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ABSTRACT  
 
 

BACKGROUND: Immune checkpoint inhibitor induced myocarditis is a severe, life-
threatening side effect. Abatacept is a fusion protein binding to costimulatory molecules 
B7 (also known as CD80 and CD86) on antigen presenting cells, blocking interaction with 
CD-28 on T cells, thereby preventing T cell activation, a mechanism in close relation to 
immune induced myocarditis. 
 
OBJECTIVE: To perform a systematic review that gathers all scientific evidence on 
abatacept for the treatment of immune checkpoint inhibitors induced myocarditis.  
 
MATERIAL AND METHODS: An electronic search of published as a research article 
from 2000 to 2022 was performed, limited to English, Spanish and French language, 
following a predefined protocol, in accordance with the PRISMA guidelines.  
 
RESULTS: The search identified 607 records. After screening and eligibility process, 7 
articles were included with a total of 7 patients. 
 
CONCLUSION: Despite scarcity of conclusive evidence, this systematic review provides 
proof of concept that abatacept-induced CTLA-4 activation can reverse immunoreactive 
myocarditis and underscores the need for further research. In the meantime, when faced 
with a case of this nature, abatacept could be a treatment to consider in cases of 
corticosteroid-resistant myocarditis.  

 
Key Words: abatacept, immune checkpoint induced, myocarditis, PD-1 checkpoint 
inhibition, PD-L1 checkpoint inhibition, CTLA-4 checkpoint inhibition.  
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RESUMO 
 
 

INTRODUCIÓN: A miocardite inmuno-mediada por tratamentos con inhibidores de 
puntos de control inmunitarios é un efecto adverso grave e potencialmente letal. O 
abatacept é unha proteína de fusión que se une ás moléculas coestimuladoras B7 (coñecidas 
tamén como CD80 e CD86) nas células presentadoras de antíxenos, bloqueando a 
interacción co CD-28 das células T, e, polo tanto, previndo a súa activación, un mecanismo 
moi relacionado coa miocardite inmuno-mediada. 
 
OBXECTIVO: Realizar unha revisión sistemática que reúna toda a evidencia científica 
sobre o abatacept como tratamento da miocardite inmuno-inducida por tratamentos con 
inhibidores de puntos de control inmunitarios. 
 
MATERIAL E MÉTODOS: Realízase unha busca electrónica da evidencia publicada 
como artigos de investigación dende o 2000 ata o 2022, limitada a inglés, francés e castelán, 
e seguindo un protocolo predeterminado dacordo ás guías PRISMA.  
 
RESULTADOS: Coa busca identificáronse 607 resultados. Tra-lo proceso de selección, 
incluíronse 7 artigos cun total de 7 pacientes. 
 
CONCLUSIÓN: Malia a escaseza de evidencia concluínte, esta revisión sistemática 
proporciona unha proba de concepto sobre que a activación de CTLA-4 inducida polo 
abatacept pode revertir a miocardite inmunoreactiva e salienta a necesidade de 
investigacións adicionais. Entre tanto, ao enfrontar casos desta natureza, o abatacept pode 
ser un tratamento que considerar en casos de resistencia á terapia corticoidea. 
 
Palabras clave: abatacept, inmuno-mediada, miocardite, inhibición do punto de control 
PD-1, inhibición do punto de control PD-L1, inhibición do punto de control CTLA-4. 
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RESUMEN 
 
 
INTRODUCCIÓN: La miocarditis inmuno-mediada por tratamientos con inhibidores de 
puntos de control inmunitarios es un efecto adverso grave y potencialmente letal. El 
abatacept es una proteína de fusión que se une a las moléculas coestimuladoras B7 
(conocidas también como CD80 y CD86) en las células presentadoras de antígenos, 
bloqueando la interacción con CD-28 de las células T, y, por lo tanto, previniendo su 
activación, un mecanismo muy relacionado con la miocarditis inmuno-mediada. 

 
OBJETIVO: Realizar una revisión sistemática que reúna toda la evidencia científica sobre 
el abatacept como tratamiento de la miocarditis inmuno-mediada por tratamientos con 
inhibidores de puntos de control inmunitarios. 
 
MATERIAL Y MÉTODOS: Se realiza una búsqueda electrónica de la evidencia 
publicada como artículos de investigación desde 2000 hasta el 2022, limitada a inglés, 
francés y español, y siguiendo un protocolo predeterminado de acuerdo con las guías 
PRISMA.  
 
RESULTADOS: Con la búsqueda identificaron 607 resultados. Tras el proceso de 
selección, se incluyeron 7 artículos con un total de 7 pacientes. 
 
CONCLUSIÓN: A pesar de la escasez de evidencia concluyente, esta revisión sistemática 
proporciona una prueba de concepto sobre que la activación de CTLA-4 inducida por el 
abatacept puede revertir la miocarditis inmunoreactiva y enfatiza la necesidad de 
investigaciones adicionales. Mientras tanto, al enfrentar casos de esta naturaleza, el 
abatacept puede ser un tratamiento que considerar en casos de resistencia a la terapia con 
corticoides.  
 
Palabras clave: abatacept, inmuno-mediada, miocarditis, inhibición del punto de control 
PD-1, inhibición del punto de control PD-L1, inhibición del punto de control CTLA-4. 
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BACKGROUND 
 
 

Over the last decade, the development of therapies based on immune checkpoint 
inhibitors (ICIs), either as monotherapy or in combination with other systemic treatments 
(mainly chemotherapy), has being a turning point in oncology and has transformed the 
paradigm of cancer treatment as a whole (1). ICIs targeting the Programmed Cell Death Protein-
1 (PD-1) receptor, its ligand (PD-L1), or  the Cytotoxic T-Lymphocyte-Associated Protein 4 
(CTLA-4) receptor, have demonstrated unprecedented efficacy in the treatment of several types 
of tumors, starting with malignant melanoma, and then opening the floor to a wide range of 
neoplasms, including but not limited to non-small-cell lung cancer, head and neck cancer, 
urothelial tumors, renal cancers, Hodgkin lymphoma, to name a but a few (2). 
 

Immune checkpoints are proteins that enable the immune system to maintain self-
tolerance, thus preventing autoimmunity (3). Both CTLA-4 and PD-1 are believed to modulate 
T-cell response, upon reaching the threshold for the purpose for which they were initiated. As 
such, CTLA-4 inhibits the immune response by ceasing T-cell activation once a sufficient 
amount of T cell lymphocyte has been activated by antigen-presenting cells (mainly dendritic 
cells, macrophages or B cell) at early stages (lymph node level). Subsequently, PD-1 activation 
induces apoptosis of activated T lymphocytes (at the peripheral tissue level)  (4). It is precisely 
this down-regulation of T-cell activity that is one of the major pathways utilized by tumors to 
modulate immunogenicity and escape the immune system response (5). Therefore, inhibition 
of these proteins can be expected to induce immune system activation (6) and, consequently, a 
proinflammatory tumor microenvironment, which would improve tumor control.  
 

Nevertheless, in spite of the efficacy and success of ICIs-based cancer therapies, one of 
the major drawbacks of these treatments is the development of significant immune-related 
adverse events (irAEs) due to excessive immune activation. Many of these irAEs are life-
threatening, often involving multiple organs and systems (1,7), leading to treatment 
discontinuation as well as the prescription of long-term immunosuppressive therapies, with 
potential diminished tumor efficacy (7,8). Although many irAEs can be successfully managed 
with corticosteroid therapy or other immunomodulators (8), fatal toxic events do occur with an 
estimated incidence, according to recent studies, of 0.3% to 1.3% (9,10).  
 

Regarding the incidence of irAEs in relation to ICIs types, it should be noted that the 
incidence of irAEs is lower with  PD-1/PD-L1inhibitors compared to anti-CTLA-4 therapies 
(10). In addition, several studies have shown that incidence of irAEs is significantly higher with 
combinations of anti-CTLA-4 and anti-PD-1 as compared with ICI monotherapy (8,10,11), 
Notably, the severity and fatality rates associated with these irAEs also seem to follow the same 
trend (12,13). Similarly, with respect to anti-CTLA-4 monotherapy, the incidence of irAEs –
including global and organ-specific adverse events– varies as a function of drug dosage, with a 
higher incidence with increased doses (9,10).  
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With respect to timing, there is no established timing of irAEs, they can appear at any 

time, with a wide range, including several days after treatment initiation to several months up 
to one year after cessation of ICIs therapy (4,10). Nonetheless, the most frequent ones tend to 
appear during the first 10-12 weeks after treatment initiation (9). An earlier onset of adverse 
events have been observed in combination therapies in comparison with ICI monotherapy 
(10,14), being the median time of onset 14,5 days for combined therapy and 40 for monotherapy 
(10).  
 

As far as cardiac toxicity is concerned, heart immune-related toxicity is a rare 
complication, with a reported incidence up to 1% (8), although this percentage remains 
uncertain. Cardiotoxicity may present with different clinical pictures, including pericarditis, 
arrhythmias, ischemic cardiopathy or tako-tsubo syndrome, to name a few, being myocarditis 
the most common presentation in the reported series (15). These irAEs, although uncommon, 
hold the highest lethality rates (14), being fatal in  between 27% to 46% of  myocarditis  reported 
cases (12).  
 

The mechanism underlying immune-related cardiotoxicity is still not clearly 
understood. Nonetheless, infiltration of CD4+/CD8+ T-cells and macrophages has been 
reported on histological biopsies of patients with ICI-induced myocarditis (16), therefore 
cellular immunity might be considered as the main cause cardiotoxicity (15,16) with no  
humoral immunity implication proved so far, as no specific autoantibodies had been reported 
to be present in the analyzed specimens (12,17).  
 

As mentioned beforehand, both CTLA-4 and PD-1 mediated immune down-regulation 
are pathways used by tumors to avoid immune response (5). Cardiac myocytes are believed to 
utilize these same pathways to induce immune tolerance and prevent T-cell hyperactivation, 
just like tumor cells (16,17), as shown in animal models genetically predisposed due to immune 
checkpoint deficiency (15,16). Therefore, following the same route as antitumoral response, the 
inhibition of CTLA-4 or PD-1/PD-L1 can lead to autoimmunity and appearance of 
cardiotoxicity. 
 

Alternatively, another hypothesis under study is based on the shared antigen theory (18), 
according to which, both myocardium muscle and tumor share a common antigen, which is 
targeted by T cells overactivated by ICIs (8,18). Furthermore, a frequent association between 
myocarditis –cardiac muscle– and myositis –skeletal muscle– has been reported, both immune-
related, whose appearance can occur concomitantly or sequentially. (19) 
 

As aforementioned, despite the fact that myocarditis is a rare complication, it is indeed 
the irAE with highest mortality rates (8,12,14) and, paralleling other immune-related toxicities, 
it appears to be more frequent and lethal in patients receiving combination ICI therapy 
compared with monotherapy (8,12–14,18). The reported overall prevalence of immune-related 
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myocarditis was 1.14% for monotherapy and up to 2.5% for ICIs in combination (two or more). 
(20). Almost one-half of the patients with immune-myocarditis end up developing a major 
adverse cardiac event (MACE), defined as the composite of any of the following: 
cardiovascular death, cardiogenic shock, cardiac arrest, ventricular and atrial arrythmia, and 
hemodynamically significant heart block (20).   
 

Time of onset of myocarditis varies significantly among studies, with a median time 
ranging from 34 to 65 days after ICI initial administration (16,20). However, it can appear  as 
early as the first or second day of the first cycle up to one year after initiation of ICI treatment 
(21). Interestingly enough, some studies agree on an earlier onset in patients treated with ICI 
combination compared to monotherapy (8,16).  
 

ICI induced myocarditis may occur in two forms, a high-grade form with a more 
fulminant course and increased inflammatory cell infiltration, and a low-grade, more indolent 
form, with less degree of inflammatory cell infiltration (22). More severe cases, i.e. fulminant 
myocarditis tend to occur earlier.  

 
As for clinical presentation, non-specific signs and symptoms, including dyspnea, chest 

pain, palpitation and signs of congestive heart failure seem to be the most common clinical 
manifestations (21). Clinical presentation might come from cardiovascular complications as 
arrhythmias, atrioventricular block, myocardial infarction or cardiogenic shock (16,23). 
Regarding diagnosis, the vast majority of patients present troponin elevation (94%) and  
abnormal EKG (89%) (20,21), hence being sensitive but unspecific markers. Curiously enough, 
left-ventricle function was normal in 51% of patients (20), meaning LVFE-measure might not 
be a good diagnostic tool nor a good follow-up strategy.  
 

Diagnosis requires high index of suspicion and should made on the basis of clinical 
manifestations and the performance of additional tests including cardiac biomarkers (troponins, 
CPK, CK, BNP, etc.), ECG, echocardiography, cardiac magnetic resonance (CMR) and/or 
endomyocardial biopsy. CMR is an accurate way for detecting fibrosis, inflammation, edema 
or necrosis (16). The diagnoses should be established applying the new Lake Louise criteria of 
myocarditis (24). 
 

Endomyocardial biopsy (EMB) is considered the gold-standard test (25), showing 
histopathological findings of inflammation and lymphocyte infiltration within the myocardium 
– CD4 and CD8 T-cells mainly (16,20,23). However, due to the invasive nature of this test, it 
is rarely performed.  
 

As far as treatment is concerned, according to SITC and ASCO clinical practice 
guidelines for treatment of irAEs (25,26), first-line treatment for all irAEs include systemic 
corticosteroid administration. In those patients who do not respond to initial treatment, second-
line immunosuppressive agents might be administered. When any irAE is suspected or 
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diagnosed, ICI discontinuation should be considered, and re-challenging could be an option 
provided that toxicity has resolved and always based on a risk-benefit decision (Figure 1). 
 

 
Figure 1. Flow diagram of ICI-related myocarditis diagnosis and treatment. BNP: brain natriuretic peptide; 

ECG: electrocardiogram; ICI: immune checkpoint inhibitor; IV: intravenous; MRI: magnetic resonance imaging. 
 

 
Immune myocarditis follows the same general recommendations as any other irAE, 

nonetheless, upon diagnostic suspicion of myocarditis, and regardless of the degree of toxicity, 
patients should be admitted to hospital, referred to a cardiology specialist and undergo full 
diagnostic testing. As for the treatment itself, early high-dose corticosteroids should be 
administered as soon as diagnosis is likely, as it leads to a lower rate of major adverse cardiac 
events and fatality (16). If signs or symptoms do not respond during the first 24 hours, other 
immunosuppressive therapies, such as ATG (antithymocyte globulin), abatacept, 
mycophenolate mofetil or alemtuzumab, should be considered empirically, owing T-cell 
overactivation as the potential underlying mechanism. Indeed, in cases of myocarditis, 
permanent discontinuation of ICIs should be considered (25,26). 
 

Abatacept is a fusion protein comprised of the extracellular domain of CTLA4 and the 
Fc portion of Immunoglobulin-G (CTLA4-Ig) (27). It binds to costimulatory molecules B7 
(also known as CD80 and CD86) on antigen presenting cells, thus preventing their interaction 
with CD28, and, consequently, T-cell activation. Therefore, abatacept down-regulates the 
immune response by preventing T cell activation (27,28). Abatacept mechanism of action is 
represented in Figure 2. 
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Figure 2. Abatacept mechanism of action. MHC: Major histocompatibility complex; TCR: T-cell receptor. 

 
 
Treatment with abatacept has been shown to be effective in patients with various 

autoinflammatory diseases, including rheumatoid arthritis, and could potentially reverse 
immune checkpoint inhibitors-derived T cell activation. 
 

On account of the similarities between the pathophysiological pathways of ICI-related 
cardiotoxicity and the mechanism of action of abatacept, a potential benefit in the use of this 
drug in immune myocarditis can be hypothesized. Thereby, the main objective of the present 
final degree thesis is to conduct a systematic review in search of published data, to provide 
insight and perspective on the subject.  
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OBJECTIVE 

To perform a systematic review with the purpose of identifying and summarizing all the 
available evidence on abatacept for the treatment of immune-related myocarditis.  

 

MATERIAL AND METHODS 

Articles including immune-related myocarditis treatment with abatacept, either in 
monotherapy or in combination, published as a research article from January 2000 to December 
2022 were scoured. A PROSPERO-LIKE protocol was predesigned and followed during the 
search, in accordance with the “Preferred Reporting Items for Systematic Reviews and Meta-
Analyses” (PRISMA) guideline for systematic review.  Population was defined as immune-
related myocarditis induced by checkpoint inhibitors. Intervention was defined as treatment 
with abatacept, as described in the search and strategy below. 

Immune myocarditis not related to immune checkpoint inhibition was excluded.  

Article selection was accomplished by author of the present graduation work with 
double check with the librarian, supervised by the cotutor. Article selection was restricted to 
English, Spanish and French language.  

 

SEARCH STRATEGY 

An electronically search was conducted in PubMed, Embase, Web of Science for 
articles reporting abatacept AND immune myocarditis AND a combination of broad terms 
related to immune checkpoint inhibition (“anti-PD1” OR “anti-PDL1” OR “anti-CTLA4” OR 
“pembrolizumab” OR “nivolumab” OR “avelumab” OR “atezolizumab” OR “ipilimumab” OR 
“tremelimumab”). Other possible combination of these terms where used. In addition, a 
comprehensive manual search of the Reference section as well as the Appendix section, when 
available, was undertaken.  
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ARTICLE SELECTION 

Inclusion criteria were articles involving abatacept for the treatment of immune 
checkpoint inhibitor induced myocarditis published as research articles between January 2000 
and December 2022 (search criteria are displayed on Table 1). Abstract language selection was 
restricted to English, Spanish and French.  

 

Table 1. Search criteria for the selection process 

 

 

Exclusion criteria were: (i) immune myocarditis not related to checkpoint inhibition, (ii) 
non-myocarditis immune checkpoint toxicity, (iii) immunosuppressant agent other than 
abatacept, (iv) editorials, news articles or commentaries. (v) In the event of multiple 
publications reporting the study or trial, only the most recent data were considered. (vi) 
Preference prospective articles over retrospective review was applied.   

 

DATA EXTRACTION 

After the identification process, the retrieved articles were screened for relevance. Those 
deemed to be potentially eligible were fully evaluated in order to assess the requirements of the 
inclusion criteria. The articles were accepted or rejected based on predefined inclusion and 
exclusion criteria, mentioned above.  

ARTICLE TYPE  RESEARCH ARTICLE, CASE REPORT, RETROSPECTIVE O 
PROSPECTIVE COHORTS, LETTERS.   

Condition or domain being studied ABATACEPT FOR THE TREATMENT OF CHECKPOINT INHIBITOR 
INDUCED-MYOCARDITIS 

Participants/Population 

 

Adult and pediatric population.  

Timeline criteria From January 2000 to December 2021 

Linguistic criteria English, Spanish, French 
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From each included article the following information was extracted, with close attention 
to AMSTAR checklist for systematic review evaluation, including: age, gender, underlying 
autoimmune disease (yes/no; type; severity), cardiac comorbidity (yes/no; type; severity), 
cardiovascular risk factors (smoking habit, hypertension, diabetes, dyslipidemia), lung 
comorbidity (yes/no; type; severity), renal comorbidity (yes/no; type; severity), other 
comorbidities (yes/no; type; severity), tumor type, tumor stage, tumor burden (1 or 2 metastatic 
sites versus > 2 metastatic sites), performance status, prior chemotherapy (yes/no; number of 
lines); prior radiotherapy (yes/no; field location), immune checkpoint employed (drug, 
monotherapy or combination), number of courses delivered, myocarditis associated signs and 
symptoms, myocarditis diagnostic criteria fulfilled, myocarditis diagnostic test performed, 
timing of myocarditis, circulating blood counts, troponin I, NT-proBNP, other serum 
biomarkers performed (autoantibodies, cytokines, HLA genotypes, microRNA, gene 
expression profiling, and serum proteins), myocarditis treatment (corticoid, other 
immunosuppressive treatments, timing), abatacept treatment (dose, schedule, timing), outcome. 
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RESULTS 
 

A search on three major medical and scientific databases articles yielded 607 records, 
through database searching. After identification, 544 were rejected, 424 based on title and 120 
based on publication date. Of the 63 remaining for screening, 53 were excluded either based on 
abstract (21), or for duplication (32). 10 articles were assessed for eligibility, of which 3 were 
rejected after reviewing the article and appendix because of treatment other than the object of 
study (1) or no cases reported (2). Finally, 7 was the total number of articles included after the 
research, whose results are described in the following paragraphs. 

 
Figure 3 represents a diagram of this systematic review, starting with the identification 

of articles, subsequent screening, and assessment for eligibility, with the abstract and research 
articles definitively included meeting all inclusion criteria and none of the exclusion criteria. 

 
 

 
 

Figure 3. FLOWCHART ACCORDING TO PROSPERO-LIKE PROTOCOL (PRISMA GUIDELINES).  

Identification

Screened

Elegibility

Included

Records identified 
through data 
searching: 

N= 607 
 

 
Records screened: 

N= 63 

Full text assessed 
for eligibility: 

N= 10 

 
INCLUDED: 

N= 7 

Excluded: 
N= 544 

Excluded: 
N= 53 

Excluded: 
N= 3 

Based on date: n= 120 
Based on title: n= 424 
 

Based on abstract: n= 21 
For duplication: n= 32 

After reviewing the 
article and appendix  
(N= 3) with reasons: 
2: no cases reported 
1: treatment other than 
abatacept  
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Jespersen et al. (29) reported a case of steroid-refractory ICI-related myocarditis and 
myositis in a metastatic renal cell carcinoma patient (57 years old male), appearing twelve days 
after the first dose combination immunotherapy comprising nivolumab (anti-programmed cell 
death-1) and ipilimumab (anti-cytotoxic T-lymphocyte-associated antigen-4). The patient was 
admitted to the hospital due to pain in the extremities, palpitations, and headache. Laboratory 
findings showed elevated inflammatory markers and cardiac enzymes. Electrocardiogram 
revealed right bundle branch block and first-degree atrioventricular (AV) block which 
developed into complete heart block within 48 h. Despite immediate initiation of 
methylprednisolone, clinical deterioration occurred and abatacept and MMF was added to 
the treatment with progressive improvement and eventual recovery.  
 

Kalapurackal et al. (30) shared a case of ICI-related myocarditis associated to other 
adverse events (pneumonitis and hepatitis) in a 65-years-old male with metastatic melanoma 
who received combination therapy with ipilimumab and nivolumab. Although other adverse 
events occurred 48 hours after the first dose of immunotherapy was administered and in spite 
of being under weaning steroid treatment for previous irAEs, ICI-related myocarditis appeared 
one week later showing chest pain and palpitations. Initial diagnostic steps only revealed 
elevated high-sensitivity troponin-1 and creatine kinase, with normal electrocardiogram and left 
ventricle ejection fraction. A cardiac magnetic resonance performed 24 hours later showed late-
gadolinium enhancement consistent with ICI-myocarditis. Although high-dose steroid and 
mycophenolate were reintroduced, symptoms persisted, cardiac enzymes continued to rise, and 
alterations appeared on both electrocardiogram and echocardiography. Therefore, abatacept 
was added to treatment leading to progressive resolution and patient full recovery.  
 

Nguyen and colleagues (31) described a case of pembrolizumab (anti-PD1)-induced 
myocarditis and concurrent myositis two weeks after first injection for stage IIIA thymoma 
treatment, which had previously been treated with first-line chemotherapy. The 25-year-old 
male patient developed sustained ventricular arrhythmia, and cardiogenic shock requiring 
urgent extracorporeal life support, despite prompt initiation of corticosteroids and 
mycophenolate-mofetil. Abatacept was initiated combined with ruxolitinib and 
methylprednisolone. High doses of abatacept were delivered within the first 10 days 60 mg/kg 
distributed in three doses (20 mg/kg each), followed by two additional doses. Resolution of 
systolic cardiac dysfunction, and ventricular arrhythmias occurred within 7 days, enabling 
discontinuation of immunosuppressive therapies and full recovery after 40 days. Despite further 
tests demonstrated possibility of surgical procedure, the patient refused surgery and was treated 
consequently with chemotherapy.  
 

Ramayya et al. (32) reported a case of a 50-year-old woman with a metastatic cervical 
cancer treated with an ICI plus chemotherapy combination (consisting of etoposide, 
carboplatin, and atezolizumab). The patient developed symptoms 21 days after the start of 
the combination, 42 days after the first dose of atezolizumab, which worsened progressively 
over a month until diagnosis of ICI-myocarditis was stablished based on cardiac magnetic 
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resonance, echocardiography and endomyocardial biopsy. After initiation of high-dose 
methylprednisolone therapy, the patient suffered further hemodynamic deterioration leading 
to a cardiac arrest and needing venoarterial extracorporeal membrane oxygenation. In addition 
to methylprednisolone therapy, abatacept and intravenous immunoglobulin were added to 
treatment leading to progressive improvement and, eventually, recovery. 

 
Salem et al. (33) communicated a nivolumab-related case in a 66-year-old female 

patient diagnosed with metastatic lung cancer. After receiving three doses of nivolumab 
initiated 1 month earlier, the patient developed diplopia, ptosis, and painful paresis affecting 
the proximal muscles. Subsequently, she developed chest pain and electrocardiographic 
repolarization abnormalities, leading to diagnose of myocarditis and concurrent myositis based 
on laboratory findings, cardiac magnetic resonance and muscle biopsy. No recovery was 
observed in spite of methylprednisolone and plasmapheresis, hence abatacept was 
administered. Laboratory abnormalities rapidly resolved, and signs and symptoms of both 
myocarditis and myositis decreased.  

  
Wakefield and colleagues (34) reported a fulminant myocarditis after the first dose of 

adjuvant pembrolizumab for a stage IIIA malignant melanoma in a 55-years-old woman. She 
presented shortness of breath and weakness and laboratory findings showed elevated troponins. 
Symptoms were refractory to high-dose steroids, leading to third-degree heart block and 
ventricular tachycardia which required cardiopulmonary resuscitation and subsequent 
mechanical ventilation. After lack of improvement with intravenous methylprednisolone and 
plasmapheresis, abatacept was initiated for a total of five doses in addition to intravenous 
immunoglobulin. Subsequently, the patient showed symptomatic improvement and recovery 
of cardiac disfunction.  
 

Liu and colleagues (35) shared a case of ICI-induced myocarditis in a 78-year-old 
female patient, treated with pembrolizumab for stage IIIC malignant melanoma. Symptoms 
including dyspnea, dysphagia and muscle weakness started thirty days after the second 
pembrolizumab dose, being diagnosed as myocarditis and neuromuscular complications using 
a combination of clinical, biomarkers and imaging features. Although intravenous high-dose 
methylprednisolone was started, ventricular tachycardia and high-grade heart block 
developed, requiring resuscitation and a temporary pacemaker. Due to lack of symptomatic 
resolution and persistent troponin elevation after corticosteroid weaning regime and addition of 
mycophenolate, abatacept was started, showing improvement of symptoms and slow decrease 
on biomarkers after the second dose. Eventually, corticosteroids and mycophenolate were 
successfully discontinued, although troponins remained persistently elevated. 
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A comparison of patient characteristics, tumor type and oncological treatment of all 
patients included in this systematic review is collected in Table 2.  

 
 

Table 2: comparison of main characteristics of patients, tumor type and treatment of the cases included 
in this review. ICI: immune checkpoint inhibitor.  
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A comparison of treatment administered for immune-related myocarditis, including 
abatacept dosage and schedule, combination therapy and outcome is represented in Table 3. 
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Table 3: comparison of treatment administered for immune-related myocarditis of the cases included in 
this review. MMF: mycophenolate mofetil; IVIG: intravenous immunoglobulin.   
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Table 4 collects data of myocarditis presentation and characteristics, including time of onset, 
symptoms, and other findings, clustered according to whether they received ICI monotherapy 
or a dual ICI agent treatment.  
 

 Monotherapy (n=5) Dual therapy (n=2) 
 

Cancer type, % (n)   
Melanoma 

Lung  
Renal cell 

Cervix 
Thymoma 

40 (2) 
20 (1) 

- 
20 (1) 
20 (1) 

50 (1) 
- 

50 (1) 
- 
- 

Time of onset, days   
Mean 

Range 
28 

[14-42] 
11 

[9-12] 
Symptoms, % (n)   

Chest pain 
Palpitations 

Dyspnea 
Muscle weakness/pain 

60 (3) 
0 

60 (3) 
100 (5) 

50 (1) 
100 (2) 

0 
50 (1) 

Findings on admission, % (n)   
Abnormal ECG 

Biomarkers 
Altered CMR/Echocardiography 

Histology 

40 (2) 
100 (5) 
80 (4) 

40 (2) * Only 2 performed 

50 (1) 
100 (2) 
100 (2) 

Not performed 

Associated myositis, % (n)   
Present 
Absent 

100 (5) 
0 (0) 

50 (1) 
50 (1) 

Table 4: myocarditis presentation characteristics comparison grouped according to ICI regime received 
(monotherapy vs. dual agent therapy). ECG: electrocardiogram; CMR: cardiac magnetic resonance. 

 
  



Iago Lázaro Saiz 

20 
 

DISCUSSION 
 
 

Firstly, scarcity of evidence regarding abatacept as therapy for ICI-associated 
myocarditis should be emphasized and noted deeply, together with the absence of collected 
prospective data and randomized clinical trials. This lack of data hinders the collection of 
conclusive evidence and proved results for future management of myocarditis as an adverse 
event of these increasingly administered oncological therapies.  
 

The current review showed an early timing of fulminant myocarditis, with a mean time 
of onset of twenty-three days [9-42 days]. Immune-related myocarditis appeared sooner on 
those patients receiving combined immunotherapy (n=2), with a mean time of onset of 11 days, 
compared to cases of myocarditis receiving monotherapy (n=5) whose mean time of onset was 
28 days. On those patients receiving monotherapy, all of them were treated with a PD-1/PD-L1 
inhibitor, including pembrolizumab, atezolizumab or nivolumab, whereas the two cases treated 
with a dual immunotherapy targeted both CTLA-4 (ipilimumab) and PD-1 (nivolumab).  
 

These results differ from the ones obtained in a previous study by Ruste et al (36), which 
reported that severe immune-related adverse events tend to appear within a median of forty-one 
days after ICI initiation, being significantly later for non-severe irAEs.  
 

This difference shows a particularly earlier time of presentation of severe myocarditis 
when compared to irAEs affecting other organs or systems, although other studies reported 
wide variations on this behalf. (16,20) 
 

Interestingly, Kalinich et al (37) reported an increased risk of severe irAEs in younger 
patients, suggesting that older age might be a protective factor of severity of irAEs, probably 
due to immune senescence in older patients, use of more cautious and less aggressive 
treatments, lower proportion of combination therapy in elderly… This hypothesis agrees with 
the results obtained in this review, as only two of the patients included (29%) were older than 
65 years old –being the mean age of 57 years old–. 
 

Sex differences have been found in previous studies (38) regarding nature of irAEs, 
reporting that male individuals are more likely to suffer cardiovascular events, whereas women 
seem more prone to have endocrinopathies (39). Our systematic review showed no differences 
between male and female patients.  
 

Previous studies (40) have found a significant association between the use of dual-agent 
immunotherapy and risk of developing a high-grade irAE. The same study showed no 
significant differences regarding other baseline characteristics (including demography, 
previous treatments...), although a strong correlation –yet not statistically significant– was 
reported when analyzing tumor stage, type of cancer (lung cancer) and burden of disease. 
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Further reviews (37,41) show the same directions regarding combination therapy, while 

additional reports (41,42) add more information describing that anti-CTLA4 therapies have a 
higher risk of developing severe irAEs than anti-PD1 or PD-L1. Another study (43) adds 
evidence on this behalf, describing an increased risk on patients who received concomitant or 
previous chemotherapy in addition to ICI therapy.  
 

Contrary to what was mentioned above, all cases included in this review received an ICI 
targeting the PD-1/PD-L1 pathway, either in monotherapy (71%, n=5) or as dual ICI therapy 
(29%, n=2). Nevertheless, neoadjuvant or concomitant chemotherapy had been administered to 
three out of the five patients who received ICI in a monotherapy regime. This means that a total 
of 5 cases (71%) might have had a possible risk factor related to medication history or current 
treatment.  
 

Current evidence (44–46) suggests that irAEs are more frequent on patients with a 
history –either personal or family history– of preexisting autoimmune diseases than in those 
without a previous diagnosis of autoimmunity. Also, ICI therapy has been often reported to 
exacerbate previous autoimmune disorders –mainly rheumatological–, particularly if they were 
active or poorly controlled at treatment start (45,46).   

 
Chennamadhavuni et al (39) observed an increased risk of developing irAEs on patients 

with organ-specific comorbidities –especially cardiac or pulmonary comorbidities–. Pre-
existing lung diseases (COPD, asthma, fibrosis, interstitial lung diseases…) and even smoking, 
were found to predispose to suffer irAE-pneumonitis, whereas cardiovascular risk factors and 
established heart damage (heart failure, myocardial infarction) seem to increase risk for cardiac-
irAEs. On the other hand, underlying kidney disfunction and a sustained eGFR loss was 
associated not only with renal-irAEs, but also any kind of organ-nonspecific irAE. In addition 
to what was already mentioned, other risk factors found on this study were high-BMI –even if 
low metabolic risk– and a poor performance status on the beginning of ICI therapy. 

 
In our review, we could not analyze this data, as previous comorbidities and individual 

risk factors were not universally reported among all cases included. 
 

The same study by Chennamadhavuni et al (39) revealed differences on severity and 
profiles of irAEs depending on histology and tumor burden. Melanoma patients were reported 
to present more gastrointestinal, endocrinological and dermatological adverse events, whereas 
lung cancer and renal cell carcinoma tend to have more lung-related adverse events. 
Interestingly, irAEs in melanoma patients were found to have a later presentation than other 
tumor types. Regarding tumor burden, a higher incidence of irAEs has been observed in patients 
with ≥2 metastatic sites than in those patients with low tumor burden.  
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Our systematic review included three patients with melanoma (43%) and one with each 
of lung cancer, cervical cancer, renal cell carcinoma and thymoma (Figure 4), showing a 
possible increased risk for myocarditis in melanoma patients. It should be noted the thymoma 
case included in this review, since despite of low incidence and rareness of this malignancy, it 
has been found that it might be related with a higher incidence of irAEs –especially myasthenia 
gravis and myocarditis–, probably due to the role that thymus have on modulating immune 
response and preserving immune tolerance (47–49). 

 

 
Figure 4. Cancer type of patients included in this systematic review. 

 
It should be taken into account that certain types of cancer such as lung or breast cancer 

are significantly more likely to have received other oncological treatments than other patients 
like melanoma, including chemotherapy or radiation, which, according to evidence mentioned 
beforehand, might increase risk of overall irAEs.  

 
 As a consequence of all emerging evidence mentioned beforehand, an increased level 
of awareness for irAEs might be needed, especially myocarditis and other potentially lethal 
adverse reactions. Patients’ characteristics, along with tumor and treatment related features 
should be noted for identifying patients with a higher risk of developing any kind of irAE, in 
order to predict, monitor, prevent and institute an early treatment for irAEs in case of 
appearance.  
 

In this review, a strong association between myocarditis and concurrent skeletal muscle 
myositis has been found, as six out of the seven included patients (86%) showed symptoms of 
concurrence, such as muscle pain and weakness or diplopia. In some cases, a skeletal muscle 
biopsy was performed and confirmed diagnosis of myositis.  

 
This finding has been previously reported on other studies (50,51), who outline that the 

presence of concomitant skeletal myositis should raise suspicion of immune related myocarditis 
(52), due to high prevalence of concurrence between these two irAEs. Gürdoğan et al (51) 
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suggested that myositis might precede the evolution of myocarditis and, therefore, might be 
useful as a predictor of this potentially fatal irAEs.  
 

Emerging evidence suggest that irAEs occurrence is predictive of a greater tumor 
response to ICI therapy (45,53,54). Hsiehchen et al (54) demonstrated that patients who develop 
irAEs have more favorable outcomes in terms of tumor objective response, progression free 
survival and overall survival, especially in patients with late onset irAEs (>3 months).  
 

Regarding outcome and efficacy of abatacept as treatment for immune related 
myocarditis in this systematic review, results have shown that it might be an effective 
alternative, since all cases reported a successful (complete or subtotal) resolution in their 
patients. It should be considered that all cases reported in the current study were events of 
corticoid-resistant myocarditis, therefore abatacept might be considered as a worthwhile and 
helpful recourse for this type of patients.  
 

This review showed no uniformity in dosage and schedule of abatacept among the 
studies included. All cases but one required the administration of more than one abatacept dose, 
and 71% (five out of seven case reports) administered up to five intravenous doses. Three of 
the cases used the same posology of abatacept 500mg administered every 2 weeks for a total of 
five doses, whereas another case reported the administration of three doses of abatacept 1000mg 
every three days. The two remaining cases expressed abatacept dosage in mg/kg, and although 
weight of the patient was not reported, total dose would presumably be higher of 500mg. 
Schedule of administration and dosage of abatacept is represented on Figure 5. 
 

 
Figure 5. Dosage and schedule of abatacept administration of the cases included in this review. 
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The use of other immunosuppressive agents –other than corticosteroid–, also showed no 
concordance between case reports (Figure 6). Only one of them used abatacept as monotherapy 
for immunosuppression, while the rest administered a combined treatment. In four cases, 
mycophenolate was administered, and one of which received also ruxolitinib, conforming a 
triple therapy. The two remaining cases combined abatacept and IVIG. 
 

 
Figure 6. Immunosuppressive agents other than corticosteroid administered on patients included in this 

review. MMF: mycophenolate mofetil; IVIG: intravenous immunoglobulins. 
 
 

Several investigations have studied the possibility of an increased risk of malignancies 
or malignancy progression associated with the use of biological immunosuppressive agents, 
including abatacept, reaching no consensus among them. Some studies reported that these 
biological therapies –used mainly in rheumatological diseases– do not seem to increase overall 
risk of developing cancer in patients receiving these treatments (55,56) and suggested that 
association may be casual.   
 

Nevertheless, more recent studies by Montastruc et al (57) and Simon et al (58) reported 
a small but statistically significant increased risk of developing malignancies on patients 
initiating abatacept –for rheumatoid arthritis– compared to those patients initiating other 
biological therapies. These results might occur due to abatacept mechanism of action –CTLA-
4 analogue– modulating immune system activity, leading to weakened antitumor response and 
probable tumor progression.  
 

However, it should be strongly considered that these studies focus on long-term 
therapies with immunosuppressive agents for treatment of rheumatologic diseases and might 
not be accurately applicable and valid when these therapies are used promptly as treatment of 
an acute event. There is no evidence regarding abatacept used in a shorter schedule in patients 
with stablished cancer under oncological treatment.  
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In the current systematic review, three cases reported no recurrence of disease after 
abatacept administration and ICI permanent discontinuation, while two cases reported disease 
progression (Figure 7). This data is not consistent enough to reach any conclusion about 
abatacept safety. Nevertheless, and due to lack of evidence so far, it seems reasonable to suggest 
that abatacept might be only considered an option in cases of very severe, corticoid-resistant or 
refractory myocarditis, whereas lower grade events might be managed –if possible– with 
corticosteroid therapy.  
 

 
Figure 7. Tumor recurrence or progression on the cases included in this review. 

 
 

All cases selected in this systematic review reported a permanent ICI discontinuation 
after appearance of immune-related myocarditis. These results agree with recommendations of 
current SITC and ASCO guidelines (25,26), which suggest a permanent ICI termination for any 
grade of cardiac toxicity, due to high mortality rate and severity.  
 

Allouchery et al (59) performed a review about safety of ICI resumption after irAEs, 
which showed that almost half of the patients –46%– who resumed ICI therapy after an adverse 
event reported recurrence of any irAE, often different and no more severe than the one reported 
in first place. Heterogenous results were observed when attending differences on severity and 
organ or system involved on the first irAE. This study suggests, accordingly to the current 
guidelines and recommendations, that ICI should be permanently discontinued in cases of 
cardiac toxicity or another grade 4 or potentially fatal irAEs. It suggests a different attitude on 
cases of less severe irAEs, always after a careful assessment of the benefit/risk ratio, the 
oncologic situation and patient’s motivation. 
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CONCLUSION  

Myocarditis is an uncommon although highly hazardous complication of ICIs which 
pathophysiology comprehension is crucial to provide an accurate diagnosis and therapy, as well 
as adequate prevention from cardiac adverse toxicities that impede the continuation of the 
cancer treatment, not to mention compromised efficacy. A need of increased awareness of 
immune related myocarditis must be raised among oncologists and other physicians in order to 
come up with an adequate strategy of prevention, diagnosis and treatment of this potentially 
lethal adverse event.  
 

The treatment of myocarditis remains uncertain following the failure of high-dose 
glucocorticoids, which appear to be of little benefit in the event of MACE. Current oncological 
guidelines recommend the use of other immunosuppressive agents in cases of corticoid-
resistant or severe myocarditis. On this behalf, data on the efficacy of treatment with abatacept 
(a CTLA-4 fusion protein that elicits global T-cell anergy) in this setting are scarce and based 
on a handful of case reports, with an absence of prospective studies or randomized trials. 
However, based on the mechanism of action and reported results, abatacept appears to have 
passed the proof of concept. These results need to be validated through multicenter 
collaborative efforts due to the rarity, albeit extremely serious, of these side effects, as well as 
to establish the optimal dose, schedule and combination of treatment.  
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APPENDIX 
Prospero-like protocol according to PRISMA guidelines 

 
ADMINISTRATIVE INFORMATION  

Tittle Abatacept for the treatment of immune checkpoint inhibitor induced 
myocarditis, a systematic review. 

Registration  The protocol of this systematic review will not be recorded.  

Authors  Iago Lázaro Saiz supervised by the cotutor, María José Villanueva Silva.  

INTRODUCCTION  

Rationale  Abatacept is a fusion protein binding to costimulatory molecules B7 (also 
known as CD80 and CD86) on antigen presenting cells, blocking interaction 
with CD-28 on T cells, thereby preventing T cell activation. Treatment with 
Abatacept has been shown to be effective in patients with various 
autoinflammatory diseases, including rheumatoid arthritis and could 
potentially reverse immune Checkpoint inhibitors-derived T cell activation. 
 

Objectives  To perform a systematic review that gathers all scientific evidence on 
Abatacept for the treatment of immune checkpoint inhibitors induced 
myocarditis. 
 

METHODS 

Eligibility criteria  Inclusion criteria published articles on abatacept for the treatment of 
immune checkpoint induced myocarditis between January 2000 and 
December 2022. There will be abstract language restriction to English, 
Spanish and French publications.  
 

Information sources  An electronically search will be performed in PubMed, Embase, Web of 
Science. 
 

Search strategy  Search strategy will include a combination of broad terms related to 
abatacept AND immune myocarditis AND a combination of broad terms 
related to immune checkpoint inhibition (“anti-PD1” OR “AntiPDL-1” OR 
“AntiCTLA-4” OR “pembrolizumab” OR “nivolumab” OR “avelumab” OR 
“atezolizumab” OR “ipilimumab”. In addition, a comprehensive manual 
search of the Reference section as well as the Appendix section, when 
available, is meant to be undertaken.  
 

Exclusion criteria  (i) immune myocarditis not related to checkpoint inhibition (ii) non-
myocarditis immune checkpoint toxicity, (iv) immunosuppressor agent other 
than abatacept, (v) letters, editorials, news articles or commentaries (vi) In 
the event of multiple publications reporting the study or trial, only the most 
recent data were considered (vii) Preference prospective articles over 
retrospective review was applied.   
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DATA 

Data items  From each included article the following information was extracted, with 
close attention to AMSTAR checklist for systematic review evaluation, 
including: age, gender, underlying autoimmune disease (yes/no; type; 
severity), cardiac comorbidity (yes/no; type; severity), cardiovascular risk 
factors (smoking habit, hypertension, diabetes, dyslipidemia), lung 
comorbidity (yes/no; type; severity), renal comorbidity (yes/no; type; 
severity), other comorbidities (yes/no; type; severity), tumor type, tumor 
stage, tumor burden (1 or 2 metastatic sites versus > 2 metastatic sites), 
performance status, prior chemotherapy (yes/no; number of lines); prior 
radiotherapy (yes/no; field location), immune checkpoint employed (drug, 
monotherapy or combination), number of courses delivered, myocarditis 
associated signs and symptoms, myocarditis diagnostic criteria fulfilled, 
myocarditis diagnostic test performed, timing of myocarditis, circulating 
blood counts, troponin I, NT-proBNP, other serum biomarkers performed 
(autoantibodies, cytokines, HLA genotypes, microRNA, gene expression 
profiling, and serum proteins), myocarditis treatment (corticoid, other 
immunosuppressor treatments, timing), abatacept treatment (dose, 
schedule, timing), outcome. 

 
 

 


