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Abstract 

Most subjects with the COVID-19 experience mild to moderate symptoms, but approximately 10 % of cases suffer from severe course of disease. 

IL-6 inhibitors are actively used to neutralize and prevent the "cytokine storm". Olokizumab is a humanized monoclonal antibody belonging to the 

G4/Kappa immunoglobulin isotype that selectively binds to human IL-6 and effectively neutralizes it. 
Aim. To evaluate the efficacy and safety of Artlegia (olokizumab) for the treatment of subjects with a disease caused by the SARS-COV-2 virus in a 

real-world clinical setting. 
Materials and methods. The analysis included data of 610 subjects aged 55.08±12.68 years who received olokizumab at a single dose of 160 mg/mL 

- 0.4 mL subcutaneously as a preemptive anti-inflammatory therapy. The comparison group included 511 subjects aged 55.23±11.23 years who 

received standard therapy without IL-6 inhibitors. Control Endpoints: 1. Positive clinical changes on Day 7. 2. Changes in the CRP levels on Days 1, 
2, and 7. 3. Duration of oxygen therapy. 4. Number of days in hospital. 5. Number of adverse events. 6. Disease outcome. 

Results. If a "cytokine storm" occurs, immune regulatory events will trigger the development of either a protective immune response or an exacerbated 

inflammatory response. The use of preemptive anti-inflammatory therapy has both a short-term and, most importantly, a long-term effect on the T and 
B parts of the immune process. These aspects definitely require further research and observation. 

Conclusion. The use of olokizumab to treat the new COVID-19 coronavirus disease has demonstrated a positive effect on clinical and laboratory 

parameters. Primarily, it affects the severity of clinical parameters by improving the general condition already on the first day of observation, and 
decreasing body temperature to normal values. The changes in the C-reactive protein levels show a significant effect of the IL-6 inhibitor on the 

systemic inflammatory response. 
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CI — Confidence Interval 

ALV — Artificial Lung Ventilation 
IL — Interleukin 
INF — Interferon 
CT — Computed Tomography 

CRP — C-Reactive Protein 
JIA — Juvenile Idiopathic Arthritis 
JAK — Janus Kinase(s) inhibitor(s) 
MAS — Macrophage Activation Syndrome 

Nowadays, the entire world lives under conditions of a pandemic 
of the new coronavirus infection COVID-19 that began in late 2019 in 
the Chinese province of Wuhan [1]. The majority of patients subjects 
experience mild to moderate symptoms, but approximately in 10 % of 
cases, they suffer from the severe course of disease [2]. Sepsis, 
respiratory failure, and acute respiratory distress syndrome are common 
complications of COVID-19. The risk factors associated with the 
admission of patients to the intensive care unit and death include old 
age, comorbidities, increased body mass index, lymphopenia, and 
increased transaminases, lactate dehydrogenase, D-Dimer, and ferritin 
[1]. Previously, this was described as cytokine storm syndrome, in 
which hyperinflammation and multisystemic failure occur as a result of 
excessive cytokine release due to uncontrolled activation of the immune 
system [3]. 
Rheumatologists regularly face these challenges in systemic juvenile 
idiopathic arthritis (JIA), adult-onset Still's disease, systemic lupus 

erythematosus, and other systemic diseases. Macrophage activation 
syndrome (MAS), one of the cytokine storm syndrome forms, develops 
at least in 10 % of patients with systemic JIA. Compared to patients with 
systemic JIA without MAS, patients with this complication are more 
likely to carry heterozygous variants in genes that mediate the release 
of cytotoxic granules from natural killer (NK) cells and CD8+ T cells; 
biallelic mutations of these genes cause an inherited form of cytokine 
storm syndrome termed familial hemophagocytic lymphohistiocytosis 
(HLH). Decreased cytotoxicity impairs the clearance of infected cells 
and elimination of activated macrophages, which results in the mass 
release of proinflammatory mediators. One of these mediators, the 
interleukin (IL)-6, further impairs the NK cells function. Patients 
experience a rapid onset of fever, cytopenia, coagulopathy, increased 
transaminase levels, hyperferritinemia, and multiple organ dysfunction. 
Historically, the treatment cornerstones were glucocorticoids, 
intravenous immunoglobulin (IVIG), and cyclosporine. Identification 
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of key mediators that control MAS, including IL-1β, IL-6, IL-18, and 
interferon-γ (IFNγ), started a new era of cytokine neutralization, 
potentially contributing to appreciable decrease in lethality [4]. 

IL-6 is a pleiotropic cytokine that plays a pivotal role in immune 
regulation and inflammation [1]. Its importance in understanding both 
innate and adaptive immune responses is confirmed by a wide range of 
cells secreting this cytokine, including monocytes, macrophages, T 
cells, and B cells [5]. IL-6 regulates chemokine-controlled white blood 
cell transport and induces T cell proliferation and differentiation, as well 
as antibody production by B cells. IL-6 also promotes the transition 
from innate to adaptive immunity by regulating activation, 
differentiation, and proliferation of white blood cells [5]. IL-6 
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interacts with two receptors, gp80 [also known as IL-6 receptor (IL-6R), 
CD126] and the signal-transmitting molecule of the gp130 co-receptor 
(CD130) to form a hexameric signaling complex. The formation of this 
signaling complex is considered to be a step-by-step process, during 
which the IL-6 molecule first binds to gp80 to form a dimer, and then 
to gp130 to form heterotrimers. Two heterotrimers then join to form the 
final active hexamer signaling complex (gp80: IL-6: gp130). Gp130 is 
expressed everywhere, while gp80 is present only on certain 
subpopulations of white blood cells and hepatocytes. Biological 
therapeutic strategies include inhibition of gp80 IL-6 receptors through 
the use of tocilizumab or sarilumab, or IL-6 itself in case of using 
olokizumab [6]. Olokizumab is a humanized monoclonal antibody 
belonging to the G4/Kappa immunoglobulin isotype. Olokizumab 
selectively binds to human IL-6 and effectively neutralizes the effects 
of IL-6 in vivo and in vitro. Olokizumab was investigated in a series of 
multi-center international phase III studies, which demonstrated its 
safety and efficacy in more than 2,400 subjects with rheumatoid 
arthritis.Research Program Aim is to investigate the efficacy and 
safety of the drug product Artlegia (olokizumab) for the treatment of 
patients with pathogenic disease caused by the SARS-CoV-2 virus 
(COVID-19) in a real-world setting. 

Materials and Methods 

We have performed a retrospective analysis of data collected in 
routine clinical practice during hospitalization of patients with new 
coronavirus infection caused by the SARS-CoV-2 virus (COVID-19) 
from May 31, 2020 until August 31, 2020 at 19 clinical centers of the 
Russian Federation. The Protocol included data from 610 patients who 
received a preemptive anti-inflammatory therapy with Artlegia 
(olokizumab), solution for subcutaneous administration, 160 mg/ml – 
0.4 ml, and standard therapy according to the criteria of the interim 
guidelines "Prevention, Diagnosis and Treatment of the New 
Coronavirus Disease (COVID-19)" of the RF MoH, Version 7. 

Inclusion criteria: 
1. Subject age: ≥18, 
2. Confirmed diagnosis of COVID-19, 
3. Thoracic MSCT (CT1–3) or changes in thoracic radiograms 

ranging from 0 to 75 % in combination with 2 or more criteria: 

• hyperthermia ≥ 38 °C 

• oxygen therapy 

• C-reactive protein ≥ 30 mg/L 
The control group included 511 subjects with confirmed COVID-

19 diagnosis, who were prescribed standard therapy, according to the 
interim guidelines "Prevention, Diagnosis and Treatment of the New 
Coronavirus Disease (COVID-19)" of the RF MoH, Version 7, without 
preemptive anti-inflammatory therapy with IL-6 or Janus kinase (JAK) 
inhibitors. Analysis involved the following data obtained from inpatient 
medical records: age, gender, race, date of hospitalization, department, 
extent of pulmonary involvement as criteria for the severity of a 
subject's condition, the day of Artlegia administration after the first 
signs of coronavirus disease and after hospitalization, body temperature 
on the day of Artlegia administration (Day 0) and on Days 1, 2, 7 after 
the drug administration, CRP changes on Days 1, 2, 7 compared to the 
day of administration (Day 0), administration of other 
immunosuppressive drugs used for COVID-19 treatment during this 
hospitalization, the need and duration of oxygen therapy and artificial 
lung ventilation, the duration of treatment at the intensive care unit 
(ICU), hospitalization duration, the development of adverse events and 
the disease outcome. 

Control Endpoints of the Research Program: 
1. Positive clinical changes on Day 7 defined as the number and 

proportion of subjects with decrease in body temperature and 
CRP levels on Day 7 or the previous day, if no records were made 
on Day 7. 

Contact Information: 
Vladimir Nikolayevich Antonov, Dr. habit. Med., Professor at Internal Medicine 

Department at Supplementary Vocational Education Institution, SBHI RCH 

No. 3 of FSBEI HE SUSMU Tel: +7(351)742-66-40; e-mail: ant-vn@yandex.ru; 

ORCID: 0000-0002-3531-3491 
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Table 1. Main Subject Demographics 

Parameter 
Olokizumab Treatment Group Subjects 

(n=610) 
Control Group Subjects (n=511) 

Age 

n 610 511 

M 55.08 55.23 

CI <95% 54.07-56.08 53.34-57.11 

Sex, abs. (%) 

Female 286 (46.89) 234 (45.8) 

Male 324 (53.11) 277 (54.2) 

Race, abs. (%) 

Asian 71 (11.64) 64 (12.5) 

Caucasian 539 (88.36) 447 (87.5) 

Hospitalization (%) 

General medicine unit 525 (86.07) 508 (99.4) 

ICU 85 (13.93) 5 (0.6) 

Changes in MSCT at the time of hospitalization, abs. (%) 

CT-1 43 (7) 24 (4.7) 

CT-2 316 (51.8) 357 (69.9) 

CT-3 251 (41.2) 130 (25.4) 

Duration of O2 therapy 8.33 (CI 95 %, 7.88–8.77) 9.07 (CI 95 %, 8.56–9.46) 

Hospitalization days, total 17.68 (CI 95 %, 17.17–18.18) 19.04 (CI 95 %, 18.21–19.87)* 

Hospitalization days after the preemptive anti-

inflammatory therapy 
14.31 (CI 95 %, 13.83- 14.80) 15.74 (CI 95 %, 15.12–16.35)* 

Number of adverse events (%) 15 (2.46) 23 (4.5) 

Disease outcome (%) 

Recovery 596 (97.7) 490 (95.9) 

Death 14 (2.3) 21 (4.1) 

*p <0.05   

2. Changes in the CRP levels on therapy days 1, 2, and 7. 
3. Duration of oxygen therapy. 
4. Hospitalization days. 
5. Number of adverse events. 
6. Disease outcome. 
If any data to be collected within this program was 

unavailable, it was considered missing. Since the program 
analyzed the changes in a subject's condition, the included 
subjects could not have missing data on the day of Artlegia 
administration, even if there were data for all the subsequent 
days. 

All the data were analyzed using descriptive statistics 
methods both in overall group of subjects and in certain 
subgroups. Descriptive statistics for quantitative variables 
included the mean, the standard deviation (SD), the median, the 
first and third quartiles, the minimum and maximum values, and 
the number of valid observations (N). The qualitative 
parameters are presented as frequencies and percentages; 95 % 
confidence intervals (CI) around the point estimate are also 
provided (where applicable). Statistical significance of the 
intergroup differences in qualitative (categorical) parameters 
was evaluated using a Fisher's exact test or chi-square test (χ2 
test), whereas the quantitative data were evaluated with a 
Kruskal-Wallis test and Dunn's test for intergroup comparisons. 

 

Results 
The demographic characteristics of subjects are summarized 

in Table 1. 
Main clinical characteristics of the subjects are presented in 

Table 2. 
Analysis of the changes in body temperature decrease has 

shown the following results: in the subgroup of preemptive anti-
inflammatory therapy with olokizumab, 92.1 % (n=562) of the 
subjects had a decrease to normal or subfebrile values on Day 1. 
By the 7th day of observation, this parameter showed stable 
positive trends in 590 subjects (96.7 %). In the subgroup of 
subjects who received standard therapy without the use of IL-6 
inhibitors, the body temperature by the 7th day of observation 
normalized only in 61.8 % of cases. 

The changes in the C-reactive protein levels during the use 
of olokizumab showed a pronounced trend towards its decrease 
in 89.8 % of cases versus 21.9 % subjects on standard therapy. 
This difference was statistically significant. 

Positive clinical trends on Day 7 (or the previous day) after 
administration of Artlegia were registered for 592 (97.21 %) 
subjects (Table 3). Among subjects with CT-1, CT-2, or CT-3, 
the number of people with positive clinical trends on Day 7 (or 
the previous day) after administration of Artlegia was 40 (95.24 
%), 308 (97.47 %) and 244 (97.21 %).  
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Table 2. Changes in Main Clinical Characteristics of Subjects by the 7th Day of Observation 

Parameter of 

Interest 

Olokizumab Treatment Group Subjects 

(n=610), abs. (%) 

Control Group Subjects (n = 511), abs. 

(%) Reliability, p 

Day 1 Day 7 Day 1 Day 7 

Body temperature 

decrease 
562 (92.1) 590 (96.7) 84 (16.4) 316 (61.8) <0.05 

CRP level decrease 441 (72.3) 548 (89.8) 67 (13.1) 112 (21.9) <0.05 

 
Table 3. Positive clinical trends on Day 7 (total and according to CT scans) 

Group CT-1 CT-2 CT-3 Total Reliability 

Olokizumab Treatment Group 

Subjects (n=610) 
40 (95.24%) 308 (97.47%) 244 (97.21%) 592 (97.21%) 0.632 (f) 

Control Group Subjects 

(n=511) 
11 (45.8%) 134 (37.5%) 87 (66.9%) 232 (45.4%) 0.411 (f) 

Reliability 0.002 (f)* 0.001 (f)* 0.002 (f)* 0.002 (f)*  

Note: * (f) is the Fisher's ratio test 

 

Table 4. Duration of Hospitalization after Administration of Olokizumab (total and according to CT-scans) 

Parameter CT-1 CT-2 CT-3 Total Comparison 

n 43 316 251 610 

<0.001(kw)* 

M 11.88 13.53 15.71 14.31 

SD 4.02 5.40 6.93 6.12 

CI 95% 10.65–13.12 12.93–14.13 14.85–16.57 13.83–14.80 

Min–Max 7.00–25.00 2.00–36.00 3.00-53.00 2.00-53.00 

Me 11.00 13.00 15.00 13.00 

Q1–Q3 9.00–13.00 10.00-17.00 11.00-19.00 10.00-17.00 

Note: *(kw) is the Kruskal-Wallis test 

 
There was no statistically significant difference in the frequency 
of positive trends in subjects with CT-1, CT-2 or CT-3 (p = 
0.632). The control group subjects showed less pronounced 
positive trends, presented in Table 3, with significant statistical 
differences versus the group treated with olokizumab. 

The average duration of stay in hospital after administration 
of Artlegia was 14.31 ± 6.12 (2 to 53) days (Table 4); in subjects 
with CT-1 (n = 43), CT-2 (n = 316) or CT-3 (n = 251), this 
parameter reached 11.88 ± 4.02 (7 to 25), 13.53 ± 5.40 (2 to 36) 
and 15.71 ± 6.93 (3 to 53) days, respectively (p < 0.001). 

In the subjects with CT-1 who received no adjunctive 
therapy (n = 10) or received corticosteroids (n = 32), the average 
duration of stay in hospital after administration of Artlegia was 
14 ± 3.94 (7 to 20) and 10.81 ± 3.04 (7 to 19) days, respectively 
(p = 0.014). In the subjects with CT-2 who received no 
adjunctive therapy (n = 39), who received corticosteroids (n = 
265) or corticosteroids and JAK inhibitors (n = 11), the average 
duration of stay in hospital after administration of Artlegia was 
11.72 ± 3.77 (2 to 21), 13.45 ± 5.25 (5 to 36) and 21.64 ± 7.27 
(13 to 34) days, respectively (p < 0.001). In the subjects with 
CT-3 who received no adjunctive therapy (n = 10), who received 
corticosteroids (n = 234) or corticosteroids and JAK inhibitors 
(n = 7), the average duration of stay in hospital after 
administration of Artlegia was 12.10 ± 5.78 (3 to 20), 15.61 ± 
6.65 (7 to 53) and 24.43 ± 10.95 (13 to 39) days, respectively (p 
= 0.014). 

The duration of oxygen therapy after administration of 
Artlegia in the research population (n = 586) was 8.33 ± 5.48 

(from 1 to 35) days. Subgroup analysis in subjects with CT-1 (n 
= 38), CT-2 (n = 303), or CT-3 (n = 245) showed that the mean 
duration of oxygen therapy after administration of Artlegia was 
6.42 ± 4.16 (1 to 22), 7.59 ± 4.74 (1 to 32), and 9.53 ± 6.24 (1 
to 35) days. The differences in the oxygen therapy duration after 
the use of Artlegia in the groups formed by CT findings were 
statistically significant (p < 0.001; see Table 5). The duration of 
oxygen therapy after administration of Artlegia in subjects 
treated with corticosteroids and JAK inhibitors was significantly 
higher than in subjects treated with corticosteroids or in subjects 
who received no adjunctive therapy (p < 0.001 in both cases). 
Oxygen therapy in the control group lasted 9.07 ± 6.21 days 
without statistically significant differences; the group treated 
with Artlegia had similar parameters. 

Adverse events in the group exposed to Artlegia were 
registered in 15 (2.46 %) subjects, each of whom received 
adjunctive corticosteroid therapy; 11 (3.50 %) of them had AEs 
before the use of Artlegia. 
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Table 5. Duration of Oxygen Therapy after Administration of Olokizumab (total and according to CT-scans) 

Parameter CT-1 CT-2 CT-3 Total Comparison 

n 38 303 245 586  

M 6.42 7.59 9.53 8.33  

SD 4.16 4.74 6.24 5.48  

CI 95% 5.05-7.79 7.06-8.13 8.74-10.31 7.88-8.77 <0.001(kw)* 

Min–Max 1.00-22.00 1.00-32.00 1.00-35.00 1.00-35.00  

Me 5.50 6.00 8.00 7.00  

Q1–Q3 4.00–7.00 5.00-10.00 5.00-13.00 5.00-10.00  

Note: *(kw) is the Kruskal-Wallis test 

 
Table 6. Lethal Outcome Rate (total and according to CT-scans) 

Parameter CT-1 CT-2 CT-3 Total Comparison 

Yes 1 (2.33%) 1 (0.32%) 12 (4.78%) 14 (2.30%) 
< 0.001 (f)* 

No 42 (97.67%) 315 (99.68%) 239 (95.22%) 596 (97.70%) 

Note: * (f) is the Fisher's ratio test 

In the research population, 14 (2.30 %) deaths occurred in 14 
(2.64 %) subjects treated with corticosteroids: of them, 13 (1 
patient with CT-1, 1 patient with CT-2, and 11 subjects with CT-
3) were on lung ventilators, while 1 subject (with CT-3) was not 
mechanically ventilated. Thus, the vast majority of deaths were 
registered in subjects who received mechanical ventilation, 
which confirms the relationship between the occurrence of 
deaths and the severity of subjects' condition, but not the therapy 
being conducted. In 1 case (0.16 %), a decrease in the number 
of white blood cells was registered. 

During the study, deaths were registered in 14 (2.30 %) 
subjects, of which 1 (2.33 %) had CT-1, 1 (0.32 %) — CT-2, 
and 12 (4.78 %) had CT-3. The differences in the lethal outcome 
rate in the groups formed by CT findings were statistically 
significant (p < 0.001; see Table 6). 

In subjects with CT-1, there was 1 death (2.38 %) that 
occurred in 1 (3.12 %) subject treated with corticosteroids. In 
subjects with CT-2, there was also 1 death (0.32 %) that 
occurred in 1 (0.38 %) subject treated with corticosteroids. In 
subjects with CT-3, there were 12 deaths (4.78 %) that also 
occurred in 12 (5.13 %) subjects treated with corticosteroids. 
There were no statistically significant intergroup differences (p 
= 1.00). At the same time, the subjects in the olokizumab group 
had a more severe course of disease at baseline. 

Discussion 
The latest publications on the evaluation of inflammatory 

responses of lung tissue to the effects of the new coronavirus 
strongly suggest that SARS-CoV-2 differs from other 
coronaviruses in its ability to replicate in lung tissue, evade the 
antiviral effects of INF-I and INF-III, activate innate responses 
and induce the production of cytokines necessary for the 
recruitment of adaptive immunity cells [1]. The transition 
between innate and adaptive immune responses is crucial for the 
clinical progress of SARS-CoV-2 disease. It is at this critical 
moment that immune regulatory events that are still poorly 
understood will trigger the development of either a protective 
immune response or an exacerbation of the inflammatory 
response [7, 8]. A protective response depends on T cells, with 
CD4 helping B cells to produce specific neutralizing antibodies 
and CD8 cytotoxic cells that can eliminate infected cells. It is 
should be noted that 80 % of COVID-19 infiltrating cells are 
CD8 [9]. On the contrary, a dysfunctional response that is unable 
to suppress virus replication and eliminate infected cells can 
lead to an exacerbation of the inflammatory response that can 

cause a cytokine storm clinically manifested by severe acute 
respiratory distress syndrome (ARDS) and systemic 
consequences such as disseminated intravascular coagulation. 
The primate model of SARS-CoV infection showed that the 
virus replicated in the lungs for up to 10 days after infection; 
but, oddly enough, lung inflammation was more intense after the 
virus was eliminated, peaking on Day 14 and remaining so until 
Day 28. These results suggest that an early phase dependent on 
viral replication does occur, while a later viral-independent, 
immune-dependent phase seems to be accompanied by an 
exacerbated inflammatory component. The virus-independent 
phase was explained by an inflammatory reaction secondary to 
ACE2 inhibition, or an autoimmune phenomenon due to the 
epitope spreading caused by prolonged tissue destruction [10, 
11]. 

The use of preemptive anti-inflammatory therapy exerts an 
impact on both parts of the immune process having both a short-
term and, most importantly, a long-term effect. These aspects 
undoubtedly require further research and observation. 

Findings. The use of olokizumab for treatment of the new 
coronavirus infection COVID-19 has demonstrated a positive 
effect on clinical and laboratory parameters. First of all, it affects 
the severity of clinical parameters by improving the general 
condition already on the first day of observation, and decreasing 
body temperature to normal values. The changes in the CRP 
levels show a significant effect of the IL-6 inhibitor on the 
systemic inflammatory response.  
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Conclusion 

The first results of the Research Program for pragmatic 
study of the Artlegia (olokizumab) drug efficacy and safety in 
the treatment of patients with pathogenic disease caused by 
SARS-CoV-2 virus (COVID-19) have demonstrated the 
possibility to control one of the main pathogenic components in 

COVID-19 development, i. e. inflammation. Clinical and 
laboratory efficacy of the drug has been demonstrated. The 
results obtained give rise to further scientific inquiry and 
arrangement of long-term and more extensive clinical studies. 
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