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The COVID-19 disease is an unprecedented international public health emergency and
considerably impacts the global economy and health service system. While awaiting
the development of an effective vaccine, searching for the therapy for severe or critical
COVID-19 patients is essential for reducing the mortality and alleviating the tension
of the health service system. Cytokine release syndrome (CRS) induced by elevated
interleukin-6 was recognized to underscore the pathology of severe COVID-19 patients.
Inhibiting CRS by agents suppressing IL-6 may relieve symptoms, shorten the hospital
stay and reduce the need for oxygen therapy. Although evidence from randomized,
double-blinded clinical trials is still lacking, the IL-6R inhibitor tocilizumab (TCZ) has
shown some clinical benefits in the treatment of severe COVID-19 patients and have been
included in clinical guidelines. In this review, we focused on the possible mechanisms of
TCZ in the treatment of CRS and highlighted some significant considerations in the use
of TCZ to treat COVID-19 patients.
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INTRODUCTION

The novel zoonotic coronavirus disease, caused by severe acute respiratory syndrome-coronavirus
2 (SARS-Cov-2), has rapidly transmitted across the continents in the past several months and
eventually evolved into a pandemic, which infected over 5,000,000 patients worldwide and resulted
in over 300,000 deaths (WHO). SARS-CoV-2 gains entry into host cells through interaction with
angiotensin-converting enzyme-2 (ACE2). ACE2 is ubiquitously expressed in numerous tissues;
however, lung alveolar epithelial cells are considered the primary targets. Subsequently, the virus
rapidly replicates in the host, causing massive epithelial and endothelial cell apoptosis and vascular
leakage, triggering the release of exuberant pro-inflammatory cytokines and chemokines. The
excessive immune reaction produced by SARS-CoV-2 infection in the host can lead to the “cytokine
release syndrome” (CRS). CRS can induce an extensive tissue damage and be life-threatening in
severe COVID-19 (1, 2).
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While the majority of the patients infected by SARS-Cov-2
only developed a mild to modest symptoms and may recover in
several days, up to 20% patients demonstrated severe pneumonia
and fever, which develop into acute respiratory distress syndrome
(ARDS) and need admission into the intensive care unit (3).
As the surge in the number of critical patients overwhelmed
the medical service system, an effective strategy to reduce the
mortality and shorten the average length of stay in ICU will
significantly improve the treatment of COVID-19.

Compared with moderately ill cases, severe cases more
frequently developed lymphopenia, and hypoalbuminemia, with
higher levels of alanine aminotransferase, lactate dehydrogenase,
C-reactive protein, ferritin, and D-dimer as well as markedly
higher levels of cytokines including IL-2R, IL-6, IL-10, and
TNF-o (4). The indications above are characteristic of CRS,
which is common in critical patients and underlies the pathology
of ARDS (5).

A meta-analysis including nine studies found that patients
with severe COVID-19 had a significantly higher serum IL-6
levels compared to non-severe patients, and increased IL-6 levels
are correlated with elevated mortality in patients (6). Elevated
IL-6 levels might also serve as a predictive biomarker for disease
severity. The optimum critical point of IL-6 was determined as
24.3 pg/ml in severe COVID-19 group. When IL-6 was over
24.3 pg/ml, the severity of COVID-19 could be predicted with
sensitivity and the speciality of 73.3 and 89.3%, respectively. And
when combined IL-6 with D-dimer, the sensitivity reached to
93.3% by parallel testing, the speciality was increased to 96.4%
by tandem testing (7). IL-6 showed a significant kinetics changes
in COVID-19 cases with fatal outcome. On admission, in severe
or critical patients, significantly higher levels of IL-6 were found
in non-survivors (severe: 9.7 pg/mL, critical: 10.5 pg/mL) than in
survivors (severe: 7.2 pg/mL, critical: 6.2 pg/mL). Survivors had
comparable levels of IL-6 during hospitalization, whereas IL-6
showed an upward trend with varying degrees in non-survivors
at end-hospitalization. A 1.2-, 1.5-, and 2.2-fold increase was
found in mild/moderate, severe, or critical cases compared with
on admission, respectively (8). These studies indicated the central
role of IL-6 in the CRS and the exacerbation of COVID-19
patients, highlighting the possibility of targeting the IL-6 pathway
in the treatment of patients with COVID-19.

Therefore, an effective way to modulate the immune
overactivation and to suppress the CRS may reduce the mortality
of severely ill patients. Tocilizumab (TCZ) is a humanized
monoclonal antibody targeting the IL-6 receptor and is approved
by FDA for the management of CRS invoked by CAR-T therapy.
TCZ showed promising efficacy in severe CRS demonstrated by
a response as defined achieved by 69% patients within 14 days
after one or two doses of TCZ. Moreover, TCZ is safe for both
pediatric and adult patients, as no adverse reactions observed
in patients with CAR T cell-induced CRS (9). The involvement
of CRS in the COVID-19 progression is evidenced by the
increased pro-inflammatory factors [IL-6, IL-1, IL-2, IL-7, IL-
10, granulocyte-colony stimulating factor, interferon-y-inducible
protein 10, monocyte chemoattractant protein 1, macrophage
inflammatory protein-1 alpha, and TNF-a] observed in severe
COVID-19 patients (10-12). In addition, COVID-19 can

progress in the same fashion as the respiratory signs and
symptoms associated with CRS (13). TCZ has therefore been
hypothesized to improve COVID-19 patients’ condition through
blocking exuberant and dysfunctional systematic inflammation.
Although its efficacy in treating severely ill patients has not
confirmed, the guidelines issued by China and Italy have already
recommended TCZ for the treatment of critical COVID patients
with elevated IL-6. Given the efficacy and safety of TCZ in CRS
and the pivotal role of CRS in COVID-19, this review focused
mainly on the existing evidence concerning the mechanisms of
TCZ, and to clarify the considerations in clinical application.

THE MECHANISMS OF TCZ

CRS referred to an activation cascade of auto-amplifying
cytokine production due to dysfunctional immune response
involving the continual activation and expansion of lymphocytes
and macrophages (14). CRS was regarded as the prominent
cause of fatality in the previous SARS-CoV and MERS-CoV
infections (15). Similarly, a cytokine profile resembling CRS in
critical patients with COVID-19 was also documented (4, 10).
Furthermore, the biopsy of the patients died from the COVID-19
showed the bilateral diffuse alveolar damage with cellular
fibromyxoid exudates and interstitial mononuclear inflammatory
infiltrates dominated by lymphocytes, suggesting the role of
overactivated inflammatory cells in the pathology of patients with
COVID-19 (13). A recent retrospective, multicenter study of 150
confirmed COVID-19 cases revealed that elevated IL-6 was a
predictor of mortality, indicating that IL-6 played a central role
in the hyperinflammation and CRS in the critical patients (11).
Interleukin-6 (IL-6) is a pleiotropic cytokine that exerted
multiple roles in the immune system (16). It can be produced
by almost all stromal cells and immune system cells, such
as B lymphocytes, T lymphocytes, macrophages, monocytes,
dendritic cells, mast cells and other non-lymphocytes, such
as fibroblasts, endothelial cells (17). But the primary source
of interleukin-6 comes from the monocytes and macrophages
at the sites of inflammation (18, 19). The expression of IL-6
was mainly induced by interleukin-la, tumor necrosis factor
(TNF)-a and other stimuli including virus infections, bacterial
products and factors secreted by necrotic cells (19). The receptor
of IL-6 consisted of two kinds of receptor, the membrane-
bound receptor (mIL-6R) and soluble receptor (sIL-6R). As
the receptor of IL-6 is an incompetent receptor in signaling
transduction, the complex formed by IL-6 and IL-6R need a
second receptor, gpl30, to initiate transmembrane signaling
(20, 21). Notably, while membrane-bound IL-6R can only be
detected on hepatocytes and certain immune cells, the gp130
is ubiquitously expressed on the surface of all cells (22, 23).
By binding to different forms of IL-6R, IL-6 signals through
two distinct pathways, referred to as the classical signaling and
the trans-signaling (24). In classical signaling, IL-6 binds to the
membrane-bound IL-6R and then recruited the gp130, whose
dimerization activated the downstream signaling including the
STAT1, STAT3, PI3K, and MAPK pathways. In trans-signaling,
IL-6 binds to the soluble IL-6R (sIL-6R) and forms a soluble
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complex, interacting with a dimer of gp130 and enabling cells
without the expression of IL-6R to respond to IL-6 signaling,
which widens the cell type affected by IL-6 signaling (16).

Under homeostatic conditions, the serum IL-6 concentrations
in healthy individuals are in the range of 1-5 pg/ml (18).
Interestingly, the serum concentrations of soluble gp130 and
sIL-6R are in the range of 40-70ng/ml and 400ng/ml,
respectively (25). Once secreted, IL-6 was neutralized by binding
to sIL-6R, which has a higher affinity to IL-6, and then
associating with sgp130. Therefore, the serum sIL-6R and sgp130
may serve as a buffer against elevated IL-6 concentration. In
physiological context, IL-6 functions in a paracrine manner due
to the existence of the IL-6 buffer (24). Under inflammatory
conditions, the concentration of IL-6 surged, surpassing the
buffer capacity and then activating the trans-signaling, which lead
to hyperinflammation status and eventually result in CRS.

Although the exact mechanisms remained unknown, the so-
called “IL-6 amplifier” may explain the CRS in severe COVID-19
patients. In COVID-19 patients, innate immune cells, including
dendritic cells and macrophages, were activated upon sensing
of coronaviruses via toll-like receptors, which induced the
expression of pro-inflammatory cytokines (e.g., IL-1, IL-6, TNF-
a) through engagement with NF-kB signaling (26, 27). Besides,
various cell types infected with SARS-CoV-2 demonstrated
very low IFN-I or IFN-III and limited ISG response, while
maintaining high chemokine and pro-inflammatory cytokine
production marked by IL-6, IL-1RA (28). Furthermore, the
count of CD4+ T cells, CD8+ T cells, and B cells negatively
correlated with the severity of illness (29, 30). Serum IL-6,
IL-10, and TNF-a concentration were inversely correlated with
T cell numbers (31), and high levels of lymphocyte apoptosis
in the spleens and lymph nodes was found in patients died
from COVID-19 (32). Whether IL-6 plays a role in the
decrease of T cells needs further investigation. The impaired
interferon response and the reduction of T cells lead to delayed
viral clearance and massive viral replication, promoting the
synthesis and secretion of IL-6 in innate immune cells. The
non-immune cells responded to elevated IL-6 through IL-6 trans-
signaling, and expressed high concentrations of chemokines,
growth factors, and IL-6, which forms a positive feedback
loop or “inflammation amplifier” (27). The “amplifier” may
result in consistent elevation of pro-inflammatory chemokines
and cytokines and persistent monocyte infiltrates, causing
CRS and acute respiratory dysfunction syndrome (Figure 1).
IL-6 can act on a large number of cells and tissues to get
involved with the progression of COVID-19. IL-6 contributed
to increased angiogenesis activity and vascular permeability
by induction of vascular endothelial growth factor (VEGF)
(23), which further exacerbate ARDS in severe patients.
IL-6 is essential for B cells to proliferation, differentiation
and antibodies production. IL-6 is especially needed when
B cells are activated by antigen and differentiate into IgM,
IgG and IgA antibodies (33), which may be associated with
the seroconversion during COVID-19 pathogenesis (34). IL-6
induces cytotoxic T lymphocyte (CTL) activity, promotes the
lineage and function of Th17 cell and the development of self-
reactive pro-inflammatory CD4 T cell response, whereas inhibits

the induction of regulatory T cell (Treg) (35), which may explain
the hyperactivated pro-inflammatory T cells (13) and decreased
regulatory T cells (36) observed in critically ill patients. IL-6 also
induces hepatocytes to synthesize acute phase reactive protein,
especially Serum amyloid A (SAA) and C-reactive protein (CRP)
(37), which were significantly elevated in COVID-19 patients
(37). IL-6 trans-signaling mediates inflammation leading to
cardiovascular diseases (38) that is a complication in COVID-19
patients (10). Thus, targeting the IL-6 signaling pathway
may reverse the hyperinflammation status and curb the CRS,
potentially be the effective and safe way to reduce mortality
of COVID-109.

TCZ was the first monoclonal antibody developed to block
the IL-6 signaling pathways, which functions by directly binding
to the mIL-6R and sIL-6R to prevent IL-6 from interacting with
IL-6R (39). The safety and effectiveness of TCZ in blocking IL-6
have been proved in therapy for rheumatic disease and CAR-T
induced CRS (39). CAR-T cells are T cells extracted from the
patients with cancer and modified to enhance its recognition and
eradication of tumor cells (40). However, around 70% of patients
receiving CD19 CAR-T therapy develop CRS, with symptoms
including fever, dyspnea, and hypotension and abnormities in
laboratory parameters, such as cytopenia, hypofibrinogenemia
and elevated cytokines. As an elevation of IL6 accompanies
CRS, TCZ was used in the management of CAR-T induced CRS
and was eventually approved by the FDA for its efficacy. As
critical patients with COVID-19 and patients developing CRS
after CAR-T therapy share similarities in clinical presentation
and laboratory findings, it is reasonable to speculate that TCZ
may also be effective in the treatment of patients with COVID-19.

THE TCZ IN THE TREATMENT OF
COVID-19

The efficacy of TCZ in the treatment of critically ill patients with
COVID-19 has aroused great interest given the success of TCZ in
the management of CAR-T therapy-induced CRS. Although the
data from randomized, double-blind, placebo-controlled clinical
trials are still lacking, several retrospective studies around the
world have reported promising results, which was summarized
in Table 1. While the reported mortality for critical patients was
~60.5% (50), a clinical trial in China including 21 patients (17
severe/4 critical) treated by TCZ showed favorable results that 15
out of 20 patients (75.0%) had improved respiratory condition
and all patients have been discharged on average 15.1 d after
TCZ treatment. The primary abnormality of 21 severe patients
on the initial chest CT was plaque-like, ground glass opacities
and focal consolidation. The ground glass opacities increased
in size, extent, and severity within the first 7 d after admission
before receiving TCZ. But the lesions were clearly absorbed in 19
patients (90.5%) after the treatment with TCZ. Among them, 13
(61.9%) patients were discharged within 2 wk after TCZ, and six
were discharged within 3 wk (43). It indicated that TCZ may exert
anti-fibrotic effect in severe COVID-19 patients.

Another clinical trial in Italy included 100 consecutive
patients with confirmed COVID-19 pneumonia and ARDS
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FIGURE 1 | The possible mechanisms underlying the cytokine release syndrome induced by IL-6 elevation in COVID-19 patients. In severe patients infected with
SARS-Cov-2, antigen-presenting cells (e.g., dendritic cells and monocytes) demonstrated low interferon response while maintaining pro-inflammatory cytokines

ARDS

immune cells recruitment and activation

production. Besides, the count of CD4+ T cells and CD8+ T cells also decreased in severe COVID-19 cases. The impaired anti-viral responses resulted in delayed
viral clearance and massive viral replication, leading to persistent production of pro-inflammatory cytokine (e.g., IL-18, IL-6, TNF-a). A large amount of IL-6 was
secreted by non-immune cells upon stimulation of IL-6 through trans-signaling, which formed a positive feedback or so-called “inflammation amplifier.” The “ampilifier”
resulted in the surge in pro-inflammatory cytokines and chemokines (IL-6, IL-1B, IP-10, IL-2, IL-10, IFNy, MCP1, GM-CSF, TNF...), contributing to the development of
cytokine release syndrome and the recruitment of inflammatory cells, including monocytes, neutrophils, and macrophage cells. The infiltrates of inflammatory cells in
lung led to acute respiratory dysfunction syndrome and the exacerbation of the COVID-19. MYD88, myeloid differentiation primary response 88; IRAK1-4,
IL-1R-associated kinase family kinase 1-4; TRAF6, tumor necrosis factor receptor-associated factor 6; TAB 2/3, TGF-B-activated kinase 1-binding protein 2/3; TAK1,
TGF-B-activated kinase 1; NEMO, NF-kB essential modulator; IFN, interferon; IL-6, Interleukin-6; GP130, glycoprotein 130; IL-6R, Interleukin-6 receptor; ADAM17,

ADAM metallopeptidase domain 17; ARDS, acute respiratory distress syndrome.

requiring ventilatory support, all of which were given TCZ
intravenously in addition to routine therapy (46). Before TCZ
administration, all patients manifested lymphopenia and high
levels of inflammatory markers, including C-reactive protein
(CRP), fibrinogen, ferritin and interleukin 6 (IL-6). At 24-72h
after TCZ administration, 58 patients (58%) showed a rapid
improvement of clinical and respiratory condition, 37 (37%)
stabilized and 5 (5%) worsened (of whom four died). Ten days
after TCZ treatment, the laboratory results returned to the
normal range, and the respiratory condition was improved or
stabilized in 77 (77%) patients, of whom 61 showed a significant
radiological improvement and 15 were discharged from the
hospital. Respiratory condition worsened in 23 (23%) patients,
of whom 20 (20%) died. Similar results were yielded in a
pilot prospective open, single-arm multicenter study involving

63 severe COVID-19 patients, who were included by pre-
established inclusion criteria and whose clinical and laboratory
parameters were prospectively collected (44). Consistently, the
clinical symptoms and abnormal inflammation markers were
quickly curbed after a short time of TCZ treatment. At day 14
after TCZ treatment, the overall mortality was 11% in this cohort,
with only two patients still requiring mechanical ventilation
compared to five at admission.

However, another prospective open, single-arm multicenter
study reported negative results that TCZ administration reduced
neither ICU admission nor mortality rate by comparing a cohort
of 21 patients receiving TCZ to propensity-scores-matched
21 patients treated with Standard Of Care (SOC) (47). The
differences in the current studies concerning the effectiveness
of TCZ in the treatment of severe or critical COVID patients
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TABLE 1 | The clinical trials concerning the use of TCZ in the treatment of severe COVID-19 patients.

Study type

Patients (n)

Median age
(age range)

Comorbidities

Criteria for TCZ
administration

Dosage and administration
route

Outcomes

Rand Alattar (41) retrospective
study

Pan Luo (42) Retrospective

study

Xiaoling Xu (43)  Retrospective

study

S. Sciascia (44)  Prospective
open,
single-arm
multicenter
study

Ruggero Capra  Retrospective
(45) study, single
center

Paola Toniati (46) Retrospective
study

25 (23M, 2F) all
critically ill

15 (12M, 3F)

2 moderately ill
6 seriously ill

7 critically il

21 (18M, 3F)
17 severe

4 critical

63 (56M, 7F)

85 (64M, 21F)
control:23 (19M,
4F)

TCZ:62 (45M, 17F)

100 (88 M, 12F)
43 (ICU)

57 (general
ward) NIV

58y, 50-63 (IQR)

73y, 62-80

56.8y, 25-88

62.6 £12.5

65y, 54.5-73(QR)
TCZ group: 63y,
54-73(IQR)
Control group:
70y, 55-80(IQR)

62y, 57-71(1QR)

Diabetes Mellitus (48%)
CKD (16%)

Malignancy (4%)

CVD (12%)

CVD (66.7%) Diabetes Mellitus
(26.7%)

Hypertension (42.9%)
Diabetes (23.8%)

CHD (9.5%)

Auricular fibrillation (4.8%)
Bronchiectasis (4.8%)
Brain infarction (4.8%)
COPD (4.8%)

CKD (4.8%)
Hypertension (38.0%)
Diabetes mellitus (9.5%)
COPD (4.7%)

Heart disease (7.0%)

TCZ Group:
Hypertension (46%)
Diabetes (14%)
Hearth disease (14%)
Control group:
Hypertension (48%)
Diabetes (22%)
Hearth disease (26%)
Hypertention (46%)
Obesity (31%)
Diabetes (17%)

CVD (16%)

median dose: 1 median total 4 CRP and require supportive
dose of 5.7 mg/kg 9 received two care in ICU
or more doses i.v.

5 received two or more doses
The dose of TCZ was the range
from 80 to 600 mg per time.

4 CRPand 1 IL-6

4-8 mg/kg body weight a) persistent fever
18 patients (85.7%) received one b) the condition changes from
dose mild to severe (including high-
3 patients (14.3%) had a second risk factor for severe cases)
administration at the same dose ¢) diffuse lung opacities on CT
due to fever within 12h i.v. scans

d) 1IL-6

52 received a second
administration within 24 h
i.v. (8 mg/ kg) or s.c. (324 mg)

a) confirmed COVID-19
b) Sa02 <93%, or Pao2/Fio2 <
300 mm Hg;
c) pro-inflammatory and
pro-thrombotic profile (at least
3 of the following): CRP > x
10 normal values; ferritin
>1,000 ng/ml; D-dimer x 10
normal values; LDH x 2 the
upper limits
Consecutive patients with
respiratory failure and without
mechanical ventilation
b) respiratory rate >30
breaths/min;
c) peripheral capillary Sa02
<93% or
Pa02/Fi02<=300 mmHg

a) rapidly progressive respiratory

33(53%) 400mg i.v. a)
2(3.5%) 800 mg i.v.
27(43.5%) 324 mg s.c.

8 mg/kg by two consecutive

intravenous infusions 12 h apart failure
A third infusion was optional b) refractory to pharmacological
based on clinical response therapy

¢) ventilatory support

9(86%) discharged; 3(12%) died;
13(52%) in ICU; Patients on invasive
ventilation declined from 21 (84%) at
day 0 to 7 (28%) on day 14

(P = 0.001)

Critically ill patients: 3/7(42.9%)
died, 1/7 (14.3%) aggravated, all of
which received only one dose
Seriously ill patients: 1/6(16.7%)
15/20 patients (75.0%) had lowered
their oxygen intake, and 1 patient
needed no oxygen therapy; All
patients have been discharged on
average 15.1 d after giving TCZ

The overall mortality was 11%

No differences between the route of
administration were reported in terms
of mortality

TCZ administration within 6 days from
admission in the hospital was
associated with an increased
likelihood of survival

Death:TCZ: 2/62; Control: 11/23;
Patients receiving TCZ showed
significantly greater survival rate as
compared to control patients

In 57 patients, 37 (65%) improved and
suspended non-invasive ventilation
(NIV), 7 (12%) patients remained
stable in NIV, and 13 (23%) patients
worsened, of which 10 (17.5%) died,
3 were admitted to ICU.

In 43 patients in ICU, 32 (74%)
improved (17 taken off the ventilator
and discharged to the ward), 1 (2%)
remained stable and 10 (24%) died

77 (77%) patients (61 showed a
significant improvement on chest x-ray
and 15 discharged). 23 (23%) patients
worsened, of whom 20 (20%) died.

(Continued)
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TABLE 1 | Continued

Study type Patients (n) Median age Comorbidities Dosage and administration Criteria for TCZ Outcomes
(age range) route administration
Marta Colaneri  Prospective SOC group: 91 SOC group: 63.74 NA The first administration was 8 a) CRP > 5 mg/dl; Treatment with TCZ did not
47) open, (63M, 28F) + 16.32 mg/kg (up to a maximum 8 b) PCTI < 0.5ng/mL; significantly affect ICU admission and
single-arm TCZ: 21 (19M, 2F) TCZ group: mg/kg, up to 800mg per dose), c¢) PaO2/Fi02<=300 mmHg < 7-days mortality rate
multicenter only the 42 62.33 + 18.68 repeated after 12 h if no side 300;
study patients (TCZ:21, effects were reported d) ALT < 500 U/L.
SOC:21) matched
by propensity
score matching
were included
for analysis.
Mathilde Retrospective ~ TCZ group: NA NA 8 mg/kg; a) <80y; TCZ significantly reduced the
Roumier (48) study 30 (24M, 6F) renewable in case of insufficient  b) >5 days of prior disease requirement of subsequent
Control group: response to therapy; duration; mechanical ventilation
matched for age, i.v. c) severe (i.e., requiring strictly  In patients treated outside the ICU,
gender and over 6 L/min of oxygen TCZ significantly reduced the risk of
disease severity therapy); subsequent ICU admission
using the inverse d) rapidly deteriorating In TCZ group, 3 (10%) had died, 4/7
probability of pnuemonia (i.e., increase by (57%) discharged from the ICU and
treatment more than 3 L/min of oxygen  6/30 (20%) from hospital
weighted flow within the previous 12 h);
methodology e) high CRP levels
T. Klopfenstein  Retrospective 45 TCZ group: 76.8  Hypertension (55%) NA a) failure of standard treatment; TCZ may decrease the need for
(49) case-control TCZ group:20 (52-93) CVD (70%) b) time to symptom onset >7 invasive mechanical ventilation,
study ST group:25 Diabetes mellitus (25%) days; reduce the number of ICU admissions

ST Group: 70.7
(33-96)

Malignancy (35%)
COPD (20%)

Hypertension (44%)
CVD (68%)

Diabetes mellitus (32%)
COPD (4%)
Malignancy (8%)

c) oxygen therapy > 5 liters/min;
d) > 25% of lung damages on

chest CT scan;
e) > 2 parameters of

inflammation or biological
markers of mortality (with a

high level)

and/or mortality in patients with severe
SARS-CoV-2 pneumonia

televated; |decreased; TCZ, TCZ; SaO2, Oxygen saturation; CRF, C-reactive protein; CVD, cardiovascular diseases; ALT, alanine aminotransferase; PCTI, Procalcitoni.
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highlighted the urgent need for the evidence from a randomized
clinical trial.

Several larger-scale prospective randomized-controlled
clinical trials to assess the benefits of inflammatory cytokines
inhibition by targeting IL-6 alone or in combination with other
agents are still underway. Italian Pharmaceutical Agency (AIFA)
approved a Phase II trial in 330 patients with COVID-19 induced
ARDS using TCZ started on March 18, 2020. In the US, a total
of four Phase 3, randomized, double-blind, placebo-controlled
studies assessing efficacy and safety of TCZ (NCT04412772,
NCT04356937, NCT04372186, NCT04320615, NCT04409262)
were initiated. These clinical trials may further clarify the role of
TCZ in the management of severe COVID-19 patients.

Notably, the optimal timing for the beginning of TCZ
administration and the patients most likely to respond to TCZ
remained to be resolved. As a previous study reported that
IL-6 can either suppress or promote the viral replication (51),
premature TCZ treatment may lead to the delay of viral clearance
while delayed administration may undermine the effectiveness of
anti-IL-6 therapy. The guideline issued in China recommended
the use of TCZ in patients with extensive lung lesions, severe
diseases and high IL-6 levels. Additionally, the prospective
single-arm multicenter study reported that early TCZ initiation
in patients with elevated inflammatory parameters is associated
with a two-fold increased survival (HR 2.2, 95%CI 1.3-6.7,
p < 0.05) (44). These abnormal inflammatory parameters are
as followed: CRP > x 10 normal values; ferritin >1 000 ng/ml;
D-dimer x 10 normal values; LDH x 2 the upper limits (44).
Similarly, a recent study based on machine learning reported
that LDH, lymphopenia and high-sensitivity C-reactive protein
(hs-CRP) could predict the mortality of individual patients in
advance with more than 90% accuracy (52). These studies may
suggest that the administration of TCZ should be initiated
as soon as possible when a hyperinflammatory status was
monitored, and the critical patients with abnormal inflammatory
indications such as elevated CRP, LDH and reduced lymphocytes
are most likely to benefit from anti-IL-6R therapy.

The dosage and the administration route of TCZ in the
management of patients with COVID-19 seemed to be equivocal.
While currently no clinical trials have evaluated the correlation
between the dosage of TCZ and the outcome of the patients, the
strategy of TCZ was basically followed the guidelines of FDA
for the treatment of CAR-T induced CRS. In several trials, most
patients received only a single dose of TCZ, and two or more
doses of TCZ were only given when needed (42, 43). However, in
other trials, all patients received a second dose of TCZ as long as
no side effects were observed (46, 47). The repeated doses (even
repeated with a lower dose) of TCZ is more effective than a single
dose at least in critically ill patients. Patients treated with repeated
doses were clinical stabilization, while those treated with single
dose were disease aggravation or death. Moreover, repetitive
TCZ therapy may be beneficial for moderately ill patient with
almost 90 times elevated IL-6 (42). Although in most of the
trials the TCZ was given by intravenous infusion, subcutaneous
injection of TCZ was also applied in some studies (44, 45). While
subcutaneous administration of TCZ is not recommended for the
treatment of CRS, a study observed no differences between the

route of administration in terms of mortality (44). Considering
the surge in the number of patients infected with SARS-Cov-2,
the cost of antibody therapy and the drug availability, future
studies should focus on the optimal dosage and administration
route of TCZ. Currently, a 50-person clinical trial evaluating
whether lower doses (80 or 200 mg) of TCZ would be effective
in the treatment of COVID-19 pneumonitis in hospitalized,
non-critically ill patient is ongoing (NCT04331795). According
to the Chinese guideline, the first dose of TCZ was 4-8 mg/kg
body weight, and the recommended dose was 400 mg through
an i.v. drip up to a maximum of 800 mg. For patients with poor
efficacy of the first dose, an additional dose (the dose is the same
as before) can be applied after 12h, with a maximum of two
cumulative doses and a maximum of 800 mg for a single dose.

Given the role of IL-6 signaling pathway in the immunity, the
safety of the anti-IL-6R therapy is also a major consideration.
For the lacking of clinical data concerning the safety of TCZ
in the treatment of COVID-19, the safety profile was mainly
obtained from previous studies in the treatment of rheumatic
diseases with TCZ. The adverse effects reported include serious
infections, elevations in serum concentrations of transaminases,
pancreatitis, gastrointestinal perforations, increased serum lipid
concentrations (LDL and triglycerides), and the development of
anti- drug antibodies (39). In the data from available clinical
trials, most trials reported no severe-to-moderate adverse events
directly related to TCZ infusions (Table 1). And the 100-person
trials reported three cases of severe adverse events, with two
developed septic shock and died finally and one gastrointestinal
perforation (46). A 25-persons study reported 92% patients
experienced at least one adverse event and TCZ treatment may
be associated with opportunist infections, while no TCZ therapy
was suspended due to adverse effects (41). Of note, in patients
with a history of gastrointestinal perforation, intestinal ulcers or
diverticulitis or patients with confirmed infections, TCZ should
be used with caution (39, 53). In conclusion, the adverse effects
of TCZ were generally mild and manageable if used under close
monitoring and great caution.

DISCUSSION

CRS is well-recognized to underline the pathophysiology of
severe COVID-19 patients. Interleukin-6 induced by SARS-Cov2
infection positively correlated with the severity of COVID-19
patients. Suppressing IL-6 signaling pathways by has also shown
clinical benefits in some retrospective studies. However, the
mechanisms between SARS-Cov-2 infection and CRS are largely
unknown. The subsets of patients inclined to develop CRS after
SARS-Cov-2 infection remained undefined. While aged patients
and patients with comorbidities are susceptible to CRS invoked
by SARS-Cov2 and more likely to develop severe cases due to
relatively impaired immune response, some younger patients
without pre-existing risk factors can also develop the severe
disease (54). Besides, the role of IL-6 in CRS and how it interacts
with the innate and adaptive immune system in the settings of
COVID-19 still needs further investigation.
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TCZ is a humanized monoclonal antibody IgG1 anti-human
receptor for IL-6, obtained from Chinese hamster ovary (CHO)
cells by recombinant DNA technology. TCZ is therapeutically
applied in rheumatoid arthritis, but Chinese government have
stated that it can be prescribed for COVID-19 patients with
severe lung damage and high IL-6. TCZ has shown good
efficacy in several clinical trials so far. TCZ also has inevitable
limitations and clinical defects in the treatment of COVID-19.
For example, Optimal COVID-19 infection management with
TCZ is not achieved during hyperglycaemia in both diabetic
and non-diabetic patients that TCZ administration neither
decreases IL-6 levels nor attenuates risk of severe outcomes (55).
Similarly, the use of TCZ fails to decrease the mortality rate
at 30 days of patients with severe COVID-19 acute respiratory
distress syndrome with hyperinflammation, after correction for
pre-existing comorbidities and the need for respiratory support
(56). In addition, adverse reactions of TCZ in other long-course
treatments need to be noted. (1) Serious infections: including
pneumonia, urinary tract infection, cellulitis, herpes zoster,
gastroenteritis, diverticulitis, sepsis and bacterial arthritis. (2)
Gastrointestinal perforations: frequently occurred when taking
concomitant non-steroidal anti-inflammatory drugs (NSAIDs),
corticosteroids, or methotrexate at the same time, including
generalized purulent peritonitis, lower GI perforation, fistula and
abscess. (3) Infusion reactions: hypertension, headache and skin
reactions. (4) Anaphylaxis: occurred during the second to fourth
infusion of TCZ. (5) Abnormal laboratory indexes: including
thrombocytopenia, elevated liver enzymes and elevated lipid
parameters (total cholesterol, LDL, triglycerides) (53). It needs
to be further demonstrated that whether the adverse reactions
will occur during the short-course treatment of COVID-19.
Medication guide from China and the US FDA reveals that
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