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Serial Troponin for Early Detection of Nivolumab Cardiotoxicity
in Advanced Non-Small Cell Lung Cancer Patients

MarTeo SaroccHl ), Francesco Grossi,” " ELEONORA ARBOSCELLO,® ANDREA BELLODI,® CARLO GENOVA,®

MARIA GIOVANNA DAL BELLo,b ERIKA RIJAVEC,b GIuLIA BARLETTA,b GIOVANNI R055|,b FEDERICA BuzLLo,b GIORrGIO GHiGLIOTTI, ™€

MARCO CANEPA,*® MicHELE MussaAP,® CLAUDIO BRUNELLI,>*® PAOLO SPALLAROSSA®

Cardiovascular Disease Unit, bLung Cancer Unit, “Internal Medicine Unit, and dLaboratory Medicine Unit, San Martino Policlinic Hospital,
Genoa, ltaly; *Department of Internal Medicine, University of Genoa, Genoa, Italy

"Contributed equally

Disclosures of potential conflicts of interest may be found at the end of this article.

Key Words. Cardiotoxicity ¢ Troponin ¢ Nivolumab ¢ Immunotherapy ¢ Lung cancer

(A

BSTRACT

Background. Rare cases of severe myocarditis are reported
during treatment with nivolumab. Troponin, a biomarker of
cardiac damage, is a key component of the diagnostic
workup of many cardiac disorders, including myocarditis.
This study investigates the role of troponin to assess cardiac
involvement during nivolumab therapy for non-small cell
lung cancer (NSCLC).

Materials and Methods. We evaluated 59 NSCLC patients, ana-
lyzing serum samples collected within a translational research
study. Troponin above the upper normal limit (0.046 ng/mL)
was defined as Tn+, whereas normal but detectable troponin
(0.015-0.045) was defined as Tn®", Troponin alterations were
interpreted on the grounds of the following elements: peak val-
ues and time curve, cardiac comorbidities, signs and symptoms
coincident to troponin elevation, ECG, echocardiography, and
disease progression.

Results. No patient had cardiovascular events. Among 362
available blood samples, Tn+ (max 0.317 ng/mL) was found in
13 determinations belonging to 6 patients. Seven other
patients had isolated Tn%t, In five patients, Tn+ was attributed
to cardiac comorbidities, disease progression, or worsening clin-
ical status. One patient without cardiac history and in good clin-
ical condition had a sustained troponin increase—soon after
the start of therapy—and after careful evaluation of all relevant
elements, it was interpreted as a marker of nivolumab-related
subclinical myocarditis.

Conclusion. Tn+ may occur in NSCLC patients treated with nivo-
lumab, but in most cases it does not indicate nivolumab cardio-
toxicity. In some cases, however, a careful interpretation of
troponin alteration, especially at the beginning of therapy, ena-
bles identification of subclinical myocarditis, thus allowing early
cardiac treatment. The Oncologist 2018;23:936-942

Implications for Practice: Myocarditis is a rare but serious adverse event of immune checkpoint blockade with nivolumab, which
needs to be recognized as soon as possible. This article suggests that troponin, a user-friendly biomarker of myocardial cytotoxicity,
might be useful for early detection of immune-mediated myocarditis. However, because troponin abnormalities might also be
related to a number of conditions capable of causing myocardial oxygen demand-supply mismatch, a careful cardiac assessment
should be performed in non-small cell lung cancer patients in order to properly interpret any troponin increase. According to the

available evidence, monitoring troponin during the first weeks of treatment can be considered reasonable.

INTRODUCTION

Monoclonal antibodies targeting programmed cell death pro-
tein 1 (PD-1) have demonstrated impressive clinical efficacy
against cancer, and several of these compounds are currently
approved for the treatment of many forms of malignant tumors
including melanoma, renal cell carcinoma [1], urothelial carci-
noma [2], head and neck cancer [3], non-small cell lung cancer
(NSCLC) [4-6], and Hodgkin lymphoma after transplant [7]. In
addition, ongoing clinical studies are now evaluating extending

their clinical indications to other solid and hematologic malig-
nancies. There is a widespread consensus [8, 9] that this ther-
apy marks a turning point in the fight against cancer. This belief
arises not only from the proven efficacy of these medications,
but also from the conviction that anti-PD-1 treatment has a
great safety window. In fact, the PD-1 blockade has been
viewed as an intervention that restores antitumor activity to
a desirable level without triggering excessive autoimmune
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response [10]. Nevertheless, it has been recognized that
immune-related adverse events (irAEs) may occur during anti-
PD-1 therapy, mainly due to gastrointestinal, dermatologic,
hepatic, endocrine, and pulmonary toxicities, which can be
severe and lead to treatment discontinuation [11, 12].

Very recently, there have been several reports of severe,
sometimes fatal myocarditis [13—-16]. The review of Bristol-
Myers Squibb corporate safety databases suggest that these
myocarditis events are serious, but uncommon, at least with
nivolumab alone [15, 17]. Among 17,620 patients treated with
nivolumab, only 10 drug-related severe adverse events consist-
ent with myocarditis were found (0.06%). However, we do not
have a full understanding of the true incidence of immune
therapy-related myocarditis, and we do not even know
whether the severity of these adverse events is a distinctive
feature of immune checkpoint inhibitor-related myocarditis.
Published papers on nivolumab-related cardiac adverse effects
were case reports and retrospective studies, which by their
nature mainly focus on events that are clinically relevant. In
clinical trials involving nivolumab, there was no routine testing
for myocarditis by means of either biochemical analysis or car-
diac imaging. Furthermore, adverse event recording from
oncologists is impacted by the likelihood that the event was
expected and treatment related. Unexpected events for which
the investigators have limited experience—such as myocardi-
tis—can be undiagnosed or unreported.

Cardiac troponin is a protein present in the cardiac myo-
cytes, and in no other tissue, which is released into the blood-
stream when the heart suffers from all sorts of damage. For
this reason, troponin testing plays an important role in the
management of many cardiac diseases. Troponin is primarily
the biomarker of choice in acute coronary syndromes and is
pivotal for the diagnosis of acute myocardial infarction. Tropo-
nin may also be found in a number of other heart conditions,
such as myocarditis, heart failure, cardiomyopathies including
takotsubo cardiomyopathy, aortic valve stenosis, tachyarrhyth-
mias, pulmonary embolism, and aortic dissection. In all the sit-
uations listed above, serum troponin is a marker of myocardial
injury, even when it is present at very low serum concentra-
tions, and brings important diagnostic and/or prognostic infor-
mation [18-20]. Practical guidelines state that troponin testing
is a key component of the diagnostic workup whenever myo-
carditis is suspected [21].

The aim of the present study was to explore the potential
role of seriated troponin assessments during treatment with
nivolumab for advanced NSCLC as a biomarker of nivolumab-
related cardiac toxicity.

MATERIALS AND METHODS

From April 2015 to June 2016, 74 patients with advanced pre-
treated NSCLC were enrolled within a single-institutional trans-
lational research study at Lung Cancer Unit of IRCCS San
Martino-IST, which was aimed at investigating predictive factors
of response and toxicity during nivolumab treatment. The main
inclusion criteria were as follows: age >18 years, histologically
or cytologically confirmed NSCLC, clinical stage lllb or IV
(according to tumor-Node-Metastases classification (TNM)
v7.0), at least one previous line of systemic therapy for
advanced NSCLC, at least one measurable lesion by RECIST
v.1.1, previously treated or stable brain metastases from at
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Figure 1. Time point of troponin evaluation in the 59 enrolled
patients. Each circle represents a blood sample (and troponin
determination); nivolumab was administered every 2 weeks.
Patients are ordered by date of enrollment.

Abbreviations: Tnl—, troponin | negative; Tnl+, troponin | posi-
tive; TnIdEt, troponin | detectable.

least 2 weeks before the treatment with nivolumab, and no ste-
roids treatment with more than 10 mg/day of prednisone or
equivalent was allowed. Nivolumab was provided by Bristol-
Myers Squibb within the Italian expanded access program in
NSCLC and was administered at the dose of 3 mg/kg every 14
days. Blood samples were collected at the time of the first five
nivolumab administrations, just before the drug infusion, and only
at odd administrations thereafter (Fig. 1). Serum and plasma were
stored at —80°C to allow subsequent determinations.

Heart and lung physical examination, blood pressure mea-
surement, and ECG had been performed at baseline: all
patients were in stable cardiologic condition, suitable for nivo-
lumab treatment by oncologist’s judgment. An expert cardio-
logic consult was not planned because neither the product
label nor medical literature requested it.

The design of the study was approved by the local Institu-
tional Review Board. All the patients gave a written informed
consent to participate in this study.

©AlphaMed Press 2018
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Table 1. Characteristics of the enrolled patients

Patients, n =59, n (%)
69 (44-81)
41/18 (69/31)

Characteristics

Age in years, median (range)
Male/female
Cardiovascular risk at baseline

Very high 12 (20)

High 8 (14)

Low 39 (66)
Smoking habits

Current 18 (30)

Former 33 (56)

Never 8 (14)
Cancer histology

Squamous 13 (22)

Nonsquamous 46 (78)
Cancer stage

1-B 2 (3)

v 57 (97)
ECOG PS

0 25 (42)

1 30 (51)

2 4 (7)
EGFR

Mutant 3(5)

Wild type 56 (95)
ALK

Rearranged 0 (0)

Not rearranged 59 (100)
Prior lines of treatment

1 22 (37)

2 16 (27)

3 13 (22)

4 6 (10)

5 or more 2 (4)

Abbreviations: ALK, anaplastic lymphoma kinase; ECOG PS, Eastern
Cooperative Oncology Group performance status; EGFR, epidermal
growth factor receptor.

Troponin | (Tnl) was determined on frozen serum aliquots
by a homogeneous sandwich chemiluminescent immunoassay
based on the Luminescent Oxygen Channeling Immunoassay
technology [22]. Assay reagents consist of two synthetic bead
reagents and a biotinylated anti-cardiac Tnl monoclonal anti-
body fragment (Siemens Healthineers, Milan, Italy). The assay is
optimized on an automated platform (Dimension Vista System;
Siemens Healthineers). In our laboratory, the range encompass-
ing the 99th percentile corresponded to that reported by the
manufacturer [23], being 0.000-0.045 ng/mL. The analytical
sensitivity corresponds to 0.015 ng/mL and the functional sen-
sitivity to 0.040 ng/mL. The within-run imprecision, expressed
as coefficient of variation, ranged from 2.9% to 6.6%, depend-
ing on the sample’s Tnl concentration.

We considered as troponin positive (Tnl+) any value above
the decisional cutoff value of 0.045 ng/mL (upper limit of
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normal [ULN]); troponin detectable (TnI®®%) any value between

0.015 (lower limit of detectable) and 0.045 (ULN) ng/mL; and
troponin negative (Tnl—) any given result <0.015 ng/mL, which is
the lowest result given by the assay, indistinguishable from zero.
The decision to set troponin elevations during anticancer therapy
by the cutoffs specific to the assay platform used in our own lab is
in agreement with the recommendations of the Expert Consensus
Paper of the American Society of Echocardiography and the Euro-
pean Association of Cardiovascular Imaging [24].

Three cardiologists (P.S., M.S., E.A.), who were blind to tro-
ponin determinations, examined medical records of all patients.
Patients who were still receiving nivolumab underwent a
cardiologic evaluation including physical examination, ECG, and
echocardiogram, and other tests were only performed if
clinically indicated. The information thus obtained was used to
interpret the results of the troponin analysis.

Patients were categorized according to the estimated risk
of troponin release, irrespective of nivolumab therapy: (a) very
high risk if any cardiac disease, clinical or unequivocal on imag-
ing (chronic heart failure or asymptomatic left-ventricular dys-
function, coronary artery disease, moderate-to-severe cardiac
valve disease, hypertensive cardiomyopathy, pulmonary hyper-
tension, chronic atrial fibrillation or flutter) was reported; (b)
high risk if extra-cardiac target organ disease (peripheral artery
disease, stage IlI-1V chronic kidney disease, history of stroke or
transient ischemic attack) or diabetes was reported; and (c) low
risk if none of the above criteria were observed.

RESULTS

At the time of blood sample analysis, 59 patients had received
at least two administrations of nivolumab. Patients’ characteris-
tics are presented in Table 1. The median number of adminis-
tered cycles was 5 (range 2-27). Forty-five patients (76%)
received at least the first five cycles of nivolumab. Seventeen
patients died of a noncardiologic primary cause, and in 11
others, nivolumab had been discontinued by oncologist’s judg-
ment. Clinical or subclinical irAEs occurred in 13 patients (3 seri-
ous: thyroiditis, hepatitis, pancreatitis). The incidence of irAEs
was consistent with previously published data on nivolumab,
and these events were managed accordingly [25]. No adverse
cardiovascular event occurred.

In total, 362 blood samples were available for Tnl determi-
nation, including the 59 collected at baseline. At least one Tnl
value was >0.015 ng/mL in 14 patients, for a total of 31 sam-
ples: 13 Tnl+ (mean = 0.153, median = 0.150, range 0.049-
0.317 ng/mL) and 18 TnI%* . Distribution of Tnl+ and TnI®t in
the cohort is represented in Fig. 1, and detailed characteristics
of the 14 patients with Tnl alterations are shown in Table 2.

At baseline, three patients had Tnl+ or Tni%et value. All
these patients were at very high risk due to clinical history or
instrumental evidence of cardiovascular disease, and two
showed Tnl+ also on nivolumab treatment. During nivolumab
exposure, six patients (10%) had at least one Tnl+ value. A
Tnl+ patient had Tnl+ or TnI%t in all samples, including the
one collected before nivolumab exposure. This patient was at
very high risk due to chronic heart failure but did not show car-
diac worsening during nivolumab therapy.

In four Tnl+ patients, troponin elevation occurred only in
the last samples, just before nivolumab discontinuation. The
decision to withdraw nivolumab was due to disease progression
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Table 2. Patients with troponin | positive or detectable (n = 14), ordered by Tnl+/Tnl%" and risk group

Cardiovascular anamnesis

Patient Tnl Tnlde‘/+ Reason for nivolumab
no. Tnl peak baseline sample Risk group Disease irAEs discontinuation
41 0.062 Tnidet Every Very high HF, Death
pAF
43 0.317 — Last Very high cAF Death
10 0.150 0.160 Last Very high Aortic valve stenosis Progression
20 0.292 — Last High Carotid surgery Death
12 0.285 — Plateau Low Subclinical
myocarditis

44 0.166 — Last Low Hepatitis irAEs
45 — 0.055 Baseline Very high CAD
40 Tnldet — Spot and last  Very high CAD, CABG
37 Tnldet — Spot Very high CAD, PCl
47 Tnldet - Spot High Diabetes, CKD
17 Tnidet = Spot Low Progression
33 Tnidet — Spot Low Progression
35 Tnldet — Spot Low Enteritis Progression
38 Tnldet — Spot Low Thyroiditis

Abbreviations: —, troponin | negative; CABG, coronary artery bypass grafting; CAD, coronary artery disease; cAF, chronic atrial fibrillation; CKD,

chronic kidney disease; HF, heart failure; irAEs, immune-related adverse events; pAF, paroxysmal atrial fibrillation; PCI, percutaneous coronary
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intervention; Tnl+, troponin | positive; Tnl°%, troponin | detectable.
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Figure 2. Relation between cardiac risk group and Tnl+/Tn
Patients are divided by cardiac risk in three groups (low, high, and
very high) and by troponin I in three groups (negative, detectable,
positive). Kendall method is used for rank correlation.

Abbreviations: Tnl—, troponin | negative; Tnl+, troponin | positive;
Tni%t, troponin | detectable.

Idet.

and worsening clinical status in three patients who were adjudi-
cated as high or very high cardiovascular risk and to an
immune-related acute hepatitis requiring hospitalization and

www.TheOncologist.com

treatment with hydrocortisone and mycophenolate in a fourth
patient who was adjudicated as low risk.

In the sixth Tnl+ patient (patient 12), Tnl+ was observed
from the 8th to the 22nd week, preceded and followed by TnI®*
in multiple samples, including the very first sample after nivolu-
mab initiation. The cardiovascular risk had been rated low, and
no cardiologic signs or symptoms were reported during nivolu-
mab therapy. At the time of troponin determinations, 3 months
after the last Tnldet, the patient was still alive, nivolumab was
ongoing, troponin had become consistently negative, and no
echocardiographic alteration was found.

Among the seven patients with Tnidet, mainly occurring in iso-
lated “spot” samples, three were at high or very high risk; in two
low-risk patients, Tnl detection was coincident with noncardiologic
immune-related adverse events, both responsive to steroidal
treatment. The last two Tnl®* patients were at low risk, and no
clinical event occurred coincidentally with Tnl detected sample.

Among the 45 patients who did not show troponin abnor-
malities during nivolumab therapy, 6 were adjudicated as very
high risk, 6 as high risk, and 33 as low risk.

When the patients were divided according to the highest
level of troponin (Fig. 2), categorized as Tnl—, TnI®", and Tnl+,
a correlation was found between the predefined group of car-
diac risk (low, high, and very high) and the troponin alteration
(coefficient of correlation tau: 0.30, p = .01).

DIScUSSION

None of the 59 patients treated with nivolumab had cardiovas-
cular events during the observation period. However, serial
assessments of troponin plasma levels documented minor
cases of myocardial cytolysis. In an attempt to figure out the
possible causes of troponin elevation in these patients, we
have looked at several factors: troponin peak values and time
curve, pre-existing cardiac disease, ECG, echocardiography,

©AlphaMed Press 2018
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signs and symptoms coincident to troponin elevation, and can-
cer progression and clinical conditions of the patient [18-20],
as well as the occurrence of noncardiac nivolumab-related
adverse events.

We have noticed that troponin elevation can be due to three
reasons. The first reason is the presence of heart disease. The case
of the asymptomatic patient with stable, chronic heart failure and
trivial troponin abnormalities detected even before the start of
nivolumab is a perfect example of this. The lack of symptoms is
not surprising because it is known that troponin elevation may
occur not only in the acute decompensated phase of heart failure,
but also during the chronic phase [26]. The second reason is the
deterioration of the clinical status and/or cancer progression,
sometimes in association with pre-existing, subclinical cardiac
problems. In both conditions, troponin elevation may be the con-
sequence of myocardial oxygen demand-supply mismatch, which
may result from many cardiac and noncardiac factors including
myocardial wall stress, anemia, tachycardia, hypoxemia, inflamma-
tion, and exposure to catecholamine or cytokines [20]. Accord-
ingly, troponin increases might be viewed as a bad prognostic
index, but not as a specific biomarker of nivolumab toxicity.

The third possible reason of troponin elevation is nivolumab
cardiotoxicity, as illustrated by the case of the patient who had
for several weeks a minimal increase of troponin, at plateau, fol-
lowed by late normalization of this biomarker. This patient had
neither history of cardiac problems nor cardiac signs or symp-
toms for the duration of the treatment, and echocardiogram
performed 3 months apart was normal. This troponin release
was interpreted as the result of subclinical, self-limiting, benign
myocarditis. We acknowledge that our judgment relies only on
a single diagnostic criterion of myocarditis [21]. On the other
hand, we have carefully excluded other causes of troponin
increase: the very long time curve was inconsistent with ische-
mic disease, and the patient had a very low cardiovascular
risk profile, no symptoms, nor echocardiographic wall-motion
abnormalities. It should be said that troponin elevation alone
has already been considered as a surrogate biomarker of possi-
ble subclinical myocarditis, such as in a previous study on
healthy active subjects exposed to a pro-immune trigger such
as smallpox or influenza immunization [27]. We also noticed
that three patients had troponin elevation (either Tnl+ or Tnl-
det) that coincided with the presence of nivolumab-related
immune adverse events involving thyroid, liver, and gastrointes-
tinal tract. Such troponin changes might be viewed as a marker
of a subclinical immune-mediated inflammatory process in the
myocardium that accompanies a more severe immune adverse
reaction in other districts. Alternatively, troponin might indicate
the myocardial distress secondary to hemodynamic instability,
neuro-humoral activation, and generalized inflammatory condi-
tion secondary to thyroiditis, enteritis, or hepatitis.

It is worth noting that our interpretation of troponin eleva-
tion as the result of nivolumab-related myocarditis is in agree-
ment with a large body of experimental evidence showing that
PD-1 deletion or treatment with antibodies against PD-1 or pro-
grammed death-ligand 1 cause myocarditis [28—35]. Moreover, a
careful reading of experimental studies shows that interventions
targeting checkpoint blockade are usually a cause mild myocar-
dial inflammatory process, which may exacerbate in the pres-
ence of a second stressful condition. One might speculate that
anti-PD-1 therapy just gives myocardium an enhanced suscepti-
bility to inflammation that results in a full-blown myocarditis

©AlphaMed Press 2018

only in the presence of particular concomitant conditions, such
as infectious agents [34].

From a clinical point of view, even if severe myocarditis in
the course of immune checkpoint blockade is a rare event, clini-
cians must be vigilant because of its nonspecific symptomatol-
ogy and fulminant progression. It is not known what strategies
could be adopted to monitor patients, but it would be reasona-
ble to apply tight controls during the first few weeks of treat-
ment, in which the risk would seem to be particularly high. The
review of a large safety database of 20,594 patients treated
with nivolumab alone or in combination with ipilimumab
showed that the 18 documented cases of myocarditis were
diagnosed very soon after the beginning of therapy (median 17
days, range 13-64) [15]. In an attempt to detect cardiovascular
complications early, the authors of this article report their prac-
tice of performing weekly testing of troponin levels during
weeks 1-3 of treatment, but they do not go into details in how
to deal with troponin positivity. Most recently, Norwood et al.
provided the first description of subclinical or smoldering myo-
carditis with mild symptoms following immune checkpoint
blockade with a single dose of ipilimumab and nivolumab [36].
They performed a troponin testing as additional workup in a
49-year-old woman with metastatic melanoma and no cardiac
risk factors who developed nausea unresponsive to treatment
14 days after the first dose of ipilimumab and nivolumab. Tro-
ponin was initially 0.19 (3X ULN). High-dose glucocorticoid
therapy led to rapid resolution of nausea and decreased Tnl
that, however, climbed again to 0.78 (13X ULN) following a ste-
roid taper. Interestingly, ECG, echocardiogram, serum brain
natriuretic peptide, exercise single-photon emission computed
tomography (SPECT) myocardial perfusion study and cardiac
nuclear magnetic resonance (NMR) were normal, although
endomyocardial biopsy showed areas of early collagen deposi-
tion admixed with inflammatory cells. Serum cardiac troponin |
levels gradually improved with chronic prednisone. It is unclear
whether this case represented a poorly symptomatic subacute
myocarditis or an early presentation of a fulminant process
that was forestalled with prompt immunosuppression.

Moving on to practical matters, we must ask ourselves
whether troponin testing is helpful in the management of
asymptomatic patients treated with nivolumab or whether it
may create confusion. The results of the present study may help
to clarify this issue. We found that 1 patient in 59 could have
experienced a subclinical myocarditis, with the first troponin
alteration 14 days after initiation of therapy with nivolumab. It is
likely, therefore, that myocarditis is not a rare event, especially
within the first weeks of therapy, and the alerts of severe myo-
carditis reported in medical literature are just the tip of the ice-
berg. Thus, in light of our and previous studies, it would be
reasonable to apply tight controls of troponin during the first
few weeks, in which the risk would seem to be particularly high.
On the other hand, it is to be recalled that troponin is not a spe-
cific marker of immune checkpoint blockade-related myocarditis,
but of myocardial damage of any kinds. In our study, a careful
cardiologic evaluation showed that most of troponin positivity (5
of 6) was not suggestive of nivolumab-related myocarditis.

Therefore, if it is decided to plan for a troponin monitoring
program, the conditions to interpret results must also be cre-
ated. This means that, firstly, a careful cardiac assessment
should be performed before starting therapy; secondly, the
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attention to symptoms or signs that may sound alarm bells for
heart problems should be maintained at a high level through-
out the treatment; and thirdly, it must be kept in mind that
anemia, fever, worsening of clinical status, and hemodynamic
instability from any cause may facilitate troponin release.

In case of troponin abnormalities, patients must be ques-
tioned regarding chest pain, dizziness, palpitations, and dyspnea.
In addition, blood pressure recording, physical examination,
ECG, and echocardiography should be carried out quickly. Partic-
ular attention has to be paid to atrioventricular and intraventric-
ular conduction times (PR and QRS intervals on the surface ECG)
because severe conduction-system abnormalities have been
described. Should any problem be documented, patients must
be quickly managed according to current practical guidelines.

Patients with cardiac diseases are more likely to show tro-
ponin abnormalities that might not directly depend on immu-
notherapy. On the other hand, patients with no history of
cardiac disease, but with troponin abnormalities shortly after
beginning of therapy, deserve special attention. If they remain
asymptomatic with normal ECG and echocardiogram, close
monitoring by repeating exams a few days apart is appropriate,
but if they start to describe symptoms or show abnormalities
at ECG or ultrasound examination, albeit modest, it could be a
myocarditis at an early stage. In such cases, the risk of worsen-
ing and developing ventricular dysfunction, shock, or cardiac
arrest due to ventricular fibrillation or atrioventricular block is
unpredictable, and the interruption of checkpoint blockade
therapy is mandatory and immunosuppressive therapy should
be promptly initiated. Furthermore, the need for hospitaliza-
tion in a cardiologic department with an intensive care unit
should be seriously considered.

Available data appear to indicate a low sensitivity of cardiac
MRI for detecting immune checkpoint blockade-induced myo-
carditis [16, 36], but further studies should clarify the role of
this technique. Endomyocardial biopsy, the underused diagnos-
tic gold standard for myocarditis [37], should be performed
when is suspected that it would influence therapy. This is
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