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Cardiovascular adverse events induced by immune checkpoint inhibitors (ICIs) have gained significant interest over the
past decade due to their impact on short- and long-term outcomes. They were initially thought to be rare, but the
increasing use of ICIs in the treatment of both advanced and early stages of various malignancies has resulted in a
substantial increase in their incidence. Different guidelines have proposed screening measures for ICI-induced
myocarditis by incorporating troponin measurements at baseline and during the first few weeks of treatment.
However, no specific guidelines have been developed yet regarding the interpretation of an asymptomatic rise in
troponins. This state-of-the art review aims to provide an overview of the clinical relevance of elevated troponins
during checkpoint inhibition and recommendations on how to manage elevated troponin levels during ICI therapy.
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INTRODUCTION

The development of immune checkpoint inhibitors (ICIs)
has altered the field of oncology remarkably by achieving
durable antitumor responses in many advanced malig-
nancies with previously poor prognosis. ICIs are monoclonal
antibodies that block inhibitory ligandereceptor in-
teractions, essential for both immunological homeostasis
and self-tolerance, in order to enhance the activity of the
patient’s immune system to fight cancer. In 2011, ipilimu-
mab, an inhibitor of cytotoxic T-lymphocyte-associated
antigen-4 (CTLA-4), was the first ICI to gain approval by the
United States Food and Drug Administration. In the
following years, other ICIs became clinically available, that
is, inhibitors of programmed cell death protein-1 (PD-1;
nivolumab, pembrolizumab, cemiplimab) and its ligand,
programmed cell death ligand-1 (PD-L1; atezolizumab,
avelumab, durvalumab; Table 1).

Despite their important oncological benefit, the
increasing use of ICIs led to the discovery of a distinct set of
adverse events [AEs; i.e. immune-related adverse events
(irAEs)]. The most commonly diagnosed irAEs include
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dermatologic, endocrine, and gastrointestinal AEs. Cardio-
vascular, pulmonary, hematological, renal, and neurological
irAEs are usually more severe, although are less frequently
seen.1

As survival increases, cardiovascular diseases have
become more prominent both during and after cancer
treatment which in turn led to the development of a new
subspecialty, that is, ‘cardio-oncology’. Immune-related
cardiovascular AEs (Table 2) were initially thought to be
scarce, although a substantial increase in incidence has
been reported over the past few years.2-11 A rare but
potentially life-threatening cardiovascular irAE is myocar-
ditis. There is a growing interest in this specific irAE as it has
the highest mortality rate (up to 50%) among all cardiac
irAEs.8 Especially ICI-induced myocarditis is thought to be
underreported due to the wide varieties in clinical presen-
tation, ranging from subclinical disease to a fulminant
presentation. The lack of routine monitoring for cardiac
events in immunotherapy trials has most likely contributed
to the underreporting of ICI-induced cardiotoxicities. The
detection of increased troponin levels might lead to a
temporary discontinuation of ICI therapy until further in-
vestigations are performed, which may increase the risk of
disease progression by withholding life-saving therapy.
Therefore some institutions have started to determine
cardiac troponin (cTn) levels in an attempt to detect sub-
clinical forms of ICI-induced myocarditis and introduce
prompt initiation of therapy potentially mitigating cardiac
morbidity and mortality. cTn measurements are most often
https://doi.org/10.1016/j.esmoop.2021.100216 1
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Table 1. Overview of the currently approved ICIs by the United States Food and Drug Administration

Type of ICI Drug Indications
Anti-CTLA-4 Ipilimumab (YERVOY) Melanoma

NSCLC
RCC
HCC
Colorectal cancer
Malignant pleural mesothelioma

Anti-PD-1 Pembrolizumab (KEYTRUDA) Melanoma
NSCLC
SCLC
cHL
Urothelial cancer
HNSCC
RCC
HCC
cSCC

Primary mediastinal large B-cell lymphoma
Gastric cancer
Esophageal cancer
Cervical cancer
Merkel cell carcinoma
MSI-H or dMMR (colorectal) cancer
Endometrial carcinoma
Triple-negative breast cancer

Nivolumab (OPDIVO) Melanoma
NSCLC
SCLC
cHL
Urothelial cancer
HNSCC
RCC
HCC

Esophageal cancer
Gastric cancer
Gastroesophageal junction cancer
Malignant pleural mesothelioma
MSI-H or dMMR colorectal cancer

Cemiplimab (LIBTAYO) Cutaneous squamous cell carcinoma
Basal cell carcinoma
NSCLC

Anti-PD-L1 Avelumab (BAVENCIO) Merkel cell carcinoma
RCC
Urothelial cancer

Atezolizumab (TECENTRIQ) Melanoma
NSCLC
SCLC
Urothelial cancer
HCC
Triple-negative breast cancer

Durvalumab (IMFINZI) NSCLC
SCLC

cHL, classical Hodgkin’s lymphoma; cSCC, cutaneous squamous cell carcinoma; CTLA-4, cytotoxic T-lymphocyte-associated antigen-4; dMMR, deficient mismatch repair; HCC,
hepatocellular carcinoma; HNSCC, head and neck squamous cell carcinoma; ICI, immune checkpoint inhibitor; irAE, immune-related adverse event; MSI-H, microsatellite
instability-high; NSCLC, non-small-cell lung cancer; PD-1, programmed cell death protein-1; PD-L1, programmed cell death ligand-1; RCC, renal cell carcinoma; SCLC, small-cell lung
cancer.
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conducted at baseline and regular intervals up to 12 weeks
(first three to four doses) after treatment initiation,
covering the relatively short timeframe during which ICI-
induced myocarditis is most likely to occur.12

Cardiac biomarkers have become a cornerstone in the
diagnosis of cardiovascular diseases. However, their role in
cardio-oncology, more specifically in the active surveillance
of ICI-mediated cardiotoxic effects and to identify patients
at increased risk, is not clear. Previous research has focused
on the interpretation of cardiac troponin levels upon con-
ventional anticancer therapies (i.e. anthracyclines, HER2-
targeted therapies, and antivascular endothelial growth
factor therapy) and their prognostic value in therapy-
induced cardiotoxicity.13-15 On the contrary, data regarding
the relationship between troponins and ICI therapy are
scarce and inconsistent. Nevertheless, numerous cancer
centers have already incorporated serial troponin assess-
ment in their ICI treatment programs. However, in the
absence of evidence-based guidelines, this strategy may
lead to clinical challenges, inadequate steroid use, and early
cessation of life-prolonging therapy. In this review, we
present an overview of the current evidence regarding
troponin assessments in patients with cancer treated with
ICIs and stress the need for further research before
2 https://doi.org/10.1016/j.esmoop.2021.100216
recommending troponin surveillance as a standard of care
in all of these patients. Moreover, possible mechanisms
contributing to asymptomatic troponin elevations will be
discussed together with future recommendations.

Troponin

The use of troponin T (TnT) and troponin I (TnI) as serum
markers of cardiomyocyte injury was first described in the
late 1970s and 1980s.16,17 They have become indispensable
in the diagnosis of acute coronary syndromes. The devel-
opment of a new generation of highly sensitive assays has
allowed us to detect minimal troponin levels with high
precision. However, the availability of multiple vendor-
specific assays causes an impediment upon comparison of
studies due to the varying 99th percentiles and limits of
detection.18-23 Nevertheless, the increase in sensitivity
resulted in the detection of elevated troponin values in
conditions other than myocardial infarction, also referred to
as myocardial injury.24

Baseline troponin measurement prior to ICI therapy

Aside from performing a baseline electrocardiogram (ECG),
echocardiogram, and cardiovascular risk assessment in all
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Table 2. Possible cardiovascular irAEs in patients treated with ICIs

ICI-related cardiovascular toxicities

Myocarditis
Pericardial disease - Pericarditis

- Pericardial effusion
- Cardiac tamponade

Perimyocarditis
Vasculitis - Giant cell arteritis

- Aortitis
- Primary angiitis of the central
nervous system

- Isolated vasculitis of the peripheral
nervous system

- Temporal arteritis
LVD - Takotsubo-like syndrome

- Dilated cardiomyopathy
- Heart failure

Acute coronary syndromes
(e.g. myocardial infarction,
angina pectoris)
Arrhythmias and cardiac
conduction abnormalities

- Atrioventricular block
- Supraventricular tachycardia
- Ventricular tachycardia
- Atrial fibrillation
- Ventricular fibrillation

ICI, immune checkpoint inhibitor; irAE, immune-related adverse event; LVD, left
ventricular dysfunction.
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patients prior to ICI treatment, there is a growing consensus
to perform troponin measurements.1,6,9,13,25-28 Recently,
the Heart Failure Association Cardio-Oncology Study Group
and the International Cardio-Oncology Society published
risk stratification guidelines for different cardiotoxic anti-
cancer therapies where they highly recommended pre-
treatment troponin determination.29 On the contrary, no
recommendations for or against baseline troponin mea-
surements were mentioned in the American Society of
Clinical Oncology 2017 guidelines nor in the European So-
ciety for Medical Oncology of 2017 and 2020 recommen-
dations.30-32 It should also be noted that clinical trials with
ICIs have not yet incorporated baseline troponin evaluation.
We only found a small number of studies investigating
baseline troponin levels prior to ICI therapy.

Petricciuolo et al.33 was the first study to investigate the
prognostic value of high-sensitivity TnT (hs-TnT) levels in 30
patients prior to anti-PD-1/PD-L1 treatment. At 3 months,
the primary endpoint of cardiovascular death, stroke or
transient ischemic attack, pulmonary embolism, nonfatal
myocardial infarction, and new-onset heart failure was met
in seven patients. All of these patients had baseline TnT
levels �14 ng/l. Furthermore, 13 patients experienced the
secondary endpoint (i.e. progression of cardiac involvement
based on the CARDIOTOX classification). Interestingly, 9 out
of 13 patients had baseline troponin levels �14 ng/l.34 The
authors suggested that 14 ng/l was the best cutoff value to
predict the primary and secondary endpoints at 3 months.33

Lee Chuy et al.35 performed an ECG and TnI measurement in
76 patients with advanced melanoma at baseline and
weekly until the second dose of combination ICI therapy
(ipilimumab and nivolumab). Minimal baseline elevations
were seen in five patients (0.02 ng/ml). Four out of five
patients remained asymptomatic, while one patient
Volume 6 - Issue 4 - 2021
experienced symptoms of pneumonia, although all patients
remained hemodynamically stable over a median follow-up
of 198 days. A thorough description was given of the
detectable TnI cases at baseline (�0.01 ng/ml and <0.06
ng/ml); however, this was not listed for the other patients.
Although the authors stated that complementary testing
was performed for each of these patients and did not show
abnormalities, this was not further specified.35 Baseline TnI
measurements were also performed in 59 patients with
advanced non-small-cell lung cancer who had received at
least one previous line of systemic therapy. Patients were
divided into three groups according to the estimated risk of
troponin release prior to nivolumab treatment. Patients
with a history of cardiac disease were allocated to the very-
high-risk group. The high-risk group consisted of patients
with an extracardiac target organ disease (e.g. stage III-IV
chronic kidney disease or diabetes). Patients in the low-
risk group had none of the aforesaid diseases. Baseline
TnI appeared to be elevated (>0.015 ng/ml) in only three
patients, which the authors attributed to the presence of
pre-existing cardiovascular disease (i.e. chronic heart fail-
ure, paroxysmal atrial fibrillation, aortic valve stenosis, and
coronary artery disease). None of these patients developed
cardiovascular events. It is important to note that other
patients that were part of the very-high-risk/high-risk group
did not have elevated troponin levels at baseline. Further-
more, 86% of the patients had received up to three lines of
treatment prior to nivolumab initiation. No details on the
prior treatment regimens were provided, although these
could also have contributed to baseline elevations. One
patient, allocated to the low-risk group, with a normal TnI at
baseline developed a sustained troponin increase shortly
after treatment initiation, which was interpreted as a
marker of nivolumab-related subclinical myocarditis.36

Waliany et al.37 determined baseline hs-TnI values in 101
patients, as they also included 113 patients who had
already started ICI treatment before cardiotoxicity surveil-
lance. They defined positive levels as hs-TnI �55 ng/l.
Although the authors mention that patients with positive
hs-TnI levels were evaluated by a multidisciplinary cardio-
oncology team, no data were published yet regarding the
specific baseline values and their interpretation (Table 3).37

We can conclude that the data regarding baseline
troponin measurements in patients prior to ICI treatment
are limited and elevations are most often attributed to
cardiac disease and/or comorbidities. Some guidelines have
even recommended to withhold ICI therapy when abnormal
biomarkers are detected in asymptomatic patients,
although studies supporting this strategy are lacking.1,12

Therefore the value and clinical implication of baseline
troponin levels remain unclear, although it might be useful
as a reference value to interpret subsequent changes during
ICI therapy.
Serial troponin determination during ICI therapy

The measurement of troponin levels upon signs and
symptoms of cardiovascular toxicities during ICI therapy
https://doi.org/10.1016/j.esmoop.2021.100216 3
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Table 3. Troponin and immune checkpoint inhibitor studies

Authors Patient number ICI Major findings concerning troponins

Waliany et al.37 214 Not specified (PD-1, PD-L1, CTLA-4) 24 patients had positive hs-TnI (�55 ng/l) levels, whereas 3
had myocarditis. In the other 21 patients these values were
attributed to type 2 NSTEMI secondary to other etiologies

Petricciuolo et al.33 30 Pembrolizumab, nivolumab, atezolizumab, durvalumab A baseline hs-TnT � 14 ng/l was found to be a good
predictor for cardiovascular death, stroke or transient
ischemic attack, pulmonary embolism, nonfatal myocardial
infarction, new-onset heart failure, and also progression of
cardiac involvement at 3 months

Lee Chuy et al.35 76 Ipilimumab þ nivolumab Minimally detectable nondiagnostic TnI levels (�0.01 ng/
ml to <0.06 ng/ml) were seen in 13 patients. None
developed clinical or subclinical myocarditis or MACE

Sarocchi et al.36 59 Nivolumab Hs-TnI levels above the ULN (0.046 ng/ml) were seen in
seven patients, one at baseline and six during treatment. In
only one patient this was interpreted as subclinical ICI-
induced myocarditis

CTLA-4, cytotoxic T-lymphocyte-associated antigen-4; hs-TnT, high-sensitivity troponin T; ICI, immune checkpoint inhibitor; MACE, major adverse cardiac events; NSTEMI, non-ST-
elevation myocardial infarction; PD-1, programmed cell death protein-1; PD-L1, programmed cell death ligand-1; ULN, upper limit of normal.
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(chest pain, arrhythmia, palpitations, peripheral edema,
progressive or acute dyspnea, pleural effusion, and fatigue)
has remained unquestionable.1,32 Nevertheless, no
consensus has been achieved regarding the timing and
frequency of troponin measurement and its use to assess
ICI-related cardiac injury among patients during treatment.

A prospective study, conducted by Lee Chuy et al.,35

obtained troponin levels every week until the second
dose of dual checkpoint inhibition and found them to be
minimally elevated in 11 out of 76 patients (�0.01 and
<0.06 ng/ml). None of the patients developed myocarditis
nor major adverse cardiac events over a median of 198
days.35 However, the authors did not provide details on how
they ruled out (subclinical) myocarditis in these patients. A
total of 362 blood samples from 59 patients receiving
nivolumab as treatment for advanced non-small-cell lung
cancer were analyzed for TnI levels by Sarocchi et al.36

Samples were obtained prior to the first five administra-
tions followed by a sample at every other infusion. Troponin
levels were interpreted along with cardiac comorbidities,
signs and symptoms, ECG, echocardiography, and disease
progression, although the latter was not further specified.
Normal, but detectable TnI levels (0.015-0.045 ng/ml) were
observed in 14 patients, whereas six patients had at least
one positive troponin level (�0.046 ng/ml). One patient
had persistently elevated troponin values from week 8 on-
ward. Although there was no history of cardiac disease,
symptoms, or echocardiographic wall-motion abnormalities,
the authors interpreted this as a subclinical, self-limiting
myocarditis. However, it should be noted that the diag-
nosis of myocarditis requires at least two criteria (significant
changes in cTn, ECG, echocardiography, or cardiovascular
magnetic resonance imaging) to be fulfilled in asymptom-
atic patients.38 On the contrary, the positive troponin levels
in the other five patients were noted at different time
points. Consistently elevated levels were seen in a patient
with chronic heart failure who also had an elevated baseline
TnI. The other four patients had elevated levels in the last
samples right before nivolumab was discontinued, which
the authors attributed to the deterioration of the patient’s
4 https://doi.org/10.1016/j.esmoop.2021.100216
clinical status and/or cancer progression.36 However, this
study shows major methodological weaknesses and the
results should be interpreted with caution. Another pro-
spective study implemented active surveillance for ICI-
associated myocarditis during monotherapy as well as
combination therapy for a total of 9 months. Measurements
of hs-TnI were performed at baseline and after each ICI
dose (up to 10 doses). A total of 1274 hs-TnI measurements
were performed; 24 of 214 patients (11.2%) had a rise in TnI
levels (�55 ng/l). However, only three were defined as ICI-
associated myocarditis, whereas the other 21 cases were
linked to type 2 non-ST-segment elevation myocardial
infarction secondary to other etiologies which were not
further specified. None of these patients developed a
decrease in left ventricular ejection fraction (LVEF;
Table 3).37

Serial troponin measurements have mostly been carried
out right before each cycle to avoid additional hospital
visits. However, the appropriate time interval between tests
as well as the cutoff values for clinically meaningful changes
remain unknown and vary among studies. No evidence has
been provided yet on the additional value of serial troponin
measurements. Nevertheless, different guidelines and
studies recommend serial biomarker sampling, especially in
patients at high risk for cardiotoxic effects (i.e. an abnormal
baseline assessment, a high cardiovascular risk profile, and/
or receiving combination therapy).2,6,9,13,25,39-41
Asymptomatic troponin elevations during ICI therapy:
possible underlying mechanisms

Manifestations of ICI-induced cardiotoxicities are highly
variable. Especially in myocarditis, the presentation can
range from subclinical disease to fatigue, chest pain, heart
failure, cardiogenic shock, arrhythmias, and sudden death.
The mortality rate remains high while the underlying
pathophysiological mechanisms are still poorly under-
stood.5 Therefore, various guidelines recommend screening
of troponin levels for early suspicion, diagnosis, and man-
agement of subclinical ICI-induced cardiovascular toxicities.
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https://doi.org/10.1016/j.esmoop.2021.100216
https://doi.org/10.1016/j.esmoop.2021.100216
https://doi.org/10.1016/j.esmoop.2021.100216
https://doi.org/10.1016/j.esmoop.2021.100216
https://doi.org/10.1016/j.esmoop.2021.100216
https://doi.org/10.1016/j.esmoop.2021.100216
https://doi.org/10.1016/j.esmoop.2021.100216
https://doi.org/10.1016/j.esmoop.2021.100216
https://doi.org/10.1016/j.esmoop.2021.100216


Single or dual ICI 
therapy

Other irAEs 

Supply–demand mismatch
- Acute pulmonary embolism and/or severe     
pulmonary hypertension (i.e. COPD)
- Kidney function 
- Sepsis
- Hemodynamic instability 
- Anemia
- Acute rises in intracranial pressure
- ACS

Progressive oncological disease

Pre-existing/subclinical 
cardiovascular disease

(Preclinical) ICI-induced 
cardiotoxicity
- Myocarditis - Takotsubo syndrome
- ACS - Pericardial disease
- Arrhythmia - Hypertensive crises
- (Supra)ventricular tachycardia

Prior/concomitant  
(cardiotoxic) therapy
- Chemotherapy (e.g. anthracyclines)
- Tyrosine kinase inhibitors
- Radiotherapy
- Immunotherapy

Elevated troponin 
levels 

Figure 1. Possible causes of elevated troponin levels during ICI therapy.
The increase in troponin levels seen in patients prior to and during ICI therapy can be caused by numerous factors ranging from prior/concomitant therapy to
mechanisms that are not yet fully understood. The cardiotoxicity-related causes are illustrated in dark green (left) and the noncardiac causes are depicted in purple
(right).
ACS, acute coronary syndrome; COPD, chronic obstructive pulmonary disease; ICI, immune checkpoint inhibitor; irAEs, immune-related adverse events.
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Many published myocarditis reports indeed feature
elevated troponin levels.41,42 However, it is important to
keep in mind that troponin is a nonspecific marker of
myocardial injury. Hence, not all troponin elevations
observed during ICI therapy necessarily imply that these
patients have or will develop ICI-induced myocarditis.
Moreover, the studies that investigated baseline and serial
troponin levels in patients with cancer treated with ICIs
often found elevations in asymptomatic patients who did
not experience a clinically significant cardiac AE. The inter-
pretation, diagnosis, and therapeutic strategies of elevated
levels of cTn in these patients challenge both cardiologist
and oncologist.

Different factors and circumstances have to be taken into
consideration to interpret cTn elevations in patients with
cancer treated with ICIs (Figure 1).

First, it is important to realize that no definite conclusions
can be drawn from a single aberrant value.26,43,44 Hence, re-
evaluation should be performed within 24 h to determine
the dynamics and extent of troponin elevation along with
other laboratory parameters. Acute coronary syndromes are
usually characterized by a rise and fall pattern in troponin
levels while a steady increase is usually observed in
myocarditis.2,12,23

Second, elevated levels have previously been reported in
patients with cancer which were subsequently associated
with worse clinical outcomes, a more advanced tumor
stage, and all-cause mortality. Furthermore, the deteriora-
tion of the patient’s clinical status and/or progressive
oncological disease during ICI treatment may cause
troponin abnormalities. An elevated cTn level could
Volume 6 - Issue 4 - 2021
therefore act as a prognostic biomarker of disease pro-
gression rather than for an adverse cardiovascular
event.36,45-47

Third, patients with cardiac disease (e.g. heart failure,
coronary artery disease) sometimes have stable but mildly
elevated troponin levels.48 ICIs often trigger a general in-
crease in systemic inflammation which could also cause an
acceleration or decompensation of pre-existing cardiac
disease.6

Fourth, noncardiac disease (e.g. chronic kidney disease)
and anemia, sepsis, or hemodynamic instability are
commonly seen in patients with cancer and are known to
cause elevated troponin levels.23,36,49

Fifth, some patients receiving ICIs have already been
pretreated with other cancer therapies that are known to
cause an increase in troponin levels (i.e. anthracycline-
containing chemotherapy, various high-dose
chemotherapy regimens with or without anthracyclines,
myeloablative therapy, HER2 inhibitor therapy, and thoracic
radiotherapy). Prior cardiotoxic therapy may cause sub-
clinical cardiac problems that could possibly result in
elevated troponin levels during ICI treatment.14 Further-
more, many ongoing clinical trials are investigating the
combination of checkpoint blockade with non-ICI therapies
to explore possible synergistic effects. For example, the
combination of ICIs with targeted therapies, such as tyro-
sine kinase inhibitors, has already been investigated and
resulted in an enhanced efficacy in advanced renal cell
carcinoma and BRAF-mutant melanoma.50,51 However,
drug-induced cardiotoxicity has been described for both
therapeutic classes and might potentiate each other.52
https://doi.org/10.1016/j.esmoop.2021.100216 5
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Sixth, the risk of cardiac irAEs may vary according to the
proposed regimen. The risk of cardiovascular complications
seen upon PD-1/PD-L1 and combination therapy was much
higher as opposed to CTLA-4 therapy.8,53 Furthermore, Tay
et al.54 provided insights into cardiomyopathy resulting
from PD-1-PD-L1 axis blockade, by using nivolumab in vitro
in Rockefeller University embryonic stem cells (RUES)-
derived cardiomyocytes and in vivo in melanoma tumor-
bearing mice. They observed cardiomyocyte inflammation
and apoptosis along with an increased expression of cardiac
TnI and left ventricular dilatation.54 Thus, elevated troponin
levels might indicate low-grade or scattered myocardial
inflammation as a result of blocking the PD-1ePD-L1 axis
which might not yet be visual on cardiac imaging.55,56 The
best technique to diagnose subclinical cardiac dysfunction
has not yet been established. For example, both global
longitudinal strain and global circumferential strain can be
measured with echocardiography or cardiac magnetic
resonance imaging. Strain imaging is a more sensitive
technique than the measurement of LVEF as a parameter of
systolic function. It is important to note that little to no
attention has been granted to diastolic function that might
precede future clinical detectable cardiovascular AEs.57

Seventh, other irAEs, apart from cardiovascular irAEs,
may also lead to elevated TnT levels. This was suggested by
Sarocchi et al.,36 who noted troponin elevations with
different irAEs (thyroid, liver, and gastrointestinal tract),
although it remained unclear to which extent other causes
were explored. This might be explained by a mismatch in
myocardial oxygen demandesupply. Elevated troponin
levels can also be detected in patients with myositis,
myasthenia gravis, and/or myalgia. These irAEs often tend
to overlap with cardiac dysfunction.26,58

Eighth, some patients with cancer might have an
undiagnosed/pre-existing autoimmune disease (e.g. poly-
myositis, rheumatoid arthritis, systemic lupus erythemato-
sus, and sarcoidosis) which could contribute to myocardial
inflammation, elevated troponin levels, and possible future
ICI-induced cardiotoxicities.38,59-61

Last, subclinical forms of myocarditis may initially present
themselves by isolated abnormal troponin levels.62 In a
caseecontrol study conducted by Cautela et al.,63 15 out of
60 patients (25%) presented with an asymptomatic
troponin elevation. Especially high troponin levels should
warrant prompt investigation, as two different forms of ICI-
induced myocarditis have been identified, namely, a high-
grade and a low-grade from. Patients in the high-grade
myocarditis group had higher serum TnT levels and a
shorter interval to diagnosis as opposed to those in the low-
grade group.64

Although several guidelines are recommending troponin
measurements, there is a current lack of evidence to
perform baseline and serial troponin measurements. How-
ever, in the absence of recommendations on how to
manage elevated troponins in this population, oncologists
and cardiologists are confronted with diagnostic and ther-
apeutic challenges. Withholding or discontinuing ICIs can
lead to early cessation of life-prolonging therapy. Moreover,
6 https://doi.org/10.1016/j.esmoop.2021.100216
inadequate steroid use can further stimulate tumor pro-
gression by compromising the efficacy of ICI therapy.

If troponin elevations are seen during baseline assess-
ment, patients should be referred to a cardiologist to inter-
pret these values along with a cardiovascular risk assessment
(age, hypertension, tobacco use, hyperlipidemia, diabetes,
overweight/obese, family history).65-74 If a rise in troponins is
observed during ICI therapy, it should be interpreted along
with the patient’s baseline value, current disease status,
medical history, and a thorough clinical work-up, that is,
symptoms, extensive blood analysis, and cardiovascular
assessment (ECG, echocardiogram). We would also recom-
mend determination of the fasting lipid profile in all patients
prior to ICI therapy as ICIs have recently been associated
with a threefold higher risk for atherosclerotic cardiovascular
events. This could also result in atherosclerosis-related
troponin elevation and potentially serious cardiovascular
complications.25,75,76 Furthermore, echocardiography in pa-
tients receiving ICI therapy should perhaps pay more atten-
tion to the patient’s diastolic function and strain imaging as
this could depict abnormalities preceding alterations in the
patient’s LVEF. If minimal troponin elevations are observed,
measurements should be repeated after a few days. High
levels, in the absence of any other causes, should warrant
immediate referral to a cardiologist.

However, we should note that our recommendations are
currently based on anecdotal evidence and expert opinions.
Multidisciplinary interaction between oncologists and car-
diologists is imperative to develop further insights into the
clinical relevance of elevated troponin levels. Moreover,
there is an urgent need to identify which specific patients
could potentially benefit from troponin surveillance during
ICI treatment.
Conclusion and future perspective

The lack of routine monitoring for cardiac events in
immunotherapy trials has most likely contributed to the
underreporting of ICI-induced cardiotoxicities.77 Although
cardiac irAEs seem rare, they often have a nonspecific
clinical presentation and the potential to cause rapid clinical
deterioration. Hence, there is an urgent need for bio-
markers to predict cardiac irAEs and to identify patients at
risk. Nevertheless, in the absence of robust evidence several
guidelines have already started to recommend baseline and
serial troponin assessment which led to the implementation
of standard laboratory measurements during ICI treatment
in multiple cancer centers.

In fact, both baseline and serial troponin measurements
are widely available and can easily be performed with
routine blood analyses, further making cTn an attractive
biomarker. These blood analyses are considered to be
noninvasive as they are linked to other scheduled blood
tests which are carried out prior to each treatment cycle,
minimizing hospital visits. Altogether, cTn assessment dur-
ing treatment has found its way as a biomarker for cardiac
irAEs in patients treated with ICI.39
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In our opinion, this new approach has led to diagnostic
and therapeutic challenges for both the oncologist and
cardiologist. The detection of increased troponin levels
might lead to a temporary discontinuation of ICI therapy
until further investigations are performed, which may in-
crease the risk of disease progression by withholding life-
saving therapy. Currently, there is no good evidence to
support the recommendation of several guidelines to assess
cTn in all patients receiving ICI therapy. Moreover, inade-
quate steroid use could compromise the prognosis of many
asymptomatic patients receiving ICI therapy even further.
Nevertheless, it should be noted that some patients could
potentially benefit from troponin surveillance, for example,
patients receiving ICI combination therapy or ICIs with other
agents with established toxicities, or with an abnormal
baseline cardiac investigation, or with a previous cardio-
vascular history.

To our knowledge, this is the first review to provide an
overview of studies that investigated troponin levels prior to
and during ICI therapy. Nevertheless, the reported studies
are limited and contain many methodological weaknesses.

In conclusion, the exact role of troponin in the early
diagnosis of myocardial injury as well as in the prediction of
cardiotoxicity among ICI therapy remains unknown. Guide-
lines should be established by both cardiologists and on-
cologists regarding the interpretation of aberrant troponin
levels. However, based on the current evidence, it should be
questioned whether troponin measurements can already be
implemented as a standard of care in all patients treated
with ICIs. Future prospective studies are needed to clarify
the role of troponins in patients receiving ICI therapy and
identify which patients may benefit from troponin
surveillance.
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