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Abstract: Immune checkpoint inhibitors (ICI) have become a new hope for many patients with advanced cancer by blocking tumor 
immune escape. Bladder cancer is a common malignant tumor of the urinary tract epithelium that often relapses and metastasizes after 
surgery, chemotherapy, and radiotherapy. Immunotherapy has dramatically improved patient survival rates and clinical benefits as 
a new, potentially effective therapy. However, avoidance of various immune-related adverse events (irAEs) remains an implausible 
idea. ICI-induced myocarditis is different from viral myocarditis, and mortality is still high with the current treatment. We report the 
case of an 82-year-old female patient with ICI-induced fulminant myocarditis and myasthenia gravis. Although she actively accepted 
the current mainstream treatment for immune-related myocarditis and myasthenia, she died of heart and respiratory failure. Analyzing 
and reporting the patient’s disease development process and the changes in related indicators may help peers gain a deeper under-
standing of immune-related adverse events and reduce the mortality of immune-related myocarditis. 
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Introduction
Urothelial carcinomas (UCs) rank as one of the most prevalent tumors globally and can be found in various locations, 
including the bladder, urethra, pyelocaliceal cavities, and ureter.1 Notably, bladder cancer (BC) tumors constitute the 
majority of UCs, accounting for 90–95% of cases, whereas upper tract UCs (UTUCs) are relatively rare, comprising only 
5–10% of the total UCs.2 Over 200,000 deaths attributed to Urothelial carcinoma each year.3 Many clinical trials have 
evaluated the efficacy and toxicity of checkpoint inhibitors in treating urothelial cancer in metastatic, local muscle- 
invasive, upper urothelial, and non-muscle invasive bladder cancer.4

Immune checkpoint inhibitors (ICIs) play an established role in modern medical institutions and may expand their 
applications. Based on self-immune tolerance under normal conditions, the PD-1/PD-L1 immune checkpoint can maintain 
a balance between T cell activation, tolerance, and immune-mediated tissue damage by negatively regulating T cell function. 
In the tumor microenvironment, PD-1 is highly expressed on tumor-specific T cells and PD-L1 can also be expressed on tumor 
cells. The combination of PD-1/PD-L1 can activate tumor-specific T cells, thus causing adaptive immunity and maintaining 
immune tolerance in the microenvironment.5 Cells can use immune homeostasis to evade immune surveillance and promote 
the growth of malignant tumors. Combining immune checkpoint inhibitors (ICI) with PD-1 or PD-L1 can block the 
combination of tumor cells with T cells, so that T cells can continue to play their immune role normally, thus eliminating 
tumor cells. However, although T cells kill tumor cells, they may also damage normal tissues, leading to immune-related 
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adverse events (irAEs).6 We report a case of fatal myocarditis and myasthenia gravis caused by ICIs and provide possible 
treatment enlightenment.

Case Presentation
In June 2022, an 82-year-old female patient underwent laparoscopic radical resection of the right kidney, right ureter, and 
partial cystectomy at our hospital due to ureteral and bladder tumors. Post-surgical pathology confirmed a high-grade 
invasive urothelial carcinoma (T2N0M0). Following the procedure, the patient received regular bladder infusions of 
gemcitabine chemotherapy and was administered Tislelizumab, a domestically produced anti-PD-1 mAb (administered as 
200 mg intravenous infusions every 3 weeks). Prior to commencing treatment, her electrocardiogram (ECG) and 
transthoracic echocardiography (TTE) were within normal limits (her electrocardiogram (ECG) and transthoracic 
echocardiography (TTE) were within normal limits (Figure 1), and her myocardial enzyme levels, myocardial infarction 
markers, and N-terminal B-type natriuretic peptide precursor were all within the normal range. However, after 7 weeks of 
immunotherapy, the patient presented with symptoms including dizziness, chest tightness, fatigue, and drooping eyelids, 
leading to her readmission to our hospital on July 20, 2022.

Upon admission, the patient presented with vital signs including a body temperature of 36.2°C, a pulse of 75 beats 
per minute, and a blood pressure of 145/90 mmHg. Given her condition, we promptly conducted relevant laboratory tests, 
electrocardiogram (ECG), and transthoracic echocardiography (TTE). The ECG revealed tachycardia, complete right bundle 
branch block, and an abnormal ST-T segment (Figure 1). TTE showed decreased diastolic function of the left ventricle (LV) 
with an ejection fraction (LVEF) of 65%. COVID-19 testing was negative. However, there were significant elevations in 
several markers, including glutamic pyruvic transaminase (403 U/L), glutamic oxaloacetic transaminase (787 U/L), lactate 
dehydrogenase (1518 U/L), α-hydroxybutyrate (1310 U/L), creatine kinase (5718 U/L), creatine kinase isoenzyme (mass) 
(167.10 ng/mL), creatinine (109 umol/L), myoglobin (>4104.00 ng/mL), and cardiac troponin T (5.16 ng/mL). We reviewed 
her medical history and consulted with the Cardiology Department, leading to a diagnosis of immune checkpoint inhibitor 
(ICI)-mediated myocarditis and myasthenia gravis (MG).

Treatment was initiated with immunosuppressive therapy using corticosteroids (intravenous methylprednisolone 1g/day). 
The patient also received continuous ECG monitoring, oxygen therapy, gastric and liver protection, diuretics, and fluid 
replacement. Adenosine Cyclophosphate was administered intravenously to address myocardial hypoxia and liver damage. 
After three days, there were improvements in laboratory markers, but the patient’s condition suddenly worsened with delirium, 
hypoxemia, irregular heartbeat, and hypotension. She was transferred to the intensive care unit (ICU) for endotracheal 
intubation and mechanical ventilation.

Figure 1 Electrocardiogram images showed changes in electrocardiogram during the course of the disease. (a) Electrocardiogram of the patient before immunotherapy. (b) 
Electrocardiogram of the patient after seven weeks of immunotherapy: Appeared tachycardia, complete right bundle branch block, and abnormal ST-T segment.
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Further testing in the ICU revealed negative results for acetylcholine, acetylacetic acid, acetyltriamine, acetyl striated 
muscle, and gamma globulin antibodies. However, the anti-titin antibody was positive (1:300), and the myositis spectrum 
test showed a positive cN1A antibody (1:30). Respiratory pathway antibody testing was negative for various pathogens. 
Autoimmune antibody testing was also negative, except for a slightly elevated anti-nuclear antibody level (13.40 AU/ 
mL). Based on these findings, we confirmed the diagnosis of ICI-mediated myocarditis and MG, ruling out other 
potential causes.

Treatment in the ICU continued with methylprednisolone and cholinesterase inhibitor neostigmine. Peripheral blood 
T lymphocyte subpopulations showed abnormalities, leading to the addition of tacrolimus as an immunosuppressant. 
After four weeks of hormone therapy, we attempted to wean the patient off the ventilator. However, she suddenly lost 
consciousness, developed respiratory failure, and experienced cardiac arrest. Despite immediate cardiopulmonary 
resuscitation and reintubation, multiple attempts to wean her off the ventilator failed. One month following tracheal 
intubation and the utilization of ventilator-assisted breathing, the patient developed severe lung infections due to fungal 
and multidrug-resistant bacterial invasion, as confirmed by general bacterial smears, acid-fast smears, fungal smears, as 
well as sputum and urine culture tests. Vital indicators were consistently monitored throughout the entirety of the 
treatment process (Figures 2–4). Despite receiving 43 days of aggressive medical intervention, the patient ultimately 
succumbed to myasthenia gravis and multiple organ failure on September 3, 2022.

Discussion
Since the FDA-approved PD-1/PD-L1 antibody drugs for urothelial carcinoma in 2016, an increasing number of PD-1/PD-L1 
antibody drugs have been approved for urothelial carcinoma indications. Immune checkpoint inhibitors (ICIs) have drastically 
altered the treatment landscape and prognosis of many cancers.7 However, Immune-related adverse events, particularly severe 
toxicities such as myocarditis, are major challenges to the use of immune checkpoint inhibitors (ICI) in anticancer therapy. The 
pathogenesis of ICI myocarditis is poorly understood.8 PD-1/PD-L1 inhibitors associated with myocarditis are rare and fatal. 
Multiple clinical studies have shown that PD-1/PD-L1 inhibitor-related myocarditis is relatively rare.9 The incidence of anti 

Figure 2 Changes in urea nitrogen, creatinine, uric acid, and the amino-terminal precursor of brain natriuretic peptide (NT proBNP) during the course of the disease. The 
figure shows a progressive increase in urea nitrogen, creativity, uric acid, and the amino terminal precursor of brain natural peptide (NT proBNP) of the patient over time.
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Figure 3 Changes in Creatine kinase (CK), creatine Isozyme (CK mb), Lactate dehydrogenase (LDH), lactate dehydrogenase Isozyme (LDH1, LDH2), a-hydroxybutyrate 
dehydrogenase (a-hbdh). The figure shows a significant increase in relevant indicators in the early stages of the patient’s onset. After 3 days of high-dose corticosteroids 
therapy, it quickly decreased and maintained at a lower level.

Figure 4 Changes in Glutamic pyruvic transaminase (ALT), glutamic oxaloacetic transaminase (AST), Myoglobin (Myo), cardiac troponin T (cTnT). The figure shows 
a significant increase in relevant indicators in the early stages of the patient’s onset. After 3 days of high-dose corticosteroids therapy, it quickly decreased and maintained at 
a lower level.
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PD-1/PDL1 treatment-related myocarditis was only 0.41%. However, after combined use of a CTLA4 inhibitor, the incidence 
of myocarditis doubled to 1.33%.10 Biomarkers such as BNP or troponin T/I, electrocardiograms, and MCR can help diagnose 
immune myocarditis. The infiltration of T lymphocytes was found to be the foundation of the myocarditis phenotype via the 
exploration of possible pathogenesis at the histological, cellular, and molecular transcriptional levels. The macrophage- 
mediated immune response and the synergistic effect of PD-1/CTLA4 may act as a catalyst in this process. The core treatment 
method for PD-1/PD-L1 inhibitor-associated myocarditis is to inhibit overactivated T lymphocytes, and corticosteroids are the 
first-line immunosuppressants.11

The case reported in this article is that of an elderly female patient with bladder cancer. The patient could not tolerate 
systemic chemotherapy. In the absence of better treatment options, patients and their families urgently require immunotherapy 
to control tumor progression. The patient had no clear history of immune-related diseases, regardless of personal or family 
history. After approximately seven weeks of treatment with the PD-1 antibody tislelizumab, she experienced significant 
dizziness, chest tightness, fatigue, and blurred vision. ECG showed tachycardia, a complete right bundle branch block, and an 
abnormal ST-T segment (Figure 1). Laboratory test results showed glutamate pyruvate transaminase 403 (U/L), glutamate 
oxaloacetate transaminase 787 (U/L), lactate dehydrogenase 1518 (U/L), α-hydroxybutyrate 1310 (U/L), creatinine 109 
(µmol/L), Myoglobin>4104.00 (ng/mL), cardiac troponin T 5.16 (ng/mL), and N-terminal B-type natriuretic peptide 
precursor 712.30 (pg/mL). Myocardial magnetic resonance (CMR) is a noninvasive gold standard for diagnosing myocarditis, 
using techniques such as tissue features T1 weighted imaging and T2 weighted imaging, along with gadolinium-enhanced 
imaging, to detect myocardial edema, inflammation, and fibrosis. The criteria used in CMR for the diagnosis of myocarditis 
are myocardial edema, hyperemia or capillary leak (early gadolinium enhancement), irreversible injury (necrosis, scar, late 
gadolinium enhancement), regional or global systolic or diastolic dysfunction, with or without LV dilatation, increased wall 
thickness, pericardial effusion, intracavitary thrombi.12 However, its sensitivity for diagnosing ICI-related myocarditis is 
low.13 Endocardial biopsy (EMB) remains the gold standard for diagnosing myocarditis.14 Unfortunately, considering the 
patient’s critical condition, they cannot complete CMR and cannot tolerate EMB. However, based on her clinical data, we 
diagnosed with ICI-related myocarditis.

Patients with ICI-related myocarditis have high mortality rates. Therefore, early detection is crucial before severe 
cardiotoxic effects and life-threatening complications are induced by ICIs. Currently recognized monitoring indicators 
include baseline cardiac function, clinical history, risk factors, electrocardiogram, troponin, NT proBNP, and 
echocardiography.15 For early treatment, the Society for Cancer Immunotherapy (SITC) has issued the latest clinical 
practice guidelines for management. The incidence rate of ICI-related myocarditis shows that high doses of corticoster-
oids (intravenous injection of methylprednisolone 1 g/day or the same dose, lasting for 3–5 days, steroids should be used 
until the symptoms improve and biomarker normalized) should be administered to patients with suspected ICIs induced 
myocarditis. Once the diagnosis results are taken into consideration, myocarditis should be treated as soon as possible, 
and for the following 4–6 weeks, 1–2 mg/kg prednisone was reduced in dosage.16 Figures 3–4 shows the changes in 
serum myocardial markers of the patients during hospitalization. After three days of high-dose methylprednisolone pulse 
therapy, myocardial injury markers, such as creatine kinase (CK), creatine isozyme (CK mb), lactate dehydrogenase 
(LDH), lactate dehydrogenase isozyme (LDH1, LDH2), α-hydroxybutyrate dehydrogenase (a-hbdh), and myocardial 
Troponin T (cTnT), were significantly decreased (Figures 3 and 4).

Despite the rapid decline in patient-related monitoring indicators after active early treatment, our patient still had poor 
prognosis. From the graph, we can see that the series of myocardial enzyme spectrum indicators was maintained at a low 
level after decreasing. However, urea nitrogen, creatinine, uric acid, and the amino-terminal precursor of brain natriuretic 
peptide (NT-proBNP) levels continued to increase. Previous studies have shown that sacubitril/valsartan (an angiotensin 
receptor neoplasia inhibitor) improves cardiovascular risk, sudden death, or reduced ejection fraction (HFrEF) in heart 
failure.17 Therefore, we simultaneously administered sacubitril/valsartan. Unfortunately, the patient’s condition did not 
improve. The European Society of Oncologists (ESMO) recommends adding another immunosuppressive drug (myco-
phenolate mofetil or tacrolimus) when the condition worsens further.18 A multicenter registration report found that early 
high-dose hormone therapy was more effective in patients. A combination of mycophenolate mofetil, tacrolimus, 
infliximab, and anti-thymocyte globulin with steroids can alleviate these symptoms. After the addition of tacrolimus, 
the patient’s condition seemed to have improved to some extent (from August 5th to August 7th in Figure 4), but soon 
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returned to a deteriorating trend. Accompanied by severe myasthenia gravis and multiple drug-resistant bacterial 
infections in both lungs, tracheal intubation and mechanical ventilation should be maintained. Multiple attempts to 
detach the patient from the ventilator failed, and the patient ultimately died of immune checkpoint inhibitor-associated 
myasthenia gravis, immune checkpoint inhibitor-associated myocarditis, and multiple organ failure.

Conclusion
The emergence of immune checkpoint inhibitor therapy offers renewed hope for patients suffering from urothelial carcinoma, 
particularly those whose tumors have progressed to advanced stages. However, clinicians must be mindful of the immune- 
related side effects that immune checkpoint inhibitors may induce when administering immunotherapy, including the rare but 
life-threatening conditions of myocarditis and myasthenia gravis. Although the mechanism of ICI-related cardiac toxicity has 
not yet been fully elucidated, physicians treating patients with ICIs should be vigilant of potential fatal cardiac toxicity effects. 
Considering that ICI-related myocarditis does not have specific clinical manifestations, myocardial biopsy and cardiac 
magnetic resonance imaging are difficult to perform in critically ill patients. Therefore, early diagnosis, appropriate preven-
tion, and treatment based on clinical data are crucial. The pulse dose of methylprednisolone (1 g/day, lasting 3–5 days) is 
helpful for early control of the condition. When the condition worsened further, adding another immunosuppressive drug 
(mycophenolate mofetil or tacrolimus) improved the condition. Currently, there is no guiding treatment for myasthenia gravis 
caused by PD-1 treatment. Thus, clinicians should pay attention to myasthenia gravis caused by ICIs while also paying 
attention to immune-related myocarditis. We look forward to more research and treatment of fatal immune myocarditis and 
myasthenia gravis caused by anti-PD-1 treatment.
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