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Abstract:

Immune checkpoint inhibitors (ICIs) improve the outcomes of several types of cancer. However, they are
also associated with various immune-related adverse events including myocarditis. ICI-induced myocarditis is
a rare, potentially life-threatening adverse event. We herein report two cases of corticosteroid-refractory ICI-
induced myocarditis. In both cases, additional immunosuppressive therapies, such as intravenous immuno-
globulin and tacrolimus, successfully resolved myocarditis. Given the corticosteroid-refractory nature of these
cases, we suggest that prompt addition of other immunosuppressive drugs to corticosteroid therapy should be
considered in the treatment of ICI-induced myocarditis.
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Introduction

Immune checkpoint inhibitors (ICIs) have recently im-
proved the prognosis of patients with various types of can-
cer. However, these drugs may cause immune-related ad-
verse events (irAEs) (1). Previous reports indicate that ICI-
induced myocarditis occurs in only 0.06% to 1% of cases
but is associated with a 30% to 50% mortality rate (2-4).
The American Society of Clinical Oncology (ASCO) clinical
guidelines for irAEs recommend high-dose corticosteroids
and additional immunosuppressive therapy if steroids fail to
treat ICI-induced myocarditis (1). However, few clinical tri-
als have compared the efficacy of immunosuppressive drugs
with that of other treatments, including placebo, in the treat-
ment of myocarditis. Therefore, reporting cases in which ad-
ditional immunosuppressive drugs are effective in treating
corticosteroid-refractory ICI-induced myocarditis is essential.

We herein report two cases of corticosteroid-refractory
ICl-induced myocarditis in which irAEs were controlled
with additional immunosuppressive therapies, such as intra-
venous immunoglobulin (IVIG) and tacrolimus.

Case Reports

Case 1

A 73-year-old man with lung adenocarcinoma (cT4N2M1
¢, stage IVB) was treated with carboplatin, pemetrexed, and
pembrolizumab as first-line therapy. On day 20, after the
second course of treatment, the patient presented with proxi-
mal muscle pain. A physical examination revealed tender-
ness in the neck, upper arms, and thighs, which led to a di-
agnosis of myositis.

His serum total creatine kinase (CK) and troponin T lev-
els were elevated to 21,322 TU/L (normal range: 30-287 1U/
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CMRI findings for Case 1. (A-C) Initial CMRI performed on day 4. These figures depict

the STIR and increased T2 signal (A); T1 relaxation time was prolonged due to myocardial edema at
the onset of myocarditis (B, C). (D-F) Second CMRI examination performed on day 24. Following
immunosuppressive therapy, the STIR T2 signal had decreased (D) and the T1 relaxation time short-

ened (E, F) compared with before myocarditis treatment, indicating improvement of myocardial

edema. CMRI: cardiovascular magnetic resonance imaging, STIR: short tau inversion recovery

L) and 0.697 ng/mL (normal range: <0.014 ng/mL), respec-
tively. Electrocardiography (ECG) revealed sinus rhythm
with right bundle branch block. Chest radiography and echo-
cardiography revealed no signs of heart failure. However,
cardiovascular magnetic resonance imaging (CMRI) find-
ings, including short tau inversion recovery (STIR) T2 and
T1 relaxation times, were consistent with myocarditis.
CMRI revealed an increased T2 signal and prolonged T1 re-
laxation time, indicative of myocardial edema (Fig. 1A-C).
The patient was therefore diagnosed with ICI-induced myo-
carditis.

ICI therapy was discontinued, and treatment with intrave-
nous methylprednisolone 1 g/day was initiated for 3 days.
Within the first 48 h, the patient’s CK level and muscle pain
improved significantly with corticosteroid monotherapy;
however, troponin T levels increased to 2.52 ng/mL. Intrave-
nous methylprednisolone was re-administered for another 3
days, followed by 1 mg/kg/day (60 mg/day). Despite this,
his troponin T level further increased to 4.35 ng/mL, and
ECG indicated complete heart block (CHB).

Given the inadequate response to corticosteroids, im-
munosuppressive drugs have been added to the management
of myocarditis in our facility. IVIG (20 g) was therefore ad-
ministered for 5 days along with tacrolimus (2 mg/day), and
a temporary pacemaker was placed. Subsequently, the tro-
ponin T level decreased rapidly and the patient’s ECG find-
ings returned to normal sinus rhythm. Consequently, intrave-
nous methylprednisolone was switched to prednisolone and
the dose was tapered without adverse cardiac events
(Fig. 2).

Following the improvement in myocarditis, CMRI per-

formed 24 days after the onset of myocarditis as an irAE re-
vealed an improvement in myocardial edema, with normali-
zation of the STIR T2 signal and T1 relaxation time
(Fig. 1D-F). In addition, follow-up contrast-enhanced com-
puted tomography performed two months after the onset of
the irAE showed a 90% reduction in lung tumor size ac-
cording to the Response Evaluation Criteria In Solid Tumors
(RECIST) version 1.1 (Fig. 3).

Case 2

A 67-year-old man was diagnosed with papillary renal
cell carcinoma (RCC) with lymph node metastasis
(cT1aN2M1, stage IV). The patient was treated with
ipilimumab and nivolumab as first-line therapy. Twenty-one
days after the first dose, the patient developed palpitations.
ECG revealed atrial fibrillation with tachycardia, and his se-
rum troponin T level was elevated to 0.143 ng/mL. Thyroid
function tests indicated thyrotoxicosis, with a thyroid-
stimulating hormone level of 0.03 pIU/mL (normal range:
0.27-4.20 pIU/mL) and a free thyroxine (T4) level of 5.72
ng/dL (normal range: 1.00-1.80 ng/dL). He was re-admitted
with suspected thyrotoxicosis and diagnosed with ICI-
induced destructive thyroiditis based on technetium-99 m
pertechnetate thyroid imaging. Despite a decrease in serum
free T4 levels, the troponin T level increased to 0.625 ng/
mL, and ECG showed no improvement. Based on the results
of these tests, the patient was diagnosed with ICI-induced
myocarditis, and prednisolone (2 mg/kg) was initiated.

However, the troponin T levels did not decrease following
this treatment. Therefore, on hospital day 24, we adminis-
tered methylprednisolone at 1 g/day for 3 days, followed by
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Figure 2. Timeline of CK, troponin T, and treatment of ICI-induced myocarditis and myositis for
Case 1. b.i.d.: bis in die (two times a day), CBDCA: carboplatin, CEA: carcinoembryonic antigen,
CHB: complete heart block, CK: creatine kinase, IVIG: intravenous immunoglobulin, mPSL: meth-
ylprednisolone, PEM: pemetrexed, PSL: prednisolone, TAC: tacrolimus

pretreatment C2D72

Figure 3. The course of treatment for lung cancer. (A, B) Pretreatment chest X-ray and CT show-
ing the primary lesion in the upper lobe of the right lung. (C, D) Chest X-ray and CT findings 72 days
after last chemotherapy, showing that the tumor had maintained 90 % reduction in size according to
the Response Evaluation Criteria In Solid Tumors (RECIST) version 1.1. CT: computed tomography

a dose of 1 mg/kg/day (60 mg/day). This treatment initially pital day 34. A myocardial biopsy was performed to assess
decreased the troponin T level but increased it again on hos- the extent of myocarditis, which revealed myocardial fibro-
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Figure 4. Histological findings of a myocardial biopsy for Case 2. The myocardial biopsy performed

on day 34. (A, B) There is observable infiltration of lymphocytes into the myocardial extracellular

space. (C) Azan staining depicting fibrosis (blue area). HE: Hematoxylin and Eosin staining
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Figure 5. Timeline of CK, free T4, and treatment of ICI-induced myocarditis for Case 2. Af: atrial
fibrillation, CK: creatine kinase, FT4: free T4, ICI: immune checkpoint inhibitor, IVIG: intravenous
immunoglobulin, mPSL: methylprednisolone, PSL: prednisolone

sis due to myocarditis as well as lymphocytic infiltration of
the myocardium despite treatment with high-dose corti-
costeroids (Fig. 4), suggesting that corticosteroid monother-
apy was insufficient for treating myocarditis. As a result, we
administered IVIG at 20 g/day for 5 days. Subsequently, the
troponin T level decreased rapidly, and the corticosteroid
was switched back to prednisolone, which was slowly ta-
pered without further adverse cardiac events (Fig. 5). The
patient did not receive any further therapy for RCC and ex-

perienced disease progression six months after the initial
treatment.

Discussion

Immunotherapy with ICIs is an effective treatment for
several types of cancer and has become the standard cancer
therapy (5). However, severe irAEs, such as myocarditis, can
be life-threatening. Although myocarditis is rare, affecting
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only 0.06-1% of patients (2), it is associated with a high
mortality rate of 30-50% (2-4). Corticosteroid therapy is
considered effective for treating myocarditis; however, there
is limited literature comparing its efficacy with that of pla-
cebo or determining its overall effectiveness. Many cases of
ICl-induced myocarditis are refractory to corticosteroid
treatment (6). The ASCO clinical guidelines for irAEs rec-
ommend that patients who do not respond immediately to
high-dose corticosteroids (1-2 mg/kg/day of prednisolone)
receive early consideration for the administration of 1 g of
methylprednisolone daily, along with additional immunosup-
pressive drugs (1). In many cases, corticosteroid monother-
apy does not improve the course of ICI-induced myocarditis,
necessitating the use of additional immunosuppressive drugs
to suppress its activity (7-10).

The efficacy of additional immunosuppressive drugs tar-
geting T cells has been reported for corticosteroid-refractory
ICI-induced myocarditis (11, 12). Tacrolimus, used in Case
1, is a known calcineurin inhibitor. Calcineurin activation in-
creases Interleukin-2 (IL-2) expression and promotes the
T cell differentiation and survival. Tacrolimus inhibits cal-
cineurin activity by binding to the immunophilin FK506
binding protein (13). In addition, recent studies have re-
ported that IVIG has immunosuppressive effects on T cells.
IVIG administration expands Tregs, leading to negatively
regulation of T cell activation via antigen-presenting cell-
derived IL-33 and prostaglandin E2 (14, 15). It has also
been reported that Treg expansion is induced by antigen
presentation of IgG Treg epitopes called Tregitopes (16).
Other mechanisms that directly suppress T cell activity by
suppressing IL-2 in the absence of regulatory T cells have
also been reported (17). Although potentially effective, the
use of additional immunosuppressive drugs can lead to in-
fectious complications. According to previous reports, sepsis
is also associated with the use of additional immunosuppres-
sive drugs (11, 12). In this regard, no adverse events leading
to death were reported in a clinical trial evaluating the effi-
cacy of IVIG for dermatomyositis, and the combination of
tacrolimus was acceptable in this trial (18). However, throm-
bosis should be noted as a serious adverse event in IVIG
therapy (18), and the safety and efficacy of tacrolimus
should be evaluated through therapeutic drug monitor-
ing (19). Although there are few case reports on the efficacy
of tacrolimus (20, 21) and IVIG (22) in ICI-induced myo-
carditis, we used these drugs as T cell-targeted immunosup-
pressive agents, which are considered effective and relatively
safe for the reasons mentioned above.

CHB is a complex and potentially fatal condition, as
noted in the first case. A previous report suggested that
CHB is associated with 36% of myocarditis cases and 64%
of related fatalities (6). Clinicians should consider the com-
bination of additional immunosuppressive drugs with steroid
therapy as the first-choice treatment for ICI-induced myo-
carditis, especially in cases involving complicated conduc-
tion disturbances, such as CHB.

Myositis is among the most frequently reported irAEs as-

sociated with myocarditis, followed by hepatitis and thy-
roiditis (6). In the two cases presented here, myocarditis did
not improve with corticosteroid monotherapy; however, con-
ditions such as myositis and thyroiditis responded to corti-
costeroid treatment. This finding suggests that the sensitivity
of myocarditis to corticosteroids may differ from that of
other complicating irAEs.

In conclusion, clinicians should consider prompt supple-
mentation of immunosuppressive drugs, targeting T cells,
beyond corticosteroids to effectively address ICI-induced
myocarditis, even if other complicated irAEs respond to cor-
ticosteroid monotherapy.

The author states that he has no Conflict of Interest (COI).
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