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INTRODUCTION 
CRS is simply due to massive T-cell stimulation and cytokine storm, most often seen in CAR-T 
therapy and hematopoeitic stem cell transplants (HSCT)/BiTE therapy in cancer patients, but 
also in severe viral infections (commonly respiratory, like influenza), severe bacterial/fungal 
infections, HLH and MAS. Occasionally it is difficult to distinguish CRS from sepsis 2/2 similar 
lab abnormalities and mechanisms of cytokine release. Important to first look for a cause of 
sepsis before considering CRS. 
 
CLINICAL PRESENTATION 
Fevers are an obligatory sign of CRS and typically precedes any other manifestation. 
Constitutionally, in addition to fevers, patients can develop rigors, nausea, and arthralgias. 
Other mild symptoms include flu-like symptoms, fatigue, cough, tachypnea, headache, 
arthralgia, rash and myalgias. Gastrointestinal toxicities include colitis with diarrhea and 
abdominal pain and hepatitis. Respiratory symptoms are common. Severe symptoms mimic 
sepsis and are characterized by hypotension, high fevers and can progress to systemic 
inflammatory response (SIRS) with ARDS, dyspnea, hypoxemia, vascular leakage, DIC and 
multi-organ failure. Bilateral opacities are often seen on chest X-ray.  
 
Neurotoxicities are also seen, but most often associated with CAR-T CRS. Symptoms can range 
from headache and confusion, others have progressed (and in some cases rapidly) to seizures, 
cerebral edema, and death. 
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CRS Grading Criteria  
This grading criteria was primarily made for hematologic malignancies/CAR-T and HSCT. 

● Grade 1: Symptoms require treatment only (eg, fever, nausea, fatigue, HA, myalgia, 
malaise) 

● Grade 2: Symptoms require & respond to moderate intervention; oxygen requirement 
<40% FiO2 or hypotension responsive to fluids or low dose of one vasopressor or Grade 
2 organ toxicity 

● Grade 3: Symptoms require & respond to aggressive intervention; O2 requirement >= 
40% FiO2 or hypotension requiring high-dose or multiple vasopressors or Grade 3 organ 
toxicity or Grade 4 transaminitis 

● Grade 4: Life threatening symptoms; requirements for ventilator support, CVVHD, or 
Grade 4 organ toxicity (excluding transaminitis) 
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PATHOPHYSIOLOGY 
The proposed mechanism is thought to be due to T-cell activation or lysis of immune cells that 
induce release of cytokines, leading to activation of macrophages, dendritic cells and other 
immune cells and endothelial cells that produce more proinflammatory cytokines. T-cells release 
mainly IFN-γ or TNF-α, whereas macrophages and endothelial cells produce large amounts of 
IL-6; these cytokines result in a positive feedback loop, causing cytokine storm. IL-6, IL-10 and 
IFN-γ are the core cytokines consistently found to be elevated in serum of patients with CRS. 
CRP and ferritin are two inflammatory markers that have been shown to be high in those with 
HLH and MAS-related CRS.  
 

 
 



 
 
TREATMENT 
Low-grade CRS is usually treated symptomatically with antihistamines, antipyretics 
(ACETAMINOPHEN IN COVID-19 PATIENTS; AVOID NSAIDS) and fluids. However, additional 
testing is usually done to rule out other differential diagnoses. If an infection cannot be ruled out 
with certainty, you may consider starting empiric antibiotic therapy. Tocilizumab, an anti-IL-6 
monoclonal antibody, may be added but it is usually reserved for more severe cases.  
 
Patients with Grade 3 or 4 CRS toxicity should immediately receive tocilizumab treatment. (Of 
note, tocilizumab does not cross the blood-brain barrier so it is not effective against neurologic 
symptoms, thus corticosteroids preferred.) Usually CRS symptoms resolve within hours to days 
after treatment. If no effect is seen within 24-72 hours, a second administration is feasible. It is 
noted that CRP can no longer be trended as an inflammatory marker after receiving tocilizumab 
given the downstream blockade of IL-6 resulting in rapid decrease of CRP. There is low 
evidence for using corticosteroids but sometimes this is added.  
 
Speculation of using other agents, such as clazakizumab (another IL-6 mAb), siltuximab 
(chimeric Ig-kappa mAb & soluble form of IL-6 receptor), anakinra (IL-1 monoclonal antibodies); 
these are primarily being currently studied in CAR-T patients. Additionally, when tocilizumab nor 
glucocorticoids have an effect, TNF-α (such as etanercept) blockade has shown some 
effectiveness. Cyclophosphamide, ATG and alemtuzumab (T-cell depleting antibodies) are 
being studied as well. Sarilumab (IL-6 mAb) is also currently in clinical trials for CRS/COVID.  
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WHAT MSBI IS TESTING IN COVID-19 POSITIVE PATIENTS: 
● IL-6 - main cytokine released 
● CRP - inflammatory marker seen in CRS 
● Ferritin - inflammatory marker seen in CRS 
● D dimer - looking for DIC or coagulopathy in CRS  

 

COVID DRUGS and CRS: 
● Tocilizumab  

○ Reuters. China approves use of Roche drug in battle against coronavirus complications. 
https://www.reuters.com/article/us-health-coronavirus-china-roche-hldg/china-approves-use-of
-roche-arthritis-drug-for-coronavirus-patients-idUSKBN20R0LF (Accessed on March 11, 
2020). 

● Sarilumab  
○ Clinical trial COVID19 treatment with IL-6 monoclonal antibody 

http://www.news.sanofi.us/2020-03-16-Sanofi-and-Regeneron-begin-global-Kevzara-R-sarilu
mab-clinical-trial-program-in-patients-with-severe-COVID-19. 

● Glucocorticoids 
○ WHO/CDC recommend GCs NOT be used in COVID-19 PNA unless other indications (eg, 

exacerbation COPD). GCs have been associated with an increased risk for mortality with 
influenza and delayed viral clearance (MERS-CoV) infection. Although they were widely used 
in management of severe acute respiratory syndrome (SARS), there was no good evidence 
for benefit, and there was persuasive evidence of adverse short- and long-term harm.  

http://www.news.sanofi.us/2020-03-16-Sanofi-and-Regeneron-begin-global-Kevzara-R-sarilumab-clinical-trial-program-in-patients-with-severe-COVID-19
http://www.news.sanofi.us/2020-03-16-Sanofi-and-Regeneron-begin-global-Kevzara-R-sarilumab-clinical-trial-program-in-patients-with-severe-COVID-19

