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Abstract

An excessive immune response during coronavirus disease (COVID-19) can induce cytokine release syndrome (CRS),
which is associated with life-threatening complications and disease progression. This retrospective study evaluated the
clinical characteristics of severe CRS (sCRS, grade 3—4) induced by severe COVID-19 (40 patients) or chimeric antigen
receptor T-cell (CAR-T) therapy as a comparator (41 patients). Grade 4 CRS was significantly more common in the COVID-
19 group (15/40 (35.7%) vs. 5/41 (12.2%), P =0.008). The CAR-T group had more dramatic increase in cytokines,
including IL-2, IL-6, IL-10, and IFN-y. Interestingly, COVID-19 group had significantly higher levels for TNF-a (31.1 pg/
ml (16.1-70.0) vs. 3.3 (1.8-9.6), P <0.001) and 1g viral loads were correlated with Ig IL-6 (R*=0.101; P<0.001) and lg IL-
10 (R*=0.105; P <0.001). The independent risk factor for COVID-19-related sCRS was hypertension history (OR: 4.876,
95% CI: 2.038-11.668; P <0.001). Our study demonstrated that there were similar processes but different intensity of
inflammatory responses of SCRS in COVID-19 and CAR-T group. The diagnose and management of severe COVID-19-
related SCRS can learn lessons from treatment of sCRS induced by CAR-T therapy.

Introduction

Cytokine release syndrome (CRS) is a potentially life-
threatening syndrome that can be caused by viral infection,
auto-immune disease, administration of antibody-based
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therapy, and immunotherapy. This syndrome is character-
ized by dramatically increased levels of cytokines and
immune system dysregulation [1-3]. There is normally a
balance between anti-inflammatory and pro-inflammatory
cytokines, however, an excessively activated immune
response can lead to substantially increased secretion of
pro-inflammatory cytokines from lymphocytes (T cells, B
cells, and natural killer cells) and myeloid cells (monocytes,
macrophages, and dendritic cells) [4, 5]. The clinical pre-
sentation of CRS varies according to severity, with mild
disease being linked to slight fever, fatigue, anorexia, nau-
sea, vomiting, and headache, whereas severe disease is
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linked to hypotension, shock, disseminated intravascular
coagulation, and even multiple organ dysfunction [6, 7].

Increasing use of chimeric antigen receptor T-cell (CAR-
T) therapy for hematological malignancies [8—11] has led to
a more comprehensive understanding of the mechanisms
underlying CAR-T-related CRS. The pathophysiology of
CRS in this setting can be divided into two primary steps
after binding of CAR-T receptor and its specific antigen
[5, 6]. First, activated CAR-Ts and lytic tumor cells produce
tremendous amounts of IFN-y and TNF-a, which initiates
the CRS. Second, other immune cells are activated by IFN-
v, especially macrophages and monocytes, which also
release massive amounts of other cytokines (including IL-1,
IL-6, and IL-10) [12, 13]. In addition, endothelial activation
may contribute to CRS, as severe CRS (sCRS, grade 3-4)
involves increased serum concentrations of von Willebrand
factor and angiopoietin-2 [13]. These pathways contribute
to the systemic effects in patients with CAR-T-related CRS.

Coronavirus disease (COVID-19) is caused by severe
acute respiratory syndrome coronavirus 2 (SARS-COV-2),
which has a fatality rate of ~3.7% in China based on official
national statistics [14]. This emerging infectious disease has
prompted research regarding its epidemiology and patho-
physiological mechanisms, as well as diagnosis and treat-
ment strategies [14—16]. Giuseppe et al. have suggested that
dendritic cells and macrophages release cytokines (includ-
ing IL-12, IL-15, and IL-18) after viral antigen recognition.
Furthermore, activated natural killer cells, recruited group 1
innate lymphoid cells, and differentiated type 1 helper cells
may enhance the production of cytokines (including IL-1,
IL-2, IFN-y, and TNF-a), which can induce injury of
respiratory epithelial and endothelial cells and lead to a
variety of respiratory symptoms [17, 18]. Several studies
have indicated that critical COVID-19 cases with CRS may
rapidly develop life-threatening complications. [19, 20].
Although the pathophysiology of COVID-19-associated
CRS remains poorly understood, and appropriate therapies
are still being explored, it is possible that COVID-19-
induced CRS and CAR-T therapy-induced CRS might have
similar pathophysiological process. Therefore, we evaluated
the clinical and laboratory characteristics of patients with
sCRS that was induced by severe COVID-19 or CAR-T
therapy, which may help provide practical information to
guide the management of COVID-19-related CRS.

Methods
Patients
We retrospectively evaluated patients with sCRS that was

induced by severe COVID-19 (the COVID-19 group)
between January 2020 and March 2020 at The First

Affiliated Hospital, School of Medicine, Zhejiang Uni-
versity. During this period, 105 patients at our center had
confirmed SARS-COV-2 infection based on viral nucleic
acid detection, which was identified in accordance with the
Guidelines and Management of COVID-19 of the National
Health Commission of China [21]. The CAR-T group was
defined as patients who received CAR-T therapy for
refractory/relapsed hematological malignancies between
July 2015 and April 2020 at our Bone Marrow Transplan-
tation Center (The First Affiliated Hospital, School of
Medicine, Zhejiang University). Cases of CRS were iden-
tified based on version 5.0 of the National Cancer Institute
Common Terminology Criteria for Adverse Events, which
define CRS as a disorder that involves fever, tachypnea,
headache, tachycardia, hypotension, rash, and/or hypoxia
caused by the release of cytokines [3, 6]. The present study
only included patients with sCRS, which required the
patients to fulfill one of the following criteria: (1) fever of
>38 °C, (2) inspired oxygen concentration of >40%, or (3)
hypotension requiring one or more vasopresors [22]. Based
on these criteria, the COVID-19 group included 40 patients
with SCRS and the CAR-T group included 41 patients with
sCRS, and 40 patients in COVID-19 group were severe or
critically ill patients. The study was retrospectively regis-
tered in the Chinese clinical trial registry (http://www.chictr.
org.cn/showproj.aspx ?proj=49177) (ChiCTR2000029625)
on 07 February 2020 and (http://www.chictr.org.cn/show
proj.aspx?proj=11714) (ChiCTR-OCC-15007008) on 04
August 2015.

Laboratory measurements and data collection

The patients’ electronic medical records were searched to
collect data regarding their epidemiological, clinical,
laboratory, radiographic, and treatment characteristics. The
clinical laboratory variables tested after a confirmed diag-
nosis of COVID-19 during hospitalization included com-
plete blood count, serum biochemical test results (including
liver function, renal function, triglycerides, and creatinine),
coagulation profile, procalcitonin, ferritin, viral load, and
immunological test results (including serum cytokines and
peripheral immune cell subsets).

Study endpoints and statistical analysis

The groups with sCRS induced by severe COVID-19 or
CAR-T therapy were compared to identify similarities and
differences in their characteristics. The primary endpoints
were remission of SCRS and the primary disease as well as
mortality. The secondary endpoint was the development of
complications (including respiratory failure, cardiac dys-
function, hepatic dysfunction, renal dysfunction, secondary
infection, etc). Numeric variables were presented as median
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(interquartile range, IQR) and compared using the
Mann—Whitney U test. Categorical variables were presented
as number (%) and compared using Fisher’s exact test or the
chi-squared test. A Logistic regression model was used to
obtain the odds ratio (OR) estimates and corresponding
95% confidence intervals (CI) to evaluate the risk factors
associated with SCRS and clinical complications. Pearson’s
correlation analysis was used to analyze -correlations
between the Ig viral load/tumor burden and Ig cytokine
levels. Cumulative incidences of sSCRS was estimated using
the reverse Kaplan—-Meier method. Differences were con-
sidered statistically significant at two-sided P values of
< 0.05. All analyses were performed using IBM SPSS
Statistics (version 24; IBM Corp., Armonk, NY).

Results
Patient characteristics

This study included 81 patients with grade 3—4 CRS, who
were categorized into a COVID-19 group (40 patients) and
a CAR-T group (41 patients). The patients’ characteristics
are shown in Table 1. Grade 3 CRS was more common than
grade 4 CRS in the COVID-19 group (62.5% [25/40] vs.
37.5% [15/40]) and in the CAR-T group (87.8% [36/41] vs.
12.2% [5/41]). The incidence of grade 4 CRS was sig-
nificantly higher in COVID-19 group than in CAR-T group
(37.50% [15/40] vs. 12.2% [5/41]; P = 0.008). The median
age was older in COVID-19 group than in CAR-T group
(62 years [IQR: 51-71 years] vs. 51 years [IQR: 32.5-62.5
years]; P <0.001). However, there was no significant dif-
ference in the median duration (6 days [IQR: 3-31.3 days]
vs. 7 days [IQR: 6-10 days], P=0.321) as well as the
cumulative incidence (P =0.209, Supplement Fig. 1) of
sCRS between COVID-19 and CAR-T groups.

Clinical symptoms

The clinical symptoms generally involved respiratory sys-
tem in COVID-19 group and systemic inflammation in the
CAR-T group (Fig. 1 and Table 1). COVID-19 group was
more likely to have cough (95% [38/40] vs. 53.7% [22/41],
P <0.001), expectoration (70% [28/40] vs. 36.6% [15/41],
P =0.003), breathing difficulty (95% [38/40] vs. 48.8%
[20/41], P < 0.001), and hypoxemia (95% [38/40] vs. 56.1%
[23/41], P <0.001) than CAR-T group. However, the CAR-
T group was more likely to have hypotension (87.8% [36/
41] vs. 7.5% [3/40], P <0.001). As fever is an initial sign of
CRS, we compared maximum daily temperatures between
the two groups. The CAR-T group had a significantly
higher median maximum temperature (40.0 °C [IQR: 39.8-
40.2 °C] vs. 38.5 °C [IQR: 37.9-39.0 °C], P<0.001) and a
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Table 1 Characteristics and clinical symptoms of patients with
severe CRS.

COVID-19 CAR-T P value
(N=40) (N=41)
Characteristics
Age, years 62 (51,71) 51 (32.5,62.5) <0.001
Gender, n (%) 0.049
Male 29 (72.5%) 21 (51.2%)
Female 11 (27.5%) 20 (48.8%)
Grade of CRS, n (%) 0.008
Grade 3 25 (62.5%) 36 (87.8%)
Grade 4 15 (37.5%) 5 (12.2%)
Duration of CRS, days 6.0 (3.0, 31.3) 7.0 (6.0, 10.0)  0.321

Clinical symptoms
Max temperature, °C  38.5 (37.9, 39.0) 40.0 (39.8, 40.2) <0.001

Duration of fever, days 8 (6, 11.3) 10 (7, 23) 0.014
Cough, n (%) 38 (95.0%) 22 (53.7%) <0.001
Expectoration, n (%) 28 (70.0%) 15 (36.6%) 0.003
Fatigue, n (%) 15 (37.5%) 22 (53.7%) 0.144
Headache, n (%) 3 (7.5%) 6 (14.6%) 0.307
Blood in phlegm, 6 (15.0%) 3 (7.3%) 0.271
n (%)

Diarrhea, n (%) 10 (25.0%) 12 (29.3%) 0.666
Breathing difficulties, 38 (95.0%) 20 (48.8%) <0.001
n (%)

Hypotension, n (%) 3 (7.5%) 36 (87.8%) <0.001
Hypoxemia, n (%) 38 (95.0%) 23 (56.1%) <0.001

Data were described as n(%), or median (IQR). P value were tested by
Chi-Square test or Mann—Whitney U test. CRS cytokine release
syndrome.

longer median duration of fever (10.0 days [IQR:
7.0-23.0 days] vs. 8.0 days [IQR: 6.0-11.3 days], P=
0.014).

Laboratory findings

Figure 2 and Table 2 shows the laboratory parameters that
were evaluated for during the course of CRS, including C-
reactive protein (CRP), cytokine profiles (IL-2, IL-6, IL-10,
TNF-a, and IFN-y), p-dimer, triglycerides, procalcitonin,
and ferritin. The results revealed that the CAR-T group had
significantly higher median maximum values for IL-2, IL-6,
IL-10, IFN-y, D-dimer, CRP, procalcitonin, and ferritin
(Table 2). In addition, TNF-a was the only cytokine with a
significantly higher concentration in COVID-19 group than
in CAR-T group (31.1 pg/mL [IQR: 16.1-70.0 pg/mL] vs.
3.3 pg/mL [IQR: 1.8-9.6 pg/mL]; P<0.001), which may
provide a meaningful insight into the treatment of sCRS
related to COVID-19. Besides, the intervals between max-
imum cytokines and COVID-19 diagnosis/CAR-T-cell
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Table 2 Laboratory findings of

severe CRS in COVID-19 group COVID-19 (N =40) CAR-T (N=41) P value

and CAR-T group. Laboratory findings
Max CRP, mg/L 69.0 (29.8, 175.5) 136.2 (90.0-165.0) 0.033
Max IL-2, pg/ml 1.7 (0.9, 2.7) 7.3 (2.0, 12.7) <0.001
Max IL-6, pg/ml 110.3 (41.7, 728.1) 7120.6 (1066.8, 15136.4) <0.001
Max IL-10, pg/ml 10.1 (6.3, 20.6) 174.5 (61.7, 434.6) <0.001
Max TNF-a, pg/ml 31.1 (16.1, 70.0) 3.3 (1.8,9.6) <0.001
Max IFN-y, pg/ml 35.0 (16.9, 60.8) 1308.5 (296.6, 3018.2) <0.001
Max D-dimer, ng/ml 4295.5 (1669.5, 13522.0) 66383 (25545, 88000) <0.001
Max triglyceride, mmol/L 2.6 (1.5, 3.5) 2.7 (2.4,3.8) 0.160
Max PCT, ng/L 0.2 (0.1, 2.1) 1.9 (0.4, 3.4) 0.005
Max ferritin, ng/ml 1022.8 (538.7, 1685.8) 30093.4 (6147, 40000) <0.001

Intervals between peak cytokines and COVID-19 diagnosis/CAR-T-cell infusion, days

1L-2 5.5 (1,16) 5 (4, 8.75) 0.441
1L-6 6 (1, 21.75) 9 (5, 12.5) 0.353
1L-10 6.5 (1, 22.5) 10 (8, 13) 0.163
TNF-a 10 (1, 22) 10 (7.25, 14) 0.523
IFN-y 9 (1, 23) 9.5 (7, 12) 0.908

Data were described as median (IQR). P value were tested by Mann—Whitney U test. CRP C-reactive
protein, PCT procalcitonin.

Fig. 3 Imaging features of the lungs in the COVID-19 and CAR-T
groups. a Transverse chest CT images from a 74-year-old man with
grade 4 CRS in COVID-19 group showing bilateral diffuse ground-
glass opacity, patchy and streak hyperdensities on day 29 after sSCRS

infusion were shown in Table 2, and there were no sig-
nificant differences between the two groups.

Imaging features of the lungs in the COVID-19 and
CAR-T groups

The imaging features of the lungs in COVID-19 group
varied during disease stage. Early-stage disease tended to

exhibit multiple patchy ground-glass opacities at the lower

SPRINGER NATURE

onset. b Transverse chest CT images from a 23-year-old woman with
grade 4 CRS in CAR-T group showing bilateral patchy hyperdensities,
with uneven internal density and pleural effusion on day 8 after sSCRS
onset.

lobe and the lateral and sub-pleural regions. Isolated local
lesions were less common, although they could progress to
bilateral infiltrates within a short time. Mid-to-late-stage
disease tended to exhibit coexistence of consolidation
affecting the lower lung zone, ground-glass opacities, reti-
cular changes, and focal interstitial fibrosis, although pleural
effusion was uncommon (Fig. 3a). The typical imaging
feature of the lungs in CAR-T group was diffuse pulmonary
infiltration. The radiographic changes in the CAR-T group
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Table 3 Multivariate analyses for risk factors associated with severe
CRS and clinical complications.

Factors QOdds ratio (95% CI) P value
COVID-19-related sCRS

History of 4.876 (2.038-11.668) <0.001

hypertension
CAR-T-related sCRS in ALL patients

Blast cells in the 1.025 (1.003-1.047) 0.029

bone marrow
CAR-T-related sCRS in MM patients

B2-microglobulin 1.252 (1.004-1.560) 0.046
Clinical complications
Invasive ventilation

Max triglyceride 0.264 (0.078-0.895) 0.033
Respiratory failure

Group COVID-19  175655.306 0.001

vs. CAR-T  (121.630-253678007.724)

Max 1g IL-10 88.386 (3.309-2360.779)  0.007
Renal dysfunction

Grade of CRS  Grade 4 vs.  6.603 (1.500-29.078) 0.013

grade 3

Max CRP 1.012 (1.004-1.021) 0.003
Hepatic dysfunction

Max g ferritin 4.181 (1.627-10.741) 0.003
Secondary infection

Max 1g D-dimer 9.823 (1.690-57.113) 0.011
Blood transfusion

Max 1g IL-6 9.948 (1.927-51.359) 0.006

Data were described as odds ratio (95% CI). P value were tested by
logistics regression model test. ALL acute lymphoblastic leukemia,
MM multiple myeloma, CRP C-reactive protein, PCT procalcitonin.

mainly involved patchy hyperdensities with heterogeneous
density, which was occasionally accompanied by pleural
effusion and concomitant clinical symptoms (e.g., hyper-
pyrexia, hypoxemia, and hypotension). Treatment of CRS
and lung lesions generally involved comprehensive therapy
that consisted of tocilizumab, corticosteroids, and anti-
infective agents (Fig. 3b).

Risk factors associated with sCRS

Table 3 and Supplement Table 1 show the risk factors that
were associated with sCRS in COVID-19 and CAR-T
groups. The independent risk factors for COVID-19-
induced sCRS was the history of hypertension (OR:
4.876, 95% CIL: 2.038-11.668; P<0.001). The risk of
COVID-19-induced sCRS was not significantly related to
sex, age, history of diabetes, history of cardiovascular dis-
ease, history of respiratory disease, smoking status.

The independent risk factors for sCRS in CAR-T group
were high levels of bone marrow blast cells among patients

with acute lymphoblastic leukemia (ALL) (OR: 1.025,
95% CI. 1.003-1.047; P=0.029) and increased [2-
microglobulin concentrations among patients with multi-
ple myeloma (MM) (OR: 1.252, 95% CI: 1.004—1.560; P =
0.046). The risk of CAR-T-induced sCRS was not sig-
nificantly related to sex, age, numbers of prior chemo-
therapies, prior stem cell transplantation, disease stage,
lactate dehydrogenase (LDH) before the CAR-T infusion,
or the CAR-T infusion dose in ALL, MM and non-Hodgkin
lymphoma (NHL) patients.

Correlations between viral load/tumor burden and
cytokine levels

The correlations between viral load/tumor burden and var-
ious cytokine levels were shown in Fig. 4. Results revealed
that the 1lg viral load was correlated with the 1g serum
concentrations of IL-6 (R* = 0.101; P <0.001), IL-10 (R*> =
0.105; P<0.001), and TNF-a (R*> =0.04; P =0.005), but
not correlated with the 1g serum concentrations of IL-2
(R*=0.004; P =0.359) or IFN-y (R*<0.001; P =0.783).

In CAR-T group, LDH was a common indicator related
to tumor burden among patients with ALL, NHL, and MM.
The lg LDH concentration was correlated with the 1g serum
concentration of IL-6 (R2 =0.161; P=0.01) but not with
the Ig serum concentrations of IL-2 (R2 =0.01; P=0.548),
IL-10 (R*=0.003; P=0.726), IFN-y (R>*=0.001; P=
0.844) or TNF-a (R> = 0.003; P = 0.742).

Complications and associated risk factors during
sCRS

Table 4 shows the incidences of various complications,
including hypoalbuminemia, hepatic dysfunction, renal
dysfunction, cardiac dysfunction, respiratory failure, bac-
terial infection, fungal infection, other viral infection, need
for blood transfusion, and gastrointestinal hemorrhage. The
COVID-19 group had higher rates of respiratory failure
(95% [38/40] vs. 22% [9/41], P <0.001) and intensive care
unit admission (77.5% [31/40] vs. 4.8% [2/41]; P <0.001).
The CAR-T group had higher rates of hypoalbuminemia
(95.1% [39/41] vs. 80% [32/40], P=0.048) and blood
transfusion (78.0% [32/41] vs. 32.5% [13/40], P <0.001).
Table 3 and Supplement Table 2 show the results of the
univariate and multivariate analyses for each complication.
COVID-19 and max lIg IL-10 were two independent prog-
nostic factors associated with respiratory failure. Maximum
CRP and grade 4 CRS were two independent prognostic
factors associated with renal dysfunction. Maximum lg
ferritin was an independent prognostic factor associated
with hepatic dysfunction. Maximum 1lg D-dimer was an
independent prognostic factor associated with secondary
infection. Maximum lg IL-6 was an independent prognostic

SPRINGER NATURE
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Table 4 Complications in patients with severe CRS. Table 5 Treatments in patients with severe CRS.
COVID-19 CAR-T P value COVID-19 CAR-T P value
(N=40) (N=41) (N=40) (N=41)
Respiratory failure, n (%) 38 (95.0%) 9 (22.0%) <0.001 Oxygen support, n (%) <0.001
Acute cardiac injury, n (%) 10 25.0%) 7 (17.1%) 0.381 No need for oxygen therapy 0 (0) 12 (29.3%)
Hepatic dysfunction, n (%) 27 (67.5%) 34 (82.9%) 0.107 Nasal cannula 0 (0) 15 (36.6%)
Acute kidney injury, n (%) 10 (25.0%) 13 (31.7%) 0.503 Non-invasive ventilation or 25 (62.5%) 12 (29.3%)
Secondary infection, 1 (%) 27 (67.5%) 21 (512%) 0.136 high-flow nasal cannula
Hypoalbuminemia, 1 (%) 32 (80.0%) 39 (95.1%)  0.048 InVa;‘liV? mechanical 4 (10%) 2 (4.9%)
tilat
Transfer to ICU, 7 (%) 31 (775%) 2 (4.8%) <0.001 Iven ration — Lorse 00
. nvasive mechanica 5%
Blood transfusion, n (%) 13 (32.5%) 32 (78.0%) <0.001 ventilation and ECMO
Gast.romtestmal and 3 (7.5%) 3 (7.3%) 1.000 SCRS treatment, 1 (%) <0.001
craniocerebral hemorrhage, n (%) ) )
Corticosteroids only 19 (47.5%) 5 (12.2%)
Data were 'described as n(%). P value were tested by Chi-square test. Tocilizumab only 0 (0) 20 (48.8%)
ICU intensive care unit. . .
Corticosteroids and 0 (0) 7 (17.1%)
tocilizumab
Artificial-liver blood- 1 (2.5%) 0 (0)
. . . ificati 1
factor associated with blood transfusion. None of the pun_ cation _On Y o
Corticosteroids and artificial- 13 (32.5%) 0 (0)

complications were independently related to the duration of
sCRS or the procalcitonin concentration.

Treatment and prognosis

Table 5 shows the treatments for sCRS in the two groups.
Patients in the COVID-19 group were more likely than
patients in the CAR-T group to receive high-flow oxygen,
invasive mechanical ventilation, or emergency extra-
corporeal membrane oxygenation (100% [40/40] vs. 34.1%
[14/41], P <0.001). Furthermore, treatments in the COVID-
19 group tended to involve corticosteroids and/or artificial-
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liver blood-purification

Data were described as n(%). P value were tested by Chi-Square test
and Fisher’s exact test. ECMO extracorporeal membrane oxygenation.

liver blood-purification therapy, whereas pharmacological
treatment in the CAR-T group tended to involve tocilizu-
mab with or without corticosteroids. Timely treatments
resulted in remission of sSCRS in all patients, 40 patients in
COVID-19 group were proved SARS-COV-2 negative in
respiratory specimens by viral nucleic acid detection before
discharge. As for CAR-T group, 9.8% (4/41) patients failed
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to achieve complete remission after CAR-T-cell therapy.
The median follow-up days were 128 days (range:
91-139 days) and 287 days (range: 12-1344 days) in
COVID-19 group and CAR-T group, no deaths occurred in
COVID-19 group during follow-ups. However, the relapse
rate and mortality of CAR-T group was 29.3% (12/41) and
34.1% (14/41), among which four patients died because of
serious complications at a median interval of 20.5 days after
the CAR-T infusion (range: 13—-74 days). Patient 1 with
relapsed/refractory (RR) MM died because of severe
pneumonia secondary to adenovirus infection at 25 days
after CAR-T infusion. Patient 2 with RR MM died because
of intracranial hemorrhage at 13 days after CAR-T infusion.
Patient 3 with RR MM and died because of acute liver
failure after hepatitis B virus reactivation at 74 days after
CAR-T infusion. Patient 4 with RR ALL died because of
pseudomonas aeruginosa sepsis and septic shock at 16 days
after CAR-T infusion.

Discussion

Several studies have evaluated the pathophysiology, clinical
characteristics, and treatment strategies for CRS induced by
COVID-19 or CAR-T therapy. However, there is limited
information regarding the similarities and differences in
these two groups. To the best of our knowledge, ours is the
first study to compare the characteristics of sSCRS induced
by severe COVID-19 and CAR-T therapy, which may help
guide the understanding, diagnosis, and treatment of
COVID-19-related CRS. Our results revealed that the CAR-
T group had a more dramatic increase of serum cytokine
levels, and SCRS was associated with viral load in COVID-
19 group and with LDH concentration in CAR-T group.
Furthermore, COVID-19 group had a markedly higher
incidence of respiratory symptoms, whereas hypotension
was more common in the CAR-T group. This difference is
likely related to the fact that SARS-COV-2 mainly targets
the respiratory tract, whereas CAR-T cells attack hemato-
logical tumor cells disseminated throughout various organs,
which causes a more intensive generalized response. The
incidence of grade 4 CRS was lower in CAR-T group,
which may be attributable to the specific treatment
(including tocilizumab and corticosteroids) in CAR-T
group. Nevertheless, there is current no standardized treat-
ment for COVID-19-related sCRS.

Both groups exhibited variable changes in serum con-
centrations of IL-2, IL-6, IL-10, IFN-y, TNF-a, ferritin, and
D-dimer. CAR-T group had higher values for the laboratory
parameters, with the notable exception of TNF-a, which is
likely explained by SARS-COV-2 targeting the pulmonary
alveolar epithelial and endothelial cells and leading to ele-
vated TNF-a levels in the lung tissues [23, 24]. Further

studies are needed to test this hypothesis by comparing
cytokine concentrations in bronchial alveolar lavage fluid
and serum specimens. We presumed that CRS induced by
COVID-19 or CAR-T therapy involves similar processes
with different intensities, which suggested that the man-
agement of CAR-T-related sCRS may help guide the
management of COVID-19-related sCRS.

Nevertheless, our study found that sCRS induced by
COVID-19 and CAR-T therapy exhibited distinct clinical
phenomenon, thus, etiologies of sCRS between the two
groups may be different. The pathophysiology of CAR-T-
related CRS involves the anti-tumor activity of CAR-T
cells, whereas COVID-19-related CRS involves SARS-
COV-2 binding to and impairing alveolar epithelial cells,
which induces cytokines secretion from the large amounts
of immune cells activated by the innate and adaptive
immune systems [25, 26]. Our findings indicate that sCRS
was related to a high viral load in COVID-19 cases and to a
high tumor burden in CAR-T cases. In this context, CAR-T
cells may have greater specificity and efficacy for targeting
tumor cells, which might contribute to the more intense
responses and rapid clinical outcomes of CAR-T-related
CRS. However, compared to CAR-T cells, immune cells are
less specificity in targeting SARS-COV-2. Recent research
has indicated that COVID-19 patients have dramatically
decreased counts of CD4+ and CD8+ T cells, especially in
patients who are treated in the intensive care unit, and T-cell
counts were negatively associated with serum concentra-
tions of IL-6, IL-10, and TNF-a [27, 28]. Our laboratory
findings also revealed general reductions in the counts for
total T cells, CD3+ CD4+ T cells, and CD3+ CD8+
T cells in COVID-19 patients. Thus, CAR-T patients may
experience a shorter duration of CRS than COVID-19
patients, the lack of a significant difference in our findings
might be related to the small sample sizes and different
treatment strategies, especially the lower rate of corticos-
teroids application.

The treatments for CAR-T-related sCRS were based on
its severity, and mainly involved tocilizumab and corticos-
teroids. Tocilizumab targets IL-6 receptor and was approved
by the FDA for treating grade >3 CRS based on a reliable
treatment response [29, 30]. Corticosteroids are recom-
mended as a second-line treatment because of their potential
effects on CAR-T-cell proliferation and efficacy, and should
be used for patients with disease that is refractory to toci-
lizumab treatment [3, 31]. Centers that administer CAR-T
therapy have established systematic strategies for reducing
the incidence and mortality of CAR-T-related CRS. How-
ever, tocilizumab has not been officially approved for
treating SCRS related to COVID-19. Several clinical trials
(NCTO04331794, NCT04377659 et al) have evaluated toci-
lizumab in COVID-19 patients with severe or critical dis-
ease with extensive lung lesions, the results revealed a
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decreased fraction of inspired oxygen, reduced lung lesion
opacity, and recovery of lymphoma proportion and CRP
concentrations after tocilizumab therapy [32]. Thus, taking
into account the lower serum IL-6 concentration in COVID-
19 group, we suspect that careful treatment with a con-
servative dose and treatment period may be useful.

Our study displayed a significantly higher concentration
of TNF-a in the COVID-19 group, which consistents with
the results from previous studies. Jamilloux Y. et al. [33]
founded that TNF-a released when viral RNA is recognized
by toll-like receptors, NOD-like receptors, and RIG-I like
receptors. Furthermore, in SARS-COV-2-infected mice,
increased TNF-a was a principal cause of acute lung injury,
impaired T-cell function and T-cell apoptosis [31, 34].
Thus, we speculate that targeting TNF-a may be a novel
strategy for managing SCRS that is caused by SARS-COV-
2, although this theory requires further investigation.

Corticosteroid is a double-edged sword in managing
immunomodulation and the inflammatory response.
Although corticosteroids can lead to an increased plasma
viral load in patients and cause aggravation of mild disease,
previously reported findings and our results suggest that it
remains useful for managing severe cases that are associated
with over-secretion of cytokines [35]. The pharmacological
mechanism involves corticosteroids decreasing the secretion
of inflammatory factors, as well as leukocyte infiltration and
phagocytosis at the beginning of inflammation. In addition,
corticosteroids interfere with the interactions between pro-
inflammatory factors [35-37]. Therefore, short-term
administration of corticosteroids (e.g., 3—-5 days) at early
stage of cytokine storm may help relieve syndromes and
delay disease progression [38, 39]. In the present study,
corticosteroids were provided to most of the patients with
COVID-19-related sCRS (32/40 cases, 80%), which resul-
ted in a lower temperature, shorter fever duration, and lower
serum cytokine concentrations. These results may indicate
that corticosteroids are a valuable treatment for critically ill
patients with sCRS.

Patients with RR hematologic malignancies often suffer
from high tumor burden and rapidly progressed disease, and
to some extent, timely manufacturing and infusion of CAR-
T cells is a prospective strategy for those high-risk patients
with aggressive disease. Regrettably, COVID-19 pandemic
may set challenges and obstruct the smooth performing of
CAR-T-cell therapy, and patients with RR hematologic
malignancies and COVID-19 may encounter increased risks
of CAR-T-cell toxicity. As described above, sSCRS induced
by CAR-T-cell therapy and COVID-19 presented similar
conditions in both clinical and laboratory manifestations,
they both experienced fever, respiratory symptoms,
increasing of cytokines, and inflammation indicators. Fur-
thermore, acquired humoral immunity deficiencies (like B-
cell aplasia) and myelosuppression after CAR-T-cell
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infusion possibly increased susceptibility to COVID-19 in
those patients, likewise, virus infection is a risk factor
associated with cytopenia. These comparable performances
and interactions between the two courses pose particular
challenges in identification and diagnosing comorbid
COVID-19 and hematological malignancies [40]. Previous
reports showed the lack of proved treatments available for
treating immunocompromised patients with COVID-19
[41]. Wei J. et al. reported a MM patient infected with
SARS-COV-2 3 month after fully humanized, anti-BCMA
CAR-T-cell therapy, he underwent progression of COVID-
19 with the elevated levels of cytokine profiles and B-cell
aplasia. Unfortunately, after polypharmacy strategy of cor-
ticosteroids, cefoperazone/sulbactam, teicoplanin and vor-
iconazole, these patients still maintain a high viral load and
died of respiratory failure [40]. Therefore, some recom-
mendations may contribute to reasonable decision-making
of CAR-T-cell therapy under the circumstance of COVID-
19 pandemic. First, the potential risks and benefits of pro-
moting CAR-T-cell therapy should be taken into careful
consideration, and it would be reasonable to select patients
with lower tumor burden and simultaneously lower risk of
CRS. Second, CAR-T patients complicated with fever or
respiratory symptoms need timely examine for etiology
(including SARS-COV-2) and lung radiologic abnormal-
ities. Finally, the treatment of CAR-T patients complicated
with COVID-19 requires specialized expertize and a mul-
tidisciplinary team, and based on Center for Disease Control
and Prevention (CDC) and ASTCT guidelines [42]. In
addition, tocilizumab, TNF-« inhibitors, or artificial liver
treatment is proposed for severe COVID-19 patients with
high level of cytokines.

The present study has several limitations that must be
acknowledged. First, only a small number of sCRS cases
were available for the COVID-19 and CAR-T groups.
Although the small sample sizes may influence the statis-
tical power of our findings, we collected data from each
stage during disease progression to improve the reliability
of our conclusions. Second, the small number of cases made
it impossible to compare sCRS in the COVID-19 group
with CAR-T-related CRS according to the different hema-
tological diseases. Third, additional basic research is needed
to explain the underlying mechanisms for the relationships
we observed in the patients’ clinical characteristics and
laboratory findings.

Conclusion

The global COVID-19 pandemic has created an urgent need
for effective and precise treatments. In this setting, SCRS is
associated with life-threatening complications, including
acute respiratory distress syndrome and multiple organ
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dysfunction, which suggests that early recognition and
control of sCRS will be crucial for improving outcomes
among patients with severe COVID-19. Our results suggest
that inflammatory responses are similar but of different
intensities in SCRS that is caused by severe COVID-19 and
CAR-T therapy. Both groups exhibited variable increases in
different cytokines (including IL-6, IL-10, IL-2, TNF-a, and
IFN-y), only TNF-a concentration was significantly higher
in the COVID-19 group. Thus, the diagnosis and treatment
of CAR-T-related sCRS may be useful for guiding the
diagnosis and treatment of COVID-19-related sCRS.
Moreover, further studies are needed to evaluate the
potential feasibility of TNF-a inhibitors in this setting.
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