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Background: One of the main pathophysiological mechanisms underlying the severe course of COVID-19 is the
hyper-inflammatory syndrome associated with progressive damage of lung tissue and multi-organ dysfunction.
IL-17 has been suggested to be involved in hyper-inflammatory syndrome.

Objective: To evaluate the efficacy and safety of the IL-17 inhibitor netakimab in patients with severe COVID-19.

In our retrospective case-control study we evaluated the efficacy of netakimab in hospitalized patients with
severe COVID-19 outside the intensive care unit (ICU). Patients in the experimental group were treated with
standard of care therapy and netakimab at a dose of 120 mg subcutaneously.

Results: 171 patients with severe COVID-19 were enrolled in our study, and 88 of them received netakimab. On
the 3 day of therapy, body temperature, SpO2/FiO2, NEWS2 score, and CRP improved significantly in the
netakimab group compared to the control group. Other clinical outcomes such as transfer to ICU (11.4% vs
9.6%), need for mechanical ventilation (10.2% vs 9.6%), 28-day mortality (10.2% vs 8.4%), did not differ be-
tween the groups.

Conclusion: In hospitalized patients with severe COVID-19, anti-IL-17 therapy might mitigate the inflammatory

response and improve oxygenation, but do not affect the need for mechanical ventilation and mortality.

1. Introduction

One of the main pathophysiological mechanisms underlying the se-
vere course of COVID-19 is the hyper-inflammatory syndrome (analo-
gous to cytokine storm) associated with progressive damage of lung
tissue, the development of acute respiratory distress syndrome (ARDS),
and multi-organ dysfunction [1]. In order to influence this pathogenetic
mechanism, targeted cytokine inhibitors are used that block IL-6 (toci-
lizumab, sarilumab), IL-1 (anakinra, canakinumab), as well as inhibitors
of JAK Kkinases (baricitinib, ruxolitinib) [2]. Given the controversial ef-
ficacy results and shortage of these drugs during the current pandemic,
the search for additional drugs with an anticytokine effect for the
treatment of patients with severe COVID-19 is relevant.

In a recently published study by Parackova et al., activation of the

Th17 pathway was shown in patients with COVID-19 [3]. Xu et al.
demonstrated an increase in the number of CCR4+CCR6+ Thl7-
lymphocytes in the peripheral blood in patients with severe COVID-19
[4]. One of the main cytokines produced by Th17-lymphocytes is IL-
17. It is known that the overproduction of IL-17 stimulates the T-cell
response and increases the production of other inflammatory mediators
- IL-1p, IL-6, TNFa, growth factors (G-CSF, GM-CSF), and various che-
mokines [5]. The activation of Th17-lymphocytes and the production of
IL-17 increases the recruitment of neutrophils and prevents their
apoptosis, which ultimately increases the damage to the lung paren-
chyma, and contributes to the development of pulmonary edema [5,6].
In addition, IL-17 has been suggested to be involved in the development
of endothelial dysfunction and thrombophilia in COVID-19 [7]. These
factors gave rise to a number of researchers to consider IL-17 as a
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potential therapeutic target for the use of appropriate cytokine in-
hibitors in COVID-19 [5,8,9].

The objective of our study was to evaluate the efficacy and safety of
the IL-17 inhibitor netakimab in patients with severe COVID-19.

2. Methods

This retrospective case-control study was conducted in COVID-19
care units of a university-affiliated hospital (Sechenov Moscow Medi-
cal University) between April 8 and November 12, 2020. The study was
approved by the University ethics committee (approval number 16-20)
and exempted from written informed consent.

Eligible patients were hospitalized subjects aged over 18 years, with
a confirmed diagnosis of COVID-19, bilateral pneumonia, SpOy < 92%,
and the presence of at least one of the following criteria: fever>38 °C for
> 3 days, CRP > 40 mg/L, leukocytes < 3.0 x 10°/L, lymphocytes < 0.8
x 10°/L. Patients were excluded if they were hospitalized in the inten-
sive care unit (ICU), treated with other targeted cytokine inhibitors, had
clinical and laboratory signs of active bacterial infection, and
pregnancy.

All patients were divided into two groups: experimental and control
groups. Controls were matched to patients in the experimental group by
age, levels of C-reactive protein, SpO5/FiO, ratio, and NEWS2 score.
Patients in both study groups received standard of care (SOC) therapy
(hydroxychloroquine, azithromycin, low-molecular-weight heparins,
corticosteroids). In the experimental group, in addition to SOC therapy,
patients also received netakimab (Efleira®, Biocad) — a recombinant
humanized monoclonal antibody that binds IL-17 (officially indicated
for adults with moderate-to-severe plaque psoriasis, active psoriatic
arthritis, and active ankylosing spondylitis). Netakimab was adminis-
tered subcutaneously at a single dose of 120 mg.

Clinical and laboratory data were recorded at baseline and at day 3.
WHO 7-point ordinal scale at day 3 was utilized for efficacy evaluation.
We also analyzed the length of hospitalization and outcome of the dis-
ease, such as transfer to ICU, need for non-invasive ventilation (NIV) and
invasive mechanical ventilation (IMV), and all-cause 28-day mortality.
Discharge criteria were defined as clinical recovery - i.e., normalization
of pyrexia, relief of cough, respiratory rate < 24 breaths per minute,
SpO2 > 93% on room air, all maintained for at least 48 h.

The statistical analysis was performed using SPSS Statistics v 24.0
(IBM, USA). Continuous variables were reported as median value
[interquartile range (IQR)]. The differences between groups were
analyzed by two-sided Student’s t-test or two-sided Mann-Whitney U
test. Wilcoxon signed-rank test was used to assess change from baseline
to day 3 in netakimab group. Categorical variables were reported as
number and percentage. Primary efficacy outcomes (WHO Scale on Day
3) were analyzed utilizing a proportional odds model with adjustment
for baseline values of age, CRP level, SpO2/FiO2 and a baseline Scale
score. Adjusted Odds Ratios and corresponding 95% confidence in-
tervals were calculated from final proportional odds models. Groups
were compared by other categorical variables using the two-sided
Fisher’s exact test. A p-value < 0.05 was considered significant for all
tests.

3. Results

One hundred seventy-one hospitalized patients with severe COVID-
19 were enrolled in the study. The baseline demographic, clinical and
laboratory characteristics at baseline did not differ significantly between
the groups (Table 1).

Analysis of WHO Scale score at day 3 demonstrated better efficacy in
netakimab group in comparison with control group (adjusted odds ratio
is equal to 2.20 [0.89-5.42]), however lower limit of the 95% confi-
dence interval is below 1 (Table 2). On day 3 after the administration of
netakimab, significant improvements were observed in respiratory rate,
in body temperature, in SpOy/FiO», in the NEWS2 score, in the number
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Table 1
Main characteristics of patients at baseline and at day 3 of the treatment, and
clinical outcomes.

Parameters Control group (n Netakimab group P value
= 88) (n = 83)
Age, years 60 [49-68] 61 [51-69] 0.51
Male, n (%) 42 (47.7%) 50 (60.2%) 0.13
Smokers and ex-smokers, n 13 (14.8%) 17 (20.5%) 0.41
(%)
BMI, kg/m?> 29.1 [25.4-32.7] 29.5 [26.6-33.7] 0.23
Time from symptoms onset, 9 [7-10] 9 [7-12] 0.29
days
Comorbidities
Cardiovascular diseases, 45 (51.1%) 47 (56.6%) 0.52
n (%)
Chronic lung disease, n 3 (3.1%) 5 (6.0%) 0.32
(%)
Diabetes mellitus, n (%) 20 (22.7%) 25 (30.1%) 0.39
Chronic kidney disease, n 2 (2.3%) 4 (4.8%) 0.37
(%)
Active malignant 4 (4.5%) 6 (7.2%) 0.41
neoplasm, n (%)
At baseline
Body temperature, °C* 37.7 [37.2-38.5] 37.5 [37.1-38.0] 0.18
Respiratory rate, breaths 22 [20-24] 22 [20-23] 0.99
per min
Sp0O2/Fi02 253 [250-321] 267 [238-342] 0.32
NEWS2 scale, points 7 [5-7] 7 [2-7] 0.29
WBC, 10°/L 5.9 [4.6-6.9] 5.7 [4.6-7.7] 0.79
Neutrophil count, G/L 4.1 [3.3-5.2] 3.7 [3.1-5.3] 0.74
Lymphocyte count, G/L 0.9 [0.7-1.2] 0.9 [0.7-1.3] 0.56
C-reactive protein, mg/L 102 [79-132] 113 [83-164] 0.1
Lactate dehydrogenase, 604 [520-774] 616 [507-758] 0.49
IU/L
Ferritin, mg/L 394 [202-529] 494 [191-519] 0.95
D-dimer, pg/mL 0.7 [0.4-1.6] 0.7 [0.4-1.4] 0.84
Day 3
Body temperature, °C* 36.9 [36.6-37.4] 36.7 [36.5-37.0] 0.01
Respiratory rate, breaths 20 [18-22] 18 [17-22] 0.11
per min
SpO2/Fi02 266 [238-323] 272 [240-452] 0.03
NEWS2 scale, points. 5 [2-5] 3 [2-5] 0.05
WBC, 10°/L 6.1 [5.3-7.6] 7.4 [5.4-8.7] 0.16
Neutrophil count, G/L 3.9 [3.1-5.4] 4.4 [3.0-6.9] 0.29
Lymphocyte count, G/L 1.3 [0.9-1.7] 1,2 [0.9-1.7] 0.94
C-reactive protein, mg/L 57 [46-79 29 [12-46] 0.0001
Lactate dehydrogenase, 531 [473-710] 533 [441-879] 0.79
1U/L
Ferritin, mg/L 508 [318-528] 513 [291-533] 0.90
D-dimer, pg/mL 0.9 [0.5-1.7] 0.8 [0.,4-1.2] 0.97
Outcomes
Length of hospitalization, 16 [14-20] 15 [11-19] 0.02
days
Transfer to ICU, n (%) 10 (11.4%) 8 (9.6%) 0.81
Intubation and IMV, n 9 (10.2%) 8 (9.6%) 0.89
(%)
Non-invasive ventilation, 8 (9.1%) 6 (7.2%) 0.78
n (%)
28-day mortality, n (%) 9 (10.2%) 7 (8.4%) 0.79

*The highest temperature during the day was recorded.

Continuous variables are presented as median value [interquartile range (IQR)].
Categorical variables are presented as number and percentage (%).
Abbreviations. BMI, body mass index; WBC, white blood count; CRP, C-reactive
protein; ICU, intensive care unit; IMV, invasive mechanical ventilation.

of leukocytes, lymphocytes, and in the levels of CRP (all p < 0.0001)
(Table 1).

When compared with the control group, patients who received
netakimab showed on day 3 significant differences in body temperature
(36.7 (36.5-37.0) vs 36.9 (36.6-37.4), p = 0.01), SpO2/FiOy (272
(240-452) vs 266 (238-323), p = 0.03), NEWS2 score (3 (2-5) vs 5
(2-5), p = 0.05) and CRP (29 (12-46) vs 57 (46-79), p = 0.0001). There
were no significant differences in the clinical outcomes of the disease
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Table 3
Adverse events.

Table 2
Assessment by WHO 7-point ordinal scale at Day 1 and Day 3.
Control Netakimab
group group
(N = 88) (N =83)
WHO scale, Day 1
n/nmiss 88/0 83/0
4 27 (30.7%) 31 (37.3%)
5 58 (65.9%) 51 (61.4%)
6 3 (3.4%) 1(1.2%)
WHO scale, Day 3
n/nmiss 77/11 83/0
4 22 (25.0%) 39 (47.0%)
5 55 (62.5%) 44 (53.0%)

Odds Ratio, Netakimab vs Control group (95%
Cn

2.20 (0.89-5.42)

Variables are presented as number and percentage (%).
Odds Ratio was estimated by proportional odds model with adjustment for age,
CRP level, SpO2/Fi02 and WHO Scale value at baseline.

(need for NIV and IMV, transfer to ICU, and mortality), although a
decrease in the duration of hospitalization in the netakimab group was
observed (15 (11-19) vs 16 (14-20) days, p = 0.02) (Table 1).

At least one adverse event was reported for 57 patients in the neta-
kimab group and for 55 patients in the control group (Table 3). All
adverse events were mild, there were no other moderate and severe
adverse events. Overall (related and not related to study drug) adverse
event analysis demonstrated a very similar safety profile in both groups.

4. Discussion

In this trial, administration of anti-IL-17 therapy in patients with
severe COVID-19 was associated with improvement of clinical and
laboratory parameters, although there was no significant effect on
clinical outcomes, including mortality. To the best of our knowledge,
this is the first study to evaluate the efficacy of anti-IL-17 therapy for
COVID-19.

Theoretically, blockade of IL-17 appears to be a promising thera-
peutic area, since it can potentially also reduce the production of
downstream pro-inflammatory molecules such as IL-1f, TNF, and IL-6,
and neutrophil recruitment - key factors in the development of ARDS
in COVID-19 [5,10]. At the same time, there are contradictions in the
data on the role of IL-17 in the hyperinflammatory response in COVID-
19. According to a study by Wan et al., there were no significant dif-
ferences in the blood level of IL-17 in patients with mild and severe
COVD-19, [11].

Indirectly, the potential role of anti-IL-17 therapy is also evidenced
by the data of a retrospective observational study, which demonstrated
that patients with psoriasis routinely receiving anti-IL-17 therapy did
not have cases of severe COVID-19 and death [12].

The use of another IL-17 inhibitor ixekizumab is currently being
investigated for the acute phase of COVID-19 [13].

The study has several limitations. It was a retrospective case-control
study performed in a single medical center. Our study is also limited by
its relatively small sample size which was insufficiently powered to
demonstrate superiority by primary outcomes.

5. Conclusions

In summary, in hospitalized adult patients with severe COVID-19,
anti-IL-17 therapy was associated with clinically significant improve-
ments of WHO Scale, a decrease of inflammatory biomarkers, and an
improvement in oxygenation levels without significant adverse events.
These results need to be confirmed with further randomized prospective
trials in a larger cohort.

Control group Netakimab group

(N = 88) (N =83)

Patients with at least one AE 55 (62.5) 57 (68.7)

Weakness 15 (17.0) 19 (22.9)
Blood pressure higher than 140/90 9(10.2) 6(7.2)
AST > 3 * ULN 6 (6.8) 4 (4.8)
ALT > 3 * ULN 5(5.7) 4(4.8)
Diarrhea 4 (4.5) 6(7.2)
Dyspepsia 3.4 3(3.6)
Nausea 3(3.4) 4 (4.8)
Dyspnea 5(5.7) 5 (6.0)
Creatinine > ULN 2(2.3) 4 (4.8)
Headache 3(3.4) 1(1.2)
Rashes 0 (0) 1(1.2)

Variables are presented as number and percentage (%).
Abbreviations. AE — adverse event, ULN — upper limit of normal range.
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