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Introduction
Cytokine Release Syndrome (CRS), also known as Cytokine 

Storm Syndrome (CSS), is a systemic inflammatory response 
resulting from an exaggerated and uncontrolled immune response. 
CRS is associated with life-threatening inflammation that can affect 
many organs (i.e., pneumonitis, enteritis, colitis, vitiligo, etc.). 
Uncontrolled CRS could result in multiple organ failure and death. 
As the name implies, a central characteristic of CRS is elevated 
systemic cytokine levels due to excessive activation of immune and 
effector cells. A range of symptoms is associated with CRS from 
mild symptoms like fever, headache, rash, fatigue, and myalgia, to 
more severe symptoms like hypotension, high-grade fever, vascular 
permeability, and disseminated intravascular coagulation1.  

 
Inflammation in the lungs can result in severe cough and elevated 
respiratory rate with respiratory compromise progressing to Acute 
Respiratory Distress Syndrome (ARDS).

A variety of blood-based markers have been associated with 
CRS including the cytokines interleukin-1 (IL-1), IL-6, IL-10, 
Interferon-gamma (IFN-γ), and Tumor Necrosis Factor-alpha 
(TNF-α), creatinine, elevated liver enzymes, and C Reactive 
Protein (CRP) [1,2]. Markers such as IFN-γ and IL-10 have good 
sensitivity and specificity for CRS relative to a less specific marker 
IL-6. However, IL-6 has been established as a central cytokine in 
the pathophysiology of CRS, both in animal model systems and the 
clinical settings [3-5]. IL-6 is a potent pro-inflammatory cytokine 
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with the ability to produce cis and trans-signaling. In cis-signaling, 
a cell expresses the IL-6 receptor (IL-6R) on its cell surface along 
with the gp130 protein that contains a transmembrane domain that 
functions to initiate the intracellular IL-6 signaling cascade involving 
Janus Activated protein Kinase (JAK) and Signal Transducer and 
Activator of Transcription (STAT) kinases. For signaling to occur, 
IL-6 binds to its receptor IL-6R on a cell’s surface, the complex 
then binds to gp130 on the same cell to initiate signaling [6]. 
Tran-signaling occurs when IL-6 binds to soluble IL-6R (sIL-6R), 
which occurs when the ADAM10 protease cleaves the membrane-
bound IL-6R. The IL-6/sIL-6R complex can now bind to gp130 on 
any cell surface, independent of IL-6R expression on the target 
cell and induce signal transduction [6]. The prominence of IL-6 in 
CRS is highlighted by its’ association with many of the symptoms 
related to the condition (i.e., fever, anemia, acute kidney injury, 
Natural Killer-cell dysfunction) and targeting IL-6 can ameliorate 
many of the symptoms accompanying CRS [5,6]. IL-6 can activate 
coagulation and complement cascades that are associated with 
Disseminated Intravascular Coagulation (DIC) and inhibit Natural 
Killer cells from eliminating activated T cells, which can lead to an 
uncontrolled T cell response [6]. Controlling IL-6 may be central to 
managing the CRS in patients.

CRS is linked to a variety of etiologies including, but not limited 
to, antibody-based therapies, viral infection, small molecules, 
effector cell therapies (i.e., Chimeric Antigen Receptor T (CAR-T 
cell) cell therapy), and immune checkpoint inhibitor (ICI) therapies. 
E-cigarette and Vaping-Associated lung disease (EVALI) and Corona 
Virus Disease 2019 (COVID-19) are CRS-associated diseases 
that have emerged recently as significant public health concerns 
because they can both cause life-threatening ARDS (Table 1). CRS 

is an immune-related adverse event (irAE) that can occur during 
CAR-T cell and immune checkpoint inhibitor (ICI) therapies for 
cancer patients. Some patients undergoing these treatments also 
experience adverse events that are associated with inflammation 
of various organs (i.e., pneumonitis, enteritis, colitis, vitiligo, etc.), 
and it often necessitates a pause or cessation of treatment, which 
could allow for disease progression. [7] Treating CRS typically 
involves inhibiting the immune systems, which could prevent 
a tumor response from immunotherapeutic agents. [8] Should 
the CRS in each of these illnesses be treated the same way? Since 
many diseases with diverse etiologies are associated with CRS, 
these similarities can be exploited to establish novel and effective 
treatment protocols for CRS. We present CRS in the context of EVALI, 
COVID-19, CAR-T cell therapy, and ICI therapy and discuss how each 
is treated, and propose a combination approach to improve the 
management of CRS.

Discussion/Observations

CRS in Various Scenarios

EVALI is associated with aerosolizing vitamin E acetate, 
typically from illicit THC-containing products, into the lung that 
can potentiate acute respiratory distress. The disease principally 
occurred in the US, affecting over 2,800 patients from all 50 states, 
and resulted in 68 confirmed deaths through February 18, 2020 
(Table 1) [9]. After clusters of patients were identified, the source 
of the outbreak was quickly associated with illicit THC-containing 
vaping liquids, and thereafter the cases steadily declined. Patients 
presented with respiratory, gastrointestinal, or constitutional 
symptoms, with radiographic opacities indicative of one-sided or 
bi-lateral diffuse pneumonia, and signs of inflammation and CRS 
(i.e., elevated serum IL-6 and C-Reactive Protein (CRP)) [10,11].

Table 1: Summary of CRS across various etiologies.

COVID-19[12] EVALI [9] Effector Cell Therapies* 
CRS-associated irAE[35] ICI CRS-associated irAE[8]

Cases Global: 23 million# 
USA: 5.7 million# USA: 2,807@

(≥ Grade 3) 
Lymphoma 

1-23% 
Leukemia: 

23-46%

58/80,700 safety reports

Deaths Global: 810 thousand# 
USA: 177 thousand# USA: 68@ Lymphoma 0-1.8% 

Leukemia 0-1.9% 2 (3.4%)

Associated Causative 
Agent(s) SARS-CoV-2 VEA CAR-T cells 

BiTE

PD1 antagonist 
PD-L1 antagonist 

CTLA-4 antagonist

Risk Factors Comorbidities Age 
Comorbidities

Comorbidities 
Large tumor burden 

Early-onset CRS (<3 days)

*Effector cell therapies include CAR-T and BiTE cell treatments; #: Numbers through 8/24/2020; @: Number through 2/18/2020; irAE: immune-related 

Adverse Event; ICI: Immune Checkpoint Inhibitor; SARS-CoV-2: Severe Acute Respiratory Syndrome CoronaVirus-2; VEA: Vitamin E Acetate.
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Table 2: ASTCT Grading Scale for Cytokine Release Syndrome (CRS) [36].

Grade Characteristics

1
Fever ≥38°C

Could include constitutional symptoms, i.e., myalgia, malaise, etc.

2

Fever ≥38°C

Hypotension using not requiring vasopressors

Hypoxia that may necessitate some oxygen supplementation, i.e., low-flow nasal cannula.

3

Fever ≥38°C

Hypotension requiring the use of a vasopressor (excluding vasopressin)

Hypoxia that requires oxygen supplementation, i.e., high-flow nasal cannula.

4

Fever ≥38°C

Hypotension requiring multiple vasopressors (including vasopressin)

Hypoxia that requires positive pressure or intubation.

5 Death

ASTCT: American Society for Transplantation and Cellular Therapy.

Table 3A: Major therapies available for CRS conditions.

COVID-19 EVALI Effector Cell Therapies irAE ICI irAE

Corticosteroids

Convalescent Plasma

Remdesivir

Corticosteroids Corticosteroids

IL-6 and IL-6R antagonists
Corticosteroids

COVID-19: Coronavirus Disease 2019; EVALI: E-cigarette and Vaping Associated Lung Injury; irAE: immune-related Adverse Events; ICI: Immune 
Checkpoint Inhibitors.

Table 3B: Concept for a clinical trial.

Proposed Therapy/Clinical Trial

Combination of IL-6 or IL-6R antagonist and low dose corticosteroids for management of CRS

COVID-19 results from an infection with the Severe Acute 
Respiratory Syndrome-2 Corona Virus (SARS-CoV-2) virus in 
the lungs. There have been over 4.7 million COVID-19 cases with 
156,000 deaths in the US, and over 18 million cases with 700,000 
deaths worldwide, through August 3, 2020 (Table 1) [12]. Patients 
with severe cases of COVID-19 display a hyperactive immune 
response indicative of a cytokine storm. A variety of inflammatory 
markers (i.e., C-Reactive Protein, Lactate Dehydrogenase) and 
cytokines (i.e., IL-6, IL-1) are elevated in the plasma of these 
patients [13].

The major trend in oncology is augmenting the immune system 
to generate a robust anti-tumor response. For solid tumors, this can 
be done by using ICI targeting the CTLA-4 or PD-1/PD-L1 pathways. 
These agents, i.e., Nivolumab, can produce immune-related adverse 
events caused by CRS [7]. Although CRS in patients treated with 
ICI is rare, the large number of patients who are being prescribed 
these drugs makes these events a significant problem for the 

modern oncologist. Patients tend to present with fever, tachypnea, 
tachycardia, hypotension, and organ failure within 24-48 hours 
or weeks following ICI treatment. CRS symptoms are commonly 
associated with elevated blood CRP, creatinine, and IL-6 [6,14].

 Oncologists can also manipulate the immune system of cancer 
patients by adaptive T cell-based therapies, i.e., CAR-T cell and 
Bi-specific T cell Engager (BiTE) cell therapy. Following these 
therapies, it is estimated that 50% of patients can develop grade 
3-4 CRS symptoms (Table 2) as a result of excessive cytokine 
production, especially IL-1, and IL-6, causing pyrexia, hypotension, 
pulmonary edema, reduced renal function, and cardiovascular 
toxicities [3,15]. CRS symptoms typically occur between 6-20 days 
following cell infusion, and coincident with a greater than ten-fold 
increases in IFN-γ and IL-6 and a greater than four-fold increase in 
TNF-α [6]. The symptoms can progress leading to ARDS and MOF if 
the condition is not managed.



American Journal of Biomedical Science & Research

Am J Biomed Sci & Res                                     Copy@ Chandra P Belani

238

Management of CRS

CRS is the result of an over-activation of the immune system 
therefore, the condition is commonly treated with corticosteroids. 
Therapeutics used to manage CRS from different scenarios are 
summarized in Table 3A. The steroids potently suppress the 
expression of many cytokines effectively slowing down the immune 
response. Muting the immune system in patients where CRS is 
driving the disease symptoms, such as EVALI and COVID-19, with 
steroids can be beneficial. Corticosteroids have been used to treat 
patients with severe cases of EVALI, but the efficacy of the steroids 
for treating EVALI patients has not been determined in randomized 
clinical trials [16-18]. Steroids also seem to be beneficial for patients 
with COVID-19 with CRS. The corticosteroid dexamethasone was 
the first drug targeting the cytokine storm to show an improvement 
in survival for COVID-19 patients with severe disease and especially 
those on respiratory support [19].

Corticosteroids, however, can impede a successful antitumor 
response of checkpoint inhibitors and effector T cell therapies, 
hindering the treatment’s efficacy. This is especially the case when 
steroids are given early in the treatment course or if patients are 
on steroids for unrelated autoimmune conditions before treatment 
[20]. The use of corticosteroids can reduce progression-free 
survival and overall survival in non-small cell lung cancer (NSCLC) 
patients treated with drugs targeting the PD-1 and PD-L1 pathways 
[20]. Severe irAE (stage 3 and 4; Table 2) in patients receiving ICI 
must be managed effectively, and currently, the primary strategy is 
to use high-dose corticosteroids with possible detriment to anti-
tumor efficacy. Fortunately, the recurrence rate of irAE in cancer 
patients may be low, so it seems that it may be possible to restart 
checkpoint inhibitors in patients who initially had irAE [21].

CRS associated with CAR-T cell or BiTE therapies can be 
mitigated by low doses of corticosteroids (i.e., dexamethasone), 
while still maintaining the anti-tumor response (Table 3A) [22]. 
Therefore, these drugs can effectively improve the quality of life 
for patients receiving CAR-T cell therapies, but the current data 
does not show these drugs improve the outcome of the CAR-T cell 
treatment in patients [22]. The management of CRS in situations 
where the stimulus is a pathogen or other external agent (i.e., 
vitamin E acetate, VEA), corticosteroids seem to be effective, but for 
cancer patients undergoing ICI or effector T cell therapies, broad 
inhibition of the immune system is sub-optimal as they can alter the 
anti-tumor effect of these agents. A targeted approach that controls 
CRS while allowing an appropriate immune response would be an 
effective tool to manage the condition caused by exogenous agents 
and immunotherapeutic agents because corticosteroids, especially 
high doses, can lead to an increased risk for infection [23].

Targeting the IL-6 pathway

The IL-6 pathway is an ideal target candidate to manage 
the effects of CRS. Many of the symptoms associated with CRS 
are related to IL-6 and modulating IL-6 or the IL-6 pathway can 
moderate or abrogate the symptoms of CRS. A variety of modalities 
have been established to target the IL-6 pathway including anti-
IL-6R antibodies (tocilizumab), anti-IL-6 antibodies (siltuximab), 
inhibition of trans-IL-6 signaling with Sgp130-Fc, and JAK/STAT 
inhibition (ruxolitinib) [6]. A variety of clinical studies have been 
established to study the efficacy of IL-6 and IL-6R antagonists in 
COVID-19 patients, however, data from these trials are not yet 
mature. Small, retrospective studies suggest that tocilizumab may 
have some efficacy in managing CRS in COVID-19 patients [24-26]. 
Tocilizumab is effective and has received FDA approval for treating 
CRS associated with CAR-T cell therapy in adults and children over 
2 years of age [27]. There is little data available on the application of 
tocilizumab to control ICI-induced CRS. In a small study, tocilizumab 
in combination with steroids versus steroids alone showed that the 
combination could effectively manage CRS symptoms associated 
with nivolumab treatment, but there was no change in median 
survival between the groups [28]. Tocilizumab may be effective at 
alleviating ICI-associated joint inflammation [29,30]. In contrast to 
tocilizumab, siltuximab has not been studied in the context of first-
line treatment for CAR-T cell or ICI-induced CRS, but it has been 
applied as a third-line treatment for CAR-T cell-associated CRS 
following the failure of tocilizumab and steroids [31]. Siltuximab 
has shown some promise in treating severe COVID-19 induced 
CRS, but these results are preliminary and require confirmation in 
prospective clinical trials [32].

Targeting the IL-6 down-stream effector proteins JAK 1/2 with 
the small molecule inhibitor ruxolitinib has also shown efficacy 
in inhibiting the effects of CRS. A small cohort study of COVID-19 
patients showed the ruxolitinib was able to reduce inflammation in 
12 or 14 patients [33]. Further clinical studies are ongoing to study 
the drug’s efficacy in COVID-19 patients. While ruxolitinib has 
not been tested on CRS associated with ICI, it has shown promise 
in treating CRS following CAR-T cell therapy. In a mouse model, 
ruxolitinib was able to inhibit CRS while producing a negligible 
effect on the anti-tumor response of the CAR-T cell cells [34-36]. 
Clinical studies are needed to determine the efficacy of ruxolitinib 
to treat CAR-T cell-associated CRS in humans.

A combination-based approach to manage CRS in cancer

Treating patients with CRS can be a difficult proposition as 
the etiology is multifactorial. The cause and desired outcome play 
an important role in how it should be managed. For exogenous 
agents like SARS-CoV-2 or VEA, a broad-based approach with 
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corticosteroids seems to be effective. However, with immune-
modulatory treatments in cancer where a robust anti-tumor 
immune response is required, ICI and adaptive T cell therapies, 
a targeted approach may be more beneficial. Targeting the IL-6 
pathway has shown promise, as these tend to allow the immune 
cells to continue to function with anti-tumor effects [31,32]. The 
success of targeting the IL-6 pathway with tocilizumab to control 
CAR-T cell-associated CRS highlights that IL-6 is one of the key 
factors responsible for the symptoms associated with the syndrome. 
More clinical data are needed to better understand CRS and how it 
can be controlled, especially in the context of IL-6 production and 
the cause of inflammation. We suggest that combining lower doses 
of corticosteroids with IL-6 targeting agents may prove to be more 
effective in controlling CRS than each agent individually in cancer 
patients receiving immunotherapies (Table 3B). By limiting the 
broad-spectrum immune inhibition of steroids and supplementing 
it with an IL-6 targeting agent, a synergistic effect may occur 
where CRS symptoms are managed, and immune cell anti-tumor 
responses are preserved.

Conclusion
The clinical management of CRS from patients with all the 

etiologies discussed herein may be optimized by combining low 
dose corticosteroids with agents targeting IL-6 or the IL-6 receptor. 
There is currently a trial underway to compare tocilizumab 
or siltuximab with or without corticosteroids in patients with 
COVID-19 (NCT04486521). This study will require close monitoring 
so that it could inform and inspire new and more effective treatment 
options for CRS in general.
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