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ORIGINAL ARTICLE
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ABSTRACT. Background: Cytokine release syndrome is a serious complication of the new coronavirus infection
(COVID-19). The aim of the study was to assess effectiveness and safety of the IL-17 antagonist nekatimab for its
treatment. Methods: The retrospective study included COVID-19 patients with C-reactive protein levels >60 mg/L.
Patients received either netakimab (group NET), IL-6 antagonist tocilizumab (group TOC) or no anti-cytokine
treatment (group CON). Results: Forty-four patients were enrolled in the NET group, 27 patients in the TOC group,
and 47 patients in the CON group. Mortality was lower in the NET group than in TOC and CON groups (2.3% vs.
14.8% and 31.9%; p = 0.018 and p < 0.001). NET group patients required intensive care unit admission (6.8% vs.
25.9% and 46.3%; p = 0.025 and p < 0.001) and mechanical ventilation (4.6% vs. 22.2% and 31.9%; p = 0.022 and
p =0.002) less frequently than patients of the TOC and CON groups. After 7-10 days of anti-cytokine drug
administration, a reduction in lung lesion volume (p = 0.016) and an increase in the proportion of patients who did not
need oxygen support (p = 0.005) or stayed in prone position (p = 0.044) was observed in the NET group only group; C-
reactive protein levels were the same in the TOC and NET groups (p = 0.136) and lower in the CON group (p < 0.001
and p = 0.005). IL-6 levels decreased in the NET group (p = 0.005) and did not change in the TOC group (p = 0.953).
There was no difference in the incidence of side effects between groups. Conclusion: The IL-17 antagonist netakimab is
effective and safe in the treatment of cytokine release syndrome in COVID-19.
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INTRODUCTION are used in the treatment of axial spondyloarthritis and
o . psoriasis [11]. To date, no studies have been published
The new coronavirus infection (COVID-19) has become on their safety and efficacy in COVID-19, except for

a new challenge for humanity. The disease can be cases of COVID-19 in patients who received these drugs
asymptomatic, mild, or have complications, among for axial spondyloarthritis or psoriasis [12-14]. Netaki-
which the cytokine release syndrome is one of the most mab, a humanized monoclonal antibody against IL-
dangerous complications [1-3]. The main role in its 17A, is one of the most recent drugs [11]. The aim of our
development is played by different interleukins. There- study was to evaluate the effectiveness and safety of
fore, drugs that block their effects were proposed for the netakimab in the treatment of COVID-19 in compari-
treatment of this complication. The use of interleukin son with the use of tocilizumab and with patients who
(IL) 6 antagonist tozalizumab is the most studied to date did not receive anticytokine treatment.

[4-6]. Several experts have suggested that blocking the
pathway of other interleukins, in particular IL-17, may
be useful in the treatment of COVID-19 [7-10]. IL-17 is MATERIALS AND METHODS
produced by Th17 cells and stimulates the formation of

other cytokines, including IL-6 [9]. IL-17 antagonists This was a retrospective study. All patients signed an

informed consent for the use of off-label drugs. The
study was approved by the local ethical committee.

Abbreviations .
Patients
COVID-19 new coronavirus infection

CRP C-reactive protein The study included patients admitted to the Clinic of
IL interleukin internal diseases, gastroenterology and hepatology of
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Sechenov University with suspected COVID-19 in
accordance with the guidelines of the World Health
Organization [15] from April to July 2020 and had
cytokine release syndrome. Unfortunately, there are no
generally accepted criteria for cytokine release syn-
drome. According to Russian clinical guidelines [16], the
indication for prescribing anticytokine drugs in
COVID-19 was the C-reactive protein (CRP) level
above 60 mg/L. Thus, the criteria for inclusion in the
study were age over 18 years, laboratory-confirmed
COVID-19 (a positive result of polymerase chain
reaction on nasopharyngeal swab) or suspected
COVID-19 (complex of clinical, radiological, and
epidemiological data) [15, 16], the absence of pregnan-
cy, the signing of informed consent to the administration
of off-label drugs, and CRP level above 60 mg/L.
Patients who used other anticytokine drugs (except
tocilizumab and netakimab) were excluded.

Intervention

Netakimab was administered once subcutaneously at a
dose of 120 mg.

Controls

There were two control groups. The first group
consisted of patients who were administered tocilizu-
mab once intravenously at a dose of 8 mg/kg. The
second group included patients who did not receive
anticytokine treatment.

The choice of the anticytokine drugs was determined
by their availability in the Clinic. If these drugs were
not available in the Clinic, anticytokine treatment was
not performed and the patient was included in the
control group without anticytokine treatment. Patients
in all the groups also received antiviral, antibacterial,
anticoagulant, and dexamethasone treatment accord-
ing to indications and contraindications (Table S1).

QOutcomes

Survival or death of the patient was considered as the
final outcome. Duration of hospitalization, total
duration of the disease, the incidence of admission
to intensive care unit and mechanical ventilation,
and the change in the values of key biomarkers,
chest CT, and respiratory function in 7-10 days
after the administration of the anticytokine drug
were considered as additional outcomes. The major
side effects (cytopenia, secondary infections, throm-
bosis, increased transaminases, cholestasis) were
also evaluated.

The volume of the affected lungs was determined by
chest CT and included the sum of ground glass and
consolidation volumes. Oxygen saturation was mea-
sured with a pulse oximeter. The value of the main
biomarkers of the disease was evaluated at two points:
the first point was 1-3 days before the administration of
the anticytokine drug and the second point was 7-10
days after its administration.

After determining the average day of hospitalization
following the administration of an anticytokine drug,

this day of hospitalization +1 day was used as point 1
for the group of patients who did not receive
anticytokine drugs. The value of biomarkers 7-10
days after this point 1 was considered as point 2.

Statistics

Results are presented as median [interquartile range].
The groups were compared using Mann—Whitney and
Kruskal-Wallis tests for continuous data and chi-
square test for categorical data. Wilcoxon test was used
to assess the changes in continuous biomarkers.
Survival was assessed using the Kaplan—-Meier estima-
tor and Cox’s F-test. A p < 0.050 value was taken as
the criterion for significance. Statistical calculations
were performed using STATISTICA 10 (TIBCO
Software, Palo Alto, CA).

RESULTS

The study included 44 patients who received netaki-
mab (group NET), 27 patients who received tocilizu-
mab (group TOC), and 47 patients who did not receive
anticytokine therapy (group CON) (figure I). There
was no significant difference among patient groups in
age, gender distribution, body mass index, body
temperature at admission, total duration of disease,
symptoms of COVID-19, the incidence of comorbid-
ities, and the frequency of the use of other drugs to
treat COVID-19 (tables 1 and S1). Patients received
antibiotics (100.0%), dexamethasone (89.8%), enox-
aparin (83.1%), and hydroxychloroquine (67.8%)
(table S1).

Patients who received tocilizumab stayed in hospital
longer than those who did not receive anticytokine
treatment. Patients who received netakimab were less
likely to require intensive care unit admission or
mechanical ventilation than patients from other
groups. Among patients who underwent mechanical
ventilation, the survival rate was 50% in NET
group, 33.3% in TOC group, and 0.0% in CON group
(table 1).

Patients who received tocilizumab had better survival
rates than those who did not receive anticytokine
treatment (85.2% vs. 68.1%; p = 0.039). Patients who
received netakimab had better survival rates than those
who did not receive anticytokine treatment or those
who received tocilizumab (97.7% vs. 68.1% and 85.2%;
p <0.001 and p = 0.018) (figure 2).

There was no significant difference between patient
groups in the value of most biomarkers tested before
the administration of anticytokine drug (table 2).
The following changes were observed 7-10 days
after exposure to the anticytokine drug. There was a
significant decrease in the volume of lung lesion
according to chest CT data and in the activity of lactate
dehydrogenase in the group of patients who received
netakimab unlike patients of other groups. A significant
increase in oxygen saturation was observed only in the
groups of patients who received anticytokine drugs, and
this increase was higher in the group of patients who
received netakimab. A decrease in CRP, fibrinogen,
creatinine level, and body temperature and an increase
in lymphocyte and platelet count and alanine amino-
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Assessed for inclusion (n=971)

Excluded (n=853)

O Blood C-reactive protein below 60 mg/L (n=701)

O Received other anticytokine drugs (n=56)

O Refused to sign informed consent and to use drug
off-label (n=96)

l Included (n=118)

!

Received netakimab

(n=44) (=27

Received tocilizumab

Did not receive anticytokine
treatment (n=47)

Figure 1
CONSORT 2010 Flow Diagram.

transferase activity were observed in all groups of
patients. However, the decrease in CRP levels in the
groups with anticytokine drugs was greater than in
CON group, and there was no difference in the CRP
levels between NET and TOC groups. The maximum
decrease in the fibrinogen level was observed in the
group of patients who received tocilizumab, and the
maximum increase in oxygen saturation, lymphocyte,
and platelet count was in the group of patients who
received netakimab. There was no significant difference
between the groups in body temperature, white blood
cell and neutrophil count, creatinine level, and transfer-
ase activity 7-10 days after administration of antic-
ytokine drugs. The level of D-dimer in blood was
minimal in the group of patients who received
netakimab. There was a significant decrease in blood
IL 6 level in the group of patients who received
netakimab, and no significant change was observed in
the group of patients who received tocilizamab (zable 2).
Before the administration of anticytokine drugs, about
70% of patients in all the groups needed supplemental
oxygen. After 7-10, half of these patients no longer
needed it in the group of patients who received

netakimab. There were no significant changes with
regard to the group of patients who received tocilizu-
mab. Multidirectional changes were observed in the
group of patients who did not receive anticytokine
drugs: a third of them needed mechanical ventilation,
another third of them no longer needed supplemental
oxygen, and the rest third of them remained without
significant changes (table 2).

After 7-10 days following the administration of the
anticytokine drug, the number of patients who needed
to be in a prone position significantly decreased in the
group of patients who received netakimab, increased
among patients who did not receive anticytokine
treatment, and did not significantly change in
the group of patients who received tocilizumab (table 2).
In patients who received anticytokine treatment,
injection reactions and the development of cytopenias
were not observed. There was no significant difference
between patient groups in the incidence of hepatotox-
icity, acute kidney injury, and extrapulmonary infec-
tion after administration of these drugs. Pulmonary
embolism was significantly less common in patients
who received netakimab (table 3).

Table 1
Main characteristics of patients by groups
Group NET (n = 44) Group TOC Group CON p>» NET p>» NET p, TOC
(n=27) (n=47) vs. TOC vs. CON vs. CON

Age, years 58[51-67] 59[45-66] 62[54-70] 0.929 0.068 0.100
Male/Female 29/15 14/13 23/24 0.239 0.102 0.809
Body temperature at 37.7[37.3-38.0] 38.0[37.5-38.5] 37.8[37.4-38.3] 0.129 0.565 0.152
admission, °C
Body mass index, kg/m> 32.6[30.3-37.9] 30.5[24.9-32.7] 30.0[26.4-33.3] 0.133 0.068 0.824
Length of hospital stay, days 17[14-22] 20[17-25] 16[13-21] 0.080 0.371 0.019
Total duration of disease, days 23[20-29] 27[22-31] 23[20-29] 0.154 0.924 0.081
Death 1 (2.3%) 4 (14.8%) 15 (31.9%) 0.018 <0.001 0.039
Admission to intensive care unit 3 (6.8%) 7 (25.9%) 22 (46.8%) 0.025 <0.001 0.077
Staying in intensive care 12[1-20] 8[3-12] 5[3-12] 0.732 0.770 0.508
unit, days
The need for mechanical 2 (4.6%) 6 (22.2%) 15 (31.9%) 0.022 0.001 0.373
ventilation
Ventilated survivors 1 (2.3%) 2 (7.4%) 0 (0.0%) 0.297 0.299 0.057
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Figure 2
Survival curves for patients with COVID-19 and cytokine release syndrome who did not receive anticytokine treatment (Control
group), received tocilizumab (Tocilizumab group), and received netakimab (Netakimab group).

DISCUSSION

The pathogenesis of COVID-19 is complex and still
not fully understood. It can be a systemic disease
accompanied by massive cytokine release, which is
called cytokine release syndrome, cytokine storm, or
hyperinflammatory syndrome [1-3]. It is believed that
IL-6 has primary importance in its development. So, it
was natural that antagonists of this cytokine were
proposed for its treatment. They have shown beneficial
effects in a number of low-quality studies [4-6].
Recently, a large multicenter study was published
that did not reveal a significant difference in the
mortality of patients who received and did not receive
tocilizumab [17]. However, unlike our study, patients
did not receive antibiotics and only 10% of them
received dexamethasone in that study and these could
lead to this result. New studies are needed with the use
of more complex treatment and, especially, with the
use of glucocorticoids.

It was found that the pathway of Th17 cells is activated
and blood IL-17 level is increased in cytokine release
syndrome in COVID-19 [7-10]. This pathway is
extensively studied in psoriasis and axial spondyloar-
thritis, and a group of monoclonal antibodies has been
proposed for its blockade [11].

IL-17 has a complex proinflammatory effect. It
enhances the formation of IL-6 and other cytokines.
In this regard, the idea arose to use blockers of IL-17
pathway in the treatment of COVID-19 [7-10].
However, we did not find any published studies
describing the effect of monoclonal antibodies that
block the IL-17 pathway on the course of COVID-19.
Thus, our work will be the first, and this is its
strong point.

In our study, we used netakimab, which represents the
latest generation of monoclonal antibodies against IL-
17 [11]. The comparison was with patients who

received tocilizumab, the most studied monoclonal
antibody that blocks the effect of IL-6, and with
patients who did not receive anticytokine treatment.

Unfortunately, there is no generally accepted criterion
for diagnosis of cytokine release syndrome. Perhaps
the ideal would be the level of pro-inflammatory
cytokines, in particular IL-6, but these tests are
expensive and are not yet available in most clinics.
We used CRP as a biomarker for the development of
this syndrome because it is the main biomarker of
inflammation and can be easily determined in all clinics
of the world.

As previously reported, taking tocilizumab led to a
significant reduction in mortality in COVID-19 in our
study, but the reduction in mortality after taking
netakimab was greater. Tocilizumab and netakimab
showed the same effect in reducing the level of
inflammatory markers in COVID-19, in particular
CRP, and this decrease was more significant than in
patients who did not received anticytokine treatment.
IL-6 level did not change significantly in the
tocilizumab group, but it decreased remarkably in
the netakimab group. This is easily explained since
tocilizumab blocks the effects of IL-6, not its
formation, while netakimab blocks the effects of IL-
17, one of which is the formation of 1L-6. Most likely,
the formation of IL-17 is an earlier step in the
pathogenesis of cytokine release syndrome than the
formation of IL-6, and blocking the IL-17 pathway
gives a better effect than blocking the IL-6 pathway.
Unfortunately, the level of IL-6 was studied only in one
patient who did not receive anticytokine drugs, and
this did not allow comparing the change in its level with
the group of these patients.

Respiratory function changed differently in different
groups during the first week after the administration of
the anticytokine drug. The divergent change was
observed in the group that did not receive anticytokine



Roman Maslennikov, et al.

‘7 wutod 18 sdnoI3 ure)I0 uodm1dq OUIJJIT :xxxs 1 JUIOd
18 sdnoI3 oy [[B UaMIdq QOUIJI( 44 "¢ PUE | SIUIOd U00M)OQ QOURIIJJI(T 44 SIUSNIRA POPN[OUL [[B UI PA)SA) JOU SIIM JOWIP-(] PUL 9 UD[NO[INU] :, "0sBUS0IPAYDP 918108 H'T OseIojsuenourue useredsy [ SV (OSLIQJSURIIOUNUER QUIUR]Y |1 TV

990°0 200°0> 670 STSO 120°0 (%860 ¥1 (%9°01) § vy 0 (%111 € (%$°81) § ##0°0 (%9%) T (4T'81) 8 uonisod suoig
S01°0 TEE0 9100 LS00 (%6'8%) €T (%8°60) 1 0LL'0 (%9°67) 8 (%€€) 6 000 (%1°6) 9T (%9°60) €1 uoddns Kroyerndsar oN
#61°0 0100 620 100°0> (%t €0 11 (%600) 0 SLOO %111 € (%600) 0 €S1°0 (%9%) T (%600) 0 UONB[NUDA [BOIURYIIA
£00°0 €LE0 0900  6€6°0  100°0> (%L'LD) €1 (%T0L) €€ €L5°0 (%€°6S) 91 (%L"99) 81 100°0 (%t°9€) 91 (%S°0L) 1€ uagAxo [eyudwaddng
- - 2000 T9T0 - - - €560 [871-L¥118 (rri-ivlo. - <000 [r1-0l9 [oz1-65168 «[W/Bd ‘9 unnaprayuy
T50°0 965°0 €000 ¥LY'O 180°0 [898-vs€lzoy [L06-00sl€L9  9Tk'0  [0z01-816l€€9 lec6-6€sl6LL  100°0> [c6s-96¢€lc6t [8¢8-051859 /N ‘HA'T
LT8°0 $96°0 SI6'0  8LT0 100°0 [¥8-r€log [12-6Tlo £95°0 [87-rclse [rs-9tl6g 1L0°0 [9¥-¥clog [1s-62l8¢ /N 1SV
#50°0 061°0 LYE0 €650  #I00 [¥8-v€19s loo-vclos  100°0> [oc1-6¢€l1L pp-sclie  100°0> [601-r€l€9 [eo-¢lve /N L1V
L59°0 801°0 0900 910 6000 [L61LIc8 [801-181L8 9200 [16-0L1s8 [$01-LL]88 £00°0 [L6-18]88 [cT1-€8l66 /10w ‘durunear)
IS0 LS00 €000 $99°0 $00°0 lect-90clesT [89z-681]0cT zroo [voc-LocleLT [L9z-vL1lS6T  100°0> [or-e8clpse [19z-901ls0C /01 ‘s19[1e[d
0070 L8070 €000 SILO  1000> [0C-L0lp' 1 [I'1-9°0l80  c€00 [81-L0lC' T [c1-9°0l60  100°0> [re-Tallt [e'1-9'016'0 /01 ‘saakooyduwiry
16£°0 0670 SI60  0%0°0 1000 [811-C¥lLL [0'8-T¥lss 998°0 [eo1-svl6's [1'6-8'7199 1000 [1'6-¥¥Is9 [99-LTley 1/,01 ‘siydonnaN
€620 SYT0 8IL°0 TG00  [000>  [I'v1-0°LIT°TI [r'8-9¢loL 18€°0 [9C1-¥916'8 ocr-6vls'L  1000> [e11-0L18'8 [e8-¢Hl1'9  T1/,01 “SIPO POOIq ANYM
01L0 #00°0 SLOO  OVL'O 0810 [cer1let [rz-9°0l0°1 SIL0 [Ly-01lpT [c1-9°0l0°1 €5L°0 [1°1-9°018°0 [c1-8°0l6'0 +1/8W “Towip-(
100°0> 16t°0 [000> 0960  1000> 09-Telry [F8-9¢leL  1000> [Le-¢cloe l06-9¢lcL  1000> [8t-s¢cliy [F'8-L9loL 71/8 ‘udSoutiqry
S0€°0 SSH°0 ¥08°0 9990 000> [L9¢+9¢lo9¢  [0'8¢-L9gls e 1000>  [89¢-69¢€l99¢  [8Le-L9clyLe  1000>  [L°9¢-69¢199¢  [¥8¢-6'9¢lLE D, “omjeradwa) Apog
€95°0 1L0°0 €000  SLTO ¥9L°0 [L6-vLIv6 [r6-s8li6 #00°0 [s6-8lc6 [c6-z8los  100°0> [L6-6]s6 [c6-88116 % ‘uoneInyes usdAxQ
100°0> $00°0 9¢1'0  16¥°0  1000> [6v-vlp1 [691-c0118¢T  100°0> le6-cle [P1ic-celort  100°0> [c1-cls [orz-o8lcrr  1/8w ‘urord sAnoear-)
1£0°0 T6¥°0 €000 1LTO 9500 [19-8¢l8¢ [e9-sclpy 1%9°0 [€9-8¢los [eo-vrlos 9100 [0s-0¢18¢ [eo-cclpy o “owmjoa uoise| Sung
-y -y S— I sl 4 I sl [4 I sl [4 I utog
NOD 'sA  NOD 'SA  DOL s

J0Ld  LAN‘d  LAN‘d  spnd Ly = w) NOD dnoxn (LT =w) DOL dnoxn (b = u) LAN dnory dnoxp

‘dno13 NOD ur sAep juoreAmnba 10 s3nIp sy} JO UOTRIISIUTWPE ) Id)Je SABP ()[-L Sem T JUlod

"dnoi3 NOD ut sAep jus[eamnba 10 sFnIp 959y} JO UONEBIISIUTWPE 910Joq SABP ¢€-] SEM [ JUIOJ "SINIP QUINOIAONIUE JO UOTRISIUIWUPE oY) 19}Je SKep (-, SIONIBWOIQ UTRW J) JO SON[BA 9y} Ul a3uey))

12

¢9lqeL




Interleukin 17 antagonist netakimab is effective and safe in the new coronavirus infection (COVID-19) 13

Table 3
Complications of COVID-19 and of its treatment in patients who received netakimab (group NET), who received tocilizumab
(group TOC), and who did not receive anticytokine drugs (group CON).

Complication Group NET Group TOC Group CON p, NET p, NET p, TOC
(n =44) (n=27) (n =47) vs. TOC vs. CON vs. CON
Pulmonary embolism 1 3 8 0.117 0.019 0.492
Acute kidney injury 3 4 3 0.273 0.933 0.233
Extrapulmonary infection 0 2%% 0 0.067 - 0.059
ALT > ULN 27 16 31 0.860 0.565 0.649
ALT >3 ULN 8 10 12 0.076 0.398 0.298
ALT > 10 ULN 1 2 6 0.297 0.061 0.474
Cholestasis* 2 1 0 0.864 0.139 0.192

ALT: Alanine aminotransferase; ULN: Upper limit of normal. *: Increased activity of gamma-glutamate transferase and alkaline phosphatase. **: Uncomplicated

urinary infection.

drugs: respiratory function improved in some patients
and they no longer needed supplemental oxygen, and,
on the contrary, it worsened in the others: they needed
mechanical ventilation and a transfer to a prone
position. Stabilization of the respiratory function was
in most patients who received tocilizumab. In the
netakimab group, there was mainly an improvement in
the respiratory function, which was manifested by an
increase in the proportion of patients who did not
need supplemental oxygen and a decrease in the number
of patients who needed to be in a prone position.
The netakimab group was the only one in which there
was a significant reduction in lung lesion volume on
chest CT data. This may serve as evidence that the
blockade of the IL-17 effect by netakibam has a more
complex effect, and it affects not only the inflammatory
response, but also directly the pathologic processes in
the lungs.

There was an insignificant increase in the level of
D-dimer, the main hemostasis activation marker,
in the groups with tocilizumab and without antic-
ytokine treatment, which was not observed in
the netakimab group. Nevertheless, 7-10 days
after administration of the drug, the level of this
biomarker in the netakimab group was significantly
lower than in the control group, which was also
accompanied by a decrease in the incidence of
pulmonary thromboembolism. It is likely that the
blockade of the IL-17 pathway also results in the
blockade of pathological activation of the hemostasis
system, the consequences of which as pulmonary
embolism, myocardial infarction, and ischemic
strokes make a large contribution to the mortality
of patients with COVID-19. Netakimab can also
improve the survival of these patients owing to this
complex effect.

The administration of netakimab and tocilizumab
was not accompanied by the development of
injection reactions and any significant complications.
The weak point of our study is its retrospective and
nonrandomized nature. Although the study groups
did not differ in the main baseline parameters, selection
biases cannot be excluded. A prospective randomized
trial is needed to verify our results.

CONCLUSION

In conclusion, blockade of the effects of IL-17 with
netakimab in patients with cytokine release syndrome
in COVID-19 has shown to be an effective and safe
method of its treatment.
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Annexe A
Supplementary data

Supplementary data associated with this article can be found, in the online version, at doi:10.1684/

ecn.2021.0463.

Annexe B

[[(Annexe A)}|Supplementary data

Table S1

Symptoms, comorbidities, and used drugs in patients who received netakimab (NET group) and
tocilizumab (TOC group) and who did not receive anticytokine treatment (CON group).
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