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【 CASE REPORT 】

Cytokine Release Syndrome Induced by Immune-checkpoint
Inhibitor Therapy for Non-small-cell Lung Cancer
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Abstract:
Immune-related adverse events, including autoimmune toxicity, may develop as a consequence of immune-

checkpoint inhibitor (ICI) cancer therapy. Cytokine release syndrome (CRS) is a severe and life-threatening

cytokine-associated toxicity that can develop after adoptive T-cell therapy. We herein report a rare case of se-

vere CRS after ICI therapy for advanced non-small-cell lung cancer. He presented with a prolonged high fe-

ver, cardiogenic shock, and disseminated intravascular coagulation after the first course of programed death

ligand-1 inhibitor and platinum-based doublet chemotherapy. He recovered by steroid pulse therapy and to-

cilizumab. CRS is a rare but life-threatening adverse event of ICI therapy and therefore warrants awareness.
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Introduction

Immune-checkpoint inhibitors (ICIs) have become a main-

stay in cancer treatment. Situations where autoimmune tox-

icity develops in the context of immune-checkpoint therapy

are referred to as immune-related adverse events (irAEs) (1).

Various irAEs have been reported, and moderate-to-severe

cases can be managed by the administration of corticoster-

oids or other immunosuppressive agents.

Cytokine release syndrome (CRS) is a cytokine-associated

toxicity observed after administration of chimeric antigen re-

ceptor T-cell (CAR-T) therapy (2). CRS can be severe and

life-threatening. The anti-IL-6 receptor antibody tocilizumab

is an immunosuppressive agent that has shown efficacy for

severe CRS (3).

Very rarely, CRS has been reported as a side effect of

ICI. We herein report a case of CRS after platinum-based

doublet chemotherapy combined with ICI therapy success-

fully treated by corticosteroids and tocilizumab.

Case Report

A 53-year-old man presented to our hospital with back

pain and an abnormal shadow in the upper area of the right

lung. He was diagnosed with stage IVb lung adenocarci-

noma (cT3N3M1c) with distant metastasis to the left adrenal

gland and multiple bones.

He had a history of controlled type 2 diabetes and hyper-

lipidemia, and his Eastern Cooperative Oncology Group per-

formance status was 1. He received radiation therapy (30

Gray) to the 10th thoracic spine before the administration of

systemic chemotherapy. Twelve days after he completed ra-

diotherapy, chemotherapy was initiated, comprising cisplatin,

pemetrexed, and atezolizumab. As an antiemetic drug, dex-

amethasone was administered at 12 mg on day 1 and 6 mg

on days 2 and 3.

The patient presented with nausea of Grade 1 on day 1,

and there were no remarkable changes in his physical pres-

entation or laboratory data until day 6. On day 7, his body

temperature increased to 40°C. The fever was not amelio-

rated by the administration of acetaminophen and non-
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steroidal anti-inflammatory agents. He presented with no fo-

cal symptoms other than a fever. Blood and urine cultures

were negative.

On day 10, a rash appeared on his trunk and limbs. Since

the high fever continued, full-body computed tomography

was performed on day 13, with no evidence of infectious

foci. In the afternoon on day 10, his consciousness deterio-

rated (Glasgow Coma Scale E2V3M4), and he was unable

to maintain a seated position. S-ferritin increased to 5,775

ng/mL, and C-reactive protein (CRP) was 20.91 mg/dL. His

serum glucose level was normal. The lymphocyte count de-

creased to 180/μL, and the platelet count was 68,000/μL.

The function of the thyroid and adrenal glands was normal.

The clinical presentation, including the fever, confusion,

elevated ferritin, thrombocytopenia, and lymphocytopenia,

were consistent with systemic immune activation or CRS.

For the differential identification of the viral infection, we

measured the titer of viral antibodies (EB VCA IgG: 80

times, EB EA: <10 times, EBNA: 2.3 times, and human

palbo-virus 19 IgM: 0.30 times). These data did not suggest

viral infection as a cause of the patient’s symptoms. There

was no increase in the levels of serum uric acid, potassium,

calcium, or creatinine; we therefore excluded the possibility

of tumor lysis syndrome. High-dose corticosteroid pulse

therapy was provided with 1,000 mg of methylprednisolone

for 3 days. On day 11, his body temperature remained high,

around 39°C; we therefore decided to add 4 mg/kg body

weight of tocilizumab according to the strategy for treating

CRS (4).

His body temperature decreased on day 12, but hypoten-

sion and tachycardia were observed. On day 15, his blood

pressure decreased to approximately 60 mmHg. The heart

rate was 110 bpm, and SpO2 was 92% with an oxygen sup-

ply of 4 L/min. He was in a state of shock; therefore, hemo-

dynamic support with intravenous fluids followed by vaso-

pressor support with dopamine and noradrenaline was initi-

ated. Transthoracic echocardiography revealed diffuse hy-

pokinesis with an ejection fraction of 20% after being

within the normal range 5 days before. Maximum doses of

dopamine and noradrenaline were provided.

On day 16, his AST and ALT levels increased to 1,468

and 2,537 U/L, respectively. S-ferritin peaked at 56,520 ng/

mL, and his renal function worsened (creatinine, 1.44; blood

urea nitrogen, 80). X-ray showed congestion, and brain na-

triuretic peptide increased to 2,259 pg/mL. Electrocardiogra-

phy revealed no evidence of ischemic change, and the s-

creatine kinase level was normal. We therefore considered

ischemic heart disease unlikely and he developed acute heart

failure - one of the clinical symptoms of CRS.

His blood pressure gradually increased, and catecholamine

therapy was tapered. After high-dose steroids pulse therapy,

we decreased the steroid dose to 125 mg prednisolone and

continued this dose for 7 days. The CRP level steadily de-

creased after pulse therapy and the addition of tocilizumab.

The IL-6 levels increased from 13.1 pg/mL on the day of

tocilizumab initiation to 301 pg/mL after 2 days, but the

value subsequently decreased (Fig. 1). Regarding the coagu-

lation function, the fibrinogen level decreased to 53 μg/mL,

and the fibrin degradation product level increased to 50.8

μg/mL on day 19. He met the diagnosis criteria of dissemi-

nated intravascular coagulation (DIC); therefore, we decided

to administer fresh-frozen plasma if the DIC state persisted.

By day 21, his ejection fraction had recovered to 45%,

and dopamine and noradrenaline therapy was discontinued.

We decreased the prednisolone dose to 60 mg, with a 5-mg/

week tapering regimen. His ejection fraction recovered to

74% on day 25, and the fibrinogen level normalized on day

35. He was discharged from the hospital on day 55. Chemo-

therapy was re-initiated, including cisplatin and pemetrexed,

but no ICIs, and no recurrence of CRS was observed.

The primary lesion of the lung and adrenal metastasis

shrank from 13 and 42 mm before chemotherapy to 10 and

35 mm after the first cycle of chemotherapy, respectively

(Fig. 2). He continued to take cisplatin and pemetrexed ther-

apy after discharge, and he ultimately survived for 25

months from the beginning of the first cycle of chemother-

apy.

Discussion

For patients with metastatic non-small-cell lung cancer,

the addition of a programmed death-1 (PD-1) or pro-

grammed death ligand 1 (PD-L1) inhibitor to platinum-

based doublet chemotherapy has resulted in a significantly

higher overall survival and progression-free survival than

chemotherapy alone (5, 6).

CRS involves various symptoms, beginning with a fever,

and may result in severe multi-organ dysfunction due to a

systemic inflammatory response (7). Although a relatively

common side effect of CAR-T therapy, CRS appears to be a

rare side effect of PD-1 or CTLA-4 inhibitor treat-

ment (2, 4, 7).

To our knowledge, there have only been eight reported

cases of CRS induced by ICI therapy, including two cases

of lung cancer (8, 9). CRS is a non-antigen-specific toxicity;

hence, the management of this adverse event may be differ-

ent from that of other irAE. CRS does not exhibit antigenic

toxicity and may develop due to the excessive release of in-

flammatory cytokines by activation of lymphocytes and

macrophages in response to ICI therapy. CRS is more com-

monly associated with mAb infusions and CAR-T therapy

than ICI. The activation of immune cells by CRS may be a

common factor seen with ICI and other treatments. The

mechanisms underlying the CRS-related cytokine release

during ICI treatment are unknown; however, the duration of

CRS after treatment is sometimes longer in patients under-

going treatment with ICI than in those undergoing treatment

with mAbs and CAR-T. This may be due to the magnitude

of immune cell activation, as the T-cell activation after

mAbs infusions and CAR-T therapy is stronger than that af-

ter ICI therapy.

In the present case, the patient developed a high fever
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Figure　1.　Changes in CRP and IL-6 levels. CRP: C-reactive protein, IL-6: interleukin 6

Figure　2.　a: Adrenal metastasis before chemotherapy. b: Primary lesion of the lung before chemo-
therapy. c: Adrenal metastasis on day 57. d: Primary lesion of the lung on day 57.

with disturbance of consciousness, acute heart failure, and

DIC after chemotherapy containing a PD-L1 inhibitor. The

clinical presentation met the criteria of Grade 3 CRS (7).

The risk factors of CRS after ICI therapy are unknown, and

there are no obvious common features between our case and

previously reported cases. In this case, the patients showed

high levels of CRP (approximately 7.0 mg/dL) before the

initiation of chemotherapy. This suggests that a state of high

inflammation might cause CRS, but there is no conclusive

evidence to support this notion. The patient recovered after

high-dose steroid pulse therapy and the administration of to-

cilizumab. The recommended first-choice treatment of CAR-
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T therapy-related CRS is tocilizumab, with corticosteroid

therapy being the second choice. However, the pathogenesis

of CRS following ICI remains unclear, and no treatment

strategy has yet been established. The patient’s acute heart

failure developed after the decrease in body temperature.

Drug-induced heart failure by tocilizumab was unlikely

since there were no previous reports on this. He and his

family declined to undergo a cardiac catheter test, so we

could not test for the existence of coronary artery disease.

However, there was no ST-change in the electro-cardiogram

and no asynergy of the heart wall during follow-up, so

ischemic heart disease was also considered unlikely.

Cardiomyopathy is also considered a clinical signs of

CRS (4, 7). We therefore suspected that the heart failure had

been induced by high-load cytokine release. As reported in

one previous case (4), the CRP level decreased immediately

after the initiation of tocilizumab, and the IL-6 levels in-

creased for a short while after the initiation of IL-6 receptor

blockade before then decreasing. This elevation in IL-6 lev-

els after IL-6 receptor blockade is considered to be due to

antibodies that bind to IL-6 receptor, thereby temporarily in-

creasing the serum IL-6 levels. In the present case, however,

it took several days of tocilizumab treatment to alleviate the

CRS symptoms, such as heart failure and DIC. Patients usu-

ally recover within a few hours after the administration of

tocilizumab; however, symptoms may not always completely

resolve, and the administration of a second dose of tocilizu-

mab or a second immune-suppression agent should be con-

sidered (4).

In August 2017, the Food and Drug Administration ap-

proved tocilizumab for the treatment of CRS following

CAR-T therapy (3). In this approval, the recommended dose

of tocilizumab was 8 mg/kg (12 mg/kg for patients weigh-

ing <30 kg). The patient described in this report was treated

before this recommendation had been made, so the ideal

dose of tocilizumab for CRS was considered to be 4-8 mg/

kg (4). We used 4 mg/kg of tocilizumab as the initial dose,

but this dose might have been insufficient to achieve the im-

mediate improvement of CRS. Our patient ultimately recov-

ered, but we might have used 8 mg/kg of tocilizumab for

the first dose or repeated treatment if prompt improvement

could not be obtained.

Another potential reason for the transitory deterioration

after tocilizumab administration might be the development

of macrophage activation syndrome (MAS) (10). MAS is a

multi-organ dysfunction due to the release of cytokines, in-

cluding IL-1, IL-6, IL-18, and tumor necrosis factor-α. It

may develop after tocilizumab therapy for autoimmune dis-

eases, such as systemic juvenile idiopathic arthritis, and be

characterized by hemophagocytosis, hyperferritinemia, liver

dysfunction, and coagulopathy. We did not measure the lev-

els of cytokines other than IL-6 and did not perform bone

marrow aspiration; therefore, we cannot conclude whether or

not MAS occurred in this case.

CRS is a rare but life-threatening complication. The initial

symptoms of CRS, such as a high fever and low-blood pres-

sure, mimic more common complications during chemother-

apy combined with ICI therapy, including septic shock and

adrenal insufficiency. In addition, the pattern of cytokines

released in case of CRS induced by ICI is not fully known,

so a harmonized treatment strategy remains to be estab-

lished. It is important to be aware of CRS as a cause of se-

vere multi-organ dysfunction after the initiation of ICI ther-

apy, including a strategy for the treatment of any imminent

cytokine storm.
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