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Background and Objective: Immune checkpoint inhibitors (ICIs) have become one of the cornerstones 
of current oncology treatment, and immune checkpoint inhibitor-related myocarditis (IRM) is the most 
fatal of all immune checkpoint inhibitor-related adverse events (irAEs). Methylprednisolone pulse therapy  
(500–1,000 mg/day) is the initial treatment for IRM recommended by almost all relevant guidelines. 
However, subsequent treatment regimens remain unclear for patients who do not respond to 
methylprednisolone pulse therapy (who are defined as steroid-refractory patients). We propose a potential 
treatment approach for steroid-refractory IRM.
Methods: The PubMed and the Cochrane Library databases were searched using keywords related to IRM. 
Relevant English-language articles published from January 2000 to February 2024 were included in this 
narrative review.
Key Content and Findings: Abatacept is the preferred choice for the treatment of isolated steroid-
refractory IRM. For rapidly progressive or interleukin-6 abnormally elevated steroid-refractory IRM, 
alemtuzumab or tocilizumab/tofacitinib are the preferred therapeutic agents, respectively. For steroid-
refractory IRM comorbid with myositis or comorbid with myasthenia gravis, abatacept + ruxolitinib/
mycophenolate mofetil (MMF)/intravenous immunoglobulin (IVIG), or MMF + pyridostigmine/IVIG are 
the preferred therapeutic agents, respectively.
Conclusions: The pathogenesis of steroid-refractory IRM and the treatment regimen remain unclear. A 
large number of studies need to be conducted to validate or update our proposed treatment approach.
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Introduction

Background

Immune checkpoint inhibitors (ICIs) have revolutionized 
the treatment of most major tumor types. As of June 30, 

2022, nine and 15 ICIs had been approved for 86 and 58 
indications in the United States and China, involving 20 and 
14 types of tumors, respectively (1). Unlike chemotherapy, 
targeted therapy, and other immunotherapy agents, the 
mechanism of action of ICIs is to block the programmed 
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death 1/programmed death ligand 1/cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4) in T-lymphocytes, thus 
enhancing anti-tumor effects of T-lymphocytes (2). However, 
once self-immune tolerance is broken, immune checkpoint 
inhibitor-related adverse events (irAEs) may occur and affect 
all organs and systems (3). Among irAEs, immune checkpoint 
inhibitor-related myocarditis (IRM) is rare but has the 
highest mortality rate (4). A meta-analysis of 91 clinical trials 
showed that the incidence of grade 1–5 IRM was 0.35% 
(43/12,270) (5). A retrospective study of 33 cancer centers 
across China reported that the mortality rate of IRM was 
61.5% (32/52) (6). However, in a prospective clinical trial, 
the incidence of suspected myocarditis was reported to be 
10.3% (13/126) without fatal events (7). These findings 
indicate that the prevalence of IRM in the real world may 
be higher than previously estimated. This discrepancy may 
be attributed, in part, to the fact that the diagnostic criteria 
for IRM differ from those for traditional myocarditis. In 
particular, the initial symptoms of IRM may be myositis-
related, including myalgia, myasthenia, ptosis, and muscle 
weakness (8). Early detection and adequate treatment of 
IRM are critical to improving prognosis (7). To date, no 
studies have been conducted on the incidence of steroid-
refractory IRM (defined as patients who do not respond 
to methylprednisolone 500–1,000 mg/day pulse therapy). 
A single-center, case series enrolled 24 patients with 
confirmed IRM, of whom 67% (16/24) were corticosteroid-
resistant, which suggests that the incidence of steroid-
refractory IRM in the real world may not be low (9).

Rationale and knowledge gaps

In the last four years, the National Comprehensive 
Cancer Network (NCCN) (10), the European Society 
of Cardiology (ESC)/European Hematology Association 
(EHA)/European Society for Therapeutic Radiology and 
Oncology (ESTRO)/International Cardio-Oncology 
Society (IC-OS) (11), the European Society for Medical 
Oncology (ESMO) (12), The American Society of 
Clinical Oncology (ASCO) (13), and the Society for 
Immunotherapy of Cancer (SITC) (14) have published 
guidelines for the treatment of IRM. Methylprednisolone 
pulse therapy (500–1,000 mg/day) is the initial treatment 
for IRM recommended by almost all the guidelines 
mentioned above. However, for steroid-refractory IRM 
patients, the subsequent treatment approach remains 
unclear. Multicenter survey results highlight the current 
confusion among clinicians on this issue (15). In addition, 

most oncologists are unfamiliar with the mechanism of 
action, adverse reactions, and contraindications of the 
therapeutic agents used to treat steroid-refractory IRM. To 
the best of our knowledge, there is no published narrative 
review focusing on steroid-refractory IRM after receiving  
500–1,000 mg of methylprednisolone.

Objective

In this study, we sought to propose a potential treatment 
approach and review the details of current therapeutic 
agents used to treat steroid-refractory IRM based on 
the literature published to date. We present this article 
in accordance with the Narrative Review reporting 
checklist (available at https://cdt.amegroups.com/article/
view/10.21037/cdt-24-114/rc).

Methods

To conduct this narrative review, a search was conducted 
in the PubMed and Cochrane Library databases to retrieve 
clinical trials, meta-analyses, case reports, and case series 
published in peer-reviewed journals between January 2000 
and February 2024. The search strategy details are provided 
in Table 1 and the terms used for the search are listed in  
Table S1. A total of 582 articles were reviewed by two senior 
authors based on their abstracts. Ultimately, 45 case reports 
and case series met the inclusion criteria for this article.

Discussion

Initial treatment of IRM

The most recent IRM guidelines from the ESC/EHA/
ESTRO/IC-OS and the ESMO recommend pulse 
doses of methylprednisolone (500–1,000 mg/day) for 
the initial treatment of IRM (Table 2). Notably, the 
NCCN and SITC guidelines recommend 1,000 mg/day  
of methylprednisolone. While the ASCO guidelines 
recommend 1–2 mg/kg/day of prednisone and increasing 
the dose to 1,000 mg if the patient does not respond 
immediately, but this approach may only be appropriate for 
patients with subclinical IRM (16) or for those who are 
prescribed glucocorticoid combine with a pacemaker for 
IRM and who do not have abnormal myocardial contrast 
echocardiography or transthoracic echocardiography 
results (17). Given the potential for rapid deterioration 
of IRM, methylprednisolone pulse therapy should be 

https://cdt.amegroups.com/article/view/10.21037/cdt-24-114/rc
https://cdt.amegroups.com/article/view/10.21037/cdt-24-114/rc
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considered for all patients with clinical symptoms, especially 
those with atrioventricular block, and methylprednisolone 
pulse therapy may lead to recovery in this group of patients 
without the implantation of a permanent pacemaker (18-20).  
Compared with low-dose corticosteroids (<60 mg/day), 
high dose (501–1,000 mg/day of methylprednisolone or 
an equivalent) is associated with a 73% lower risk of major 
adverse cardiac events independent of age, sex, lowest left 
ventricular ejection fraction, and the time of initiation 
(hazard ratio: 0.27, 95% confidence interval: 0.09–0.84; 
P=0.024) (21).

Definition of steroid-resistant IRM

Currently, there are no prospective clinical trials or meta-
analyses available to formulate a treatment plan for patients 
with steroid-refractory IRM. In some cases, the initial 
steroid therapy dose for IRM may be insufficient, and thus  
ineffective (22). Thus, we define steroid-refractory IRM as 
patients who had a poor or worsening response despite the 
administration of steroid-pulse therapy of 500–1,000 mg/day.  
Table 3 lists all patients with steroid-refractory IRM to 
date. In total, 50 cases were included in the discussion, of 
which 26 were recovered, 10 patients eventually died, 10 were 
clinically improved but not recovered, 2 were transferred 
to hospice care, and 2 did not report outcomes. Seven of 
the 10 patients who died provided a timeline with a median 
time from initiation of other immunosuppressive agents to 
death of 39 days (range, 6–124 days). Abatacept was used in  
10 patients, alemtuzumab in 1, anti-thymocyte globulin (ATG) 
in 5, infliximab in 7, intravenous immunoglobulin (IVIG) in 
23, methotrexate in 1, mycophenolate mofetil (MMF) in 23, 
tocilizumab in 2, and tofacitinib in 6, respectively.

Mechanisms of steroid-refractory IRM

The precise mechanism of IRM remains elusive, and 
potential mechanisms may include patients’ primary 
resistance to glucocorticoids and immunosuppressive 
agents, which may not fully account for the full range 
of IRM mechanisms. The main cause of glucocorticoid 
resistance is the perturbation of the glucocorticoid receptor 
alpha functional pool (68). Glucocorticoid receptor beta 
isoform overexpression may be used as a biomarker for 
steroid-refractory IRM (69). The cause of glucocorticoid 
refractory IRM may be related to the inability of 
glucocorticoids to cover all potential mediators of the IRM 
(Table 4). The mechanisms of IRM have not yet been well 
characterized, but the current potential etiologies include 
the cellular mediators, the participating molecular signals 
and soluble factors (such as cytokines and chemokines), and 
T cell receptor clonality and specificity (70). Glucocorticoid 
can act directly on cluster of differentiation (CD)8+ T cells, 
CD4+ T cells, and macrophages, but its direct effect on 
B-lymphocytes and dendritic cells is weak (71). In addition, 
glucocorticoid does not directly inhibit cytokines, such as 
interleukin 6 (IL-6), tumor necrosis factor alpha (TNF-α), 
and interferon gamma (IFN-γ) (71). The adverse effects of 
pulse glucocorticoid therapy include cardiac arrhythmias, 
circulatory collapse, and cardiac arrest, which may lead to 
the misdiagnosis of steroid-refractory IRM (72).

Therapeutic agents for steroid-refractory IRM

Abatacept
Abatacept is a fully human, recombinant, soluble fusion 
protein, comprising the extracellular domain of human 

Table 1 The search strategy summary

Items Specification

Date of search 12/9/2023 to 17/02/2024

Databases and other sources 
searched

PubMed/Cochrane Library

Search terms used See Table S1 for details

Timeframe January 2000 to February 2024

Inclusion and exclusion criteria Inclusion criteria: (I) the articles are mainly focused on immune checkpoint inhibitor-related myocarditis; 
(II) the articles are published in full text in peer-reviewed journals; (III) the language of the articles is 
restricted to English. Exclusion criteria: the dose of glucocorticoids in the case report/case series was 
unclear or less than 500 mg/day

Selection process The selection process was conducted by two senior authors (Y.W. and D.C.)

https://cdn.amegroups.cn/static/public/CDT-24-114-Supplementary.pdf
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Table 2 Clinical guidelines for immune checkpoint inhibitor-related myocarditis

Guidelines NCCN ESC/EHA/ESTRO/IC-OS ESMO ASCO SITC

Online 2024 2022 2022 2021 2021

ICIs Discontinue Interruption in suspected  

cases and cessation in 

confirmed cases

In most cases, if IRM is 

confirmed, permanent 

discontinuation of ICIs

Hold ICIs for grade 1 (abnormal 

cardiac biomarker testing 

without symptoms and with 

no ECG abnormalities) and 

discontinue for ≥ grade 2

Permanent 

discontinuation 

of ICIs therapy 

should be seriously 

considered

Corticosteroids IV 

methylprednisolone 

1 g/day for 3–5 days

Methylprednisolone  

500–1,000 mg intravenous 

bolus once daily for the first  

3–5 days

intravenous 

methylprednisone  

500–1,000 mg should be 

initiated daily for 3 days

1–2 mg/kg/d of prednisone, 

oral or intravenous depending 

on symptoms. In patients 

without an immediate 

response to initial high-dose 

corticosteroids, consider 

methylprednisolone 1 g every 

day

1,000 mg 

methylprednisolone 

intravenous or 

equivalent daily 

for 3–5 days, until 

troponin normalizes

Response to 

corticosteroids

Switch to oral 

prednisolone  

(1 mg/kg)

Switch to oral prednisolone 

(start at 1 mg/kg up to  

80 mg/day)

Switch to oral prednisolone 

(start at 1 mg/kg up to  

80 mg/day)

Not mentioned 1–2 mg/kg 

prednisone

Taper of 

corticosteroids

Taper slowly over 

6–12 weeks based 

on clinical  

response and 

improvement of 

biomarkers

Reduction 10 mg per week 

until the prednisolone dose 

is reduced to 20 mg/day and 

then continue weaning the 

prednisolone by 5 mg per 

week to 5 mg/day, and a final 

reduction from 5 mg/day in 

1-mg per week steps

Reducing by 10 mg/week 

with troponin monitoring 

providing cardiovascular 

stability continues

Not mentioned 4–6 weeks

Steroid-refractory Abatacept, 

alemtuzumab,  

ATG, IVIG, MTX, 

MMF, and PE

MMF, ATG. IVIG, PE, 

tocilizumab, abatacept, 

alemtuzumab, and tofacitinib

Continue intravenous 

methylprednisone  

1,000 mg/day. Add second-

line immunosuppressive 

(e.g., tocilizumab 8 mg/kg or 

MMF); third-line options: ATG, 

alemtuzumab, abatacept

Addition of either MMF, 

infliximab, or ATG. Consider 

abatacept or alemtuzumab as 

additional immunosuppression 

in life-threatening cases

ATG, MMF, 

abatacept, or 

alemtuzumab

Infliximab Use with extreme 

caution in patients 

with reduced LVEF

Caution is advised against the 

use of infliximab for steroid-

refractory IRM and HF

Not mentioned No special tips Caution

Rechallenge of 

ICIs

Grade 1 IRM: 

consider resuming 

on resolution 

of symptoms. 

Permanent 

discontinuation is 

warranted in the 

setting of grade  

2–4 IRM

MDT MDT discussion is 

recommended before 

restarting ICIs treatment in 

patients with mild, clinically 

uncomplicated IRM. In all 

steroid-refractory cases， 

permanently stop ICIs 

therapy

May consider resuming once 

normalized for grade 1 IRM 

or if IRM is believed not to be 

related to ICIs

Not mentioned

ICIs, immune checkpoint inhibitors; NCCN, National Comprehensive Cancer Network; IV, intravenous; ATG, anti-thymocyte globulin; IVIG, intravenous 

immunoglobulin; MTX, methotrexate; MMF, mycophenolate mofetil; PE, plasma exchange; LVEF, left ventricular ejection fraction; IRM, immune checkpoint 

inhibitor-related myocarditis; ESC, European Society of Cardiology; EHA, European Hematology Association; ESTRO, European Society for Therapeutic 

Radiology and Oncology; IC-OS, International Cardio-Oncology Society; HF, heart failure; MDT, multidisciplinary team; ESMO, European Society for Medical 

Oncology; ASCO, American Society of Clinical Oncology; ECG, electrocardiogram; SITC, Society for Immunotherapy of Cancer.
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CTLA-4, and a fragment of the Fc portion of human 
immunoglobulin G (IgG) 1. The mechanism of action of 
abatacept is to block the interaction between CD80/CD86 on 
antigen-presenting cells CD28 on T cells (73). For steroid-
refractory IRM, the dose of abatacept is usually 500 mg/day 
(adjusted according to body weight). In current cases of 
steroid-refractory IRM, the addition of abatacept to second 
or third-line treatment regimens has resulted in good or 
acceptable outcomes (25,33,34,41,43,44,51,62). However, 
there was one case of a fourth-line patient who died after 
using an abatacept containing an immunosuppressive 
regimen, which suggests that the etiology of steroid-
refractory IRM may change over time, such that activated 
T cells may predominate in the early stages, while other 
factors, such as cytokines, may predominate in the later 
stages (34). Abatacept, in combination with ruxolitinib [a 
Janus kinase (JAK) inhibitor], may be more suitable for 
patients with concomitant steroid-refractory IRM and 
myositis (74); however, the efficacy of this treatment may 
be limited in patients with concomitant steroid-refractory 
IRM comorbid with myasthenia gravis (75). Table 5 lists the 
contraindications and common adverse effects of abatacept 
and the other immunosuppressants reviewed in this 
study. The ATRIUM study (NCT05335928) is a phase 3, 
investigator-initiated, randomized, double-blind, placebo-
controlled trial that is evaluating the use of abatacept in 
treating IRM (86).

Alemtuzumab
Alemtuzumab is a monoclonal antibody that binds to CD52, 
a cell surface antigen present on T and B lymphocytes, 
natural killer cells, monocytes, and macrophages. After 
binding to the peripheral immune cells, alemtuzumab causes 
antibody-dependent cellular cytolysis and complement-
mediated lysis (87). For steroid-refractory IRM, alemtuzumab 
is recommended at a single dose of 30 mg in cases in which 
multiple immunosuppressive agents are ineffective (58). As 
alemtuzumab rapidly clears a wide range of immune cells, 
it may also be considered the drug of choice for fulminant 
steroid-refractory IRM.

ATG
ATG is a polyclonal antibody that depletes T cells, B cells, 
macrophages, and dendritic cells by inducing apoptosis, 
complement-mediated or natural killer cell-mediated  
lysis (88). For steroid-refractory IRM, ATG has been 
reported to be not enough effective in a few cases, this may be 
due to the patients receiving a dose of less than 500 mg/day 

(45,61,65,89). However, even ATG doses of up to 500 mg/day 
may be ineffective (27), which indicates that ATG may be 
suitable for cases in which the biopsy tissue only contains 
T-lymphocytes (67).

Infliximab
Infliximab acts by binding to TNF-α and blocking its 
binding to the receptor (90). Infliximab is commonly used 
in ICIs-related colitis (91). For steroid-refractory IRM, 
infliximab has been reported to be completely effective in 
a limited number of cases (34,45,49,52,63,67,92). Thus, 
infliximab is indicated only when TNF-α is elevated and 
there are no other therapeutic options (93).

IVIG
IVIG is a mixture of immunoglobulins, such as IgM, IgG, 
IgD, IgA, and IgE, isolated from the blood of healthy 
donors. IVIG is dose-dependent, such that low doses exert 
passive immunity, while high doses (e.g., 2 g/kg/day) exert 
anti-inflammatory effects (94). IVIG, in combination 
with other immunosuppressive agents, is not completely 
effective in the treatment of simple steroid-refractory IRM 
(30,32) and may be more appropriate for patients with 
combined myositis and myasthenia gravis (31,36,38,39,46). 
For patients who develop steroid-refractory IRM with 
concomitant myositis and myasthenia gravis, the use 
of a combination of immunosuppressive agents and 
pyridostigmine may be critical for complete recovery 
(39,42,54,63,64).

Methotrexate
Methotrexate is a folate antagonist that interferes with 
the synthesis of deoxyribonucleic acid, ribonucleic acid, 
and protein by inhibiting dihydrofolate reductase and 
thymidylate synthase (95). There is only one case report of 
steroid-refractory IRM; however, since methotrexate is used 
in combination with abatacept and MMF, it is not clear 
whether methotrexate alone is effective (33). In addition, 
methotrexate has been reported to cause several types of 
adverse reactions (Table 5) and should only be considered 
for subsequent lines of therapy in steroid-refractory IRM.

MMF
MMF is the prodrug of mycophenolic acid, which reversibly 
inhibits inosine monophosphate dehydrogenase, a rate-
limiting enzyme of de novo purine synthesis that ultimately 
exerts immunosuppressive effects (96). MMF has been shown 
to impair T- and B-lymphocyte proliferation, attenuate 
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Table 5 Commonly used immunosuppressants: indications, contraindications, and adverse reactions

Drug name Active ingredients Indications (FDA) Contraindications AE and AESI Reference

ORENCIA Abatacept RA, pJIA, PsA, 
aGVHD

None Serious infections, hypersensitivity 
reactions

(76)

LEMTRADA® Alemtuzumab MS Hypersensitivity;  
HIV; active infection

Serious infections, infusion 
reactions, thyroid disorders, immune 
thrombocytopenia

(77)

ATGAM® Anti-thymocyte 
globulin (equine)

RAR, AA Hypersensitivity Anaphylaxis, infection, 
thrombocytopenia, leukopenia, 
arthralgia, edema, bradycardia, and 
abnormal renal and liver function 
tests

(78)

THYMOGLOBULIN® Anti-thymocyte 
globulin (rabbit)

RAR Hypersensitivity;  
active infection

Urinary tract infection, abdominal 
pain, hypertension, nausea, shortness 
of breath, fever, headache, anxiety, 
chills, increased potassium levels in 
the blood, and low counts of platelets 
and white blood cells

(79)

INFLIXIMAB Infliximab CD, UC, RA, AS,  
PsA, PP

Moderate or severe 
heart failure, 
hypersensitivity

Serious infections, hypersensitivity, 
heart failure, hepatotoxicity, 
cardiovascular and cerebrovascular 
reactions during and after infusion

(80)

GAMMAGARD 
LIQUID

Intravenous 
immunoglobulin

PI, MMN, CIDP Hypersensitivity, 
autoantibodies  
against IgA

Hypersensitivity, renal dysfunction/
failure, thrombosis, transmissible 
infectious agents

(81)

METHOTREXATE Methotrexate ALL, ML, NHL, 
osteosarcoma, BC, 
HNSCC, GTN, RA, 
pJIA, psoriasis

Hypersensitivity, 
pregnancy

Serious infections, myelosuppression, 
renal toxicity, hepatotoxicity, 
neurotoxicity, gastrointestinal toxicity, 
pulmonary toxicity, dermatologic 
reactions

(82)

CELLCEPT® Mycophenolate 
mofetil

Allogeneic kidney, 
heart, or liver 
transplants

Hypersensitivity Serious infections, blood dyscrasias, 
gastrointestinal complications

(83)

ACTEMRA® Tocilizumab RA, GCA, SSc-ILD, 
pJIA, SJIA, CRS, 
COVID-19

Hypersensitivity Serious infections, hepatotoxicity, 
gastrointestinal perforations, 
hypersensitivity

(84)

XELJANZ® Tofacitinib RA, PsA, AS, UC, 
pJIA

None Serious infections, cardiovascular 
death, non-fatal myocardial infarction, 
non-fatal stroke, thrombosis, 
gastrointestinal perforations, 
hypersensitivity

(85)

FDA, Food and Drug Administration; RA, rheumatoid arthritis; pJIA, polyarticular juvenile idiopathic arthritis; PsA, psoriatic arthritis; 
aGVHD, acute graft versus host disease; MS, multiple sclerosis; RAR, renal allograft rejection; AA, aplastic anemia; CD, Crohn’s disease; 
UC, ulcerative colitis; AS, ankylosing spondylitis; PP, plaque psoriasis; PI, primary humoral immunodeficiency; MMN, multifocal motor 
neuropathy; CIDP, chronic inflammatory demyelinating polyneuropathy; ALL, acute lymphoblastic leukemia; ML, meningeal leukemia; 
NHL, non-Hodgkin’s lymphoma; BC, breast cancer; HNSCC, head and neck squamous cell carcinoma; GTN, gestational trophoblastic 
neoplasia; GCA, giant cell arteritis; SSc-ILD, systemic sclerosis-associated interstitial lung disease; SJIA, systemic juvenile idiopathic 
arthritis; CRS, cytokine release syndrome; COVID-19, coronavirus disease 2019; HIV, human immunodeficiency virus; IgA, immunoglobulin 
A; AE, adverse event; AESI, adverse event of special interest.
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T-lymphocyte activation, and decrease the production 
of cytokines, such as IFN-γ, IL-6, and TNF-α (83). For 
steroid-refractory IRM, the dose of MMF is usually 0.5–1 g  
every 12 hours (10). Anti-acids, such as proton pump 
inhibitors (PPIs) or H2 receptor blockers (HRBs), which 
may be co-administered, are commonly used during 
glucocorticoid-shock therapy and maintenance therapy; 
however, the co-administration of PPIs or HRBs may 
reduce the bioavailability of MMF in the treatment of 
steroid-refractory IRM. In addition, MMFs may have 
adverse effects, such as gastrointestinal bleeding requiring 
hospitalization, ulceration, and perforations, which may 
limit their use, especially in patients with comorbid 
gastrointestinal disorders (97). Coupled with the fact that 
the type of immune cells and cytokines suppressed by MMF 
is similar to that of glucocorticoids (Table 2), MMF may not 
be suitable as a preferred therapeutic regimen for steroid-
refractory IRM for these reasons. MMF is not completely 
effective in the treatment of isolated steroid-refractory 
IRM (27,28,30,37,92) and may be more appropriate for 
patients with myositis, or when used in combination with 
pyridostigmine in the treatment of patients with myasthenia 
gravis (26,38,40,60).

Tocilizumab
Tocilizumab is a monoclonal antibody against the IL-6 
receptor (98). There have been two case reports of complete 
recovery from concomitant steroid-refractory IRM and 
myositis in patients treated with tocilizumab (53,59). 

Conversely, a recent retrospective study showed that 
tocilizumab treatment was ineffective in three patients with 
steroid-refractory IRM who had myositis and/or myasthenia 
gravis (99). Therefore, tocilizumab may only be appropriate 
when IL-6 is elevated.

Tofacitinib
Tofacitinib exerts anti-inflammatory effects by inhibiting 
JAK (100). In a retrospective study, seven patients were 
treated with initial doses of 500 mg of methylprednisolone 
pulse therapy and then subsequently treated with tofacitinib 
+ immunoglobulin. Of these seven patients, three improved 
and four patients died (two died from the progression of 
myositis, and two died from infection) (9). Thus, tofacitinib 
may only be indicated in patients with simple steroid-
refractory IRM with elevated IL-6 (35,47).

Potential treatment algorithm for steroid-refractory IRM

Based on the results of the relevant literature and the 
characteristics of the therapeutic agents, we propose a 
potential treatment approach for steroid-refractory IRM 
(Figure 1). 

Strengths and limitations

Strengths
To the best of our knowledge, this is the first narrative 
review focusing on steroid-refractory IRM after receiving 

Immune checkpoint inhibitor-related myocarditis
•	 Myocardial biopsy and cytokine testing (strongly recommended)
•	 Methylprednisolone (500–1,000 mg/day)

Steroid-refractory immune checkpoint inhibitor-related myocarditis

Fulminant case
•	 + Alemtuzumab
•	 + Anti-thymocyte globulin 

(pathologic tissue contains 
only T lymphocytes)

IL-6 abnormally elevated
•	 + Tocilizumab
•	 + Tofacitinib

Empirical use
•	 + Abatacept (preferred)
•	 + Alemtuzumab
•	 + Methotrexate
•	 + Infliximab (TNF-α 

abnormally elevated)

Myositis
•	 + Abatacept + Ruxolitinib (preferred)
•	 + Mycophenolate Mofetil
•	 + Intravenous immunoglobulin

Myasthenia gravis
•	 + Mycophenolate Mofetil + 

Pyridostigmine (preferred)
•	 + Intravenous immunoglobulin

Figure 1 Potential treatment algorithm for steroid-refractory immune checkpoint inhibitor-related myocarditis. IL, interleukin; TNF, 
tumor necrosis factor.
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500–1,000 mg of methylprednisolone. In this review, 
based on the current research on the etiology of IRM, we 
proposed a potential cause of steroid-refractory IRM by 
combining the mechanism of action of glucocorticoids with 
the mechanism of glucocorticoid resistance to provide a 
reference for future research. In addition, based on our new 
definition of steroid-refractory IRM, we searched for and 
retrieved all the relevant literature and proposed a potential 
treatment approach in combination with the mechanism of 
action of therapeutic agents recommended by the guidelines. 

Limitations
First, according to our definition of steroid-refractory IRM, 
only case reports and case series were available; however, we 
proposed a therapeutic process based on these case reports 
and case series rather than on clinical trials and meta-
analyses. Second, most of the patients in the current case 
reports and case series did not undergo endomyocardial 
biopsy (EMB) or cytokine testing at the time of diagnosis 
of steroid-refractory IRM. Therefore, we were unable 
to speculate on the mechanism of steroid-refractory 
IRM. Moreover, Given that the majority of currently 
available immune checkpoint inhibitors (ICIs) are used in 
combination with chemotherapy, tyrosine kinase inhibitors, 
or other ICIs, there is a risk of misdiagnosis for cases of IRM 
included in this article that were not subsequently confirmed 
via an EMB (101). However, we attempted to collect all 
the information available on steroid-refractory IRM and 
undertook this narrative review. We hope that it will be 
helpful for future research on steroid-refractory IRM. 

Conclusions

IRM is the irAE with the highest mortality rate, and 
methylprednisolone pulse therapy is the preferred initial 
treatment regimen, but the optimal treatment strategy 
for steroid-refractory IRM remains unclear. Hence, we 
proposed a potential treatment approach for steroid-
refractory IRM. However, more basic studies need to be 
conducted to reveal the exact mechanism of IRM. Further, 
more clinical trials are needed to validate the optimal drug 
selection, dosage selection, chronology of administration, 
and combination regimen.
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