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Abstract: PD-1/PD-L1 inhibitors activate immunological response and have become one of 
the main modalities of cancer treatment. However, they may result in the immune-related 
adverse events (irAEs). Immune-related cardiotoxicity is relatively rare but may become 
fatal. We will present a case of a male patient who experienced immunotherapy-related 
cardiotoxicity one year after received pembrolizumab treatment. The patient had atypical 
symptom presentation initially, but his condition deteriorated worsened rapidly and he 
developed severe cardiac disease. The patient experienced significant relief after corticoster-
oid treatment. Unfortunately, he experienced a reoccurence of the severe adverse event when 
discontinuing the use of corticosteroids. Ultimately, larger doses and longer courses of 
corticosteroid treatment cured the heart damage. Fortunately, we observed that lesions 
were stable and maintained for a long time after cessation of using pembrolizumab for 
eight months. 
Keywords: PD-1/PD-L1 inhibitors, immune-related cardiotoxicity, non-small cell lung 
cancer

Introduction
Programmed death ligand-1 (PD-L1), which is expressed on tumor cells, combines 
to programmed death receptor-1 (PD-1) on T lymphocyte, thus results in the 
ineffectiveness of lymphocyte and is involved in immune escape and tumor 
progression.1–3 PD-1/PD-L1 inhibitors can activate immunological response and 
enhance therapeutic activity via blocking the combination of PD-L1 and PD-1.4,5 

Accordingly, PD-1/PD-L1 inhibitors have become one of the main modalities of 
cancer treatment.6

Despite the success of PD-1/PD-L1 inhibitors on activating anti-tumor immunity, 
the immune-related adverse events (irAEs) caused by abnormal activation of immu-
nity response cannot be ignored.7,8 They may cause various toxicities in skin, gastro-
intestinal tract, liver, and lungs.9,10 Although the immune-related cardiotoxicity is 
relatively rare, it may induce potentially fatal consequence.11 The mechanism may be 
that T lymphocytes can recognise the common antigens in heart tissues and further 
contribute to cardiac damage.12 The symptoms of immune-related cardiotoxicity vary 
from asymptomatic elevation of cardiac markers and electrocardiograph (ECG) 
abnormalities, shortness of breath, angina pectoris, heart failure, and arrhythmias to 
cardiogenic shock.13–16 Corticosteroids were the main treatment alternative in dealing 
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with immunotherapy-induced cardiotoxicity.17 Here, we 
report a case in which the patient developed cardiotoxicity 
resulted from application of pembrolizumab and relieved 
with corticosteroid treatment, while the disease symptoms 
reappears after discontinuation of corticosteroid. Treatment 
with larger doses and longer courses of corticosteroid treat-
ment ultimately heal the heart damage. Fortunately, we 
observed that lesions were stable and maintained for a long 
time after cessation of using pembrolizumab for eight 
months.

Case Presentation
A 62-year-old male with past medical history of hyperten-
sion and coronary heart disease was diagnosed with EGFR/ 
ALK/ ROS1-negative, stage IV lung adenocarcinoma. He 
received six cycles of pembrolizumab treatment combined 
with pemetrexed-cisplatin and eight cycles of pembrolizu-
mab therapy. The patient remained in partial disease remis-
sion when undergoing CT (as shown in Figure 1).

One year after being on pembrolizumab immunotherapy, 
he presented to the emergency department with subacute 
features including fever (the axillary temperature is 39°C), 
lethargy, and cognitive dysfunction. Initial laboratory data of 
the patient, including blood counts, liver functional indexes 
and procalcitonin were not significantly abnormal. While 
further laboratory evaluations revealed the level of myoglo-
bin, troponin and creatinine elevated (as shown in Table 1). 
In addition, ECG characteristics distinctly indicated atrial 
fibrillation (fast ventricular rate type) as shown in Figure 2. 

Together, these results illustrated that he had immune-related 
cardiotoxicity and kidney toxicity. This patient was received 
methylprednisolone (80mg/day) treatment for consecutive 
seven days. During the course of corticosteroids administra-
tion, the body temperature of this patient returned to normal, 
and his cognitive function gradually recovered. Meanwhile, 
the level of myocardial enzyme and creatinine restored to 
normal, and the rhythm reverted to sinus rhythm. In the 
following two weeks, he was administrated with a tapering 
dose of methylprednisolone. Meanwhile, pembrolizumab 
was discontinued after the patient developed severe irAE.

Unfortunately, he presented to the emergency depart-
ment once again with a semi-comatose condition two 
weeks after cessation of corticoids. He was found to be 
tachypneic (respiratory rate of 30), hypoxic (peripheral 
oxygen saturation of 85% on room air), and hypotension 
(blood pressure 70/30 mmHg), and oliguria (250 mL 
within past 24 hours). Initial serum laboratory data showed 
that (as shown in Table 1): white blood count elevated, 
accompanied with increased serum levels of CK-MB, 
myoglobin and troponin. Meanwhile, both markers of 
liver and kidney dysfunction were elevated. With integra-
tive analysis upon the clinical manifestation and laboratory 
results, he was considered to have immune-related multi-
ple organ injury, including the injury of heart, liver, and 
kidney. He was admitted to the intensive care unit (ICU) 
and was performed with hepatoprotective treatment and 
continuous renal replacement therapy (CRRT). With the 
treatment of methylprednisolone dose (240 mg/day) for 

Figure 1 (A–C) Right lung lesions showed by CT scan (arrows). (A) Right upper lobe mass (arrow) measures approximately 4.0 cm shows in the first chest CT scan. (B) 
The lung lesions shrunk after PD-1/PD-L1 inhibitors treatment. (C) The lung lesions remained stable after discontinuation of pembrolizumab for eight month. (D–F) Liver 
metastatic lesions shown by CT scan. (D) Liver metastatic lesions (arrow) measures approximately 1.7 cm showsin the first abdominal CT scan. (E) Liver metastatic lesions 
measures approximately 1.1 cm after PD-1/PD-L1 inhibitors treatment. (F) Liver metastatic lesions disappeared after discontinuation of pembrolizumab for eight month.
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seven days, the symptoms and physical signs were alle-
viated and the main laboratory indexes were improved. 
Interestingly, the patient developed fever again when cor-
ticoids were discontinued, and the body temperature 
returned to normal with low dose of corticoids. He was 
treated with a tapering dose of corticosteroid in the follow-
ing 10 weeks.

Fortunately, the lung lesions remained stable, while the 
liver metastatic lesions disappeared after discontinuation 
of pembrolizumab for eight month (as shown in Figure 1). 
The patient maintained effective tumor control after cessa-
tion of pembrolizumab for eight months up to now.

Discussion
PD-1/PD-L1 inhibitors become the preferable alternative 
for driver gene-negative NSCLC patients.6 Mono-therapy 
with pembrolizumab is recommended as the first line 
treatment in high PD-L1 expression patients. While for 

those with low expression of PD-L1, they may benefit 
greater from a combination of immunotherapy with 
chemotherapy.18 In this case, the EGFR/ALK/ROS1 status 
of the patient was negative and PD-L1 expression was not 
tested. Correspondingly, the combination treatment of 
pembrolizumab with pemetrexed/cisplatin was applied. 
The patient remained in partial disease remission in the 
combination treatment phase and in mono-therapy with 
pembrolizumab phase.

PD-1/PD-L1 inhibitors can be associated with common 
and uncommon irAEs, which result from misdirected sti-
mulation of the immune system.19 The common irAEs 
include endocrinopathies, dermatitis, pneumonitis, colitis 
and hepatitis.20 Meanwhile, uncommon irAEs, such as 
cardiotoxicity, have also been reported. The incidence of 
immune-related cardiotoxicity is 1.14%, but the fatality 
rate is as high as 46%.13,21 It usually occurs 21–75 days 
after initiative immunotherapy, with a median time of 34 
days.13 In this case, the time to onset of cardiotoxicity was 
one year. As shown in trails, cardiotoxicity may be diag-
nosed range from 2 to 454 days after the initiation 
treatment,11 immune-related cardiotoxicity requiring man-
agement persist even emerge over time.

Signs and symptoms vary depending on the degree of 
involvement. Mild symptoms are atypical, mainly includ-
ing chest pain, shortness of breath, palpitations and 
arrhythmia.13 Some clinical manifestation may be asymp-
tomatic, while some patients may develop acute heart 
failure and death.22,23 Troponin elevation (94%) and 

Table 1 Initial Workup by Serum Laboratory Testing

Labs Result Reference Range

First Event Recurrent Events

White blood cell 6.6 15.5 4~10.109/L

Neutrophil 2.69 9.29 2~8.109/L
Lymphocyte 2.64 5.28 0.8~4.109/L

Eosinophils 0.49 0.09 4~10.109/L

Basophil 0.05 0.05 4~10.109/L
Blood glucose 4.96 13.64 3.89~6.11 mmol/L

Creatinine 330 321 41~111 µmol/L

Urea nitrogen 12.47 6.53 1.97~8.2 mmol/L
Alanine aminotransferase 42.3 1172.2 0~46 U/L

Aspartate aminotransferase 45.5 1790.7 0~46 U/L

Phosphocreatine kinase 254 2349 38~174 U/L
Phosphocreatine kinase(MB) 13.2 63.8 0~24 U/L

Myoglobin 306.85 >893 0~110 ng/mL

Hypersensitive troponin 0.04 0.29 0~0.04 pg/mL

Figure 2 Electrocardiography obtained on admission for abnormal manifestations 
of serum myocardial enzyme spectrum. Rate of 168 beats per minute. Intervals in 
milliseconds: PR 70, QRS duration 68, QT 186, QTc 274. The electrocardiography 
indicated atrial fibrillation (fast ventricular rate type).
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ECG abnormalities (89%) appeared in nearly all myocar-
ditis cases.13 Troponin is the most sensitive indicator (94– 
100%), while creatine kinase and myoglobin is valuable 
indicator generally applied in early diagnosis. Nearly 50% 
of patients have decreased ejection fraction in cardiac 
ultrasound evaluation.13 Cardiac MRI is the most sensitive 
approach for cardiac morphology evaluating, which can 
reflect cardiac fibrosis and inflammation.24 In some cases, 
endocardial myocardial biopsy, which is standard but inva-
sive approach, was needed.25,26 In this case, the patient 
presented with sudden high fever, lethargy, and cognitive 
dysfunction, which are not consistent with cardiotoxicity. 
While the features involved elevated myocardial enzymes 
and ECG abnormalities suggested myocardial injury. 
Reviewing this case, the early symptoms of immunother-
apy cardiotoxicity are not typical, and the patients receiv-
ing immunotherapy have elevated myocardial enzymes. 
Therefore, continuous monitoring of myocardial enzymes 
and electrocardiogram deserve to be regarded as signifi-
cant and important for immediate detection of immune- 
related cardiotoxicity during PD-1/PD-L1 inhibitors treat-
ment. The presence of one or more serum enzymes and 
ECG abnormalities exist is worthy of attention.

The primary treatment of immune-related cardiotoxicity 
is immunosuppression, and large dose of corticosteroids is 
urgent.19 Studies have suggested that initiation of high-dose 
corticosteroids was beneficial for recovery of ventricular 
function as well as for reducing the burden of major adverse 
cardiac events.11,13 Therefore, the corticosteroids should be 
applied without any further delay for confirmatory testing. 
Besides, infliximab, intravenous immunoglobulin, anti- 
thymocyte globulin and plasma exchange are potential 
alternatives.27–29 In this case, since immune-related cardio-
toxicity was diagnosed, methylprednisolone was applied 
immediately. With enhanced corticosteroid treatment, the 
symptoms were relieved as well as myocardial enzymes 
gradually turned to normal levels. Afterwards, the dose of 
corticosteroids was gradually reduced in the following two 
weeks. However, two weeks after cessation of corticoids, the 
patient developed multiple organ injury (heart, liver and 
kidney). When dealing with the recurrence of irAEs, 
increased dose with 240 mg methylprednisolone per day 
was used. And the course of corticosteroid treatment was 
significantly longer than the previous course. The patient 
recovered once again with enhanced corticosteroid treatment. 
Conclusively, for the recurrence of cardiotoxicity, we con-
sider that the inadequate of does and course of corticosteroids 
may be the major cause of recurrence. However, the 

recurrence of immune-related cardiotoxicity has been 
reported rarely, and this needs to be a cause for concern.

Previous reports revealed that the occurrence of 
irAEs may be related to the outcome. Patients with 
skin toxic effects showed significantly improved overall 
survival and progression-free survival.30 The relationship 
between outcome and the development of irAE (pruritus, 
rash, and thyroid disease) was examined.31 In this case, 
although the patient had developed immune-related car-
diotoxicity, he had improved outcome. The lung lesions 
remained stable, while the liver metastatic lesions dis-
appeared after cessation of pembrolizumab for eight 
months. We reported the relationship between outcome 
and the development of immune-related cardiotoxicity. 
We deduced that immune activation maintained for 
a long time. While previous reports have suggested that 
irAEs are associated with response rates, this case sug-
gests that they might be also related to PFS.

Conclusion
In this case, the patient experienced immunotherapy- 
related cardiotoxicity after receiving treatment of pem-
brolizumab for one year. Since immune-related cardio-
toxicity was diagnosed, corticosteroids were used and the 
immunotherapy-related cardiotoxicity was relieved. 
However, two weeks after cessation of corticoids, serve 
irAEs reappeared. Larger doses and longer courses of 
corticosteroids may be an effective alternative when 
dealing with the re-emergence of irAEs. To the best of 
our knowledge, the cases with a recurrence of immune- 
related cardiotoxicity are rare, and re-emergence of serve 
irAEs should be more of a cause for concern. In addition, 
although the patient had developed immune-related car-
diotoxicity, the disease control remained excellent after 
cessation of pembrolizumab for eight months. Despite 
examining the relationship between outcome and the 
development of irAE (pruritus, rash, and thyroid dis-
ease), the relationship between outcome and immune- 
related cardiotoxicity has been reported rarely. We under-
stand that more data are needed to verify the relationship 
between outcome and the development of irAE.

Ethics Approval and Consent for 
Publication
This research was approved by the Ethical Committee of 
Huazhong University of Science and Technology, and writ-
ten informed consent for publication of the clinical details 
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and images was obtained from the patient, and did not 
require institutional approval to publish the case details.
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