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Abstract

Immune checkpoint inhibitors (ICI) have changed the prognosis of many tumors. However, concerning associated cardio-
toxicity has been reported. Little is known about the real-life incidence-specific surveillance protocols or the translational
correlation between the underlying mechanisms and the clinical presentation of ICI-induced cardiotoxicity. The lack of data
from prospective studies led us to review the current knowledge and to present the creation of the Spanish Immunotherapy
Registry of Cardiovascular Toxicity (SIR-CVT), a prospective registry of patients receiving ICI that aims to examine the
role of hsa-miR-Chr8:96, (a specific serum biomarker of myocarditis) in the early diagnosis of ICI-induced myocarditis.
An exhaustive prospective cardiac imaging study will be performed before and during the first 12 months of treatment.
The correlation between clinical, imaging, and immunologic parameters may improve our understanding of ICI-induced
cardiotoxicity and enable simpler surveillance protocols. We assess ICI-induced cardiovascular toxicity and describe the

rationale of the SIR-CVT.
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Introduction

Immunotherapy has changed the prognosis of many solid
tumors, and the number of drug approvals for various indi-
cations is continuously expanding. Cardiovascular toxicity
induced by immune checkpoint inhibitors (ICI) is a major
concern owing to the high fatality rate reported [1].

ICI-induced cardiovascular toxicity has a wide spec-
trum of presentations, although knowledge on its underly-
ing mechanisms and definitive diagnosis is lacking. While
immune-related adverse events (irAE) have been related to
better outcomes [2], mortality associated with cardiovas-
cular toxicity and the heightened awareness thereof among
physicians treating affected patients may prompt treatment
interruptions that can seriously impact survival after small
increases in cardiac biomarker levels or unspecific symp-
toms such as chest pain or palpitation. The lack of prospec-
tive registries and surveillance protocols means that deci-
sions must be made based on expert consensus with little
scientific evidence.

We aim to review the cardiovascular toxicity of ICI and
to describe the design of a novel prospective registry of ICI
cardiotoxicity, the Spanish Immunotherapy Registry of Car-
diovascular Toxicity (SIR-CVT).

Clinical spectrum of ICl-induced
cardiovascular toxicity

A wide range of clinical syndromes classified as irAE can
affect the heart and vessels, from the myocardium to the
endothelium. Supraventricular and ventricular arrhythmias,
conduction disorders, myocardial inflammation, transient
cardiac dysfunction, arterial thrombosis, and pericardial
inflammation can all lead to acute heart failure and shock,
sudden death, myocardial infarction, and cardiac tampon-
ade [3]. These acute toxicities are mainly expected during
the first months after initiation of treatment, although there
is increasing concern over late vascular toxicity presenting
as accelerated atherosclerosis, which may increase the fre-
quency of major cardiovascular events (MACE), namely,
myocardial revascularization, myocardial infarction, and
stroke [4]. The main types of cardiovascular toxicity of ICIs
are shown in Fig. 1. In addition, wide retrospective cohort
studies have reported a higher incidence of heart failure,
acute coronary syndrome, and cerebrovascular disease than
in non-ICI controls, with an incidence of around 10% in ICI
patients [5, 6], suggesting a specific immune-related mecha-
nism underlying the toxicity leading to these cardiovascu-
lar events, which are also prevalent in patients with cancer.
The evidence for this broad cardiotoxicity has been accu-
mulated from the publication of clinical cases and patient
series addressing a specific type of toxicity, as well as from
retrospective studies aiming to cover the whole spectrum
of ICI-induced cardiotoxicity (Table 1). The most specific
cardiotoxicities are described below.

Fig.1 Schematic representation
of cardiovascular toxicities of
ICI. A Hematoxylin—eosin-
stained sample of the myocar-
dium with lymphocytic infil-
trate. B Ventriculogram typical
of Takotsubo syndrome
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- Atrial fibrillation
- Ventricular arrhythmias
- AV block

- Sudden death

- Pericarditis
- Pericardial effusion and
tamponade

- Accelerated atherosclerosis
- Arteritis and thrombosis

- Myocarditis
- Takotsubo-like syndrome
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myocarditis and potential role of

tofacitinib for treatment

study

Higher incidence rates of MACE were

Cardiotoxicity (all)

Retrospective, single-center, matched

672, any cancer

Laenens D. et al. [6]

observed in ICI cohort vs. non-ICI

cohort

cohort and controls. No myocarditis

cases reported

ACS acute coronary syndrome, AVE acute vascular events (stroke, transient ischemic attack, myocardial infarction, non-ST-elevation myocardial infarction, ST-elevation myocardial infarction,
acute coronary syndrome, embolic event, pulmonary emboli, and deep vein thrombosis), CV cardiovascular, CVAEs cardiovascular adverse events, EMB endomyocardial biopsy, FAERS FDA

adverse events reporting system, HF heart failure, /CI immune checkpoint inhibitor, MACE major adverse cardiovascular events, MI myocardial infarction; pt patients

*Cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, and hospitalization for heart failure

**Cardiovascular death, myocardial infarction, myocardial revascularization, stroke

Myocarditis

ICI-induced myocarditis is the most worrying immune-
related cardiovascular event [7]. The three main drivers of
ICI-induced myocarditis described to date are as follows: (1)
loss of peripheral immune tolerance, which enhances auto-
immune responses; (2) antibody cross-reactivity between
tumor antigens and antigens in cardiac tissue or muscle,
leading to activation and infiltration of activated T cells,
macrophages, and monocytes; and (3) increased blood con-
centrations of proinflammatory cytokines such as IL-17,
which triggers ICI-induced myocarditis [8]. Other proposed
mechanisms include elevated autoantibodies against self-
antigens or subclinical inflammation driven by regulatory
T cell (Treg) infiltration [9]. In their model of autoimmune
myocarditis, Cruz-Adalia et al. showed that mice with low
expression of CD69 +in Treg experienced exacerbated
inflammation and had worse outcomes, including progres-
sion to heart failure [10].

Clinically relevant ICI-induced myocarditis is a rare
adverse event. It generally affects less than 1% of patients in
clinical trials, although its incidence is increasing owing to
improved physician awareness and diagnostic protocols [11].
Current guidelines suggest several criteria for identification
of high-risk patients in whom cardiac monitoring is advis-
able, including dual treatment with ICI, combination of ICI
with other cardiotoxic agents, development of ICI-related
non-cardiovascular events, and pre-existing cardiovascular
disease [12].

Myocarditis presents with a variety of clinical manifes-
tations, ranging from non-specific dyspnea to cardiogenic
shock, typically within the first 3 months of treatment [13],
and is characterized by elevated cardiac biomarkers (tro-
ponin and NT-proBNP) and abnormal electrocardiographic
findings [14]. However, ejection fraction is preserved in half
of patients, making it an insensitive diagnostic tool [15].

If the patient is clinically stable, the diagnosis can be
confirmed using non-invasive tools, mainly cardiac magnetic
resonance [16]. To improve sensitivity, it is advisable to per-
form T1 and T2 mapping [17]. While the modified Lake
Louis criteria can be applied for imaging-based diagnosis of
inflammation, the international consensus definition for ICI-
related myocarditis was recently updated [18], with more
contemporary definitions of the main toxicities associated
with cancer treatment, including ICI-induced myocarditis,
defined based on histopathological findings or a combination
of biomarkers (high troponin levels), imaging, EKG, and
clinical manifestations. These criteria maintain lymphocytic
infiltrate in the myocardium as the gold standard for diagno-
sis, although no consensus has been reached on grading [17]
or on the prognostic and therapeutic implications of the his-
topathological grades of severity [18]. In unstable patients
(shock, ventricular tachycardia, or AV block), or when a
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non-invasive diagnosis remains doubtful, endomyocardial
biopsy is recommended to confirm ICI-induced myocarditis
and rule out additional causes of myocarditis [19].

Other biomarkers, such as hsa-miR-Chr8:96 (human
homologue of murine miR-721), are specifically related to
myocarditis, even in patients with ICI-induced myocarditis
(unpublished data from Martin P. et al.). The high speci-
ficity of this miRNA for inflammatory myocardial damage
has been demonstrated in various cohorts of patients with
different types of myocardial damage, including those with
ischemia, non-obstructive myocardial infarction, and even
autoimmune inflammatory disease not involving the heart
and mediated by Th17 lymphocytes [20]. Therefore, this
miRNA has the potential to serve as a specific biomarker for
ICI-induced myocarditis. However, it has yet to be prospec-
tively validated in patients at risk of developing ICI-induced
myocarditis.

Early administration of high-dose corticosteroids is rec-
ommended when ICI-myocarditis is suspected [21] The
standard protocol is methylprednisolone 500-1000 mg i.v.
for 3-5 days, with subsequent tapering to 1 mg/kg per day
for 4-6 weeks. If clinical stability or a 50% reduction in car-
diac troponin is not achieved, combination with other immu-
nosuppressive agents should be considered (mycophenolic
acid, intravenous immunoglobulins alone or in combination
with plasmapheresis, thymoglobulin, tofacitinib, abatacept,
or alemtuzumab) [22-24].

Takotsubo-like syndrome

Takotsubo-like syndrome, or stress cardiomyopathy, has
been related to many anti-tumor treatments and also to ICI
[25, 26]. It is defined as an acute and transient regional dys-
function of the left ventricle in the absence of obstructive
coronary artery disease [27]. Its incidence in association
with ICI is unknown, although it seems to be more frequent
in ICI-treated patients [28]. Clinical manifestations range
from chest pain to heart failure or even cardiac arrest [29].
The differential diagnosis with ICI-myocarditis is challeng-
ing and requires advanced imaging and, frequently, endo-
myocardial biopsy to rule out lymphocytic infiltrates [30].
Once myocarditis is reasonably excluded, treatment of heart
failure should be sufficient to ensure recovery [12].

Pericarditis

ICI-induced pericarditis has been described as an inflamma-
tory complication affecting the pericardium with frequent
clinical manifestations consisting of chest pain, pericardial
effusion, and cardiac tamponade. However, patients often
remain asymptomatic, and the diagnosis is incidental during
routine image testing [31]. There are no clinical predictors
or well-recognized risk factors, although pericarditis seems

especially frequent in lung cancer patients [31-33]. It is
unclear whether this relationship found in epidemiological
studies can be related to concomitant treatments (radiother-
apy, other chemotherapies) or infiltration of the pericardium
by cancer [34, 35]. In contrast with ICI-induced myocarditis,
clinical onset may be some time after initiation of treatment
(median of 153 days), as established in retrospective studies
[31], while pharmacovigilance studies report 30 days [32].
Other authors report that ICI-induced pericarditis may even
appear months after discontinuation of ICI [36]. Treatment
consists of pericardiocentesis or pericardial window in the
case of tamponade and anti-inflammatory therapy, mainly
non-steroidal anti-inflammatory drugs or corticosteroids.
Rechallenge with ICI has been described without recurrence;
therefore, after resolution of the initial manifestations, treat-
ment with ICI can be restarted under close monitoring if an
anti-tumor benefit is expected [34]. However, the develop-
ment of ICI-related pericardial disease has been associated
with a 62% mortality rate, which is considerably greater than
that of pericardial complications in non-ICI-treated patients
[31].

Arteritis

Arterial acute inflammatory toxicity presenting as acute
coronary syndrome (ACS) or vasculitis has also been
described [3]. It is unknown whether ACS corresponds to
plaque rupture, inflammatory thrombosis, or vasospasm
[37]. Most cases of common ICI-related systemic arteritis
are temporal arteritis (TA) and rheumatic polymyalgia (RP).
Both are rare irAE, with an estimated frequency of less than
0.3%, although they may cause severe morbidity, especially
when TA presents with ophthalmic events, which can lead to
blindness in up to 15-20% of cases. The pathophysiology of
TA is thought to be related to the expression of PD-L1 in the
endothelium, while a milder form of systemic inflammation
occurs in RP [32].

Atherosclerosis

The pro-atherosclerotic effect of checkpoint inhibition in
the endothelium has been demonstrated in murine mod-
els, probably related to the high expression of PD-L1
and PD-L2 in endothelial cells [38]. However, a reduc-
tion of the atherosclerotic lesion of the aortic root has
been observed in transgenic mice with overexpression of
CTLA-4 [39]. Oher pathogenic theories support a role for
the T cell activation involved in the progression and devel-
opment of atherosclerosis due to inflammation. The inhi-
bition of other innate immunity pathways such as that of
interleukin 1 beta (IL-1p) or neutrophils by canakinumab
and colchicine, respectively, has demonstrated favora-
ble cardiovascular outcomes in humans. Retrospective
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observational studies have compared the incidence of
MACE, which was shown to be fourfold greater in the
ICI cohort than in non-ICI patients and twofold higher
when 2-years post- and 2 years-pre-ICI treatment periods
were compared. In the imaging sub-study, Drobni et al.
demonstrated a more marked progression of aortic ath-
erosclerosis by CT imaging compared with a previous CT
scan where patients were not-treated with ICI [4]. This
‘atherogenic’ toxicity, while less striking than irAE, is a
growing cause for concern, since it can affect survival in
patients who would otherwise have a better cancer prog-
nosis. Whether the aggressive control of cardiovascular
risk factors can prevent MACE in these patients remains
to be elucidated. The expected beneficial role of statins or
anti-inflammatory drugs has yet to be proven [40].

Rationale and design of the Spanish
Immunotherapy Registry of Cardiovascular
Toxicity (SIR-CVT)

Purpose and objectives

SIR-CVT is a multicenter, competitive, observational reg-
istry aiming to describe the incidence, predictors, and daily
management of cardiovascular complications that present
in adult patients treated with ICI not previously included in
clinical trials.

With this purpose, the Cardio-Oncology working group
of the Spanish Society of Cardiology (SEC), the Spanish
Society of Medical Oncology (SEOM), and the Spanish
Centre of Cardiovascular Research (CNIC) agreed to pro-
spectively recruit patients receiving their first ICI treatment.
Baseline and follow-up cardiovascular assessment includes
clinical, electrocardiographic, analytic, and advanced imag-
ing techniques. The translational work at CNIC evaluates the
peripheral inflammatory response of patients and analyzes
the specific diagnostic value of hsa-miR-Chr8:96, a lympho-
cytic micro-RNA that is detected specifically in plasma from
myocarditis patients (Fig. 2).

The primary and secondary objectives are described in
Table 2.

Centers

All participating centers signed an agreement to participate
in the study and declared their capacity to recruit patients
and adhere to the protocol. All centers have a cardio-oncol-
ogy program or unit, and each has provided a principal
investigator (PI) from cardiology and oncology. The basic
research will be conducted at CNIC.

@ Springer

Patients

To be included in the registry, patients must be over
18 years old and have signed the informed consent before
initiation of ICI treatment (anti-CTLA4, anti-PD1, anti-
PD-L1, or combination of these). Prior chemotherapy for
the current or previous tumor is allowed.

The exclusion criteria are participation in a clinical trial
with ICI, a survival estimate of less than 6 months, clinical
contraindications to ICI, and previous treatment with ICIL.

Sample size has been calculated based on a bilateral
contrast with an alpha risk of 0.05 and a beta risk of 0.2.
To detect a statistically significant difference of 10%
between 2 proportions, we determined that 402 subjects
are required in the first group and 40 in the second group,
assuming an incidence rate of 10% for cardiac events. A
rate of loss-to-follow-up of 5% has been estimated. How-
ever, given the observational purpose of the study, we
aimed to achieve a sample size of 500 individuals.

Study variables

Researchers must include sociodemographic variables,
cancer-related variables, laboratory variables, electro-
cardiographic variables, variables from cardiac imaging
examinations and the patient’s medical history, cardio-
vascular events, and the management of cardiovascular
toxicity events.

Data collection and analysis

The study protocol has been approved by the ethical
committee at Hospital General Universitario Gregorio
Marafién and accomplish with the Declaration of Helsinki
and current legislation. The data will be stored in an elec-
tronic data capture model to which only the researchers
and project managers will have access through a monitored
security key. An automatic identification number will be
generated in the model for each patient to ensure privacy
of personal data.

The participating centers will be monitored through a
remote system, and periodic audits of the database will be
carried out to optimize quality.

A descriptive analysis of the whole cohort will be carried
out. Multivariate logistic regression using mixed models to
assess longitudinal data will be applied to identify biomark-
ers associated with cardiotoxicity events (molecular bio-
markers, biomarkers related to treatment, and risk factors).
Joint models will also be applied to model time to cardiotox-
icity. Previously, we will perform descriptive analyses using
heatmaps and univariate models to identify key biomarkers.
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Fig.2 Rationale of the translational study to determine the potential
of hsa-miR-Chr8:96 in early diagnosis or subclinical ICI-induced
myocarditis. Blood samples of SIR-CVT patients are analyzed to
determine the peripheral immunophenotype and the presence of hsa-
miR-Chr8:96 (miR-721 human homologue) with the aim of stratify-
ing patients at risk of developing ICI-induced myocarditis or other

Table 2 Primary and secondary objectives of the SIR-CVT

irAE. has-miR-Chr8:96 is released by activated Th17 lymphocytes
and specifically upregulated in plasma from myocarditis patients.
[20] ICI immune checkpoint inhibitor, irAE immune-related adverse
events, SIR-CVT Spanish Immunotherapy Registry of Cardiovascular
Toxicity

Primary objectives

To register risk factors and daily management of cardiovascular toxicity in patients with solid organ cancer receiving ICI for approved indica-

tions

To validate hsa-miR-Chr8:96 (human homologue of murine miR-721) as a biomarker in the early diagnosis of immunotherapy-induced myo-

carditis
Secondary objectives

To define clinical, electrocardiographic, imaging, laboratory, and genetic markers for early diagnosis of ICI-related myocarditis

To define clinical, electrocardiographic, imaging, laboratory, and genetic markers for early diagnosis of ICI-related cardiovascular adverse

effects not related to myocarditis

To evaluate the relationship between previous chemotherapy protocols and ICI-related cardiovascular risk

To identify the pathogenic mechanisms implicated in the development of myocarditis induced by immune checkpoint blockage (antiPD-L1/

PDI1 and anti-CTLA4)

To evaluate the impact of cardiovascular monitoring on patients’ quality of life and the perception of quality of care

Performance of the study

This is a non-interventional study. No cancer treatment or
therapeutic procedure or visit schedule will be imposed
or modified in patients who agree to participate. Patients

will be treated following usual clinical practice, and the
frequency of visits will be as scheduled by treating phy-
sicians. The information collected will be used exclu-
sively as part of the study. Patients will be pre-selected
by oncologists according to the study's inclusion and

@ Springer



3082

Clinical and Translational Oncology (2023) 25:3073-3085

exclusion criteria and must sign the informed consent
before inclusion.

All patients included in the study will be followed up
until the withdrawal of consent or 12 months after inclu-
sion or loss to follow-up.

The scheduled examinations are shown in Fig. 3. The
data to be collected at the baseline visit comprise soci-
odemographic data, oncologic history, and cardiovascular
history. Blood samples will be taken for clinical and trans-
lational investigations, and an EKG and advanced cardiac
imaging will be performed. During the first 6 months, the
schedule will be programmed by the oncologist. The car-
diology visits and testing will be coordinated to minimize
hospital appointments.

Adverse events and safety concerns

In this non-interventional prospective registry, toxicity will
be managed following clinical practice recommendations
from international societies [41-43] and local protocols.
Cardiovascular events will be treated according to ESC
practice guidelines.

An adverse event is any unfavorable and unintended sign,
symptom, or disease temporally associated with the use of a
medicinal product, whether or not this is considered related
to the medicinal product.

If the adverse event results in death or is considered life
threatening or provokes significant disability for the patient
or motivates interruption of ICI, it would be classified as a
severe adverse event (SAE). The definition of an SAE will
be based on the FDA safety reporting recommendations

(https://www.fda.gov/safety/reporting-serious-problems-fda/
what-serious-adverse-event).

The intensity of an adverse event will be classified
according to the Common Terminology Criteria for Adverse
Events [44] (CTCAE), version 5 (Table 3).

All cardiovascular toxicity over grade 2 (3 or higher) will
be considered an SAE and reported to the registry’s safety
committee and the Spanish Agency of Medicines and Medi-
cal Devices (Agencia Espafiola de Medicamentos y Produc-
tos Sanitarios, AEMPS) by local investigators, as in routine
clinical practice.

Discussion

We present the first prospective registry dedicated to ICI-
treated patients that aims to describe cardiovascular toxicity
based on a detailed clinical, electrocardiographic, and car-
diac imaging assessment before and during treatment. This
approach enables us to distinguish clearly between previ-
ous cardiovascular damage and ICI-induced cardiotoxicity.
Monitoring of biochemical and immunological biomarkers
can identify subclinical toxicity and susceptible patients
early. Indeed, the second primary objective of SIR-CVT is
to validate the use of hsa-miR-Chr8:96 in the early diagnosis
of myocarditis, with the secondary objective of analyzing
changes in peripheral lymphocyte populations during treat-
ment. These immunological data will be translationally cor-
related with clinical data for the first time.

Our comprehensive cardiovascular study will enable us
to determine the incidence of cardiovascular toxicity in a
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Fig.3 Scheduled visits and examinations planned in SIR-CVT.
BNP brain natriuretic peptides, CMR cardiac magnetic resonance,
ECO echocardiogram, EKG electrocardiogram, miR-721: hsa-miR-
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Chr8:96, human homologue of miR-721, Tn troponin, Spanish Immu-
notherapy Registry of Cardiovascular Toxicity
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Table 3 Common terminology criteria for adverse events (CTCAE), version 5.0

Grade Severity Definition

Grade 1 Mild Asymptomatic or mild symptoms; clinical or diagnostic observations only; intervention not indicated

Grade 2 Moderate Minimal, local, or non-invasive intervention indicated; limiting age-appropriate instrumental activi-
ties of daily life (e.g., preparing meals, shopping for groceries or clothes, using the telephone,
managing money)

Grade 3 Severe Medically significant but not immediately life-threatening; hospitalization or prolongation of hos-
pitalization indicated; disabling; limiting self-care activities of daily life (bathing, dressing, and
undressing, feeding self, using the toilet, taking medications, and not bedridden)

Grade 4 Life threatening Life-threatening consequences, urgent intervention indicated

Grade 5 Death Death related to adverse events

real-world cohort. The incidence of ICI-induced myocardi-
tis in clinical trials is low, although most of our knowledge
is based on case series and retrospective studies (Table 1).
However, reported bias related to non-specific cardiovascu-
lar surveillance protocols can also contribute to this infre-
quent presentation. The combination of hsa-miR-Chr8:96
and high-sensitivity troponin for surveillance of irAE,
including myocarditis, has not been previously explored.
Measurement and monitoring of hsa-miR-Chr8:96 increase
sensitivity and specificity for the diagnosis of myocarditis.
In addition, we expect this approach to be able to predict the
development of clinically significant ICI-induced myocar-
ditis (Fig. 2). Moreover, we anticipate that the combination
of biochemical and immunological biomarkers with cardiac
imaging will improve the potential to distinguish clinically
relevant toxicity from mild forms of cardiovascular damage
(permissive toxicity) and help us to establish new monitor-
ing protocols that will simplify current non-evidence-based
surveillance. Especially relevant is the interpretation of iso-
lated elevations of high-sensitivity cardiac troponin, which
have a low positive predictive value and, in some cases, may
lead to unnecessary interruption of ICI [45].

SIR-CVT will enable us to determine the incidence of
cardiovascular disease in a real-world ICI-treated cohort.
Epidemiologic studies report an incidence of around 10%
of cardiovascular events in ICI-treated patients [5, 6],
although a recent meta-analysis and other studies report
a much lower frequency of cardiac irAE (around 3%) [46,
47], thus calling into question whether cardiac evalu-
ation and surveillance should be offered to all patients,
as recommended by the latest ESC guidelines [12]. This
controversy highlights the need for large-scale prospec-
tive registries—probably larger than ours—to elucidate
the real incidence, predictors, mechanisms of toxicity, and
optimal surveillance protocols Fig. 3.

Finally, it is necessary to remark on the relevance of
severe toxicity in patients treated in an adjuvant setting,
where increased use of ICI [48, 49] constitutes a broad indi-
cation that will lead to rare toxicities affecting a high number
of patients in the near future. In this context, it is necessary

to develop surveillance protocols that can detect early toxic-
ity, and thus prevent harm.

Limitations

We are aware that the low incidence of myocarditis reported
may limit the validation of hsa-miR-Chr8:96 and the explor-
ative intention of our planned analysis. Moreover, since
changes in imaging findings over time, especially charac-
terization of myocardial characterization parameters using
T1 and T2 mapping, have not been previously evaluated,
our data may prove to be of limited relevance or difficult to
interpret. We are also aware that our cohort is not completely
representative of the whole cohort of ICI-treated patients,
since many younger patients with fewer comorbid conditions
are enrolled in clinical trials, which is an exclusion criterion
for participation in our registry and can represent a selection
bias. The absence of a specific adverse event committee to
evaluate potential toxicity may constitute another limitation;
however, diagnosis is assigned by local investigators. The
follow-up period may not be sufficiently long to detect very
late toxicity presenting later than 12 months after initiation
of ICIL.
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