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Sarilumab is not Inferior to Tocilizumab
in the Treatment of Cytokine
Release Syndrome in COVID-19

Roman V. Maslennikov, Ekaterina V. Vasilieva*, Maxim L. Chipurik, Polina A. Semikova,
Viktoria V. Semenets, Tatyana A. Russkova, Vladimir T. Ivashkin

I.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

Aim: Cytokine release syndrome (CRS) is a dangerous complication of the new coronavirus infection (COVID-19).
The study aimed to compare sarilumab (SAR group) with tocilizumab (TOC group) and patients without anticytokine
treatment (CON group) in treatment of CRS in COVID-19.

Materials and methods. The retrospective real-life study included COVID-19 patients with C-reactive protein (CRP)
level > 60 mg/L.

Results. We enrolled 24 patients in SAR group, 27 patients in TOC group and 47 patients in CON group. Mortality
was lower in SAR and TOC groups than in CON group (12.5 and 14.8 % vs. 31.9 %; p =0.021 and p = 0.031) with no
difference between SAR and TOC groups (p = 0.389). SAR patients unlike TOC patients required intensive care unit
admission less frequently than CON patients (16.7 and 25.9 % vs. 46.3 %; p = 0.013 and p = 0.077). An increase in
oxygen saturation was observed in SAR and TOC groups (p = 0.001 and p = 0.004; greater in SAR group, p = 0.022),
but not in CON group (p = 0.764) in 7—10 days after administration of these drugs. The decrease in CRP level was
greater in SAR and TOC groups than in CON group (p = 0.016 and p < 0.011), with no difference between SAR and
TOC groups (p = 0.236).

Conclusion. Sarilumab is not inferior to tocilizumab in COVID-19.
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Capunyma0b He ycTynaeT Touuausymaly B le4eHumn CuHgpomMa Bbiopoca
LUTOKMHOB, Bbi3BaHHOro COVID-19

P.B. MacneHHukog, E.B. Bacunsesa*, M.J1. Yunypuik, NM.A. CemunkoBa,
B.B. CemeHeLl, T.A. PycckoBa, B.T. MBawkuH

®rA0Y BO «[lepsbiti MockoBCkuii rocynapCTBEHHbI MEANLMHCKUE yHuBepcuTteT um. U.M. CeveHoBa» MuHucTepcTaa
3apaBooxpaHeHnsi Poccurickon denepaumm (CedyeHoBCckuii YHnBepcuteT), MockBa, Poccuiickasi Penepaumsi

Llenb nccnepoBanusa. CnHpgpom Beibpoca umMtoknHoB (CBLL) siBnseTcs onacHbIM OCNOXHEHMEM HOBOM KOPOHa-
BUpPYCHOM nHpekumm (COVID-19). Llenbio nccnenoBaHms 6b110 cpaBHUTE 3DMEKTUBHOCTb capuiymada (rpynna
«SAR») n Toumnmnadymaba (rpynna «TOC») B ne4eHnm 3Toro ocnoxxHeHm COVID-19.

MaTtepuanbl 1 meTogbl. B peTpocnekTMBHoe nccnenoBaHme Obinv BkOYEHbI naumeHTsl ¢ COVID-19, nmesLune
cogepxaHue C-peaktmBHoro 6enka (CPB) B kpoBu > 60 mr/n.

Pe3ynbraTtbl. B rpynny «SAR» 66111 BKOYEHbI 24 naumeHTa, B rpynny «TOC» — 27 nauneHToB. Kpome Toro, 47 na-
umeHToB ¢ CBL, He nonyyanu aHTULMTOKMHOBOW Tepanuu (rpynna «CON»). CmepTHOCTb B rpynnax «SAR» n «TOC»
Obina Huxe, 4yem B rpynne «CON» (12,51 14,8 % vs. 31,9 %; p = 0,021 np =0,031), 6€3 3HA4YMMbIX PA3INYUIA MeXay
rpynnamu «SAR» 1 «TOC» (p = 0,389). MNMauneHTbl rpynnbl «<SAR», B OTAM4YME OT NaumeHToB rpynnbl «TOC», pexe
HYXXAaInCh B rocnuTanusaumm B OTAENIEHNE peaHumaLumm, 4em naumenTsl rpynnbl «CON» (16,7 n 25,9 % vs. 46,3 %;
p =0,013 n p =0,077). Yepes 7-10 gHen nocne BBeOAeHUS Toumnndymada/capunymabda 3HauMmMoe yBeIn4yeHmne
HaCbILLEHUS apTepuasnibHOW KPOBU KMCIOPOAOM Habnaanochk y naumeHToB B rpynnax «SAR» n «TOC» (p = 0,001
np =0,004; 6onblie B rpynne «SAR», p = 0,022), Ho He 3a TOT e nepuog, B rpynne «CON» (p = 0,764). CHuxXeHue
ypoBHs CPB yepe3 7—10 gHen nocne BBeAeHus npenapata 6b110 6obiie B rpynnax «SAR» 1 «TOC», 4eM B rpynne
«CON» (p=0,016 n p < 0,011), 6€3 3Ha4UMMBbIX padnuynii mexay rpynnamu «SAR» n «TOC» (p = 0,236).
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BoeiBoa. Capunymab He ycTynaeT Toumnmaymaby B nedeHnn CBL, npyu COVID-19.
KnioyeBbie cnoBa: KOpOHaBMPYC, CUHOPOM BbIOPOCa LUMTOKNMHOB, UHTEPJIENKMH-6, TOuMAn3ymad, capunymab, um-

TOKMHOBLIN LLUTOPM

KoHdnukT HTEepecoB: aBTopbl 3asBASIOT 06 OTCYTCTBUN KOHMNNKTA NHTEPECOB.
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Introduction

The new coronavirus infection (COVID-19)
has become a new challenge for medicine. It can
have some severe complications, among which
the cytokine release syndrome is one of the most
dangerous [1—3]. The main role in its develop-
ment has interleukin-6 (IL-6) [2, 3]. Several
studies of low quality have shown effectiveness
of 1L-6 antagonist tocilizumab in its treatment
[4—6]. This was the basis for a series of random-
ized controlled trials (RCT), meta-analyzes of
which confirmed that tocilizumab is effective in
COVID-19 [7—11].

Sarilumab is another monoclonal antibody
against IL-6 receptors [12] whose effectiveness
in COVID-19 has been much less studied. The
potential effect of this drug on COVID-19 has
been described in some uncontrolled studies
[13—15]. A large RCT showed that sarilumab
had no significant effect on the prognosis of pa-
tients with COVID-19 pneumonia who required
oxygen supplementation or mechanical ventila-
tion [16]. However, the main target of this drug
is not pneumonia or respiratory failure, but the
cytokine release syndrome. This may explain
the negative result of this study. Several other
RCTs investigating the effect of sarilumab on
COVID-19 have been claimed, but none of these
data compare sarilumab with tocilizumab [17].

Thus, the efficacy of sarilumab in the treat-
ment of COVID-19 remains poorly understood,
and there are no studies comparing its efficacy
and safety with tocilizumab, which became the
aim of our work.

Materials and methods

This was a retrospective real-life open off-la-
bel study. All patients signed an informed con-
sent for the use of off-label drugs. The study
was approved by the local ethical committee of
Sechenov University.

The study included patients admitted to
the Clinic of internal diseases, gastroenterol-
ogy and hepatology with suspected COVID-19
in accordance with the recommendations of the

World health organization [18] from April to
July 2020 and had cytokine release syndrome.
Unfortunately, there are no generally accepted
criteria for cytokine release syndrome. According
to Russian clinical guidelines [19], the indication
for prescribing anticytokine drugs in COVID-19
was C-reactive protein (CRP) level above
60 mg/L. Thus, the criteria for inclusion in the
study were: age over 18 years; laboratory-con-
firmed COVID-19 (a positive result of PCR on
nasopharyngeal swab) or suspected COVID-19
(based on the complex of clinical, radiological
and epidemiological data) [18, 19]; the absence
of pregnancy; the signing of informed consent to
the administration of drugs off-label; CRP level
above 60 mg/L. Patients used other anticytokine
drugs (except tocilizumab and sarilumab) were
excluded.

To patients in the test group (SAR group),
sarilumab was administered subcutaneously at a
single dose of 200 mg.

There were two control groups. The first group
consisted of patients who were administered tocili-
zumab once intravenously at a dose of 8 mg/kg
(TOC group). The second group included pa-
tients who did not receive anticytokine treatment
(CON group) (Table 1, Figure 1).

The choice of the anticytokine drugs was deter-
mined by their availability in the Clinic. If these
drugs were not available, anticytokine treatment
was not performed and this patient was included
in the control group without anticytokine treat-
ment (CON group).

Patients in all the groups also received antivi-
ral, antibacterial, anticoagulant, and dexametha-
sone treatment according to indications and con-
traindications (Table 2).

Survival or death of the patient was consid-
ered as the final outcome.

Duration of hospitalization, total duration of
the disease, the incidence of admission to inten-
sive care unit and mechanical ventilation, the
change in the values of key biomarkers and respi-
ratory function in 7—10 days after administration
of anticytokine drug were considered as addition-
al outcomes. The main side effects (cytopenia,
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Table 1. Basic characteristics of patients included in the study
Tab6auua 1. OcHOBHbIE XapaKTEPUCTUKHI MAIIMEHTOB, BKJIIOUYEHHBIX B UCCJIEI0BAHIE

SAR group | TOC group | CON group 4
Patients’ characteristics I'pynna I'pynna I'pynna «SAR»> | <SAR» | «<TOC»>
Xapaxmepucmurxa nauuenmos <«SAR» <TOC» «CON» Vs. Vs. Vs.
(n = 24) (n=27) (n=47) | <TOC» | «CON» | «<CON»
Age, years
59 [53—66] 59 [45—66] 62 [54—70] 0.842 0.540 0.100
Bospacm, nem
Male / Female, n
14 /10 14 /13 23 / 24 0.642 0.453 0.809
Myokuunot / JKenwunot, n
Body temperature at admission, °C
38.0 38.0 37.8
Teunepamypa meaa [37.4-38.2] | [37.5-38.5] | [37.4-38.3] | 0617 | 0130 | 0.152
npu nocmynaenuu, °C
Body mass index, kg,/m?
L S5 S0 0.229 0.236 0.824
Hudexc macce: meaa, xz)/ m [29.4—34.7] | [24.9—32.7] | [26.4—33.3]
Hospital stay, days
17 [14—21] 20 [17—25] 16 [13—21] 0.154 0.492 0.019
Jumensnocms 20Cnumaiu3auuu, OHu
Total duration of disease, days
O6was dnumemsrocmo abonesarus, 25[22-29] | 27 [22-31] | 23[20—29] | 0.385 0.470 0.081
Onu
Death, n
3(12.5 %) 4 (14.8 %) 15 (31.9 %) 0.389 0.021 0.039
Cmepmo, n
Admission to ICU, n
4 (16.7 %) 7 (25.9 %) 22 (46.8 %) 0.422 0.013 0.077
Tocnumanuzayus ¢ OPUT, n
The need for mechanical
ventilation, 7 3(125%) | 6(222%) | 15(31.9%) | 0.363 | 0.075 | 0.373
Iompebnocmv 6 HBJI, n
secondary infections, thrombosis, increased Cox’s F-test. A p < 0.050 value was taken as

transaminases, cholestasis) were also evaluated.

The value of the main biomarkers of the dis-
ease 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 their administration.

After determining the average day of hospi-
talization when an anticytokine drug was admin-
istered, 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 con-
sidered as Point 2.

Results are presented as median [interquar-
tile range]. The groups were compared out us-
ing Mann — Whitney and Kruskal — Wallis
test for continuous data and y? test for categori-
cal data. Wilcoxon test was used to assess the
changes in continuous biomarkers. Survival was
assessed using the Kaplan — Meier estimator and

the criterion for significance. Statistical calcula-
tions were performed using Statistica 10 (TIBCO
Software, CA)

Results

The study included 24 patients who received
sarilumab (SAR group), 27 patients who re-
ceived tocilizumab (TOC group) and 47 patients
who did not receive anticytokine therapy (CON
group) (Fig. 1). There was no significant differ-
ence among patient groups in age, gender distri-
bution, body mass index, body temperature at ad-
mission, total duration of disease, the incidence
of symptoms of COVID-19 and comorbidities,
and the frequency of taking other drugs used to
treat COVID-19 (Tables 1, 2). Patients who re-
ceived tocilizumab stayed in hospital longer than
those who did not receive anticytokine treatment.
Patients who received sarilumab unlike patients
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Table 2. Symptoms, comorbidities and used drugs in patients who received sarilumab (SAR group),
tocilizumab (TOC group) and who did not receive anticytokine treatment (CON group)

Ta6.auya 2. CuMnToMbI, COMYTCTBYIONUE 3260 I€BAHNS U IPUMEHSIEMbIe [IJIsl JIeYeHUs] KOPOHABUPYC-
HOW MH(EKIMN Tpenaparbl y MalMeHTOB, MoayunBumx capuiaymab (rpymma «SAR») wmm ronmmmsymal
(rpynma «TOC»), a TakyKe y NAIMEHTOB, HE MOJYYABIIMX aHTUIUTOKUHOBON Tepamun (rpymmna «CON»)

Groups of patients
Symptoms, n I'pynnovt nayuenmos p
Cumnmoumowl, n <«SAR» <«TOC» «CON» <«SAR» vs. <«SAR» vs.
(n=24) (n=27) (n = 47) <«TOC» «CON»
Fever / Jluxopadka 23 26 43 0.932 0.499
Cough / Kawenv 14 18 29 0.539 0.784
Runny nose / Hacmopx 2 1 0.174 0.472
Sore throat / Boaw 6 2opze 1 0 0.341 —
Chest pain / o 6 epydu 1 1 0.244 0.073
Dyspnea / Odviura 16 15 24 0.417 0.21
Headache / T'onosnas 60w 3 4 10 0.811 0.366
Anosmia / I[Tomeps o6onsinus 1 1 0 0.932 0.159
Ageusia / ITomeps 6xyca 1 0 0 0.284 —
Fatigue / Caabocmo 22 26 41 0.483 0.576
Loss of appetite / ITomeps annemuma 1 1 2 0.932 0.986
Myalgia / Boav 6 mvluyax 1 0 1 0.284 0.623
Arthralgia / Boaw ¢ cycmasax 0 1 0 0.341 —
Abdominal pain / Boav 6 xusome 0 0 0 — —
Diarrhea /' Juapes 4 3 6 0.565 0.655
Vomiting / Peoma 0 0 0 — —
Chronic diseases / Xponuuecxue 3a6oaeeanus
CopOcung cocydumos cucmens 10 17 21 01128 0.809
o s 3 5 4 0.555 0.594
liver / neuenu 3 3 1 0.878 0.073
kidneys / nouex 2 1 3 0.483 0.761
rheumatic / cycmasos 0 1 2 0.341 0.305
blood /' cucmemuvt xkposu 1 0 0 0.284 0.159
cancer / oHKoOJI02uMECKUE 1 1 2 0.932 0.986
diabetes mellitus / caxapnoui duabem 7 9 7 0.749 0.153
Drugs / IIpenapamot
dexamethasone / dexcamemason 23 24 43 0.357 0.499
azithromycin / asumpomuvun 14 17 35 0.735 0.164
moxifloxacin / moxcugproxcavyun 6 3 9 0.194 0.568
levofloxacin / zesoghroxcavyun 6 13 16 0.088 0.436
et ; i s | s [ o
meropenem / Meponenem ) 11 10 0.126 0.966
ceftriaxone /' yegpmpuarcon 1 16 24 0.338 0.677
clarithromycin / xaapumpomuyun 0 1 1 0.341 0.472
LR 19 20 30 0.669 0.186
enoxaparin / 3HOKcOnapum 21 25 39 0.542 0.619
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Assessed for inclusion
QOueHeHo 01 8KIMoYeHUs

n=971

Excluded (n = 873)

/

® blood C-reactive protein < 60 mg/L (n = 701);
o receiving other anticytokine drugs (n = 76);
o refusal to sign informed consent and to use off-label drug (n = 96)

> cknoyeHo (n = 873)

o C-peakmusHebili 6enok < 60 me/n (n = 701);
® fipuem Apy2020 aHMUUUMOKUHO8020 fpernapama (n = 76);
® omka3 nodnucams UHGhOPMUPOBaHHOE coenacue

Ha ucrionb3oeaHue npernapama off-label (n = 96).

Included
BkriroyeHo
n=98

Y

Y

Received'sarilumab
lMonyyanu capunymab
n=24

Received tocilizumab
lMony4anu moyunusymab
n=27

Did not receive anticytokine treatment
He nony4anu aHmuyumokuHosol mepanuu
n=47

Figure 1. Flow chart for dividing patients included in the study into groups

PucyHOK 1. brok-cxema pa3ieseHnna MalueHToB, BRAIOYEHHDbIX B UCCJAEA0BaHNE, IO TPyIIaM
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Figure 2. Survival curves for patients with COVID-19 and cytokine release syndrome who did not receive
anticytokine treatment («Controls»), received tocilizumab («Tocilizumab») and sarilumab («Sarilumab»)

Pucynox 2. Kpusas BookuBaemoctu naineaToB ¢ COVID-19 u cunApoMOM BbICBOOOK/IEHHS IINTOKUHOB, KOTOPBIE
He nosydann antuuutoknnosoil Tepanun (Controls), mosyuamu toumuansymal wim capuiymal
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who received tocilizumab were less likely to re-
quire intensive care unit admission than patients
who did not receive anticytokine drugs. The dif-
ference between groups in patients’ need for me-
chanical ventilation did not reach the limits of
significance (Table 1).

Patients who received tocilizumab or sari-
lumab had better survival rates than those who
did not receive anticytokine treatment (85.2 and
87.5 % vs. 68.1 %; p = 0.021 and p = 0.039).
There was no significant difference in mortality
between the groups of patients treated with to-
cilizumab and sarilumab (p = 0.389) (Fig. 2).

Cox regression showed that taking sarilumab
was an independent favorable prognostic factor
(hazard ratio (HR) — 0.27; 95 % confidence
interval (CI): 0.07—0.97), but diabetes mellitus
(HR = 4.29; 95 % CI: 1.56—11.90) and the age
over 60 years (HR = 5.32; 95 % CI: 1.13—25.10)
were independent poor prognostic factors.

There was no significant difference between
patient groups in the value of most biomarkers
tested before anticytokine drug administration
(Table 3). There was a significant decrease in
the activity of lactate dehydrogenase only in the
group of patients received sarilumab. A significant
increase in oxygen saturation was observed only
in the groups of patients receiving anticytokine
drugs and this increase was higher in the group
of patients receiving sarilumab. A significant
decrease in body temperature, CRP and fibrinogen
level, and an increase in alanine aminotransferase
activity, lymphocyte and platelet count were in
all groups of patients. However, the decrease in
CRP levels in the groups with anticytokine drugs
was significantly greater than in the group in
which they were not used without a significant
difference between SAR and TOC groups. The
maximum decrease in fibrinogen level was observed
in the group of patients receiving tocilizumab, and
the maximum increase in oxygen saturation and
lymphocyte count was in the group of patients
receiving sarilumab. There was no significant
difference between the groups of patients in body
temperature, white blood cell, neutrophil and
platelet count, creatinine and D-dimer level and
transferase activity 7—10 days after administration
of anticytokine drugs (Table 3).

In 7—-10 days after anticytokine drug
administration, half of patients no longer needed
respiratory support (the O,-mask) in the group
of patients received sarilumab. There were no
significant changes in the group of patients received
tocilizumab. In the group of patients who did
not receive anticytokine drugs, multidirectional
changes were observed: 23.4 % of patients required
mechanical ventilation, 19.1 % of patients no

longer needed respiratory support, and the others
remained without significant changes (Table 3).

Seven-ten days after the administration of the
anticytokine drug, the number of patients who
needed to be in a prone position significantly
increased among patients who did not receive
anticytokine treatment, and did not significantly
change in the groups of patients received
anticytokine drugs (Table 3).

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 frequency of detection of signs of pulmonary
embolism, hepatotoxicity, and acute kidney injury
after administration of these drugs. Uncomplicated
urinary infection was more common in patients
received sarilumab (Table 4).

Discussion

Treatment of severe COVID-19 remains a
medical challenge. One of the factors determining
mortality in COVID-19 is the development of
cytokine release syndrome [1—3]. Despite the
negative conclusions of the first RCTs [20, 21], a
series of meta-analyzes of the results of these and
subsequent studies have shown that tocilizumab is
effective in the treatment of this disease [7—11].

Unlike tocilizumab, sarilumab has been studied
much less in COVID-19. Despite encouraging
results from uncontrolled studies [13—15], a
large RCT has not shown its significant effect
in COVID-19 [16]. However, as it was noted in
the Introduction section, this may be due to the
fact that the inclusion criteria in that study was
the need for supplemental oxygen or mechanical
ventilation, while the point of action of this drug
is a cytokine storm. This may be the reason for
the negative result of that trial. The median CRP
value in that study was 1.5 times lower than that
in ours. In addition, it should be noted that the
first RCTs investigating the effect of tocilizumab
in COVID-19 also showed a negative result [20,
21], despite the positive conclusion of subsequent
meta-analyzes [7—11]. Results from other RCTs
should be awaited, especially those that used
cytokine release syndrome rather than respiratory
failure as inclusion criteria.

Unfortunately, there is no generally accepted
criterion for the development of cytokine release
syndrome. Perhaps the ideal of these 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
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Table 4. Complications of COVID-19 and adverse events of its treatment in patients who received
sarilumab, tocilizumab and did not receive anticytokine drugs (number of persons)
Taéauua 4. Ocnoxuenns COVID-19 u HexenarenbHble MOCAEICTBUS €ro JeYeHns y Ial[eHTOB, MOJIy-
YUBIMX capuiayMal, Tonman3yMal u He MOJTydaBIInX aHTUIIUTOKMHOBOH Teparmin (KOJMYeCTBO 4eTOBEK )

Groups of patients o
Complications I'pynnet nayuenmos e
Ocaoxnenus SAR TOC CON SAR vs. | SAR vs. S
n=24 n=27 n =47 TOC | CON Ve
CON
Pulmonary embolism
2 (8.3 %) 3(11.1 %) 8 (17.0 %) 0.739 0.320 0.492
Tpomboambosus 1ezounot apmepuu
Acute kidney injury
3(12.5 %) 4 (14.8 %) 3(6.4 %) 0.811 0.381 0.233
Ocmpoe nogpexdenue nouex
Extrapulmonary infections
4(16.7 %) | 2(7.4 %) 0 (0.0 %) 0.306 0.004 0.059
Bueaezounvle ungexyuu
ALT > ULN
20 (83.3 %) | 16 (59.3 %) | 31 (66.0 %) 0.060 0.124 0.649
AJIT > Br'H
ALT > 3 ULN
8(33.3 %) | 10(37.0 %) | 12(25.5 %) | 0.782 0.489 0.298
AJIT > 3 BI'H
ALT > 3 ULN
3(12.5 %) 2 (7.4 %) 6 (12.8 %) 0.542 0.975 0.474
AJIT > 10 BrTH
Laboratory signs of cholestasis’
JaGopamopnvie npusnaxu 0 (0.0 %) 1 (3.7 %) 0 (0.0 %) 0.341 — 0.192
xoaecmasa*

Note: ULN — upper limit of normal; * — increase in the activity of gamma-glutamyltransferase and alkaline phosphatase above

ULN; ** — uncomplicated urinary infection.

IIpumeuanue: BI'H — BepxHss rpaHuila HOPMbI;

*

(araser Beime BI'H; ** — wHeocsoxknennass MoyeBast nH(EKIMs.

— yBeJIMUeHNe aKTHBHOCTH TaMMa-TJyTaMUTpaHcdepasbl 1 IeToyHoil doc-

References / Jlutepartypa

LaiC.C., LiuY.H., Wang C.Y., Wang Y.H., Hsueh S.C.,
Yen M.Y., et al. Asymptomatic carrier state, acute respi-
ratory disease, and pneumonia due to severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2): Facts and
myths. J Microbiol Immunol Infect. 2020;53(3):404—12.
DOTI: 10.1016/j.jmii.2020.02.012

Moore J.B., June C.H. Cytokine release syndrome
in severe COVID-19. Science. 2020;368(6490):473—4.
DOI: 10.1126/science.abb8925

. Hirano T., Murakami M. COVID-19: A new virus, but a

familiar receptor and cytokine release syndrome. Immunity.
2020;52(5):731—3. DOI: 10.1016,/j.immuni.2020.04.003
Zhang C., Wu Z., Li J.-W., Zhao H., Wang G.-Q. Cyto-
kine release syndrome in severe COVID-19: Interleukin-6
receptor antagonist tocilizumab may be the key to reduce
mortality. Int J Antimicrob Agents. 2020;55(5):105954.
DOI: 10.1016/j.ijantimicag.2020.105954

. Alzghari S.K., Acuia V.S. Supportive treatment with

tocilizumab for COVID-19: A systematic review. J Clin
Virol. 2020;127:104380. DOT: 10.1016,/j.jcv.2020.104380

Cortegiani A., Ippolito M., Greco M., Granone V., Prot-
ti A., Gregoretti C., et al. Rationale and evidence on
the use of tocilizumab in COVID-19: A systematic review.
Pulmonology. 2021:27(1):52—66. DOI: 10.1016/j.pul-
moe.2020.07.003

Malgie J., Schoones J.W., Pijls B.G. Decreased mortali-
ty in coronavirus disease 2019 patients treated with tocili-
zumab: A rapid systematic review and meta-analysis of ob-
servational studies. Clin Infect Dis. 2021;72(11):e742-9.
DOI: 10.1093/cid/ciaal445

8.

10.

11.

12.

Pinzon R.T., Wijaya V.O., Buana R.B. Interleukin-6
(IL-6) inhibitors as therapeutic agents for coronavirus
disease 2019 (COVID-19): A systematic review and me-
ta-analysis. J Infect Public Health. 2021;14(8):1001-9.
DOI: 10.1016/j.jiph.2021.06.004

. Sarfraz A., Sarfraz Z., Sarfraz M., Aftab H., Pervaiz Z.

Tocilizumab and COVID-19: A meta-analysis of 2120
patients with severe disease and implications for clinical
trial methodologies. Turk J Med Sci. 2021;51(3):890—7.
DOI: 10.3906/sag-2010-131

WHO Rapid Evidence Appraisal for COVID-19 Ther-
apies (REACT) Working Group; Shankar-Hari M.,
Vale C.L., Godolphin P.J., Fisher D., Higgins J.P.T.,
Spiga F., et al. Association between administration of
IL-6 antagonists and mortality among patients hospitalized
for COVID-19: A meta-analysis. JAMA. 2021:326(6):499—
518. DOI: 10.1001/jama.2021.11330

Klopfenstein T., Gendrin V., Gerazime A., Conrozier T.,
Balblanc J.C., Royer P.Y., et al. Systematic review and
subgroup meta-analysis of randomized trials to determine
tocilizumab’s place in COVID-19 pneumonia. Infect Dis
Ther. 2021;10(3):1195—213. DOI: 10.1007/s40121-021-
00488-6

Burmester G.R., Lin Y., Patel R., van Adelsberg J.,
Mangan E.K., Graham N.M., et al. Efficacy and safety
of sarilumab monotherapy versus adalimumab monothera-
py for the treatment of patients with active rheumatoid ar-
thritis (MONARCH): A randomised, double-blind, paral-
lel-group phase III trial. Ann Rheum Dis. 2017;76(5):840—7.
DOTI: 10.1136/annrheumdis-2016-210310

62

Poc xypu ractposurepoJ rematon koaonpokros 2023; 33(5) / Rus J Gastroenterol Hepatol Coloproctol 2023; 33(5)



www.gastro-j.ru

Original articles / OpurnHasbHbIe MCCIEOBAHUS

13. Gremese E., Cingolani A., Bosello S.L., Alivernini S., To-
lusso B., Perniola S., et al. Sarilumab use in severe SARS-
CoV-2 pneumonia. EClinicalMedicine. 2020;27:100553.
DOI: 10.1016/j.eclinm.2020.100553

14. Benucci M., Giannasi G., Cecchini P., Gobbi F.L., Da-
miani A., Grossi V., et al. COVID-19 pneumonia treated
with Sarilumab: A clinical series of eight patients. J Med
Virol. 2020;92(11):2368—70. DOI: 10.1002/jmv.26062

15. Montesarchio V., Parella R., Tommelli C., Bianco A.,
Manczillo E., Fraganza F., et al. Outcomes and bio-
marker analyses among patients with COVID-19 treated
with interleukin 6 (IL-6) receptor antagonist sarilumab
at a single institution in Italy. J I'mmunother Cancer.
2020;8(2):001089. DOI: 10.1136/jitc-2020-001089

16. Lescure F.X., Honda H., Fowler R.A., Lazar J.S.,
Shi G., et al.; Sarilumab COVID-19 Global Study
Group. Sarilumab in patients admitted to hospital with
severe or critical COVID-19: A randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet Respir Med.
2021;9(5):522—32. DOI: 10.1016,/S2213-2600(21)00099-0

17. Khiali S., Rezagholizadeh A., Entezari-Maleki T. A com-
prehensive review on sarilumab in COVID-19. Expert
Opin Biol Ther. 2021;21(5):615—26. DOI: 10.1080,/14712
598.2021.1847269

Information about the authors

Vladimir T. Ivashkin — Dr. Sci. (Med.), Professor,
Academician of the Russian Academy of Sciences, Head of the
Department of Propaedeutics of Internal Diseases, Gastrology
and Enterology, Director of the Clinic of Internal Disease
Propaedeutics, Gastroenterology and Hepatology named after
V.Kh. Vasilenko, I.M. Sechenov First Moscow State Medical
University (Sechenov University).

Contact information: ivashkin_v_t@staff.sechenov.ru;

119435, Moscow, Pogodinskaya str., 1, build. 1.

ORCID: https://orcid.org,/0000-0002-6815-6015

Roman V. Maslennikov — Cand. Sci. (Med.), Associate
Professor of the Department of Internal Medicine, Gastroentero-
logy and Hepatology, I.M. Sechenov First Moscow State
Medical University (Sechenov University).

Contact information: mmmmO00@yandex.ru;

119435, Moscow, Pogodinskaya str., 1, build. 1.

ORCID: https://orcid.org/0000-0001-7513-1636

Ekaterina V. Vasilieva* — Student, I.M. Sechenov First
Moscow State Medical University (Sechenov University).
Contact information: dr.vasiliva@yandex.ru;

119991, Moscow, Trubetskaya str., 8, build. 2.

ORCID: https://orcid.org,/0000-0003-1696-3074

Maxim L. Chipurik — Student, I.M. Sechenov First Moscow
State Medical University (Sechenov University).

Contact information: chipurik2000@mail.ru;

119991, Moscow, Trubetskaya str., 8, build. 2.

ORCID: https://orcid.org,/0000-0003-2301-1493

* Corresponding author / ABTOp, OTBETCTBEHHBIIT 32 TIEPENNCKY

18. World Health Organization. Clinical management of
COVID-19: Interim guidance, 27 May 2020. URL: https://
apps.who.int/iris/handle/10665,332196

19. Munucmepcmso 30pasooxpanenus Poccutickoti Dedepayuu.
TIpopuakTiika, AMArHOCTUKA W JiedeHHe HOBOW KOPOHaBH-
pycuoit underkmn (COVID-19): BpeMeHHbBIE METOIMYECKHEe
pexomenarmn. Bepeusi 8 (03.09.2020). [Ministry of Health
of the Russian Federation. Prevention, diagnosis and treat-
ment of new coronavirus infection (COVID-19): Interim guide-
lines. Version 8 (09,/03,2020). (In Russ.)]. URL: https://
static-0.minzdrav.gov.ru/system//attachments/attach-
es/000,/051,/777 /original /030902020_COVID-19_v8.pdf

20. Stone J.H., Frigault M.J., Serling-Boyd N.J., Fer-
nandes A.D., Harvey L., Foulkes A.S., et al.; BACC Bay
Tocilizumab Trial Investigators. Efficacy of tocilizumab
in patients hospitalized with COVID-19. N Engl J Med.
2020;383(24):2333—44. DOI: 10.1056,/nejmoa2028836

21. Hermine O., Mariette X., Tharaux P.-L., Resche-Ri-
gon M., Porcher R., Ravaud P.; CORIMUNO-19 Col-
laborative Group. Effect of tocilizumab vs usual care
in adults hospitalized with COVID-19 and moderate or
severe pneumonia: A randomized clinical trial. JAMA
Intern Med. 2021;181(1):32—40. DOI: 10.1001/jamaint-
ernmed.2020.6820

Ceeaennst 06 aBTOpax

Upamkun Buaguvup TpodumoBmd — [OKTOp MEAMIIUHCKIX
Hayk, akagemuk PAH, mpodeccop, 3asexyionmit kadeapoii mpo-
NEeJIEBTHKY BHYTPEHHUX OoJIe3Hell, TaCTPOIHTEPOJIOTHH U TelaTo-
JIOTHH, AUPEKTOP KJIMHUKY IIPOINEJEBTHKH BHYTPEHHUX OOJIe3HE,
ractpoanTeposiornu 1 remarosorun uM. B.X. Bacunenko @IAOY
BO «Ilepsblit MockoBcKkuii rocy1apcTBeHHbBII MEMIIMHCKII YHU-
Bepcuter uM. VI.M. CedyenoBa» MUHHCTepCTBA 3/PaBOOXPAHEHIIST
Poccuniickoit Depepannn (CeuenoBCKHIiT yHI/IBepCI/ITeT).
Kownrakraast nadopmarust: ivashkin_v_t@staff.sechenov.ru;
119435, r. Mocksa, ya. Horoaunckas, 1, crp. 1.

ORCID: https://orcid.org,/0000-0002-6815-6015

MacJsennnkoB Poman BsiyecsiaBoBuy — kanjanjaT MeIULIMHCKUX
HayK, aCCHCTeHT KadeIpbl IIPONEJEBTHKHI BHYTPEHHUX 6oes-
Hel, racrpoasuteposorun u remarosnormu MIAOY BO «llepsbrit
MockoBckuit rocyaaperBennblii yausepeuter uM. M. M. CeuenoBa»
MunncrepcerBa  3apaBooxpaHenus  Poccniickoit  Degeparmm
(Ceuenoscknii Yuusepcurer).

Kownrakraast nadopmarms: mmmm00@yandex.ru;

119435, r. Mocksa, ya. Horoaunnckas, 1, crp. 1.

ORCID: https://orcid.org,/0000-0001-7513-1636

Bacuimmesa Exarepuna BsauecimaBoBHa* — cryzentka DOTAOY
BO «Ilepsbiii MoCKOBCKHiT TOCYZapCTBEHHBIN — YHUBEPCUTET
M. VI.M. Ceuenopa» (CeuenoBcknii Y anBepcuter) MuHucrepersa
3apaBooxpanenust Poccniickoit Degeparmn.

Kownrakraast nadopmarmst: dr.vasiliva@yandex.ru;

119991, r. Mocksa, yi. Tpy6euxas, 8, ctp. 2.

ORCID: https://orcid.org,/0000-0003-1696-3074

Yumypux Makcum Jleonngosuy — cryaent @ITAOY BO «llepsbrit
MockoBckuit rocyaaperBennblii yausepeuteT uM. M. M. CeyenoBa»
MunncrepcerBa  3apaBooxpaHenus  Poccniickoit  Degeparmm
(Ceuenoscknii Yuusepcurer).

Kownrakraast nadopmarust: chipurik2000@mail.ru;

119991, r. Mocksa, yi. Tpy6euxas, 8, ctp. 2.

ORCID: https://orcid.org,/0000-0003-2301-1493

Poc ypH ractposutepoJt rematon kogonpokros 2023; 33(5) / Rus J Gastroenterol Hepatol Coloproctol 2023; 33(5)



64

Original articles / OpurnHanbHbIe MCCIEOBAHUS

www.gastro-j.ru

Polina A. Semikova — Student, I.M. Sechenov First Moscow
State Medical University (Sechenov University).

Contact information: semikovapolina@icloud.com;

119991, Moscow, Trubetskaya str., 8, build. 2.

ORCID: https://orcid.org,/0000-0001-5669-0088

Viktoria V. Semenets — Student, I.M. Sechenov First Mos-
cow State Medical University (Sechenov University).

Contact information: vikasemenets2000@mail.ru;

119991, Moscow, Trubetskaya str., 8, build. 2.

ORCID: https://orcid.org,/0000-0002-1305-2876

Tatyana A. Russkova — Student, I.M. Sechenov First Moscow
State Medical University (Sechenov University).

Contact information: russkova2000@mail.ru;

119991, Moscow, Trubetskaya str., 8, build. 2.

ORCID: https://orcid.org,/0000-0003-2569-6457

CemuxoBa Ilosmmuna AnzapeeBHa — cryznentka DOI'AOY BO
«IlepBbrii ~ MoOCKOBCKMIT ~ TOCY/JapCTBEHHbBIN  yHUBEpCUTET
uMm. .M. CeuenoBa» MunucrepctBa 3apaBooxpanenusi Poc-
cuiickoit Mepepannu (Cevenoscknii Y nusepenrer).
Konrakraast undopmanus: semikovapolina@icloud.com;
119991, r. Mocksa, ya. TpyGeukas, 8, crp. 2.

ORCID: https://orcid.org,/0000-0001-5669-0088

Cemeneny Buxropuss Bragumuposma — cryzentka DIAOY
BO «Ilepsorit MocKoBCKuil TOCYZapCTBEHHDIH YHUBEPCUTET
umMm. .M. CeuenoBa» MunucrepctBa 3apaBooxpanenusi Poc-
cuiickoit Mepepannu (Cevenoscknii Y nusepenrer).
Konrakraast undopmanns: vikasemenets2000@mail.ru;

119991, r. Mocksa, ya. TpyGeukas, 8, crp. 2.

ORCID: https://orcid.org/0000-0002-1305-2876

PycckoBa Tarpsina AgnexcangpoBHa — cryjaentka DIAOY
BO «Ilepsprit MocKOBCKUII TOCYZapCTBEHHBIH YHUBEPCUTET
umMm. .M. CeuenoBa» MunucrepctBa 3apaBooxpanenusi Poc-
cuiickoit Mepepannu (CeveHnoscknii Y nusepenrer).
Konrakraast undopmanus: russkova2000@mail.ru;

119991, r. Mocksa, ya. TpyGeukas, 8, crp. 2.

ORCID: https://orcid.org,/0000-0003-2569-6457

Submitted: 17.02.2023 Accepted: 31.03.2023 Published: 30.08.2023
ocrynuaa: 17.02.2023 TIpunsita: 31.03.2023 Ouy6mukoBana: 30.08.2023

Poc xypu ractposurepoJ rematon koaonpokros 2023; 33(5) / Rus J Gastroenterol Hepatol Coloproctol 2023; 33(5)



