as a consequence of not inflammatory
left ventricular impairment due to the overall systemic inflammatory status in the absence
of both myocarditis and mediated by direct inflammation of the conduction system (3).
Advanced atrioventricular block and sustained ventricular arrhythmias have been reported
with a high mortality rate (1,3), but the most common are atrial fibrillation (AF) and non-
sustained ventricular tachycardia (NSVT). A recent retrospective pharmacovigilance
analysis from the US FDA Adverse Event Reporting System (FAERS) database showed that
arrhythmias during ICIs treatment are more frequent among males aged> 65, among whom
arrhythmias are more likely to be fatal. They also occur more often among patients treated

for NSCLC, followed by melanoma and GU tumours (29).
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1.3.3 Non-inflammatory Heart Failure

Recently, non-inflammatory left ventricular dysfunction (NILVD) arose among possible CV
iRAEs. Thus, LVD could be the result of myocarditis but can also be non-inflammatory.
NILVD usually occurs later than myocarditis, as demonstrated by Andres et Al in their
cohort analysis (30). This was one of the first studies to describe NILVD among iRAEs,
showing an incidence of 0.6% in the overall population of 2467 patients treated with ICIs
and 17% among patients with CV iRAEs (17/89). It occurred more frequently in patients
with long therapy courses after a median time of 26 months. Comparing the myocarditis
group vs the NILVD, other differences than the timing of onset became evident: NVILD
patients have less frequently high troponin values and a less pronounced LV function
impairment than myocarditis ones. Moreover, NILVD can also involve the right ventricle,
ending up in a dilated cardiomyopathy phenotype. Finally, factors associated with a higher
risk of myocarditis (i.e. ICIs dual therapy, other iRAEs or autoimmune diseases) are not
present in NILVD patients. Thus, the pathogenesis of NILVD seems different from that of
myocarditis and is not based on excessive immune system activation. Still, it is not
completely known but it was hypothesized that PD1 could have a cardioprotective role
beyond the immune system activity (30,31). A work by Dolladille et Al. described this entity
even before, retrospectively analysing ICI-associated CV adverse events of patients referred
to three French cardio-oncology units and cases from VigiBase, the WHO global individual
case safety report database. They divided CV adverse events into early (occurring <90 days

from the start of the therapy) and late (= 90 days) events and found that in both populations,
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late CV events presented as heart failure or LVD rather than myocarditis. On the contrary,
myocarditis and supraventricular arrhythmias are more frequent among early CV events.
Mortality rates of early and late events are similar (32).

The 90-day cut-off was chosen because previous research reported a high rate of CV iRAEs
during the first four cycles (25). Interestingly, one of the possible mechanisms postulated
for late NILVD is non-diagnosed smouldering myocarditis that, due to the continuation of

IClIs, leads to a slow and subtle decline in LV or biventricular function (32).

1.3.4 Coronary Artery Disease

Emerging data report an increase in atherosclerotic cardiovascular disease manifestations
among patients treated with ICIs (33). A recent article from the American Society of Clinical
Oncology warrants paying attention also to atherosclerotic cardiovascular diseases when
evaluating patients undergoing ICIs therapy, as there is growing evidence of the role of ICIs
in accelerating atherosclerosis progression and concurring to coronary plaques’ instability
and ischemic events (34). It is not clear whether ICIs have a direct role in atherosclerosis
progression or whether this is the consequence of systemic inflammation, given that it is
recognised it has a role in ischemic diseases, or both. A recent single-center study showed
an increase (3-fold) in ischemic events in a cohort of 2,842 patients undergoing ICIs (35). At
the same time, it has been demonstrated by using dedicated imaging modalities (computed

tomography and positron emission tomography) that ICIs therapy modifies plaque
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dimensions, accelerating their progression also due to more intense inflammatory activity

(36).

1.3.5 Interactions with Other Agents: a brief focus on VEGFi

The availability of ICIs has increased the use of combination schemes with other anticancer
therapies, such as chemotherapy, molecular targeting drugs, and even radiotherapy.
Combination therapies are necessary to overcome the relevant issue of immunotherapy
resistance. Indeed, cancer cells have developed many resistance mechanisms (although not
completely understood yet). Adding chemotherapy or targeted therapy to the scheme
allows to avoid the resistance and has a synergic effect, enhancing ICIs efficacy. However,
the synergic effect has to be considered not only regarding efficacy but also about side
effects. During patients” evaluation and follow-up, attention must be paid to the possible
adverse events caused by both therapeutic agents. The FDA has currently approved the use
of ICIs plus chemotherapy in the therapeutic strategy of many cancer types, such as breast,
NSCLC, SCLC, oesophageal, gastric and head and neck cancer (37).

The rationale for using combination schemes of ICIs and targeted therapies is the same as
chemotherapy. Regarding targeted therapy, the evidence of synergic effect due to their
immunoregulatory role is even stronger (38).

Among targeted therapies, the agents used most frequently in combination with ICIs are
angiogenesis inhibitors, such as VEGFi. The FDA currently approves this scheme for the

treatment of many tumours, such as melanoma, RCC, cervical and endometrial cancer.
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Moreover, many ongoing trials are evaluating this combination therapy's efficacy in other

cancers (39). For instance, ICI plus VEGFi, especially the combination of Pembrolizumab

and Axitinib, is currently the first-line therapy for metastatic RCC.

The monitoring of patients undergoing ICI and VEGFi therapy needs to be aware of VEGFi

class side effects that can complement ICIs” ones. Angiogenic inhibitors indeed show

hypertension as a primary side effect. In addition, they can cause HF and thrombotic events,

both arterial and venous ones.

Moreover, ICIs and VEGFi can act synergically, enhancing each other's adverse events (40).

Figure 5. Percentage of trials reporting CV iRAEs. Rankin et Al. JaccCardiooncology 2024
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1.4 Cardio-oncology and 2022 ESC Guidelines

The first European cardio-oncology guidelines were released in 2022 by the European
Society of Cardiology (ESC) (1). Before their publication, only consensus statements and
position papers were available in Europe. Thus, there were no unified definitions for
cardiotoxicity (41,42).

Current ESC cardio-oncology guidelines provide a general definition for cardiotoxicity,
which is now called cancer therapy-related cardiac dysfunction (CTRCD). This definition
corresponds to the previous one based on the impairment of at least 10% of the ejection
traction (EF) evaluated at TTE (42). CIRTD is divided into symptomatic, identified as HF
clinical manifestations and asymptomatic, whose diagnosis is based on biomarkers
(elevated high sensitivity troponins and BNP or a significant rise from baseline values) and
TTE. The latter focused on cardiac function evaluation using standard EF (and maintaining
the previous definition of a reduction in EF > 10% from baseline) and advanced global
longitudinal strain (GLS), when available, with a reduction of> 15% from baseline values
(Figure 6).

However, ESC guidelines recognise that the cardiotoxicity spectrum is wider and involves
many CV side effects in the cardiotoxicity definition, comprising all the possible CV diseases
that can be elicited by anti-cancer drugs (1). The definitions of single CV diseases are the
same as those used in current cardiological guidelines.

The current guidelines crucially focus on the baseline risk assessment of patients

undergoing cancer therapies. They recommend the usage of a dedicated score, the HFA-
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ICOS, because it is the only available score that considers the presence of cancer itself and
the type of anti-cancer therapy the patients will undertake in addition to traditional CV risk
factors and previous CV history. Baseline risk stratification is fundamental since it allows
the planning of patients' management and follow-up. Low-risk patients could be followed
by oncologists and referred to the cardio-oncology service only if cardiotoxicity of any type
is developed. Moderate-risk patients could benefit from a closer follow-up and management
of risk factors and, in selected cases, be referred to the cardio-oncology service. High or very
high-risk patients must be referred to cardiologists routinely. Strict cardiologic management
and follow-up in moderate and high or very high-risk patients aim to mitigate the
occurrence of cardiotoxicity as much as possible.

After the baseline evaluation and risk assessment, tailored intervention strategies (both for
primary and secondary prevention) and subsequent follow-up will be planned. Specific
surveillance protocols exist for every anti-cancer drug class and are reported extensively in

guidelines.
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Figure 6. Definitions of cardiotoxicity. ESC Guidelines on Cardio-oncology. Lyon et Al., EHJ 2022

CTRCD

Symptomatic CTRCD (HF)*®

Asymptomatic CTRCD

Very severe HF requiring inotropic support, mechanical circulatory support, or

consideration of transplantation

Severe HF hospitalization
Moderate Need for outpatient intensification of diuretic and HF therapy
Mild Mild HF symptoms, no intensification of therapy required
Severe New LVEF reduction to <40%
Moderate New LVEF reduction by =10 percentage points to an LVEF
of 40-49%
OR

New LVEF reduction by <10 percentage points to an LVEF of 40—
49% AND either new relative decline in GLS by >15% from baseline
OR new rise in cardiac biomarkers®

Mild LVEF = 50%

AND new relative decline in GLS by >15% from baseline
AND/OR new rise in cardiac biomarkers®

ICI myocarditis (either pathohistological diagnosis or clinical diagnosis)

Pathohistological diagnosis (EMB)
Clinical diagnosis®

Severity of myocarditis

Recovery from myocarditis

Multifocal inflammatory cell infiltrates with overt cardiomyocyte loss by light microscopy

cTn elevation (new or significant change from baseline)® with 1 major criterion or 2 minor criteria,

after exclusion of ACS and acute infectious myocarditis based on clinical suspicion’

Major criterion:

CMR diagnostic for acute myocarditis (modified Lake Louise criteria)®

Minor criteria:

.

.

.

Clinical syndrome (including any one of the following: fatigue, myalgias, chest pain, diplopia, ptosis,
shortness of breath, orthopnoea, lower-extremity oedema, palpitations, light-headedness/dizziness,
syncope, muscle weakness, cardiogenic shock)

Ventricular arrhythmia (including cardiac arrest) and/or new conduction system disease

Decline in LV systolic function, with or without regional wall motion abnormalities in a non-Takotsubo
pattern

Other immune-related adverse events, particularly myositis, myopathy, myasthenia gravis

Suggestive CMR"

Fulminant: Haemodynamic instability, HF requiring non-invasive or invasive ventilation, complete or
high-grade heart block, and/or significant ventricular arrhythmia

Non-fulminant: including symptomatic but haemodynamically and electrically stable patients and
incidental cases diagnosed at the same time as other immuno-related adverse events. Patients may have
reduced LVEF but no features of severe disease

Steroid refractory: non-resolving or worsening myocarditis (clinical worsening or persistent troponin
elevation after exclusion of other aetiologies) despite high-dose methylprednisolone

Complete recovery: Patients with complete resolution of acute symptoms, normalization of
biomarkers, and recovery of LVEF after discontinuation of immunosuppression. CMR may still show LGE
or elevated T1 due to fibrosis, but any suggestion of acute oedema should be absent

Recovering: Ongoing improvement in patient clinical symptoms, signs, biomarkers, and imaging
parameters, but not yet normalized, while on tapering doses of immunosuppression

Vascular toxicity (for general cardiology definitions, see Supplementary data, Table $1)

Asymptomatic vascular toxicity

CAD Symptomatic vascular Stroke
PAD toxicity Transient ischaemic attack
Carotid artery disease Mi
Venous thrombosis ACS
Arterial thrombosis CCSs
Peripheral vasoreactivity PAD
Continued
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Arterial hypertension

Treatment threshold for
hypertension before, during, and
after therapy

Cancer therapy holding threshold

Coronary epicardial Vasospastic angina

vasoreactivity
Coronary microvascular Microvascular angina
vasoreactivity Raynaud’s phenomenon

In patients with high CV risk’: >130 mmHg systolic and/or >80 mmHg diastolic
Otherwise: >140 mmHg systolic and/or >90 mmHg diastolic

>180 mmHg systolic and/or =110 mmHg diastolic

Hypertensive emergency (Very high) BP elevation associated with acute hypertension-mediated organ damage (heart, retina, brain,
kidneys, and large arteries), requiring immediate BP reduction to limit extension or promote regression of
target organ damage

Cardiac arrhythmias

QT prolongation Prolonged: QTcF > 500 ms'

Bradycardia For general cardiology definitions, see Supplementary data, Table 51

Supraventricular tachycardia

Ventricular arrhythmias

AF

© ESC 2022

ACS, acute coronary syndromes; AF, atrial fibrillation; BNP, B-type natriuretic peptide; BP, blood pressure; CAD, coronary artery disease; CCS, chronic coronary syndromes; CMR,
cardiac magnetic resonance; cTn, cardiac troponin; CTRCD, cancer therapy-related cardiac dysfunction; CV, cardiovascular; ECV, extracellular volume fraction; EMB,
endomyocardial biopsy; ESC, European Society of Cardiology; GLS, global longitudinal strain; HF, heart failure; HFmrEF, HF with mildly reduced ejection fraction; HFpEF, heart
failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; ICl, immune checkpoint inhibitors; LGE, late gadolinium enhancement; LV, left
ventricular; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PAD, peripheral artery disease; QTcF,
corrected QT interval using Fridericia correction; SCORE2, Systematic Coronary Risk Estimation 2; SCORE2-OP, Systematic Coronary Risk Estimation 2—Older Persons.

See Supplementary data, Table 51 for expanded definitions.

*With LVEF and supportive diagnostic biomarkers based on the 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic HF."*

Symptomatic CTRCD represents HF, which is a clinical syndrome consisting of cardinal symptoms (e.g. breathlessness, ankle swelling, and fatigue) that may be accompanied by signs (e.g.
elevated jugular venous pressure, pulmonary crackles, and peripheral oedema) and has traditionally been divided into distinct phenotypes based on the measurement of LVEF: <40% =
HFrEF; 41-49% = HFmrEF; >50% = HFpEF.

“cTnl/cTnT > 99th percentile, BNP > 35 pg/mL, NT-proBNP > 125 pg/mL or new significant rise from baseline beyond the biological and analytical variation of the assay used.
“Clinical diagnoses should be confirmed with magnetic resonance imaging or EMB if possible and without causing treatment delays. Treatment with immunosuppression should be
promptly initiated while awaiting further confirmatory testing in symptomatic patients.

“Both tropenin | and troponin T can be used; however, clinical observations suggest that troponin T may be falsely elevated in patients with concomitant myaositis and without myocarditis.” "7
"According to local protocols.

#Diagnostic CMR: Based on updated Lake Louise criteria® T2-based criterion + T1-based criterion + supportive criteria (T2-based criteria: regional or global increase of native T2, or T2 signal
intensity; T1-based criteria: regional or global increase of native T1, or regional or global increase in the ECV, or presence of LGE; supportive criteria: pericarditis and/or regional or global LV
systolic dysfunction).

"Suggestive CMR: meeting some but not all of the modified Lake Louise criteria. The presence of T2- or T1-based criteria may support a diagnosis of acute myocardial inflammation in the
appropriate clinical scenario.

'SCORE2 (<70 years), SCORE2-OP (=70 years) or equivalent."? CV risk stratification: <50 years: low risk <2.5%, moderate risk 2.5% to <7.5%, high risk >7.5%; 50-69 years: low risk <5%;
moderate risk 5% to <<10%; high risk >10%; >70 years: low risk <7.5%, moderate risk 7.5% to <<15%, high risk >15%.

'QTcF 480-500 ms: correct reversible causes, minimize other QT prolonging medications, close QTcF monitoring. Frideridia correction is recommended (QTcF = QTP\/ RR).2°
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Figure 7. CV toxicity risk assessment. ESC Guidelines on Cardio-oncology. Lyon et Al. EHJ 2022
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1.5 Cardiotoxicity Monitoring during ICIs Therapies and Gaps in
Knowledge

The guidelines recognise the challenges of monitoring patients undergoing ICIs therapy due
to the lack of robust prospective data and evidence-based recommendations. Baseline
evaluation with patient interviews and visits, cardiac biomarkers, and ECG are
recommended for all patients, regardless of risk level. High-risk patients should also
undergo baseline TTE. Subsequent follow-up is based on baseline risk. Indeed, all patients
should be periodically checked using biomarkers and ECG, and in moderate and high/very-
high-risk patients, TTE should also be performed. TTE may be considered in baseline risk
assessment for all patients even though the level of recommendation is not high (IIB). On
the contrary, routine TTE execution for all asymptomatic patients during follow-up seems
to be not useful, especially after the JAVELIN trial preliminary results (43). On the other
hand, follow-up TTE should be performed in high-risk patients or those with high cardiac
biomarkers at baseline. The phase III JAVELIN trial evaluated the usefulness of the
prospective cardiovascular surveillance of patients undergoing Avelumab plus Sunitinib vs
Sunitib alone due to RCC and is one of the few trials comprising serial cardiovascular
evaluations. Results published in 2022 concluded that routine EF monitoring is unnecessary
in asymptomatic patients because EF decline was not associated with significant major
adverse CV events (MACEs) at 6-month follow-up. Moreover, even if the LVEF decline was
more frequent in the combination arm, it recovered without withdrawing the therapy or

modifying the dosage and without being associated with symptoms. Conversely, patients

26



with high baseline troponin values were at higher risk of MACEs in the combination arm.
Thus, they seemed to be the only group worth closer cardiovascular monitoring, comprising
TTE (43).

Finally, patients with new cardiac symptoms, ECG abnormalities or a rise in cardiac
biomarkers should be rapidly referred to the cardio-oncology service for a cardiological
evaluation and undergo other diagnostic exams, such as TTE or CMR, for cardiac function
evaluation and myocarditis detection.

It is evident that, despite the enormous forward footsteps of the last years, determining the
tirst European cardio-oncology guidelines” publication, many gaps are already to be filled
with the crucial aim of improving patients” survival and quality of life. Specifically, more
real-world prospective data are necessary to define a precise surveillance strategy for
patients undergoing ICIs therapy, especially in combination schemes and for those
individuals with a high baseline risk or with previous CV events or history of CV diseases,
who are often excluded from trials.

Because of this necessity, our study’s aim and design arose.
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Figure 8. ICls surveillance protocol. ESC Guidelines on Cardio-oncology. Lyon et Al. EHJ, 2022
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2. Cardiotoxicity Related to Immunotherapy for Solid Tumours: a
cardio-oncology integrated experience.

2.1 Aim of the Study

This is a single-centre, observational, prospective study of patients affected by solid
tumours who are candidates for first-line therapy with immunotherapy as a single agent or
in combination.

The overall aim of the project is to describe the incidence of immune-related cardiac injury
in patients with solid tumours treated with ICI-based therapies, particularly to detect early
signs and define early predictors of cardiac toxicity.

Specific aims are 1) to compare the incidence of cardiotoxicity between patients
undergoing different first-line therapy regimens for solid tumours: single ICI or
combination therapy with target agents or dual ICIs and 2) to describe eventual
differences in clinical, ECG, echocardiogram and biochemical parameters before and

after ICI therapy 3) to evaluate predictors of cardiotoxicity among ECG,

echocardiogram, CMR, and biomarkers.
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2.2 Methods

To the scope of this work, all the consecutive patients with a neo-diagnosis of solid
tumour candidate to ICIs (single or combination therapy) and attending the outpatient
clinic of the Oncologic Unit of Policlinico Umberto I, University Hospital of the
“Sapienza” University of Rome will be recruited. The patients also have to fulfil the

following criteria:

Inclusion criteria:

1. Treatment naive patients affected by a solid tumour, candidate for an oncological
treatment with an ICI anti-PD1, anti-PD-L1 or anti-CTLA4 as a single agent or in
combination schemes;

2. ECOCGS performance status between 0 and 2;

3. measurable disease, by RECIST* 1.1 criteria;

4. adequate renal function defined by a serum creatinine <1.5xUNL (upper normal
limit);

5. adequate liver function test defined by SGOT & SGPT <3xUNL (5xUNL in case of
liver metastases), and bilirubin level <1.5xUNL;

6. adequate bone marrow function defined by platelets >100,000/mm3, hemoglobin >10
g/dL, and neutrophils >1,000/mma3;

7. signed informed consent;
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8. for females of child-bearing potential: a negative pregnancy test <72 hours before
starting study treatment is required. If sexually active, female of childbearing
potential must use "highly effective" methods of contraception for the study duration
and 3 months following the last treatment;

9. for males of reproductive potential: any sexually active male patient must use a

condom while on study treatment and for 3 months following the last treatment.

§ Grade 0: Fully active, able to carry on all pre-disease performance without restriction; grade 1:
restricted in physically strenuous activity but ambulatory and able to carry out work of a light or
sedentary nature; grade 3: ambulatory and capable of all selfcare but unable to carry out any work
activities. Up and about more than 50% of waking hours; grade 4: completely disabled. Cannot carry

on any selfcare. Totally confined to bed or chair, grade 5: dead

* E.A. Eisenhauer. New response evaluation criteria in solid tumours: Revised RECIST guideline

(version 1.1). EUROPEAN JOURNAL OF CANCER 45 (2009) 228 — 247

Exclusion criteria:
1. patient participating in another clinical trial with an experimental drug;
2. anticoagulation with anti-vitamin K (Low Molecular Weight Heparin [LMWH] is

allowed)
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3. chronic liver or renal disease, active gastrointestinal tract ulceration, severely
impaired lung function;

4. history of previous cancer diagnosis;

5. pregnant and/or breastfeeding women;

6. individually deprived of liberty or placed under the authority of a tutor;

7. patients with any psychological, familial, sociological or geographical condition
potentially hampering compliance with the study protocol and follow-up schedule;

8. known HIV, HBV, or HCV infection;

9. poor acoustic echocardiographic windows;

10. contraindication to CMR.

2.2.1 Protocol

All patients fulfilling the previous criteria and candidates for ICIs, as a single agent or in
combination, for a solid tumour, will undergo the following serial cardiovascular
evaluations at the Cardiology Unit (outpatient clinic) at Policlinico Umberto I, University

Hospital of the “Sapienza” University of Rome

I evaluation (T0): before the initiation of the immunotherapy

It comprises patients” interviews and clinical evaluations, ECGs, standard and advanced

TTEs, and blood sample collection (with oxidative stress parameters).
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II evaluation (T1): before the third immunotherapy cycle

It comprises patients’ interviews and clinical evaluations, ECGs, standard and advanced

TTEs, and blood sample collection (with oxidative stress parameters).

III evaluation (T3): before the ninth-immunotherapy cycle

It comprises patients’ interviews and clinical evaluations, ECGs, standard and advanced

TTEs, and blood sample collection (with oxidative stress parameters).

CMR will be performed on clinical indication in case of the occurrence of the following
conditions:

1) CV symptoms,

2) ECG changes,

3) Troponin raise.

The clinical evaluation includes collecting eventual CV symptoms and signs, blood pressure

measurements, and NYHA class evaluation.

The 12-lead resting electrocardiogram (ECG) will be recorded with the subject supine during
quiet respiration at 25 mm/s. The following ECG parameters will be collected: rhythm, axis,
heart rate, PR duration, QRS duration, QTc interval duration, repolarisation changes, and

presence and type of extrasystoles (supraventricular and ventricular).
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Blood samples will include high-sensitivity Troponin (hs-Trop), NT-pro-BNP, and oxidative
stress markers (Soluble Nox2 - sSNOX2-dp, Isoprostane 8-iso-PGF2, LPS, TNFq, IL-1, NO
concentration, H202 concentration, HBA, Break-Down Activity). They will be analysed at
the Sapienza University of Rome.

Blood samples will be collected into tubes (BD Vacutainer, Diagnostics Preanalytical
Systems) containing sodium citrate solution or not for plasma and serum, respectively.
Blood will be centrifugated at 300 g for ten minutes, and plasma and serum will be held at

-80°C for analysis.

Echocardiography

The following standard echocardiography parameters will be collected: left ventricle
dimensions (end-diastolic diameter, inter-ventricular septum and posterior wall thickness),
LVEF (calculated with both biplane Simpson method and with 3D software), diastolic
function (peak E-wave velocity, peak A-wave velocity, deceleration time DT, E/A ratio,
pulsed-wave TDI e” velocity, mitral E/e’); indexed left atrium volume; right ventricle
dimension and function (fractional area change FAC, tricuspid annular plane systolic
excursion TAPSE, pulsed tissue Doppler S wave); indexed right atrium volume; estimation
of the systolic pulmonary artery pressure; presence and grade of valve diseases; the
presence of pericardial effusion. Apical 3, 4, and 2 chamber views with a specific setting will

be acquired to assess endocardial global longitudinal strain (GLS) and circumferential strain
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(GCS). Analysis of echo images (apical 3-2 and 4 chambers) will be conducted offline with

dedicated software (QStrain, Medis bv, Leiden NL) to determine GLS and GCS.

Cardiovascaluar Magnetic Resonance (CMR)

If needed, CMR with contrast administration will be performed on clinical indications.
CMR acquisition will comprise long and short-axis cine sequences, T2-weighted images in
short axis for oedema, native T1 Mapping by MOLLI (with 5(3)3 sampling), sequences and
T2 Mapping in three short axes (base-mid- apex) and three long-axes. After contrast agent
administration, post-contrast breath-hold inversion recovery prepared a T1l-weighted
gradient echo sequence acquired on both long and short axes will be acquired for late
gadolinium enhancement (LGE) evaluation. Post-contrast T1 mapping (with 4(1)3(1)2
sampling) for ECV quantification will also be included. Offline image analysis will be
conducted blinded to clinical data, and the following parameters will be evaluated: bi-
ventricular end-diastolic and end-systolic volume and ejection fraction, presence of oedema,
presence and distribution of LGE and the variation of Native myocardial T1 (AT1) and T2

Mapping (AT2).
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Figure 9. Study Protocol.

Patients with a solid tumour undergoing
immunotherapy, alone or in combination schemes
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Endpoint

The primary endpoint is the detection of:

1) Symptomatic CTRCD, asymptomatic moderate to severe CTRCD (LVSD with
EF<40% or a drop in EF> 10 percentage points and EF < 50% but > 40% or a drop <10
percentage points along with cardiac biomarker raise) and overt cardiotoxicity, such
as the occurrence of myocarditis and/or pericarditis, major arrhythmias, coronary
ischemic events, thrombo-embolic events

2) “subclinical cardiotoxicity”, defined in case of the occurrence of one of the

following;:
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* A drop of GLS >15% from baseline values below the lower limit of normal (< al 18%).

* Asymptomatic myocardial injury (isolated Troponine raise, with at least one value

above the 99° percentile upper reference limit).

Isolated tissue characterisation changes by CMR (by Mapping techniques).

Cardiotoxicity management and chemotherapy discontinuation.

According to the European and Italian Guidelines, immunotherapy will not be
discontinued in cases of Gl-level toxicity. Specifically, chemotherapy will not be
discontinued if patients experience “subclinical cardiotoxicity.”

In case of “overt cardiotoxicity” or any other complication grading G2-G4,
chemotherapy will be discontinued, and specific disease management will follow

current guidelines.

2.2.2 Statistics

Our main focus is to evaluate any grade cardiac toxicity in patients treated with dual or
single immune checkpoint inhibitors and to study the possibility of predicting cardiac
toxicity through clinical evaluation, biomarkers, ECG, echocardiography and MRI. Cardiac
toxicity is the second cause (after pneumonia) of fatalities related to immune checkpoint
inhibitors (20 cardiac-related deaths out of 122 fatalities, Jama Oncology, 2018), and
investigation on this kind of toxicity is, at the moment, mainly clinically driven. The

hypothesis is that following these patients through specific examinations will allow us to
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predict and avoid fatalities due to cardiac causes. The primary endpoint of this study is also
to detect early signs of cardiotoxicity (subclinical cardiotoxicity) and to build a predictive
model based on clinical evaluation, biomarkers, ECG, echocardiography and CMR. Very
few data are available to make hypotheses on the number of subclinical cardiotoxicities
during the use of dual or single immune checkpoint inhibitors because also, in pivotal
clinical trials, this kind of toxicity is considered only when clinically evident. A sample size
of 150 patients for this study will allow us to estimate the incidence of subclinical
cardiotoxicity, hypothesised to be around 20%, with a 95% confidence interval ranging from

14% to 26% based on the few previous data available (44).

The preliminary data were statistically analysed using the Statistical Package for Social
Sciences, version 27.0 (SPSS, Chicago, IL).

The variables have been analysed to test a normal distribution. They were presented as
mean + standard deviation or median and 25th-75th percentiles when appropriate.
Variables were compared across the three observation times using the non-parametric
Friedman and Kendall tests for k-related samples.

Differences were considered statistically significant when p <0.05.
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2.3 Results

The following results represent preliminary data of the previously presented protocol,
which is currently underway.

To date, eight patients (mean age 68+10 years, 50% males) who have completed the three
evaluations have been enrolled. Their general characteristics are depicted in Table 1. Two
of them (25%) had a history of cardiovascular diseases, specifically CAD. The majority of
the population (6/8, 75%) had hypertension. Three patients had dyslipidemia and smoking

habits (3/8, 37.5%), and none of them had diabetes (0, 0%).

Table 1 — General characteristics of the population.

Parameters Patients
N=8
Age, years 68 +10
Male sex, % (n) 50 (4)
BSA, m? 1.75+0.19
Hypertension, % (n) 75 (6)
Dyslipidaemia, % (n) 37.5 (3)
Diabetes, % (n) 0(0)
Smoke habits, % (n) 37.5(3)
History of CVDs, % (n) 25 (2)

BSA: body surface area, CVDs: cardiovascular diseases.
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Table 2 shows patients” oncological characteristics. Seven patients (87.5%) had RCC, and
one patient (12.5%) was affected by colon cancer. Patients mainly underwent a combination
scheme of ICI and target therapy (7/8, 87.5%); only one patient was treated with ICI single
therapy (1/8, 12.5%), and none of the patients underwent ICIs dual therapy (0, 0%).
Specifically, the most used combination scheme was Pembrolizumab + Axitinib (5/8, 62.5%),
followed by Pembrolizumab + Cabozantinib (1/8, 12.5%) and Nivolumab + Cabozantinib
(1/8, 12.5%). Pembrolizumab as a monotherapy was applied in the only case of colon cancer

(1/8, 12.5%).

Table 2. Patients” oncological characteristics.

Parameters Patients
N=8
RCC, % (n) 87.5(7)
Colon Cancer, % (n) 12.5 (1)
ICIs single therapy, % (n) 12.5 (1)
ICIs dual therapy, % (n) 0(0)
ICIs + target therapy, % (n) 87.5(7)
Pembrolizumab + Cabozantinib, % (n) 12.5 (1)
Pembrolizumab + Axitinib, % (n) 62.5 (5)
Pembrolizumab alone, % (n) 12.5 (1)
Nivolumab + Cabozantinib, % (n) 12.5 (1)

RCC: renal cellular cancer; ICI: immune checkpoint inhibitor
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Patients were evaluated at three time points: baseline (before starting ICIs therapy) or TO,
before the third cycle or T1, and before the ninth cycle or T2. None of the patients developed
cardiac events such as myocarditis, pericarditis, HF or LVSD, or myocardial infarction at T1
and T2. Almost all the patients showed new onset hypertension or decompensation of blood
pressure values with the need to modify anti-hypertensive therapy. One patient had arterial
thrombosis as an adverse event (1/8, 12.5%) (Table 3) detected at T1. The patient was
asymptomatic, and arterial thrombosis (LV apical thrombus) was detected with TTE.
Axitinib was withdrawn, and the patient promptly started anticoagulants (vitamin K

antagonists), continuing Pembrolizumab alone as anti-cancer therapy.

Table 3. Cardiotoxicity events in the whole population.

Parameters T1 T2
Cardiovascular Symptoms, n (%) 0 (0) 0 (0)
Heart Failure, n (%) 0 (0) 0 (0)
Myocarditis, n (%) 0 (0) 0 (0)
Pericarditis, n (%) 0 (0) 0 (0)
Major Arrhythmias, n (%) 0 (0) 0 (0)
Myocardial Infarction or Ischemia, n (%) 0 (0) 0(0)
Venous Thrombosis, n (%) 0(0) 0 (0)
Arterial Thrombosis, n (%) 12.5 (1) 0(0)
New onset or decompensated hypertension, n (%) 87.5 (7) 87.5(7)
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Table 4 compares the parameters collected during serial CV evaluations. All the patients
showed no significant differences across the three time points. Regarding vital signs, the
heart rate did not show significant differences, while blood pressure was slightly higher at
Tl and decreased again at T2 without significant differences (the lack of statistical
significance is probably due to the small cohort). This is in line with the data shown above.
Indeed, almost all the patients showed a new onset or decompensated hypertension
requiring specific therapy. Hypertension was usually detected at T1, with higher values
than baseline ones. Then, due to the start of therapy, blood pressure values decreased again
at T2.

Regarding biomarkers, no significant differences in hs-Tnt and NT-proBNP were found
between the three evaluations. Moreover, oxidative stress parameters, such as SNOX2-dp
and H202, were increased at T1 and T2 compared to baseline values, but they did not reach
statistical significance due to the small sample of patients.

No significant differences in baseline TTE parameters nor development of ECG
abnormalities were observed.

Finally, GLS showed a reduction at T1 compared with baseline and a new raise at T2, but
the differences were not statistically significant. GCS also did not show differences across

the three evaluations.
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Table 4. Comparisons between the three time points.

Parameters TO T1 T2 P
SBP, mmHg 121+6 138 +8 133+ 10 0.082
DBP, mmHg 71+14 85+5 75+5 0.086
HR, bpm 74 +8 707 70+ 16 0.720
PQ abnormalities, % (n) 0 (0) 0 (0) 0 (0) -
QRS abnormalities, % (n) 0(0) 0 (0) 0 (0) =
ST abnormalities, % (n) 0 (0) 0(0) 0(0) -
QTc elongation, % (n) 0(0) 0(0) 0 (0) -
NT-proBNP, pg/mL 155 (25-209) 110 (25-138) 100 (75 -176) 0.990
Hs-TnT, pg/mL 13,2 (1.95 - 18.63) 9.4 (6.45 - 8.54) 7.6 (2.40 - 9.83) 0.990
H,O,, yM 14.39 +4.35 18.70 £ 1.20 2246 +2.21 0.050
sNOX2-dp, pg/mL 16.24 £ 6.11 19.02 £2.74 27.23+8.14 0.097
LVEDDi, mm/m? 27 £3 262 2612 0.720
LVEDVi mL/m? 52 +16 54+ 14 54 +15 0.990
LV EF, % 57 +9 57 +11 59+9 0.220
E/A 0.6+0.1 0.6+0.2 0.6+0.1 0.500
Average E/e’ 10+2 7+2 9+4 0.220
TAPSE, mm 23+5 22+4 21+2 0.910
LV-GLS, % -30+2 -26+6 306 0.223
LV-GCS, % -34+6 -34+2 -31+7 0.607

SBP: systolic blood pressure, DBP: diastolic blood pressure, HR: heart rate; GLS: global longitudinal strain, GCS: global
circumferential strain, TAPSE: tricuspid anular plane systolic excursion; LVEDD:i: left ventricular end diastolic
diameter indexed, LVEDVi: left ventricular end diastolic volume indexed;, LVEF: left ventricular ejection fraction; Hs-
TnT: high sensitivity troponin T; NT-proBNP: brain natriuretic pro-peptide SNOX2-dp: Soluble NOX2-derived peptide;
H,0;: hydrogen peroxide
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Figure 10. LV-GLS variations across the three evaluations.
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Figure 11. Oxidative stress parameters across the three evaluations.
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2.4 Discussion

The present prospective project aims to describe the incidence of CV toxicities in a cohort of
patients with a diagnosis of solid tumour undergoing immunotherapy, alone or combined
with other anti-neoplastic agents. It also aims to find eventual predictors of early toxicity.
This manuscript presents preliminary data on eight patients prospectively enrolled from
November 2023 to September 2024 who underwent serial CV evaluations.

To our knowledge, prospective data on serial CV evaluation patients undergoing therapy
schemes comprising ICIs are scarce and do not often include comprehensive evaluations.
Indeed, most of them focus on biomarkers or TTE.

One of the project's objectives is to use all the possible diagnostic instruments to detect early
signs of CV toxicities in a real-world cohort. As explained above, the rationale relies on the
possible underestimation of CV toxicities among patients undergoing ICIs, given the fact
that data come from trials and pharmacovigilance registries. The formers do not include
patients with a history of CV diseases, who, on the contrary, are frequently represented in
real-world populations; the latter report only clinically overt and severe manifestations,
failing to catch mild or smouldering CV toxicities.

However, a recent meta-analysis of randomised control trials (RCTs) and observational
studies which report the exact opposite must be mentioned. The study by Sharma and
colleagues (45) shows that RCTs report a higher risk of myocarditis, pericarditis and CV
toxicities than observational studies. The authors explain this difference by discussing that

observational studies can sometimes generate false results due to small sample sizes, less
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rigorous protocol design and other quality issues. It must also be considered that, as the
authors themselves pointed out, eventual differences in therapy use and management
between RCTs and observational studies could have contributed to generating the
metanalysis results (45).

On the contrary, Yang et Al. reported data from the FDA Adverse Events Reporting System
public dashboard on more than 149.000 cases in the United States, finding that CV toxicities
are the main disorder detected among cancer patients undergoing ICIs between 65 and 85
years of age (46). Thus, CV toxicity seems not as rare as previously reported in the literature.
To date, in our cohort, there have not been myocarditis, pericarditis or LVSD. We
documented new onset or decompensated hypertension requiring therapy implementation
in all patients undergoing the combination therapy with Axitinib, a VEGFi. The only subject
not experiencing hypertension was the one taking the ICI alone. This finding was expected,
as it is known that hypertension is the main side effect of VEGFis (1). Moreover, a patient
had arterial thrombosis, specifically a newly detected thrombus localised at the LV apex at
T1 evaluation, not present at baseline. Due to the serial CV evaluations comprising TTE, the
patient, who was asymptomatic, was diagnosed early with LV thrombosis and promptly
started anticoagulants. Axitinib was withdrawn, and the patient continued only
Pembrolizumab as anti-cancer therapy. It is crucial to highlight that the patient had a
history of CAD with multiple angioplasty and stenting procedures and presented with apex
hypokinesia (but preserved EF) at baseline TTE. Thus, the most severe side effect

documented in our cohort is on a patient with a high baseline CV risk.
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Moreover, it must also be highlighted that all the side effects documented so far are mainly
attributable to the VEGFi. Indeed, when evaluating toxicities due to a specific anti-
neoplastic therapeutic scheme, not only single agent toxicity but also the possible synergetic
effect must be considered. Regarding this, a recent meta-analysis demonstrated that patients
undergoing ICIs plus VEGFi showed a higher risk of CV side effects than patients taking
VEGFi as a monotherapy (40).

During serial CV evaluations, the collected data comprised ECG, standard and advanced
TTE, NT-proBNP and high-sensitive troponin values, and oxidative stress parameters. No
ECG abnormalities nor significant differences in cardiac biomarkers were observed during
the three evaluations.

Oxidative stress parameters, specifically H202 and sNOX2-dp, demonstrated a trend of
increasing during the three evaluations, but the differences were not statistically significant,
probably due to the very small current sample size. As already demonstrated, oxidative
stress plays an important role in CV diseases, particularly heart failure and atherosclerosis
(47,48).

However, to our knowledge, no studies have explored the role of oxidative stress in ICIs
CV toxicities of patients with solid tumours. Observing a trend in higher oxidative stress
parameters after therapy initiation is crucial for studying the eventual correlation with CV
toxicities and their predictive value, which will be possible with a larger sample size.
LV-GLS and -GCS showed a decrease at T1 and a new increase at T2, but the difference was

not statistically significant. It will be interesting to discover if this trend will be confirmed
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with a greater cohort. Indeed, currently, we are not able to discriminate if this is a population
trend or if a single case, such as that of apical thrombosis, could have had a non-negligible
impact in determining this trend in such a small sample size.

Some studies on the use of LV strain in patients undergoing ICIs are already available, but
most are retrospective. The work by Awadalla et Al. compared the GLS of ICIs therapy
patients who had myocarditis with that of ICIs patients without myocarditis (101 vs 90
individuals) and found that the GLS of the first group was significantly lower, either
presenting with preserved or reduced EF. Most importantly, lower GLS in the myocarditis
group predicted MACE (composite of cardiogenic shock, cardiac arrest, cardiac death and
complete heart block) at follow-up (median of 162 days) (49).

A 2022 retrospective study on a cohort of 129 patients explored the association of GLS and
regional LS evaluated with TTE early after the first ICI cycle and 60 days with high-sensitive
troponin I rise and myocarditis. They found that six patients had myocarditis and eighteen
had troponin rise at a median follow-up of 170 days. Notably, a reduction of GLS >15% and
basal and mid-segment GLS > 10% were significantly associated with a rise in troponin but
not myocarditis. However, four over six patients with myocarditis also have a significant
GLS reduction (50). Another 2022 work also demonstrated that ICIs patients with
myocarditis have lower on-ICI GLS and global radial strain (GRS) than controls (ICIs
patients without myocarditis) and that they showed a prognostic role for CV events at a

median follow-up of 30 days (51).
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As stated before, there are few prospective data on cardiovascular monitoring during ICIs
treatment, and the available ones gave contrasting results. Isawa et al. showed that serial
cardiovascular monitoring on a cohort of 129 patients with NSCLC allowed the detection of
more CV iRAEs than previously reported. Moreover, they found that previous mild CV
iRAEs and a history of HF or CAD are predictive of moderate to severe CV iRAEs. Thus,
they concluded that serial CV evaluation that allows the detection of mild CV iRAEs may
be useful for more severe CV iRAE prediction (44). Another prospective study on 99 lung
cancer patients showed that myocarditis incidence was higher than previously reported and
with a later onset. Moreover, none of the myocarditis was severe or associated with MACE
(52).

Finally, preliminary data from the ongoing prospective CAVACI trial (NCT05699915) on
serial comprehensive CV evaluation in cancer patients receiving ICIs treatment were
recently released (53). CV evaluations comprised clinical evaluation, cardiac biomarkers
(high-sensitivity troponin and NT-proBNP and non-invasive endothelial function tests),
TTE with GLS evaluation and coronary CT with calcium score computation. CV evaluations
are scheduled at baseline, after 3, 6, 12 and 24 months. Preliminary results on 59 patients
who have completed the first evaluation (3 months follow-up) showed an elevation in high-
sensitivity troponin in 10.6% of patients with no CV events and no changes in TTE
parameters nor other cardiac biomarkers (except for endothelial function ones whose first
evaluation is scheduled at 12 months) (53). Unfortunately, these data do not confirm a

predictive role of TTE or biomarkers for myocardial injury or CV events. However, it should
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be considered that these findings are preliminary and only regarding the first evaluation;
thus, the conclusion still needs to be drawn.

Our preliminary data show, on the contrary, the utility of serial CV evaluation comprising
TTE, especially in a high-risk patient; otherwise, LV thrombosis would not have been
detected. Certainly, given our very small population, it could currently not be considered
other than a single case. Still, it lays the foundations for the potential role of serial CV

evaluation in managing cancer patients undergoing ICls.

Figure 12. Endo-ventricular thrombosis of the only patient showing arterial thrombosis as
CV toxicity at T1 evaluation.
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2.5 Conclusions

Preliminary data on a small cohort of patients with solid tumours undergoing
immunotherapy, in combination with VEGFi or alone, showed no significant changes in
ECG, TTE and biomarkers across three times evaluations. A trend in higher oxidative stress
parameters and a decrease in GLS at T1 with a new increase at T2 was found, both without
statistical significance. All the patients developed hypertension, and one patient was found
to have an LV apical thrombosis. In this case, the thrombosis would not have been detected
and treated without performing TTE, showing the potential utility of serial evaluation.
Further research is needed, primarily expanding our cohort and reaching our sample size,

to confirm these findings and provide new data.
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