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Abstract

The coronavirus disease 2019 (COVID-19) pandemic has drawn attention to new clinical and fundamental issues in the immunopathology of human
diseases. Since in COVID-19 it is the “‘hyperimmune’’ response, called cytokine storm syndrome, which forms the basis of the pathogenesis of acute
respiratory distress syndrome (ARDS) and multiorgan dysfunction in COVID-19, special attention is drawn to the possibility of “repurposing” (drug
repurposing) of some widely used for treatment immune-mediated inflammatory rheumatic diseases (IMIRDs) anti-inflammatory drugs, including
glucocorticoids (GC), disease-modified anti-rheumatic drugs (DMARDs), biologic agents and ‘‘targeted’” DMARDs. In the spectrum of cytokines
involved in the pathogenesis of cytokine storm syndrome in IMIRDs and COVID-19, great importance is attached to the pro-inflammatory cyto-
kine, interleukin IL-6. The development and introduction into clinical practice of monoclonal antibodies (mAbs) that inhibit the activity of IL-6
are among the major advances in the treatment of IMIRDs, and in recent years, critical conditions within the framework of the cytokine storm
syndrome, including in COVID-19. The review discusses the materials of numerous studies devoted to the problems of the efficacy and safety of
mADbs to the IL-6 receptor (tocilizumab) and other mAbs that inhibit the activity of this cytokine in COVID-19. Despite the effectiveness of inhi-
biting IL-6 in patients with severe COVID-19, many theoretical and clinical problems of immunopathology and pharmacotherapy of this disease
require further study.
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Pesome

[Mangemust KopoHaBupycHoil 60e3un-2019 (COVID-19) npusiekia BHUMaHKe K HOBBIM KJIMHUYECKUM U (yHIAMEHTAIbHBIM MpobieMam
VMMYHOTIATOJIOTHH 3abojieBaHuii yenoBeka. [Tockonbky mpu COVID-19 MMEHHO TUTIEpUMMYHHBII OTBET, TOTYYUBINNAN HAUMEHOBAHUE CHH-
JIPOM «LIMTOKMHOBOTO ILITOPMa», COCTABJsIET OCHOBY MaTOreHe3a OCTPOTro PECUPAaTOPHOTrO AMCTPECC-CUHAPOMA U MYJIbTUOPTaHHON AMCHYHK-
uuu ipu COVID-19. Tlpu 5TOM 0cOOEHHO MPUBIEKATENLHON SIBISETCS BO3MOXHOCTb PEMO3ULIMOHUPOBaHUs (drug repurposing) HEKOTOPBIX
IIUPOKOMTPUMEHSIEMBIX JIJIsT JIEYSHHSI UMMYHOBOCTIAJIUTEIbHBIX peBMaTUIeckux 3adoseBanuii (M BP3) mpoTuBoBoCTIATUTEIbHBIX JIEKAPCTBEHHBIX
MpenaparoB, BKJIIOYasi IIIOKOKOPTUKOCTEPOUIbl, Ga3MCHbIE TPOTUBOBOCIIAIUTEIbHBIE TIPENapaThl, FEHHO-MHXEHEPHbIe OMoIornyeckue npemna-
paThl U TapreTHbIe 0a3uMCHBIC TIPOTUBOBOCTIAIUTENLHBIC TTPeaparbl. B criekTpe MMTOKMHOB, MPUHUMAIOIINX yYacTUe B TMaTOTeHe3e CMHApOMa
«IUTOKMHOBOTO 1mTopma» mpu MBP3 u COVID-19, Gosblioe 3HaYeHUE TPUAAETCS TPOBOCIATUTEILHOMY IMTOKMHY MHTepieikuny (IL)-6.
Pa3paboTka u BHeipeHNE B KIIMHUYECKYIO MTPAKTUKY MOHOKJIOHATBHBIX aHTUTe] (MAT), MHIMOUPYIONINX aKTUBHOCTD [L-6, OTHOCHUTCS K YUCITy
KPYITHBIX TOCTHXeHUii B JieueHun MBP3, a B mocienHue rogabl — KPUTUYECKUX COCTOSIHUI B PaMKax CUHIPOMA «IIMTOKMHOBOTO IITOPMa»,
B T. 4. mpu COVID-19. B 0630pe 06cyxnaioTcsi MaTepraibl MHOTOUMCIEHHBIX MCCIeI0BAHUI, MOCBSLIEHHBIX MpobaeMaM 3¢ deKTUBHOCTU
u 6e3omacHoct MAT Kk peuentopy IL-6 (toumnuszyma6) u npyrux MAT, MHTMOMPYIOIIMX aKTMBHOCTBH 3TOro mutokuHa npu COVID-19.
Hecmortpst Ha acddekTrBHOCTS MHTMOUpoBaHust 1L-6 y manueHToB ¢ TspkenbiM TedeHreM COVID-19, TpeGyetcst nanbHeiiee M3ydeHue MHOTHX
TEOPETUIECKUX U KITMHUYECKUX TTPOOIeM UMMYHOTIATOIOTUY U (hapMaKOTepanuu 3TOro 3a00JIeBaHMS.

Kouesbie ciioBa: COVID-19, uMMyHOBOCTIAJTUTEIbHBIE PeBMAaTHUECKUE 3a00JIeBAaHMS, MHTEPJICHKUH-6, TOIIN3YMa0.
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The global pandemic of the Coronavirus Disease 2019 mechanisms of human diseases. The data that was accu-
(COVID-19) [1, 2] has drawn attention to the novel clin- mulated during the research of pathogenic mechanisms of
ical and fundamental issues of immune and pathological inflammatory rheumatic diseases (IRDs) can help us un-
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derstand the nature of pathological processes that underly
severe and potentially fatal complications of COVID-19.
Advances in pharmacotherapy of IRD could improve the
treatment of the novel coronavirus disease [3, 4]. The hy-
perimmune response, rather than the cytopathic effect of
the virus alone, causes acute respiratory distress syndrome
(ARDS) and multiple organ dysfunction in patients with
COVID-19 [5]. So there is a promising possibility to repur-
pose some anti-inflammatory drugs that are widely used
in rheumatology [6], including glucocorticoids (GCs),
disease-modifying anti-rheumatic drugs (DMARDSs), bi-
ologic agents, and targeted DMARDs [3, 4, 7].

The pathogenetic mechanisms of COVID-19 were
summarized in several reviews [8, 9]. COVID-19 is caused
by the SARS-CoV-2 virus (severe acute respiratory syn-
drome coronavirus-2) that infects primarily type II pneu-
mocytes and other cells expressing angiotensin-convert-
ing enzyme 2 (ACE II), which acts as the virus receptor.
Replication of SARS-CoV-2 has a cytopathic effect on the
target cells. The virus causes pyroptosis (a pro-inflamma-
tory form of programmed cell death — apoptosis), which
in turn induces the production of interleukin-1 (IL-1) and
other pro-inflammatory cytokines by myeloid cells in the
course of coordinated activation of innate and acquired
immune responses. At the same time, SARS-CoV-2 sup-
presses the production of interferon (IFN) type 1 (IFN-a
and IFN-f) and thereby weakens the antiviral immune
response [10]. This promotes uncontrolled replication of
the virus, and, as a consequence, the progression of the
immune-inflammatory process that climaxes as the cyto-
kine storm syndrome [11—14]. The clinical manifestations
of the cytokine storm syndrome include primary and sec-
ondary hemophagocytic lymphohistiocytosis (HLH) [15],
macrophage activation syndrome [16—18], and cytokine
release syndrome as a complication of CAR-T-cell therapy
(Chimeric Antigen Receptor T-Cell) of oncological dis-
orders [19]. On the one hand, this syndrome is one of the
most severe complications of some IRDs. On the other
hand, it can be a consequence or stage of COVID-19 and
manifests itself as ARDS, coagulopathy, and multiple or-
gan dysfunction [20—22].

The pathogenetic basis of the cytokine storm syn-
drome is dysregulated production of a wide range of cy-
tokines (both pro-inflammatory, immunoregulatory, and
anti-inflammatory) and chemokines caused by the abnor-
mal activation of innate and acquired immunity (Th1 and
Th17 types). These substances include IL-1, IL-2, IL-6,
IL-7, IL-8—10, IL-12, IL-17, IL-18, granulocyte colo-
ny-stimulating factor (G-CSF), granulocyte-macrophage
colony-stimulating factor (GM-CSF), tumor necrosis
factor-a (TNF-a), IFN-y-inducible protein 10, mono-
cyte chemotactic protein 1 (MCB1), macrophage inflam-
matory protein-la (MBBI1a), and chemokines (CCLI,
CCL3, CCL5, CXCLS8, CXCL9, CXCL10, and others). A
pronounced increase in the concentration of these cyto-
kines (to varying degrees and in different combinations) is
characteristic of severe and especially of critical course of
COVID-19 [23-26]. The immune abnormalities typical
to the severe COVID-19 include profound lymphopenia,
a decrease in the peripheral blood levels of CD4* T-cells,
CDS8" T-cells, T-regulatory cells, B-cells, monocytes, eo-

sinophils, and basophils, overexpression of the exhaustion
markers (NKGA2, and others) on the membrane of nat-
ural killer (NK) cells and CD8" T-cells. The peripheral
blood tests identify biomarkers that indicate the activation
of the Th17-type immune response, namely the expan-
sion of pathogenic CCR4" CCR6* Th17-cells [27, 28], as
well as T-cells that produce GM-CSF. The latter activates
CDI4* CD16" monocytes and induces the production of
IL-6 and other pro-inflammatory mediators [29].

Interleukin-6 (IL-6) is considered to play a cru-
cial role in the development of cytokine storm syn-
drome in patients with inflammatory rheumatic diseases
(IRD) [30, 31] and COVID-19 [32, 33]. IL-6 is an au-
tocrine, paracrine, and hormone-like regulator of var-
ious ‘normal’ and pathological biological processes (in-
flammation, metabolism, psychosomatic reactions, and
others) (see the figure). Biological effects and molecular
mechanisms of action of this cytokine are based on its
ability to activate target genes that regulate differentia-
tion, survival, apoptosis, and proliferation of various im-
mune and non-immune cells in the human body [34—36].
Pleiotropism of 1L-6 is mediated by a unique signaling
system that includes 1L-6 receptors (IL-6R) and down-
stream signal molecules. IL-6R consists of two sub-
units — an IL-6-binding chain (IL-6Ra) and a trans-
membrane signal-transducing receptor gp130 (130 kDa
glycoprotein, IL-6Rf). The membrane-bound IL-6Ra
(mIL6R) is expressed by a limited range of cells (mac-
rophages, neutrophils, CD4 T-cells, hepatocytes, podo-
cytes, megakaryocytes, and specific intestinal epithelial
cells). On the other hand, gp130 (IL-6Rp) is present on
almost all human cells. Binding of the 1L-6-IL-6R com-
plex to two gp130 proteins initiates the IL-6 signal cas-
cade. Dimerization of gp130 induces activation of Janus
kinases (JAK) 1 & 2 and phosphorylation of tyrosine res-
idues in the cytoplasmic region of gp130. As noted above,
most human cells do not express mIL-6R and are there-
fore resistant to the biological effects of IL-6. However,
soluble (s) IL-6Ra can be found in the blood plasma and
tissues. This soluble form is released during proteolysis of
the membrane-bound form by Zn?>' metalloproteinases
ADAM (A Disintegrin and Metalloproteinase domain) 10
and 17. sIL-6-Pa protects IL-6 from enzymatic cleavage,
increases its serum lifespan. Most importantly, sIL-6-Pa.,
in combination with IL-6, can bind to gp130 and activate
cells that do not express mIL-6Pa. This process is called
trans-signaling, while cell activation that is mediated by
the interaction of 1L-6 with mIL-6P is defined as classi-
cal (cis-) signaling. It is believed that trans-signaling me-
diates the pathogenic effects of IL-6 to a greater extent as
compared to the classical signaling. At the same time, the
classical signaling is also involved in the acute phase re-
sponse, production of pathogenic Th17- and Th22-cells,
and the suppression of T-regulatory cells. Recently, a new
mechanism of 1L-6 signaling has been characterized. It is
called trans-presentation. IL-6 binds with IL-6Pa on the
membrane of specific dendritic cells and is presented to
the gp130 homodimer, which is expressed on the surface
of adjacent T-cells. Researchers believe that this is how
IL-6 induces the generation of a “pathogenic” subpopu-
lation of Th17-cells [37].
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The assumed important role of IL-6 in the immu-
nopathogenesis of COVID-19 is supported by numerous
studies that indicate an increase in the serum concen-
tration of this cytokine in vivo [23, 38—40]. According to
a meta-analysis, the level of IL-6 was 3 times higher in pa-
tients with severe COVID-19 (n = 1,302) as compared to
patients with mild/moderate disease (p < 0.001). The base-
line concentration of IL-6 correlates with bilateral lung
damage (p = 0.001) and the intensity of fever (p = 0.001)
[41]. Another meta-analysis [42] (n = 1,426 patients)
showed that the mean baseline 1L-6 concentration in se-
vere COVID-19 was significantly higher than in non-se-
vere COVID-19 (p < 0.001) and was significantly associat-
ed with increased mortality (p =0.03). SARS-CoV-2 RNA
(RNAmia) is detected in the serum of patients with severe
COVID-19 pneumonia and is associated with a substan-
tial increase in the IL-6 level [43]. This is consistent with
the concept of viral sepsis as the leading cause of cytokine
storm syndrome in COVID-19 [44].

One of the major advances in the treatment of IRDs
[31, 35, 45—47] was the development and introduction
into clinical practice of monoclonal antibodies (mAbs)
that inhibit all IL-6 signaling pathways. In recent years,
these drugs were approved for the treatment of criti-
cal conditions caused by the cytokine storm syndrome
[48], including COVID-19 [39, 49, 50]. mAbs include
(Table 1): tocilizumab (TCZ; Tocilizumab, Actemra,
Roche, Switzerland), sarilumab (SAR; Sarilumab, Kev-
zara, Sanofi-Aventis, France) and, lately, siltuximab
(SLT). A Russian drug, olokizumab (Artlegia, R-Pharm),
has been registered for the treatment of RA recently.
Olokizumab blocks IL-6, not IL-6R. A phase II rando-

mized controlled trial of a Russian drug levilimab (BCD-
089, BIOCAD) in RA is about to be completed. Levilimab
isa human anti-1L-6R mAb. The IL-6 inhibitors have not
been approved for use in COVID-19 yet, but these drugs
(mainly TCZ) are used off-label to treat the most severe
patients, often in a life-threatening condition.

Tocilizumab
Noncomparative studies (single arm) of Tocilizumab

The study by P.Luo et al. [51] included 15 patients. The
TCZ doses varied from 80 to 600 mg (single intravenous
injection). Three critically ill COVID-19 patients died on
day 6 (n =2) and day 7 (n = 1). The disease progressed in
one patient. All other patients stabilized or improved, in-
cluding three of the seven critical patients and all patients
with moderate to severe disease. Notable, fatal outcome
was associated with no positive changes in the concentra-
tion of CRP and IL-6. X.Xu et al. [52] presented a retro-
spective analysis of treating 21 patients with COVID-19
with TCZ. 18 patients received a single infusion of TCZ;
three patients received two infusions within 12 hours.
All patients showed normal body temperature, improved
general symptoms, lesser need in mechanical ventilation
(within 5 days in 75% of the patients), the disappearance
of ground glass opacities on the CT-scans (# = 19), nor-
mal lymphocyte and CRP levels (84.2%) one day after the
TCZ infusion. On average, the patients were discharged
from the hospital after 15.1 days. The authors conclud-
ed that the treatment with TCZ should be started as early
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Characteristics Tocilizumab

Antibody type Humanized, 1gG1

Therapeutic target sIL-6R, mIL-6R

Suppression of the signaling Cis-, trans-signaling

Mode of administration Intravenous and subcutaneous

8 mglkg per month intravenously,

B 162 mg once a week subcutaneously

Timeof C_ 2,8 days after subcutaneous injection

Volume of distribution, L 6,4 after subcutaneous injection

Elimination half-life, days <12

Rheumatoid arthritis, systemic and polyarticular
juvenile idiopathic arthritis, giant cell arteritis,
and cytokine release syndrome induced by chimeric

Approved indications for use

antigen receptor T-cell (CAR-T) therapy

as possible if the disease progresses from moderate to se-
vere, the patient shows ground glass opacities in the lungs
and the increase in IL-6. S.Scarscia et al. [53] conducted
a prospective multicenter study of TCZ, which included
63 patients with severe COVID-19. The administration
of TCZ caused PaO,/FiO, (oxygenation index) to change
from 152 £ 52 t0 283.73 & 115.8 after 7 days and to 302.2 &
126 after 14 days (p < 0.05). The overall mortality was 11%
and was associated with high levels of basal D-dimer, but
not IL-6. Initiation of TCZ therapy in the first 6 days af-
ter hospitalization increased the probability of survival
(HR=2.2;95% CI: 1.3 — 6.7; p < 0.05).

The retrospective study by R.Alattar et al. [54] that in-
cluded 25 patients with COVID-19 showed that TCZ treat-
ment was associated with normalization of body tempera-
ture, a decrease in CRP level from 193 mg/L to less than
6 mg/L (p = 0.0001), and positive changes in lungs in 44%
of the patients after 7 days and in 68% of the patients after
14 days. The number of patients on mechanical ventilation
decreased from 84 to 60% after 7 days and to 28% after
16 days (p = 0.001). 9 (36%) patients were discharged, and
three patients died during the follow-up period. B.B.Uysal
et al. [55] noted a pronounced positive trend in 10 out of
12 patients with COVID-19 pneumonia after the infu-
sion of TCZ. The positive effect was seen as normalization
of the oxygen saturation (from 87.58 + 3.12% to 94.42 +
1%), body temperature, and CRP levels. The patients were
discharged from the hospital within 18 days. R.Marfella
et al. [56] found the patients with COVID-19 and hyper-
glycemia who received TCZ had significantly worse out-
comes as compared to the patients with normoglycemia
(p < 0.009). V.Morena et al. [57] assessed the efficacy of

Table 1
Comparative characteristics of IL- 6 inhibitors
Tabauua 1
Cpasnumeavnasn xapaxmepucmura uneuéumopos IL-6
Sarilumab Siltuximab
Human, IgG1 Humanized, IgG1x
sIL-6R, mIL-6R Circulating IL-6
Cis-, trans-signaling Cis-signaling
Subcutaneous Intravenous

150 or 200 mg subcutaneously once

every 2 weeks 11 mglkg once every 3 weeks

2 - 4 days after subcutaneous injection No data available

8,3 after subcutaneous injection 45

<10 20.6

Multicentric Castleman’s disease
(MCD) in patients who are human
immunodeficiency virus (HIV)
negative and human herpesvirus-8
(HHV-8) negative

Rheumatoid arthritis

TCZ 51 patients with severe COVID-19 pneumonia (need
for high nasal oxygen flow or mechanical ventilation, CRP
> 40 mg/L; oxygen saturation < 93%). A significant de-
crease in the intensity of fever, CRP levels, and an increase
in the level of lymphocytes was reported within 7 days after
the intravenous infusion of TCZ (p < 0.001). After 34 days,
67% of the patients showed a decrease in the severity of
pneumonia, 31 patients were discharged, 17 (33%) patients
experienced deterioration, and 14 (27%) patients died. The
risk of death was significantly higher in patients who need-
ed mechanical ventilation at baseline (83.3%) as compared
to the patients who needed the non-invasive oxygen sup-
port (20%) (p = 0.0001). The most common ADRs were
an increase in the liver enzymes (29%), thrombocytopenia
(14%), and fungal infection (27%). These data show the
limited efficacy of TCZ in patients with a critical course
of COVID-19 pneumonia who require mechanical ven-
tilation and have a high risk of infectious complications.
P.Toniati et al. [58] presented a prospective observation of
100 patients with COVID-19 and severe ARDS who need-
ed mechanical ventilation: 43 patients received TCZ infu-
sions in the ICU, and the remaining 57 received TCZ in
the therapeutic department. 37 (65%) out of 57 patients
showed improvement and switched to non-invasive venti-
lation, 7 remained stable, and 13 (23%) experienced a de-
terioration (10 patients died, three were transferred to the
ICU). In the group of 43 ICU patients, 32 (74%) showed
improvement (17 were weaned), two patients remained
stable, and 10 died. Status of 77 (77%) patients improved
or stabilized within 10 days. The ground glass opacities
were no longer identified in the CT-scans of 66 of these pa-
tients. 15 patients recovered and were discharged from the
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clinic. The condition of 33 (33%) patients worsened. 20 of
them died. According to C.C. Price et al. [59], patients with
severe COVID-19 who were prescribed TCZ (n = 153)
had a higher survival rate (83%), equal to the survival rate
(91%) in patients with the non-severe disease (p = 0.11).
75% of the patients, who needed mechanical ventilation
and received TCZ, survived. No severe ADRs were asso-
ciated with TCZ.

Comparative studies of Tocilizumab
(as compared to the standard treatment)

M. Roumier et al. [64] administered TCZ to 30 patients
with COVID-19 pneumonia and a rapid increase in pul-
monary insufficiency. The comparison group included
29 patients. The groups were matched by the main de-
mographic characteristics and severity of the disease.
There was a decrease in the need for mechanical ventila-
tion (odds ratio (OR) 0.42; 95% confidence interval (CI)
0.20—0.89; p = 0.025), as well as mortality (OR 0.25;
95% CI10.05 —0.95; p = 0.04) in the main group as com-
pared to the control group after 8 days (6.0 — 9.75 days).
The risk of subsequent transfer to the ICU decreased for
the patients who did not need the intensive care at base-
line (23 patients in the main group and 16 patients in the
control group) (OR 0.17; 95% CI 0.06 — 0.48; p =
0.0001). TCZ was tolerated well. Only one patient
showed an increase in the hepatic enzymes, and one pa-
tient developed moderate pneumonia. A retrospective
analysis of 111 patients was published. 42 received TCZ
treatment, and 69 received standard therapy [65]. All pa-
tients in the TCZ group (n = 42) received antiviral thera-
py, and 40% of them received GC. 62% of patients in the
TCZ group were mechanically ventilated. Three patients
died (on average, after 17.8 days of follow-up). 7 of 26 re-
mained mechanically ventilated, and 17 of 26 developed
a bacterial superinfection. No deaths or bacterial infec-
tions were reported in the standard therapy group. At the
same time, the basal concentration of CRP, IL-6
(p <0.001), and neutrophils (p = 0.04) was significantly
higher in the TCZ group. The levels of lymphocytes
(p <0.0001) were significantly lower in patients who were
mechanically ventilated as compared to those who did
not need it. An open-label case-control study included
86 patients. 21 of them received TCZ. It was found that
TCZ was associated with a 75% reduction in the risk of
death (RR 0.25; 95% CI1 0.07 — 0.90) [66]. E.C.Somers
et al. |67] studied the efficacy of TCZ in patients with
COVID-19 who needed mechanical ventilation (n = 78).
The comparison group included 76 patients who did not
receive this drug. The average duration of follow-up was
47 days (28 — 67 days). The risk of death reduced signifi-
cantly in the TCZ group (RR 0.54; 95% CI 0.02 — 1.00).
The mortality rate was 18% vs 36%, respectively
(p =0.01). Important pieces of evidence of the efficacy of
TCZ were an increase in the number of discharged pa-
tients (56% vs 40%; p = 0.04) and a decrease in the num-
ber of patients who required mechanical ventilation
during the follow-up period (18% vs 47%). At the same
time, the TCZ group showed a 2-fold increase in the risk
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of superinfection (54% vs 26%; p < 0.001), mostly in the
form of ventilator-associated pneumonia (45% vs 20%;
p <0.001). The pneumonia was associated with Staphy-
lococcus aureus in most cases in both groups. Notably,
the superinfection did not affect the mortality in the
TCZ group (22% vs 15%; p = 0.42). R.Carpa et al. [68]
assessed the outcomes of COVID-19 pneumonia in
85 patients. 62 patients received TCZ in combination
with the standard therapy (GC, lopinavir and ritonavir),
and 23 patients received only the standard therapy.
Administration TCZ (on average, in 4 days after the ad-
mission) led to a significant improvement in the survival
as compared with the control group (HR 0.035; 95% CI
0.004 — 0.347; p = 0.004), adjusted for the initial severity
of the condition. 2 of 62 patients died in the TCZ group
and 11 of 23 patients died in the control group. 92% and
42.1% of patients recovered (i.e., were discharged), re-
spectively. Improvement of the lung function was noted
in 64.8% of patients in the TCZ group who stayed in the
hospital. All patients of the control group showed deteri-
oration of the lung function and needed mechanical ven-
tilation. No infectious complications were reported in
both groups. T. Klopfenstein et al. |69] found a decrease in
mortality and the need for transfer to the ICU in patients
treated with TCZ (n = 20) as compared to the control
group (n = 25) (25% vs 75%; p = 0.002). Interestingly,
the TCZ group included patients with more severe course
of COVID-19, aswas shown by the Charlson Comorbidity
Index (5.3 vs 3.4; p = 0.014), the oxygen therapy (13 L/min
vs 6 L/min; p <0.001, lymphopenia (676/mm? vs 914/mm?;
p = 0.037), and CRP levels (158 mg/L vs 105 mg/L;
p = 0.017). Recently, the results of a large observational
study were reported. The study included 1,229 patients
(10,673 patients/years) who were followed up in Spain.
260 (21%) patients received TCZ and 969 patients who
did not receive TCZ [70]. The administration of TCZ to
the patients with the baseline CRP levels over 150 mg/L
was associated with a decrease in mortality (RR 0.38,
95% CI 0.16 — 0.72; p = 0.005) and the combined out-
come (need for transfer to ICU and mortality)
(HR =10.38,95% CI 0.19 — 0.81; p = 0.011). This trend
was not confirmed for the patients with the baseline CRP
levels below 150 mg/L. The propensity score matching in
21 patients with COVID-19 treated with TCZ and 21 pa-
tients on standard therapy was performed in the
SMACORE study (SMAtteo COvidl9 Registry) [71].
The preliminary analysis showed that TCZ does not re-
duce the need for transfer to ICU (OR = 0.11; 95% ClI
0.00 — 3.38; p = 0.22) and mortality within 7 days after
drug infusion (OR =10.78, 95% C10.06 — 9.34; p =0.84).
T.Kewan et al. [72] conducted a retrospective analysis of
the outcomes of 51 patients with COVID-19. 28 (55%) of
the patients received TCZ treatment, and the rest re-
ceived the standard therapy. Note that the patients on
mechanical ventilation (regardless of the TCZ treat-
ment) received systemic GC therapy (81% and 82%, re-
spectively) and GC in combination with azithromycin
(93% and 96%, respectively). Initially, the TCZ group
included patients with a more severe condition as com-
pared to the standard therapy group. So the TCZ group
had a higher need for mechanical ventilation both at
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baseline (68% vs 22%, respectively) and during the hos-
pitalization (75% vs 48%, respectively). Nevertheless,
the clinical state of the TCZ patients on mechanical ven-
tilation improved faster (HR = 1.83, 95% CI1 0.57 — 5.84)
as compared to the control group. The clinical state of all
TCZ patients also improved faster (HR = 1.14, 95% CI
0.55 — 2.38), regardless of the need for mechanical ven-
tilation. The average duration of vasopressor therapy and
mechanical ventilation was 2 days and 7 days in the TCZ
group and 5 days and 10 days in the control group
(p = 0.039 and p = 0.11, respectively). The incidence of
infectious complications (18% and 22%) was similar.
R.M.Petrac et al. |73] presented the results of a retro-
spective analysis of a multicenter study, which included
145 patients. 123 (84.8%) received one TCZ infusion,
and 22 (15.2%) received 2 TCZ infusions. The overall
mortality was 28.3%. At the same time, each additional
day of delay in the administration of TCZ increased the
risk of mechanical ventilation by 21% (p = 0.002) and did
not depend on the use of GC (p = 0.965). The early ad-
ministration of TCZ was associated with a decrease in
mortality (13.5%) as compared to the later start of treat-
ment (68.2%) (p < 0.001). The early administration of
TCZ was also associated with a higher rate of discharge
(59.5% vs 18.2%; p < 0.001). Late administration of TCZ
was associated with a higher (17.8 times) mortality as
compared to the early administration of the drug
(p < 0.001). Thus, the early administration of TCZ re-
duced the need for mechanical ventilation and increased
the possibility of recovery. Preliminary results indicate
an improvement in lung damage during subcutaneous
use of TCZ in patients with severe COVID-19 pneumo-
nia (n = 12) and the absence of severe manifestations of
cytokine storm syndrome [74]. The retrospective analy-
sis of the TESERO (The Tocilizumab in Patients with
Severe COVID-19 Pneumonia) study [75] is of great in-
terest. This study enrolled 1351 patients with COVID-19,
including 544 (40%) patients with severe COVID-19
pneumonia. All patients received the standard therapy
(oxygen support, GC, azithromycin, antiviral therapy,
low molecular weight heparin). 179 of 544 patients with
COVID-19 pneumonia received TCZ (91 subcutaneous-
ly, 88 intravenously) in combination with the standard
therapy, and 365 patients received the standard therapy
only. Mechanical ventilation was initiated in 57 (16%) of
365 patients in the standard therapy group as compared
to 33 (18%) of 179 patients who received TCZ (p = 0.41),
regardless of the form of the drug (18% of those who re-
ceived the intravenous injections and 19% of those who
received the subcutaneous injections). Fatal outcomes
were reported in 20% of patients in the standard therapy
group and in 7% of patients who received TCZ
(p <0.0001). The mortality in the TCZ did not depend
on the TCZ dosage form. It was 7% for the patients who
received the intravenous injections and 8% for the pa-
tients who received the subcutaneous injections. TCZ
was associated with a significant reduction in the morta-
lity (RR = 0.61, 95% CI 0.40 — 0.92; p = 0.02) adjusted
for gender, age, duration of symptoms, and the
Subsequent Organ Failure Assessment Score (SOFA).
However, the incidence of infectious complications in

patients receiving TCZ (13%) was higher than in patients
receiving standard therapy (4%) (p < 0.0001). F Perrone
et al. [76]. presented preliminary results of a prospective
multicenter study TOCIVID-19 (phase Ila), which in-
cluded 301 patients. 180 (59.8%) of them received TCZ
(8 mg/kg, up to 800 mg). The null hypothesis said that
mortality would be 20% (after 14 days) and 35% (after 30
days). TCZ decreased this outcome after 30 days (22.4%;
p <0.001), but not after 14 days (18.4%; p = 0.52). The
efficacy of TCZ was higher in patients who did not re-
quire mechanical ventilation at baseline. R. Rossotti et al.
[77] summarized the results of a retrospective analysis of
the effectiveness of TCZ in 84 patients with COVID-19
(the majority of patients, 69.8%, were critically ill) in
comparison with the control group (n = 184), who did
not receive TCZ. The groups were matched by sex, age,
severity, and comorbidities (Charlson Index). TCZ treat-
ment was associated with improved survival (RR 0.499,
95% CI 0.262 — 0.952; p = 0.035), but longer hospital
stay (HR 1.658, 95% CI 1.088 — 2.524, p = 0.019). The
latter was primarily associated with the increased ADR
rate. L.M.Canziani et al. [78] conducted a study that in-
cluded 64 patients with COVID-19 who received TCZ.
Another 64 patients were included in the control group.
The mortality rate (27% and 38%, respectively) and the
risk of death (RR 0.61, 95% CI 0.33 — 1.15) (within
30 days) did not differ between the groups. TCZ was as-
sociated with a decrease in the need for mechanical ven-
tilation (RR 0.36, 95% C1 0.16 — 0.83, p = 0.017) and did
not affect the risk of thrombosis, bleeding, and infection.
N. De Rossi et al. [79] presented an analysis of a cohort
study that included 158 patients with COVID-19 pneu-
monia at an early stage of pulmonary failure. 90 of these
patients received TCZ (400 mg IV or 324 mg SC) along
with the standard therapy. The mortality rate was 7.7%
(7 out of 90 patients) in the TCZ group and 50% (34 out
of 68 patients) in the comparison group. TCZ was asso-
ciated with a significant reduction in the risk of death
(HR:0.057,95% CI1 0.017 — 0.0187), independent of the
dosage form. Treatment with TCZ was not associated
with infectious complications and other ADRs.
C.Campochiaro et al. [80] assessed the outcomes of
65 patients with COVID-19 pneumonia. 32 of these pa-
tients received TCZ therapy. After 28 days, clinical im-
provement was noted in 69% of the TCZ patients and in
61% of the patients who received the standard therapy
(»p = 0.61). The mortality was 15% and 33%, respectively
(p = 0.15). In the TCZ group, the predictor of mortality
was older age, and the predictor of clinical improvement
was a high basal PaO,/FiO, ratio. The incidence of in-
fectious complications did not differ between the groups
(13% and 12%, respectively). V.Carvalho et al. |81] com-
pared the efficacy of TCZ in 28 patients with severe
COVID-19 who were in the ICU. Another 24 patients
were enrolled in the control group. Despite the more se-
vere condition at baseline (the need for GC, mechanical
ventilation, a pronounced decrease in the gas exchange),
there was no increase in mortality (p = 0.3) and the inci-
dence of infectious complications in the TCZ group.
On the contrary, CRP levels (p = 0.009), lymphocyte
levels (p = 0.02), and lung function returned to normal
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faster. M. Mikulska et al. [82] conducted an observational
single-center study, which included 196 patients with se-
vere COVID-19 pneumonia. 130 patients received
anti-inflammatory therapy. 29 of them (22.3%) received
TCZ (8 mg/kg, intravenously or 162 mg, subcutaneous-
ly), 45 (34.6%) received methylprednisolone (1 mg/kg
for 5 days, intravenously) and 56 (43.1%) received TCZ
and methylprednisolone (MP) in combination the with
standard therapy. The other patients received the stan-
dard therapy only. It was found that the early prescrip-
tion of TCZ (within 3 days after hospitalization) and/or
MP was associated with 86.5% and 80.8% (after 14 and
30 days) survival rate as compared to the standard thera-
py (64.1%). This higher survival rate associated with
a significant decrease in the risk of treatment failure
(HR=10.48,95% C10.23 —0.99, p = 0.049). A large ob-
servational study indicated the ineffectiveness of GC (as
monotherapy or in combination with azithromycin)
concerning mortality in patients with COVID-19
(n=2512) [83]. The patients in the TCZ group (n = 134)
showed a trend to a higher survival (HR 0.76, 95% CI
0.57 — 1.00) within 30 days — 46% as compared to 56%
in the group of patients who did not receive TCZ.
N.Wadud et al. [84] found that the survival rate of
COVID-19 patients who received TCZ (n = 44) was sig-
nificantly higher than in the control group (n = 50)
(61.36% vs 48.0%, p < 0.00001). G.Rojas-Marte et al.
[85] assessed mortality in 193 patients with COVID-19.
96 of these patients received TCZ, and 97 received the
standard therapy. In general, the mortality rate did not
differ between the groups (52% vs 62%, p = 0.09).
However, TCZ patients who did not require mechanical
ventilation showed lower mortality as compared to the
control group (6% vs 27%, p = 0.024). A prospective
study by S.Ramino et al. [86] enrolled 86 patients with
COVID-19 who received TCZ and 86 patients in the
control group. All patients received high doses of meth-
ylprednisolone (250 mg on the first day and 80 mg on
days 2 — 5) and had clinical and laboratory signs of the
cytokine storm syndrome. These signs included rapid
progression of the respiratory failure and at least 2 out of
3 abnormal laboratory tests (an increase in the levels of
CRP > 100 mg/L, ferritin > 900 ug/L, d-dimer > 150 ug/L).
The indications for the use of TCZ (8 mg/kg, intrave-
nously) were the progression of the lung function disor-
der within 2 days, despite the use of methylprednisolone.
TCZ was associated with an increased likelihood of im-
proved lung function and hospital discharge (RR 1.8,
95% CI 1.2 —2.7) (on day 7), a 65% decrease in morta-
lity (RR 0.35, 95% CI1 0.19 — 0.65), and lesser need for
mechanical ventilation (HR 0.29,95% CI1 0.14 — 0.65) as
compared to the control group. The incidence of ADR
was similar between the groups. The only exception was
the increase in the incidence of pulmonary embolism in
the TCZ group (p = 0.0590). E. Moreno-Garcia et al. [87]
evaluated the use of TCZ in 77 patients with COVID-19
with ARDS in comparison with the control group
(n =94). TCZ treatment was associated with a decrease
in the need for transfer to the ICU (10.3% vs 27.6%),
p = 0.005), the need for mechanical ventilation (0 vs
13.8%, p = 0.001), as well as the combined outcome
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(transfer to the ICU and death) (OR 0.03, 95% CI
0.007 — 0.10, p = 0.0001).

Meta-analyzes of Tocilizumab use

2 meta-analyzes [88, 89] summarized most of the above
studies of the efficacy of TCZ in patients with COVID-19.
A meta-analysis by A.Kaye et al. [88] included 9 com-
parative studies [64, 68, 69, 71, 75, 80, 83—85]. Overall,
these studied enrolled 618 patients who received TCZ and
1,057 patients in the control group. The mortality rate was
26.1% in the TCZ group and 41.5% in the control group
(OR 0.492, 95% CI 0.326 — 0.713, p < 0.001). The mor-
tality rate among the patients treated with TCZ was 13.5%
in 12 uncontrolled studies (n = 803) [51, 53—55, 57—61].
Another meta analysis [89] was based on the results of
13 retrospective [64—66, 68—70, 72, 75, 80, 83—85, 87] and
3 prospective studies [67, 71, 82], which included 2,488 pa-
tients who received the standard therapy and 1,153 pa-
tients who received TCZ. The mortality in the TCZ group
(22.4%) was significantly lower than in the control group
(26.21%) (OR 0.57,95% C1 0.36 — 0.92, p = 0.02).

Sarilumab and siltuximab

E.Gremese et al. [90] presented the data on SAR in 53 pa-
tients with severe COVID-19 pneumonia. 39 patients
(66.7%) were administered SAR (1 infusion) in the ther-
apeutic department, 14 patients (26.4%) were received it
in the ICU (92.6% received 2 infusions). In the therapeu-
tic department, 89.7% patients showed a significant clin-
ical improvement (46.7% of the patients after 24 hours,
61.5% — after 3 days), 85.7% of patients no longer need-
ed respiratory support, and 70.6% were discharged. 62.4%
of those in the ICU were transferred to the therapeu-
tic department, 35.8% remained in the ICU. The over-
all mortality rate was 5.7%, including 2.5% (1 patient) in
the therapeutic department and 14.4% (2 patients) in the
ICU. E.Della-Torre et al. [91] evaluated 28 patients with
COVID-19 pneumonia who received SAR (400 mg, in-
travenous) and 28 patients in the comparison group.
After 28 days, the clinical status improved in 61% of pa-
tients in the SAR group. The mortality rate was 7% in the
SAR group. No significant differences were reported be-
tween the groups (64% and 18%, respectively) (p > 0.05).
Predictors of clinical improvement in the SAR group were
a basal PaO,/FiO, ratio > 100 mm Hg and the lung lesion
area < 17% in the CT-scan. Notably, the clinical status of
patients with lung lesion area < 17% improvement fast-
er (on average after 10 days) in the SAR group as com-
pared to the standard therapy (on average after 24 days)
(p = 0.01). M.Benucci et al. [92] noted an improve-
ment in the lung function (SpO,/FiO, ratio) in 7 out of
8 COVID-19 pneumonia patients treated with TCZ. The
improvement was associated with an increase in lympho-
cyte levels and a decrease in the IL-6 and CRP concen-
trations. At the same time, preliminary results of a mul-
ticenter RCT (phase II / I1I) of SAR are disappointing.
The study included 400 COVID-19 patients in a severe or

The article is licensed by CC BY-NC-ND 4.0 International Licensee https://creativecommons.org/licenses/by-nc-nd/4.0/

635



Nasonov E.L. Coronavirus disease 2019 (COVID-19): value of IL-6 inhibitors

critical state (need for mechanical ventilation, high-speed
nasal flow, and/or ICU) [93]. An interim analysis (within
the phase II) did not reveal significant differences in the
efficacy of SAR therapy at a dose of 400 mg intravenously
(n = 145) as compared to the control group (n = 77) for all
analyzed endpoints — mortality (23% vs 27%), the need
for continued mechanical ventilation (23% vs 27%), clin-
ical improvement (59% vs 41%), discontinuation of high-
speed nasal flow procedures (58% vs 41%), and discharge
(53% vs 41%). The exception was a more pronounced de-
crease in the concentration of CRP in the SAR group as
compared to the control group (—79% vs —21%).
Preliminary results of the efficacy and safety of SLT in
21 patients with COVID-19 complicated by ARDS were
reported [94]. In general, the efficacy is satisfactory. All
patients showed normal CRP levels within 5 — 7 days.
% patients showed improved or stable lung function.
Nevertheless, the state of 5 patients worsened. All of them
required mechanical ventilation, and one of them died.

Conclusion

Numerous uncontrolled studies show the efficacy of
IL-6inhibitorsin patients with severe COVID-19 pneumo-
nia (with and without the cytokine storm). Nevertheless,
the fundamental theoretical and clinical issues of immu-
nopathology require further studies [95—97]. The most
pressing issues are related to the true place of IL-6 in com-
plex pathogenetic mechanisms that differ at different stag-
es of this disease. Let us consider just a few of these issues.
The serum levels of IL-6 in severe COVID-19 that is com-
plicated by cytokine storm syndrome is significantly lower
(from 7 to 627 pg/mL) [98—102] than in ARDS caused
by other viral infections (578 — 1,618 pg/mL) [103—105].
The serum levels of 1L-6 reached 10,000 pg/mL in pa-
tients with cytokine release syndrome caused by CAR-T-
cell therapy [106]. The IL-6 level can exceed 50 pg/mL
during active inflammation in patients with IRDs in the
absence of ARDS and other manifestations of cytokine
storm [107—110]. Moreover, the administration of recom-
binant human IL-6 to patients with cancer at a dose of
10 ug/kg to 20 ug/mL leads to a pronounced increase in
the serum levels of IL-6 (> 4,000 pg/mL). However, it is
not accompanied by severe lung damage or multiple or-
gan failure [111]. This suggests that the development of
COVID-19 pneumonia is associated with severe local in-
flammation (that may be dependent on IL-6), rather than
with the systemic hyperimmune response characteristic
of ARDS associated with other viral infections. On the
other hand, there is evidence of the “protective” antivi-
ral and antimicrobial effects of IL-6 in the early phase of
infections [112]. This evidence is consistent with the nu-
merous studies that showed an increased risk of infectious
complications during the treatment of rheumatoid arthri-
tis with TCZ and SAR [31, 34, 45—47]. The data of the
RECOVERY study (Randomized Evaluation of COVid-19
thERapY) are important when considering the poten-
tial use of 1L-6 inhibitors in the treatment of COVID-19.
This study showed efficacy of dexamethasone therapy
(6 mg per day for 10 days) in reducing mortality (within

28 days) in patients with COVID-19 (n = 2,104) who were
mechanically ventilated (from 40% to 28%; p = 0.0003)
or needed oxygen support (from 25% to 20%; p = 0.0021)
as compared to the control group (n = 4,321). Notably,
the higher efficacy of dexamethasone was not reported in
patients who do not require oxygen support (p = 0.14) as
compared to the control group [113]. These data can prob-
ably be extrapolated to other GCs and draw special atten-
tion to the negative results of RCTs (phase 11 / I1I) regard-
ing the use of SAR in severe COVID-19 [93]. Preliminary
results of the COVACTA RCT were presented. The TCZ
treatment (as well as SAR) was not more effective than
placebo in patients with severe COVID-19, as to most
“primary” and “secondary” endpoints: improvement of
clinical status (p = 0.36), mortality within 4 weeks (19.7%
vs 19.4%; p = 0.94), the number of days without ventila-
tion (22 days vs 16.5 days; p = 0.320) and the incidence of
infectious complications (38.3% vs 40.6%) and severe in-
fections (21.0% vs 25.9%). Although the time to discharge
(or “readiness for discharge”) was less (20 days) in the
TCZ group than in the placebo group (28 days) (p =0.03),
these differences were not statistically significant [114].
From a clinical point of view, all these results are not con-
clusive regarding the choice of therapy in patients with
COVID-19. However, they emphasize the heterogeneity
of the pathogenic immune mechanisms of critical con-
ditions as a manifestation of cytokine storm syndrome.
In this regard, attention should be paid to the unique po-
sition of GCs in the control of inflammation. GCs block
the synthesis of not only IL-6 but a wider range of patho-
genetically important pro-inflammatory cytokines (in-
cluding IL-1a/B, IL-12, IL -17, IFN-y, TNF-a, and oth-
ers) [115]. Overproduction of these cytokines is associated
with a poor prognosis in COVID-19 pneumonia.

Suppression of hyperinflammation in COVID-19 (as
in other immunoinflammatory diseases in humans) can-
not be based on GC alone in the 21 century. Numerous
studies aim to find new therapeutic targets for the devel-
opment of personalized immunomodulatory therapy for
COVID-19 [116, 117] based on the concept of “taxono-
my” of cytokine-dependent diseases [7, 118]. Efficacy of
inhibition of various pro-inflammatory cytokines, other
than IL-6, is being studied (or discussed): IL-1[119, 120],
TNF-a [121], GM-CSF [122], IL-17 [123], IL-18 [124],
cytotoxic terminal products of the complement system ac-
tivation, etc. [125]. A promising area of immunopharma-
cotherapy for COVID-19 is associated with the repurpos-
ing of JAK (Janus kinase) inhibitors, primarily baricitinib
(BARI). BARI is a targeted basic anti-inflammatory drug
that is widely used to treat RA, and more recently, other
immune-inflammatory diseases [126—128]. BARI inhib-
its the activity of JAK1 and JAK2 and thereby suppresses
signaling of a wide range of pro-inflammatory cytokines,
including IL-6 and GM-CSF. BARI also has an antivi-
ral effect because it prevents infection of target cells with
SARS-Cov-2 and intracellular assembly of the virus [129,
130] (Table 2).

In a short time, many scientific and clinical research
studies were started and conducted to explore the issue
of the cytokine storm syndrome in COVID-19. These
studied dived into the abnormal immune mechanisms

636

MynbmoHonorus « Pumonologiya. 2020; 30 (5): 629-644. DOI: 10.18093/0869-0189-2020-30-5-629-644



Reviews « 0630pbl

Drugs

Corticosteroids

Aminoquinoline agents
(chloroquine,
hydroxychloroquine)

IL-6 inhibitors

IL-1 inhibitors

Colchicine

Janus kinase inhibitors
(baricitinib, ruxolitinib)

Complement inhibitors

* mAb to C5a

(eculizumab)

+ Low molecular weight
C3a inhibitor (AMI-101)

GM-CSF inhibitors:

+ mAb to GM-CSF

Intravenous
immunoglobulin

Mechanism

Suppression of inflammation
and immune response [115]

Moderate anti-inflammatory

and immunosuppressive effect:

production of IL-6
and TNF-a |

Suppression of inflammation
(see the text)

Suppression of inflammation
[119]

Suppression of inflammation
[147]

Suppression of inflammation
[126,127], prevention
of infection of lung cells
with SARS-CoV-2
[128, 129]

Suppression of complement-
dependent inflammation [156]

Suppression of inflammation
[159]

Modulation of the immune
response [164, 165]

Table 2

Anti-inflammatory therapy for COVID-19

Tabauua 2

Ilpomusosocnasumeavnas mepanus npu COVID-19

Use in COVID-19

Advantages

Decrease in mortality of
COVID-19 patients on
mechanical ventilation

[113]

Reduced viral load [133]

Reduced mortality

Reduced mortality,
improved lung function
[120, 134 - 142]

Effective against fever,
skin lesions and
myopericarditis

[148,149]

Improvement in COVID-19

pneumonia [150-152]

Improvement in COVID-19

pneumonia [157, 158]

Improvement in COVID-19

pneumonia [160-162]

Improvement in COVID-19

pneumonia [166, 167]

Disadvantages

Slowing the virus RNA
clearance [131]

Development of ADR [132]

Efficacy was not proven; ADRs
were reported [133]

The efficacy was not confirmed
in the RCT [113, 114],
ADRs were reported (risk
of infections, and others)

The efficacy was not
confirmed in the RCT, ADRs
were reported
(risk of infections, etc.)

The efficacy was not confirmed
in the RCT, ADRs were reported
(risk of infections, etc.)

The efficacy was not confirmed
in the RCT, ADRs were reported
(risk of infections, etc.)

The efficacy was not confirmed
in the RCT, ADRs were reported
(risk of infections, etc.)

The efficacy was not
confirmed in the RCT, ADRs
were reported
(risk of infections, etc.)

The efficacy was not confirmed
in the RCT, ADRs were reported
(acute lung damage,
thrombosis)

‘ Use in IRD

RA, SLE, SS, SV, other
inflammatory diseases

RA, SLE, SS, SV, other IRDs

See Table 1

Autoinflammatory diseases [119];
sepsis [143], secondary HLH
[144,145] and MAS [146]

Autoinflammatory diseases, gouty
arthritis [147]

RA, PsA, UC, psoriasis, secondary
HLH (ruxolitinib) [153-155]

Atypical HUS

Paroxysmal nocturnal
hemoglobinuria

Myasthenia gravis

Optic neuromyelitis

RA (phase Ill) [163]

IRD (off-label)

Note: ADR, adverse drug reactions; RCT, randomized controlled trial; HUS, hemolytic uremic syndrome; RA, rheumatoid arthritis; PsA, psoriatic arthritis; UC, ulcerative colitis; SLE, systemic
lupus erythematosus; SV, systemic vasculitis; SSS, systemic scleroderma; 1M, idiopathic inflammatory myopathies; HLH, hemophagocytic lymphohistiocytosis; IRDs, inflammatory rheumatic

diseases.
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and treatment of human immunoinflammatory diseas-

€s.

One can hope that the efforts of scientists and phy-

sicians around the world will improve the prognosis for
COVID-19, generate new knowledge for successful con-
trol of epidemics of viral infections that humanity may
face in the future, and will improve the pharmacotherapy
of widespread IRDs.
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