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Tumor-related cytokine release syndrome in a treatment-naïve patient with lung adenocarcinoma: A case report 

Deng PB et al. Tumor-related CRS in lung cancer patient

Peng-Bo Deng, Juan Jiang, Cheng-Ping Hu, Li-Ming Cao, Min Li

[bookmark: _Hlk89374110]Peng-Bo Deng, Juan Jiang, Cheng-Ping Hu, Li-Ming Cao, Min Li, Department of Respiratory Medicine, National Key Clinical Specialty, Branch of National Clinical Research Center for Respiratory Diseases, Xiangya Hospital, Central South University, Changsha 410008, Hunan Province, China

Peng-Bo Deng, Juan Jiang, Cheng-Ping Hu, Li-Ming Cao, Min Li, Xiangya Lung Cancer Center, Xiangya Hospital, Central South University, Changsha 410008, Hunan Province, China

Peng-Bo Deng, Juan Jiang, Cheng-Ping Hu, Li-Ming Cao, Min Li, Center of Respiratory Medicine, Xiangya Hospital, Central South University, Changsha 410008, Hunan Province, China

Peng-Bo Deng, Juan Jiang, Cheng-Ping Hu, Li-Ming Cao, Min Li, Clinical Research Center for Respiratory Diseases in Hunan Province, Changsha 410008, Hunan Province, China

Peng-Bo Deng, Juan Jiang, Cheng-Ping Hu, Li-Ming Cao, Min Li, National Clinical Research Center for Geriatric Disorders, Xiangya Hospital, Central South University, Changsha 410008, Hunan Province, China

Author contributions: Deng PB contributed to investigation and wrote the manuscript; Hu CP contributed to funding acquisition; Cao LM and Jiang J contributed to investigation; Li M contributed to review and editing; all authors have read and approve the final manuscript.

Supported by National Multidisciplinary Cooperative Diagnosis and Treatment Capacity Building Project for Major Diseases (Lung Cancer); National Key R&D Program of China, No. 2016YFC1303300; Xiangya Clinical Big Data Project of Central South University (Clinical big data project of lung cancer).

Corresponding author: Min Li, MD, PhD, Chief Doctor, Department of Respiratory Medicine, National Key Clinical Specialty, Branch of National Clinical Research Center for Respiratory Diseases, Xiangya Hospital, Central South University, No. 87 Xiangya Road, Changsha 410008, Hunan Province, China. limin2050@csu.edu.cn

Received: September 6, 2021
Revised: December 7, 2021
Accepted: December 31, 2021
[bookmark: _Hlk92466222]Published online: February 16, 2022

 1 / 15

Abstract
BACKGROUND
Cytokine release syndrome (CRS) is defined as systemic inflammation that usually occurs following chimeric antigen receptor T-cell therapy administration; however, it has not been reported in patients with untreated non-small cell lung cancer to date. 

CASE SUMMARY
A 44-year-old nonsmoking woman presented to the hospital due to fever, palpitation, nausea, and cough for 1 mo and was diagnosed with stage cT3N3M0 (IIIc) adenocarcinoma of the lung. Auxiliary examinations revealed elevated cytokine [tumor necrosis factor-α, interleukin (IL)-1β, and IL-6] and inflammatory factor levels, which decreased after treatment with corticosteroids and immunoglobulin and when tumor growth was controlled following chemotherapy, radiotherapy, and antiangiogenesis therapy. However, tumor recurrence was observed. After administration of nivolumab as third-line treatment, the patient’s condition was transiently controlled; however, CRS-like symptoms suddenly emerged, which led to a resurgence of cytokines and inflammatory factors and rapid death.

CONCLUSION
CRS can develop in treatment-naïve lung cancer patients. Patients with tumor-related CRS may be at risk of CRS recurrence, aggravation, and onset of immune checkpoint inhibitor-related adverse events.
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Core Tip: Cytokine release syndrome (CRS) is defined as systemic inflammation that usually occurs after chimeric antigen receptor T-cell therapy is administered. But the case we report suggests CRS can develop in treatment-naïve lung cancer patient. Patients with tumor-related CRS may be at risk of CRS recurrence, aggravation, and onset of immune checkpoint inhibitor (ICI)-related adverse events when ICIs are administered. Therefore, it is necessary to carefully evaluate whether the patient has CRS prior to the initiation of ICI treatment.

INTRODUCTION
Cytokine release syndrome (CRS) is defined as systemic inflammation that usually occurs after the initiation of chimeric antigen receptor (CAR) T-cell therapy[1]. Several case reports have shown that patients treated with immune checkpoint inhibitors (ICIs) such as pembrolizumab[2] and nivolumab[3] anti-programmed cell death-1 (antibody) can develop CRS. To our knowledge, CRS has not been previously reported in treatment-naïve patients with lung cancer. Based on the results of our follow-up on patients with non-small cell lung cancer, the present patient’s primary CRS was attributed to lung cancer, which usually recurs due to the development of tumors and an increase in tumor burden. Moreover, the patient developed CRS after being administered nivolumab, which led to rapid death (Table 1). This finding suggests that tumor-related CRS may be associated with ICI-related adverse events (irAEs) and poor prognosis among patients treated with nivolumab.

CASE PRESENTATION
Chief complaints
A 44-year-old nonsmoking woman visited our hospital (Xiangya Hospital, Central South University, Changsha, Hunan Province, China) in October 2017 due to fever (maximum, 41 °C), palpitation, nausea, and cough for 1 mo. 

History of present illness
The patient had fever (maximum, 41 °C), palpitation, nausea, and cough for 1 mo.

History of past illness
No special history of past illness.

Personal and family history
No special personal or family history was reported. 

Physical examination
The patient had palpable right-sided supraclavicular lymph nodes, low breath sounds on the right lung, and the absence of rales.

Laboratory examinations
The patient was diagnosed with partially differentiated adenocarcinoma of the lung with negative epidermal growth factor receptor and anaplastic lymphoma kinase gene mutations based on the results of computed tomography (CT)-guided puncture biopsy. The patient exhibited characteristics similar to those of CRS based on her clinical manifestations (high fever, tachycardia, nausea, appetite loss, and malaise) and laboratory examination results (elevated cytokines [tumor necrosis factor α (TNFα) and interleukin (IL)-1β, IL-6, and IL-10 levels (Figure 1), organ dysfunction (liver), and elevated ferritin levels][4]. We excluded other conditions that may have caused similar symptoms, such as tumor lysis syndrome (no hyperkalemia, uric acidemia, etc.), infection, and hemophagocytic syndrome (absence of hematopoietic cells on bone marrow biopsy).

Imaging examinations
CT on October 9, 2017 revealed a thick-walled cavity in the upper right lobe (Figure 2A). Tumor stage was cT3N3M0 (IIIc).

FINAL DIAGNOSIS
Lung adenocarcinoma (stage T3N3M) and CRS.

TREATMENT
We speculated that the patient may have primary CRS related to lung cancer and administered a 10 mg intravenous infusion of dexamethasone qd for 7 d, 20 g intravenous infusion of gamma globulin for 3 d, and other supportive treatments. The patient’s fever eventually subsided, her general condition improved, the levels of inflammatory factors and cytokines decreased (Figure 1), and the Eastern Cooperative Oncology Group (ECOG) score improved. Four cycles of chemotherapy with pemetrexed and cisplatin were initiated. The patient achieved partial remission (PR) at 1-mo follow-up according to the Response Evaluation Criteria in Solid Tumors, version 1.1 (Figure 2B). The patient had an ECOG score of 1, and her routine blood tests and cytokine and inflammatory factor levels had returned to normal (October 1, 2017) (Figure 1).
On June 11, 2018, she experienced recurrent fever for 10 d, and CT showed tumor progression (Figure 2C). The levels of cytokine and inflammatory factors began to increase (Figure 1), and we excluded the possibility of infectious fever and considered recurrent CRS. As the patient had stage IIIc adenocarcinoma, she was treated with radiotherapy from July 2018 to August 2018, and anlotinib therapy was initiated. The patient did not develop fever during this period. In October 2018, follow-up CT was performed, which revealed that the tumor had shrunk (Figure 2D); however, the size of the tumor started to increase in May 2019 (Figure 2E). Hence, five cycles of nivolumab treatment was administered. CT was performed in August 2019 and showed that the patient had achieved PR (Figure 2F). 

OUTCOME AND FOLLOW-UP
Seventeen days after receiving the last dose of nivolumab, the patient was sent to the emergency department due to exacerbation of sudden dyspnea, high fever, respiratory failure, and sudden cardiac arrest. The patient eventually died on September 8, 2019, with laboratory tests showing elevated cytokine and inflammatory factor levels (Figure 1).

DISCUSSION
The exact mechanism of CRS has not been fully elucidated. Cytokines are released when the tumor interacts with immune effector cells, and they can originate not only from the CAR T cells but also from host immune cells, such as macrophages[5]. Previous studies have shown that lung cancer cells can directly release inflammatory cytokines, including IL-1, IL-6, TNFα, and interferon (IFN)[6]. Tumor necrosis can also release a large number of cytokines, such as TNF[7]. The patient had obvious necrotic cavities in her lungs which may have been the cause of cytokine release. 
This clinical experience demonstrates that corticosteroids are an effective treatment for CRS, and steroids can be rapidly tapered within several days without CRS recurring. Another drug, tocilizumab, is a humanized immunoglobulin G1 + (IgG1 +) anti-human IL-6R monoclonal antibody which can usually resolve fever and hypotension within a few hours in patients with CRS and may induce a response more quickly than corticosteroids[8]. In the present case, corticosteroids and immunoglobulin were administered, and a significant therapeutic effect was achieved. With subsequent chemotherapy and other treatments to control lung cancer, CRS also improved, suggesting that antitumor therapy is also an important treatment for tumor-related CRS. Moreover, targeted immunosuppressive agents are also available to inhibit TNFα and IL-1, both of which may contribute to CRS, such as anti-TNFα monoclonal antibodies (infliximab), soluble TNFα receptor (etanercept), and IL-1R-based inhibitors (anakinra). 
This patient was administered nivolumab as third-line treatment and experienced exacerbation of CRS-like symptoms and eventually passed away after showing an oncologic response following nivolumab administration. ICI-related CRS can develop 2 d to 4 mo after treatment, and before or after achieving a significant antitumor response to ICI therapy[2,3]; this type of CRS is related to tumor lysis through the induction of pyroptosis in target cells[9]. Based on the patient’s symptoms and results of auxiliary examinations combined with her previous CRS, her disease progression may have been related to nivolumab treatment. A series of recent studies suggest inflammatory cytokines are potential biomarkers for irAEs, and one study found that patients treated with nivolumab who had a high level of soluble IL-2 measured at the initial tumor evaluation had a significantly increased risk of developing grade 3-4 nivolumab-related irAEs[10]. The above phenomena suggest that the use of ICIs in patients with tumor-associated CRS may induce the onset or aggravation of CRS or serious irAEs, which may be life-threatening. 

CONCLUSION
We believe that CRS can occur in treatment-naïve patients with lung cancer. Corticosteroids, immunoglobulins, and subsequent antitumor treatments have played important roles in the control of tumor-related CRS. Patients with tumor-related CRS may be at risk of CRS recurrence, aggravation, and onset of irAEs when treated with ICIs; therefore, it is necessary to carefully evaluate whether the patient has CRS prior to initiating ICI treatment.
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Figure 1 Curve showing the changes in the levels of cytokines and inflammatory factors. Curve showing the changes in the levels of cytokines and inflammatory factors. TNF-α: Tumor necrosis factor α; IL-1β: Interleukin-1β; IL-6: Interleukin-6; IL-10: Interleukin-10; PCT: Procalcitonin; CRP: C-reactive protein; WBC: White blood cell; N: Neutrophil; L: Lymphocyte; E: Eosinophil; M: Monocyte.
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Figure 2 Computed tomography of the lung. A: First computed tomography (CT) scan showing thickening of the upper right lobe cavity (October 9, 2017); B: Figure showing reduction of the tumor and enlarged cavity after 4 cycles of chemotherapy (pemetrexed + cisplatin); C: Increase in tumor size 4 mo after the last chemotherapy session (June 11, 2018); D: After the patient had received radiotherapy, CT showed that the tumor began to shrink, (August 2, 2018) the tumor had reduced in size, and anlotinib was initiated (orally, 12 mg once daily from days 1 to 14 of a 21-d cycle); E: On May 1, 2019, the tumor started to enlarge but cavity enlargement was resolved; hence, nivolumab treatment was started (5 times, from May 6, 2019 to August 19, 2019); F: In August 12, 2019, the upper right lung mass was significantly smaller than that observed before the cavity enlarged.

Table 1 Timeline
	Time
	Syndrome or treatment
	Oncologic response

	October 2017
	Fever (maximum 41 °C), palpitation, nausea and cough for 1 mo
	

	October 2017
	Diagnosed as medium differentiated adenocarcinoma lung cancer with EGFR and ALK gene mutations negative by CT-guided puncture biopsy
	

	November 2017
	Considered have primary CRS with related to lung cancer, and treated with DXM, gamma globulin and other supporting treatments. The patient stopped fever soon
	

	December 2017 to February 2018
	Four cycles of chemotherapy with pemetrexed + cisplatin
	PR

	June 11, 2018
	Recurrent fever for 10 d with CT showed tumor progressed again
	PD


	July 2018 to August 2018
	Radiotherapy then stated to take 
	PR

	August 2018
	Anlotinib
	PR

	May 2019
	Nivolumab for 5 cycles
	PR

	April 2019
	Died
	PD


EGFR: Epidermal growth factor receptor; ALK: Anaplastic lymphoma kinase; CT: Computed tomography; CRS: Cytokine release syndrome; DXM: Dexamethasone; PR: Partial remission; PD: Progressive disease.
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