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Editorial 

Evolving cardiac biomarkers for immune checkpoint inhibitor related myocarditis in 
cancer patients 

Immune Checkpoint Inhibitors (ICIs) have emerged as a leading 
cancer treatment modality over the last decade. Licensed ICIs in clinical 
practice work by targeting and inhibiting negative immune regulation 
receptors found on immune cells such as programmed cell death 1 (PD- 
1), programmed death-ligand 1 (PDL-1), cytotoxic T-lymphocyte-asso
ciated protein 4 (CTLA-4). When ICIs inhibit these checkpoints, it acti
vates the immune system to recognise and kill tumour cells (Fig. 1). 
Agents licensed and used widely in the UK include inhibitors of PD-1 
(Nivolumab, Pembrolizumab, Cemiplimab), PDL-1 (Atezolizumab, 
Durvalumab, Avelumab) and CTLA-4 (Ipilimumab). These agents have 
been used in various treatment settings i.e. metastatic, adjuvant and 
neoadjuvant and across a wide spectrum of solid tumours [1]. The most 
recent, but not yet extensively utilised, is Relatlimab, a lymphocyte- 
activation gene 3 (LAG3) inhibitor [2]. 

Considering the broad range of processes impacted by the immune 
system, immune related adverse events (IRAEs) are inevitable. Moderate 
to severe toxicity (CTCAE grade 3 or 4) occur in 19–58 % patients 
receiving ICI [3]. The toxicities depend upon the type of ICI and whether 
it is used as a single agent or in combination with another ICI, chemo
therapy, or targeted agent [4]. 

ICI related cardiovascular toxicities are a wide group of conditions 
(arrhythmia, non-inflammatory left ventricular dysfunction, ischaemic 
heart disease, new pulmonary artery hypertension) also having the po
tential to result in immune-related adverse cardiac events, such as 
myocarditis, pericarditis, and vasculitis [5]. 

ICIRM is often associated with myasthenia gravis-like syndrome and 
concurrent myositis [6]. Whilst rare, the consequences can be life 
threatening and must therefore be promptly investigated and treated 
aggressively. The commonest and most serious of these is ICI related 
myocarditis (ICIRM), with the reported incidence of severe cases being 
in the range of 0.04–1.14 %. and potentially a high mortality rates if left 
untreated i.e. 25–50 % [4]. Recent international guidelines from the 
European Society of Cardiology (ESC) and the European Society of 
Medical Oncology (ESMO) both recommend immediate treatment with 
high dose intravenous steroids when ICIRM is diagnosed [7]. Prompt 
recognition of ICIRM is recommended and remains an unmet clinical 
need. Underdiagnosis leads to delay or absence of appropriate therapy 
for ICIRM and its complications. Clarity over the diagnosis is important 
as the diagnosis of ICIRM usually results in the permanent cessation of 
ICI treatment and potentially adversely impacting cancer prognosis [4]. 

In 2022, the International Cardio-Oncology Society (ICOS) published 
criteria for the diagnosis of ICIRM [8]. The definition of ICIRM is based 
on pathohistological findings i.e. “multifocal inflammatory cell in
filtrates with overt cardiomyocyte loss by light microscopy”, or cardiac 

troponin elevation associated with 1 major criterion (cardiac MRI – CMR 
modified diagnostic Lake Louise criteria) or with 2 minor criteria after 
excluding acute coronary syndrome or acute infectious myocarditis [9]. 
The five minor criteria include the “clinical syndrome”, ventricular 
arrhythmia +/− new conduction disease, decline in systolic function 
+/− regional wall motion abnormalities (non Takotsubo pattern), other 
IRAEs (myositis, myopathies) and “suggestive CMR” [10]. 

Myocarditis is characterised by inflammatory cell infiltration into 
the myocardium and is diagnosed using histological and immunological 
criteria. Inflammatory cardiomyopathy is defined as myocarditis asso
ciated with cardiac dysfunction. The molecular basis of ICIRM is not 
fully understood. One of the proposed explanations is that ICIs clonally 
reactivate CD8+ T-cells that target tumour-specific ligands such as a- 
myosin, so called ’self-antigens’ which are also expressed in heart and 
peripheral muscles leading to T lymphocytic infiltration into the 
myocardium (Fig. 2). The release of pro-inflammatory cytokines from T- 
cells may also cause further myocardial injury [11]. This would suggest 
that perhaps multiple agents to target both T cell receptors and the 
cytokine tumour microenvironment, may be more effective in treating 
fulminant myocarditis. 

ICIRM can present with or without left ventricular impairment, with 
a normal ejection fraction not ruling out ICIRM. Inflammatory infiltrates 
affecting the conduction system can increase risk of arrythmias 
including heart block, atrial fibrillation, ventricular arrythmias. The 
mechanism in which cardiac function decreases after ICI is still a matter 
of ongoing research. Gergely et al. found that anti-PD-1 therapy reduced 
cardiac function in C57BL/6L mice without prominent myocardial im
mune cell infiltration, but rather by increasing IL-17 signalling in the 
thymus [12]. 

New approaches using cardiac biomarkers offer clinicians a practical 
method to diagnose, screen and monitor for myocarditis in patients 
receiving ICI therapy, enabling surveillance throughout the treatment 
process. Table 1 provides a summary of strengths and weaknesses of the 
biomarkers associated with ICI myocarditis. A recent single-centre, 
observational study by Vasbinder et al. consisted of 2606 adult pa
tients who had received at least one dose of an ICI between June 2014 
and December 2021 [13]. Among them, 27 individuals (1 %) were 
diagnosed with ICIRM. Patients with CMR confirmed myocarditis had 
increased levels of troponin T, creatine phosphokinase (CPK), AST, ALT 
and LDH, with 95 % of myocarditis patients displaying elevated levels in 
at least three of those biomarkers. They identified a significant corre
lation between elevated CPK levels and the risk of developing myocar
ditis i.e. for each doubling in CPK from baseline, there was an 83 % 
increase in the likelihood of developing myocarditis [13]. 
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In contrast, there were cases in whom the CPK was normal but other 
biomarkers were elevated [13]. This would imply that CPK is a good 
positive predictive marker and a potential indicator for severity, 
although a less efficient negative predictor. In cases where CPK did not 
rise, myocarditis may have been underdiagnosed [13]. Moreover, this 
was a retrospective study, which has its own limitations. Troponin T is 
less cardiac specific than troponin I, particularly if CK is elevated as 
troponin T could reflect myositis and not myocarditis. The study also 
raises questions as to whether the observed increases are specifically 
attributable to the ICI treatment or reflective of pre-existing chronic 
changes. 

Multiple studies and international guidelines have indicated the need 
for routine cardiac evaluation to include tests for B-type natriuretic 
peptide (BNP) or N-terminal pro-B-type natriuretic peptide 
(NT–proBNP), cardiac troponin and an ECG before commencing ICI 
therapy and during the initial 1–4 cycles or up to 12 weeks of treatment 

[14–16]. 
Cardiac troponins are both sensitive and specific for myocardial 

injury, and in cases in whom myocardial ischaemia is suspected, coro
nary angiography is advised. Cardiac troponin I is specific to myocardial 
injury whereas cardiac troponin T can be increased by both myocardial 
and skeletal muscle injury, and plasma troponin T levels are also higher 
in patients with chronic kidney disease. A case-control study by Mah
mood et al. showed that troponin was increased in 94 % of patients with 
ICI-induced myocarditis, and BNP or NT-proBNP was elevated in 66 % of 
cases [17]. It also demonstrated that echocardiography was not partic
ularly informative. In cancer patients, NT-proBNP may also be elevated 
due to inflammation [18]. A review of reported clinical cases by Zotova 
et al. had shown that troponin (I or T not specified) was elevated in 93.9 
% of cases and CK/CK-MB elevated in 93.7 % of cases [19]. In these 
cases, several patients suspected of having acute coronary syndrome had 
a normal coronary angiogram. In a minority of ICIRM cases, cardiac 
biomarkers may still be normal e.g., clinically suspected cases who are 
troponin negative but have cardiac imaging showing inflammation and 
where endomyocardial biopsy confirmed myocarditis [17–19]. The 
primary confirmatory diagnostic test in these patients i.e., CMR may be 
negative in 50 % of patients with ICIRM [20]. 

A recent prospective cohort study by Lehmann et al. analysed the 
diagnostic accuracy and prognostic performances of three cardiac bio
markers: troponin T, troponin I and CK in 60 patients with ICIRM [21]. 
Troponin T was found to be a highly sensitive biomarker for ICI 
myocarditis and prediction of major adverse cardiovascular events 
(MACE), compared to cTnI and CK [21]. Patients with a troponin T level 
less than 32 times the upper limit within 72 h of ICIRM diagnosis had a 
lower risk for MACE, although concomitant ICI myositis may also cause 
raised troponin T [21]. This data contrasts guidelines recommending 
cTnI [22]. 

Elevated troponin levels and an ECG showing advanced conduction 
disease have been linked to higher disease severity and increased mor
tality rates [23,24]. In addition to blood-based biomarkers and ECG, 
using other diagnostic tools such as CMR, echocardiography and prompt 
treatment with high-dose steroids has shown promising clinical out
comes, with a study by Andres et al. reporting zero cardiovascular 
mortality over 200 days of follow-up [25,26]. A multicentre registry 
study by Dal’bo et al. noted that pre-existing conventional cardiovas
cular risk factors such as smoking and hypertension predisposed patients 
to ICIRM [27]. However, the reported associations were based on a 

Fig. 1. The interactions between PD-1, PD-L1 and CTLA-4 and B7 inhibits T cell proliferation, clonal expansion, cytokine production and consequently tumour cell 
killing. The blocking of CTLA-4, PD-1 and PD-L1 results in T cell activation and T cell mediated killing of tumour cells. Majority of tumour cells over-express a ligand 
e.g., PD-L1. ICIs include antibodies against for example PD-1 (nivolumab, pembrolizumab) or PD-L1 (Atezolizumab) which prevents these interactions and cause a T- 
cell reaction against these tumours. 

Fig. 2. The immune responses are not tumour-specific and affect the myocar
dium by causing autoimmune lymphocytic myocarditis through disruption of 
immune tolerance which is usually achieved through the presence of the PD-1/ 
PD-L1 inhibitory pathway. 
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univariate analysis and that the absence of these factors does not prevent 
the occurrence of cardiotoxicity. 

Due to the rarity of ICIRM, most current evidence are derived from 
small case series, retrospective studies, registries, and case reports 
[28,29]. To consolidate the current recommendations, large-scale clin
ical trials are advised, although it is challenging to conduct randomised 
controlled studies in this rare and complex clinical scenario. Researchers 
may be able to use experimental animal models to examine ICIRM in- 
depth and discover novel biomarkers which could lead to the early 
diagnosis of this condition. Abatacept has been shown in case reports 
and animal studies to be effective in treating ICIRM [30]. The ongoing 
ATRIUM study is a double-blind placebo-controlled trial where 390 
patients hospitalised with ICIRM will be randomised to abatacept or 
placebo. Participants will be followed up for MACE [31]. 

Zhu et al. was a large-scale study that identified immune subsets 
associated with ICI myocarditis by performing time-of-flight mass 
cytometry on peripheral blood immune cells [32]. Confirmed by 
cytometry by time of flight and RNA sequencing, the study showed a 
significant increase in clonal Temra CD8+ cells in the blood of patients 
with ICIRM. In turn, Temra CD8+ cells exhibited increased expression of 
heart-tropic chemokines: CCL5, CCL4, and CCL4L2. Implications of the 
study include Temra CD8+ cells as a potential disease biomarker for 
ICIRM and heart-tropic chemokines expressed by Temra CD8+ cells as 
important therapeutic targets for ICIRM prevention and treatment.A 
better understanding of the relationship between ICI therapy and 
myocarditis, particularly at the molecular level, could help create new 
therapeutic strategies to safely diagnose and manage ICIRM. As the use 
of ICI increases, understanding how to monitor for ICIRM becomes even 
more relevant. Patients, commenced on ICIs should undergo baseline 
cardiac biomarker assessment, and if increased levels are detected the 
aetiology of the cardiac injury should be determined. This may identify 
groups more prone to developing ICI myocarditis e.g., those with cor
onary artery disease. 

ICIRM co-occurs with other immunotherapy related adverse events 
and represents an infrequent but serious complication of cancer immu
notherapy. Clinicians must exercise caution when utilising biomarkers 
to detect ICIRM, as there is not a single, completely reliable biomarker 
that definitively confirms the presence of this disease. Increased cardiac 
biomarkers during cancer treatment should be interpreted by the 
oncology and cardio-oncology team in the clinical setting and not 
immediately lead to stopping the evidence-based cancer therapy. Car
diac and noncardiac biomarkers serve as useful screening tools for the 
detection of ICIRM. Clinicians should monitor patients on ICIs regularly 
for non-cardiac biomarkers, which can prompt evaluation of sensitive 
cardiac markers. Elevations in these biomarkers correlate well with the 
diagnosis of myocarditis and should prompt more frequent cardiac 
monitoring and further investigation, initiation of cardioprotective 
treatment whilst minimising disruption to treatment. However, the 
optimal timing of biomarker measurements remains a topic of debate. 
The timing and frequency of assessing biomarkers should be tailored for 
each specific biomarker. Further research is needed to involve a variety 
of biomarkers, including novel biomarkers, to confirm their clinical 
utility and validate data in larger patient sets. 

There is an unmet need for iterative elaboration of guidelines created 
by interdisciplinary teams composed of cardiologists, oncologists, and 
immunologists. This is to guide the interpretation of abnormal 
biomarker results in patients receiving ICI therapy, improve our un
derstanding, and help identify sets of patients who may benefit from 
biomarker surveillance. 
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Table 1 
Strengths and weaknesses of Cardiac Biomarkers for ICI Related Myocarditis.  

Biomarkers Strengths Weaknesses 

Troponin-I High sensitivity 
Early increase to peak levels within 
hours of initial presentation. Good 
for early diagnosis. 
Widely available 

Can indicate myocardial 
injury from other causes e.g. 
ACS 
Macrotroponins can cause 
false positive troponin 
measurements 
Confounders e.g. renal 
function may complicate 
interpretationLow specificity 

Troponin- T High sensitivity 
Peak within days after initial 
presentation, increase persist for 
months. Good for late diagnosis. 
Stronger prognosticator for MACE 
compared to troponin I and CK 

Can indicate myocardial 
injury from other causes e.g. 
ACS 
Less available than Tropinin I 
Macrotroponins can cause 
false positive troponin 
measurements 
Confounders e.g. renal func- 
tion may complicate inter- 
pretationLow specificity 

Creatinine 
kinase 

High sensitivityEarly increase to 
peak levels within hours of initial 
presentation. Good for early 
diagnosis. 

Low specificity 

Natriuretic 
peptides 

Widely availableHigh sensitivity Low specificity e.g. can be 
increased in supraventricular 
arrhythmias 

CK-MB Widely available 
Early increase 
Shorter time courseMore specific 
for myocardial damage than CK 

Low sensitivity 

AST High sensitivity 
Routinely measured 
Can be helpful with detecting ICI- 
induced hepatotoxicityElevated in 
ICIRM 

Low specificity 

ALP High sensitivity 
Routinely measured 
Can be helpful with detecting ICI- 
induced hepatotoxicityElevated in 
ICIRM 

Low specificity 

CPK High sensitivity for acute 
myocarditis 
Moderate specificity 
Early increase to peak levels within 
hours of initial presentation, thus 
providing early indication for 
development of myocarditis 
Routinely measured 
Associated with rapid decline 
following initiation of 
immunosuppressive treatment, 
therefore useful to monitor 
effectiveness of treatmentElevated 
in ICIRM 

Decreases rapidly with acute 
episodes 

LDH Routinely measuredMarkedly 
elevated in ICIRM 

Low specificity  
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