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The aim of the article is a comparative clinical and economic assessment of genetically engineered monoclonal antibodies
against interleukins in infectious diseases facilities in Volgograd region, reassigned to treat COVID-19 patients.

Materials and methods. ABC analysis of the drug consumption in infectious disease facilities in Volgograd region in
2020 and 2021, cost-minimization analysis, and volume of consumption (standard dose per 1000 patients) for geneti-
cally engineered monoclonal antibodies against interleukins, were performed on the basis of pharmacies dispensing drug re-
ports on infectious diseases facilities, Russian State Register of maximum selling prices, and Russian guidelines for COVID-19
treatment.

Results. Only a small proportion of COVID-19 patients (43.6 standard doses per 1000 patients in 2020 and 137.8 per
1000 patients in 2021) received genetically engineered biologics in infectious disease facilities in Volgograd Region. Ne-
vertheless, in the studied facilities, medical drug expenses on them exceeded from 20% in 2020 to 40% of the total inventory
value in 2021. In mild COVID-19 patients with a high comorbidity index, netaquimab was the least expensive drug therapy
and levilimab was the most expensive one. For moderate COVID-19, a standart recommended dose of sarilumab was the
least expensive among the drugs used in the studied facilities, and anakinra was the least expensive drug among all the rec-
ommended GEBs. In severe and extremely severe COVID-19 courses, tocilizumab and sarilumab were less the least expensive
among the GEBs used in the infectious disease facilities, and anakinra was the least expensive among all the recommended
GEBs.

Conclusion. Accepting a possible equal effectiveness based on the currently available data, sarilumab is the least expensive
for moderate COVID-19 and tocilizumab is the least expensive for severe and extremely severe COVID-19.

Keywords: genetically engineered biologics; interleukin antagonists; COVID-19; ABC-analysis; cost-minimization analysis
Abbreviations: GEB(s) — genetically engineered biologics; IL(s) — interleukins; IgG — immunoglobulin G; MA(s) — monoclonal
antibodies; INN —international nonproprietary name; VED — vital and essential medicines; RF — Russian Federation; SD — stan-
dard dose; Cl — confidence interval; RR — relative risk.
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Lienb. CpaBHUTENbHbINA KNAMHUKO-9KOHOMUYECKUI aHAaNN3 NPUMEHEHUA FeHHO-UHXKEHEPHbIX BMOI0rMYeckux npenapaTos
QHTaroHUCTOB UHTEP/IENKUHOB B MHPEKLMOHHbIX OTAENEHUAX Bonrorpaackon obnactu, nepenpoduampoBaHHbIX As neye-
HMA naumeHTos ¢ COVID-19.

Martepuanbl U metogbl. Ha OCHOBaHMM OTYETHO-YYETHOM LOKYMEHTALMMU MO Bblgaye JIeKapCTBEHHbIX CPEACTB B OTAese-
HUAX, foOCyaapCTBEHHOrO peecTpa, NpeAenbHbIX OTNYCKHbIX LLeH U BPEMEHHbIX METOAUYECKUX PEKOMEHIALMUIA MO eYEeHUIO
COVID-19, npoBenéH ABC-aHann3 pacxofoBaHWUA SIeKapCTBEHHbIX CPeACTB B MHPEKLMOHHbIX OTaeneHuax Bonrorpasackoin
o6nactu B 2020 1 2021 rr., BbINOJIHEH aHA/IM3 MUHUMM3ALLMW 3aTPAT U PacCiUTaH 06BEM NOTPeBNEHNS TEHHO-UHMKEHEPHbIX
61010TMYECKMX NPenapaToB, aHTarOHUCTOB UHTEP/IEMKMHOB (CTaHAapTHaA Ao3a Ha 1000 nauumeHTOB).

Pe3ynbratbl. B MHOEKLMOHHbIX OTAeneHnax Boarorpasckol 0baactu Tonbko Hebonblwaa gons nauueHtos ¢ COVID-19 (43,6
CTaHAA@PTHbIX 403 Ha 1000 60abHbIX 2020 1. 1 137,8 Ha 1000 60/1bHbIX B 2021 .) No/y4ana reHHO-UHKeHepHble bBronornyeckmne
npenapatbl. Tem He MeHee, pacxoApbl Ha HUX B M3ydaemblx otaeneHnsax 8 2020 rogy npesbicuan 20%, a B 2021 r. — 40% oT BCcex
pacxof0B Ha /IeKapcTBEHHblE cpeacTBa. Mpu nérkom TedeHmmn COVID-19 y nauMeHTOB C BbICOKMM MHAEKCOM KOMOPOUAHOCTU
HaMMeHbLLEN CTOMMOCTbIO HA Kypc Tepanun obiasan HeTakumab, a Hanbonbluel CTOMMOCTbIO — 1IeBUAMMAG. Mpu cpegHeTs-
»énom TedeHmn COVID-19 cpeam npenapaTos, 3aKynaembix OTAENEHUAMU, HAMMEHbLLEN CTOMMOCTbIO 1 BBeaeHua obnaaan ca-
punymab, a cpesim Bcex peKOMeHA0BaHHbIX NPenapaToB — aHaKMHPA. Mpu TAXKENOM U KpaliHe TAXKENOM TeYEHUU, HAMMEHbLUEN
cToMmocCTblo 1 BBeAeHUA 0b1aganv Tounamsymad n capunymab, a cpeam Bcex peKOMeHA0BaHHbIX MPenapaToB — aHaKMHPa.
3akntoueHue. MNpu paBHOM 3IGPEKTUBHOCTN HA OCHOBAHUM UMEIOLLMXCA B HACTOALLMIMA MOMEHT AaHHbIX NMPU CPEAHETANKENOM
TeyeHUn COVID-19 3KOHOMMYECKM Hanmbonee onpaBAaHO NPUMEHEHWe capuaymaba, a Npu TAXKENOM U KpaHe TAXKENIOM
TeYeHUn — Tounansymaba.

KntoueBble cnoBa: reHHO-UHKeHepHble BUoNorMYeckne npenapatbl; aHTaroOHUCTbl MHTEpPAelKuHoB; COVID-19; ABC-aHanus;
aHaNn3 MUHUMM3ALMKM 3aTpaT

Cnucok cokpaweHui: N'MBIN — reHHO-MHXXeHepHble Buonormyeckme npenapatbl; U1 — MHTepaelrikuHbl; 1gG — uMMyHOr10-
6ynnMH G; MA — MOHOK/IOHaNbHbIe aHTUTeNa; JIC — nekapcTBeHHble cpeactsa; MHH — mexayHapogHoe HenaTeHToBaHHOe
HasBaHue; HBJ/IC — KM3HEHHO HeobxoAMMble U BaXKHelLne NeKapcTBeHHble cpeacTsa; PO — Poccuiickas ®enepauns;

C[, — cTaHZapTHaA fo3a; AN — noBepuTtesibHbIN MHTEepBan; OP — OTHOCUTENbHBIN PUCK.

INTRODUCTION

In the winter and spring of 2020, a wave of a ra-
pidly progressing respiratory failure and deaths from a
COVID-19 infection spread in many countries. In Feb-
ruary 2022, the COVID-19 mortality in the Russian Fed-
eration was 2.4%. In the Volgograd region, it achieved
3.7%*. The resources of most countries in the world are
now oriented to the novel infection’s treatment. Me-
dical costs for COVID-19 therapy, as well as its effective-
ness, are also of interest to the healthcare system.

In the first versions of Russian guidelines on the
management of COVID-19 patients?, the main em-
phasis was made on antiviral and symptomatic ther-
apy. The discovery of the role of the hyperimmune
response or cytokine storm as the basis for the patho-
genesis of acute respiratory distress syndrome and
multiorgan dysfunction in COVID-19 prompted the
initiation of tocilizumab as preventive anti-inflamma-
tory therapy. Anti-inflammatory drugs widely used in
rheumatology, such as corticosteroids, Janus kinase in-
hibitors, tocilizumab and other genetically engineered
biologics (GEBs), became the basis of pathogenetic ther-
apy of the novel infection in hospitals in many count-
ries in the world and the Russian Federation, as well. In
the 14* version of Russian guidelines on the manage-
ment of COVID-19 patients?, janus kinase inhibitors and

! Operational data: Coronavirus COVID-19. Official information about
coronavirus in Russia at stopcoronavirus.rf. Available from: https://xn-
-80aesfpebagmfblcOa.xn--plai/information/.

2 Prevention, diagnosis and treatment of novel coronavirus infection
(COVID-19). Interim guidelines. Version 4 (27 March 2020). Ministry of
Health of the Russian Federation; 2020.

3 Prevention, diagnosis and treatment of novel coronavirus infection
(COVID-19). Interim guidelines. Version 14 (27.12.2021). Ministry of
Health of the Russian Federation; 2021.
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GEBs in combination with corticosteroids are indicated
in patients hospitalized both with mild COVID-19 with
risk factors of a severe disease, and with a moderate or
severe disease. In the latter cases, the prescription of
GEBs is preferred.

In the rheumatology practice, the first GEB inflixi-
mab, a monoclonal antibody to the tumor necrosis fac-
tor-alpha, was approved for a clinical use in 1998. In the
2000s, when infliximab was not effective, monoclonal
antibodies (MAs) that block the action of interleukins
(IL), such as IL-6, IL-1 and IL-17, began to be used [1, 2].

IL-6 is a multifunctional cytokine produced by vari-
ous cell types, and it is involved in the paracrine regula-
tion, systemic physiological and pathological processes
such as stimulation of immunoglobulin secretion, activa-
tion of T cells, and stimulation of the acute phase inflam-
matory proteins production in the liver and stimulation
of hematopoiesis. IL-6 is involved in the pathogenesis of
various diseases, playing an important role in the devel-
opment of the “cytokine storm” in the novel coronavirus
infection COVID-19. IL-1B induces gene expression and
production of inflammatory mediators such as IL-6 and
cyclooxygenase-2. IL-17A, a proinflammatory cytokine,
stimulates T-cell immunity and increased the production
of inflammatory mediators: IL-1, IL-6, the tumor necrosis
factor alpha, and other [3, 4].

The first reports on the successful usage of tocili-
zumab (MA to IL-6 receptor) in patients with severe
COVID-19, were published by Chinese researchers just
after the start of the COVID-19 pandemic caused by the
SARS-CoV-2 virus [5, 6]. Subsequently, the efficiency of
the drug was demonstrated in numerous observatio-
nal studies conducted in different countries including
the Russian Federation [7-9].
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Currently, in addition to tocilizumab in the 14"
version of Russian guidelines on the management
patients with COVID-19%, there were also 6 other
anti-inflammatory GEBs including three Russian biosim-
ilars (Table 1), two of which were registered at the out-
break of the COVID-19 pandemic. On February 22, 2022,
a new version of Russian guidelines was issued, there
the treatment regimens for COVID-19 patients did not
include netakimab®.

THE AIM of the study was to perform a compara-
tive clinical and economic assessment of genetically en-
gineered monoclonal antibodies against interleukins in
infectious diseases facilities in Volgograd region, reas-
signed to treat patients with COVID-19 in 2020-2021.

MATERIALS AND METHODS

For ABC analysis of the drug consumption in in-
fectious disease facilities in Volgograd region, phar-
macies dispensing drug reports in 2020 and 2021,
were used. According to international nonproprietary
names (INNs), all items were ranged in compliance
with the expired costs from the highest to the lowest;
the costs were calculated for each INN as a percen-
tage of the total inventory value and the cumulative
percentage.

Groups of the drugs that account for 80% of the
total inventory (segment A), 15% of the total invento-
ry (segment B), and 5% of the total inventory (segment
C), were identified and the percentage of consumption
within each group was determined.

The recommended doses of GEBs for different
COVID-19 severity were calculated according to the 14
version of Russian guidelines on the management pa-
tients with COVID-19°. The costs of 1 GEB injection or
1 therapy course were calculated according to the phar-
maciesdispensing drugreportsoninfectious disease facil-
itiesin2020and 2021, aswellasonthebasis of the Russian
Register of maximum selling prices’. Due to the fact that
in the treatment of COVID-19, the studied drugs in most
cases are prescribed as a single injection (not daily), and
according to the low frequency of these drugs usage in
real clinical practice, in order to estimate the volume
of consumption, the indicator Standard Dose per 1000
treated patients was calculated. The Standard Dose of
1 administration or course of therapy SD was deter-
mined according to the recommended single or course
dose for mild and moderate COVID-19. For tocilizumab,
1 SD was 320 mg (16 ml of 20 mg/ml concentrate), oloki-

4 Ibid.

°> Prevention, diagnosis and treatment of novel coronavirus infection
(COVID-19). Interim guidelines. Version 15 (22.02.2022). Ministry of
Health of the Russian Federation.; 2022.

¢ Prevention, diagnosis and treatment of novel coronavirus infection
(COVID-19). Interim guidelines. Version 14 (27.12.2021). Ministry of
Health of the Russian Federation; 2021.

7 State Register of Medicines. Available from: https://grls.rosminzdrav.
ru/Default.aspx.
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zumab — 64 mg (1 vial, 160 mg/ml — 0.4 ml), levilimab —
324 mg (2 syringes of 180 mg/ml — 0.9 ml each), sarilu-
mab — 400 mg (2 syringes of 175 mg/ml —1.14 ml each)
and secukinumab — 300 mg (2 syringes of 150 mg/ml —
1 ml each). In terms of US dollars (USD), the exchange
rate of 1 ruble = 0.012 USD on February 25, 2022 was
used.

RESULTS

In 2020, about 30 million rubles (USD 360 000)
were spent on 117 INN drugs in 5 infectious di-
sease facilities, including over 8 million rubles (USD
96 000) of anti-inflammatory therapy (corticosteroids,
janus kinase inhibitors and GEBs) (27.0% of the total
inventory value). About 7 million rubles (USD 84 000)
out of this sum was spent on GEBs (23.4% of the total
inventory value). In 2021, about 80 min rubles (USD
960 000) was spent in 4 infectious disease facilities on
129 INN drugs. Out of this sum, a little over 36 miIn ru-
bles (USD 432 000) (45.9% of the total inventory value)
was spent for anti-inflammatory therapy with 5 GEBs
(32.6 min rubles; USD 391 200 — 41.5% of the total in-
ventory value).

In 2020, 51.8% of the Segment A value was
represented by antibacterials (RUB 12 494 680/
USD 149 936); 26.5% — by antimicrobials (RUB 6 395 410/
USD 76 745); 14.5% — by anticoagulants (RUB 3 494 986/
USD 41 940). In 2021, 49.2% of the Segment A value was
represented by antiplatelet agents (RUR 31325961/
USD375 912);37.2%—byanticoagulants(RUR23 641 908/
USD 283 703); 13.6% — by antibiotics (RUR 8 653 352/
USD 103 840) (Table 2).

In 2020, according to Russian guidelines, 3 GIBPs out
of 5 (possible at the end of 2020) were purchased in the
facilities. 77 vials of olokizumab (64 mg, 160 mg/ml —
0.4 ml), 64 concentrates of tocilizumab (400 mg, 20 mg/ml
—20ml) and 10 packages of levilimab (2 syringes 162 mg,
180 mg/ml — 0.9 ml) were used. In 2021, 4 out of
7 GEBs presented in Russian guidelines, were procured.
413 vials of olokizumab (64 mg, 160 mg/ml — 0.4 ml),
14 concentrates of tocilizumab (400 mg, 20 mg/ml —
20 ml) and 20 (80 mg, 20 mg/ml — 4 ml), 197 packages
of levilimab (2 syringes 162 mg, 180 mg/ml—0.9 ml), 35
packages of sarilumab (2 syringes 200 mg, 175 mg/ml
—1.14 ml), and 10 syringes of secukinumab (150 mg/ml
— 1 ml) were used (Fig. 1).

According to Russian guidelines®, the choice of
GEBs and dosing regimen depend on the severity of
COVID-19. A cost minimization analysis in mild COVID-19
patients with a high comorbidity index revealed that ba-
ricitinib, a Janus kinase inhibitor, an alternative to GEB in
this particular group of patients, had the lowest cost per

8 Prevention, diagnosis and treatment of novel coronavirus infection
(COVID-19). Interim guidelines. Version 14 (27.12.2021). Ministry of
Health of the Russian Federation; 2021.
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course of therapy. Among GEBs in mild COVID-19, the
lowest cost per administration was that of netakimab,
which was not used in the studied infectious disease
facilities. Russian drug levilimab had the highest cost in
mild COVID-19. Administration of one standard dose of
levilimab in the infectious disease facilities in Volgograd
region at the procurement prices, cost more than 57
thousand rubles (684 USD), and in case of ineffective-
ness, a patient could need a repeated administration of
the drug, which doubled the GEBs cost in this category
of patients (Table 3).

For moderate COVID-19, among the drugs procured
by the infectious disease facilities, sarilumab had the
lowest cost per administration; and among all the recom-

mended GEBs, anakinra had the lowest cost per adminis-
tration. For severe and extremely severe COVID-19, tocili-
zumab (the most studied drug for treating COVID-19) and
sarilumab had the lowest possible cost per administration
among the drugs procured by the infectious disease fa-
cilities. Among all the recommended GEBs, anakinra had
also the lowest possible cost. According to the maximum
prices in the State Register of Medicines (the Register
of Vital and Essential Medicines of 2022), the cost of 1
canakinumab injection for severe and extremely severe
COVID-19 exceeds 1 million rubles (12 000 USD). The fact
makes it impossible to include this medicine in the infec-
tious disease facilities procurement plan because of its
extremely high cost.

Table 1 — Anti-inflammatory GEBs recommended for the treatment of COVID-19

Worlds first

Russian guidelines.
Prevention, diagnosis and treatment

) . Type of of novel coronavirus infection (COVID-19)
registration® /
INN . . monoclonal Target o
registration W " © ~ 0 o 2 b N ] s )
. : antibodies ::8 cg ;:8 :2 CSEE c: C(‘:‘I :E c: ;:m
in Russia S S5 956890 %8 209w S0 90 O~ S«
2O PO O PO v HO PO o P pH PO
282X BT L >822 23 2R 2R
IL-6 soluble
Tocilizumab 2003/2009 ATz ad + + + + + + + + + + +
lgG1 membrane
receptors
IL-6 soluble
Human and
Sarylumab 2017/2018 lgG1 membrane + + + + + + + + + +
receptors
. Humanized Circulating
202 + + + + + + + + +
Olokizumab No/2020 1A e L6
Human IL-1p
Kanakinumab 2009/2012 (induces IL-6 + + + + + + + + +
IgG1/kappa .
production)
IL-6 soluble
Levilimab No/2020 AT i) + + + + T 1L T
IgG1 membrane
receptors
Netakimab No/2019 Humanized IL-17A + + + + +
v o theIL1aand
Anakinra 2001/2021 . IL-1B + + + +
antagonist
. receptors
protein
Secukinumab 2015/2016 Hlugrgin IL-17A Absent Russian guidelines

° DrugBank database. Available from: https://go.drugbank.com/.
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Sarylumab 2021
Levilimab 2021 |EESGSG—_S—_—G—G3s.4
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Levilimab 2020 ® {9,
Olokizumab 2021 ' EG_—GGGGE— 0.5
Olokizumab 2020 ESGSSN 20.5
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Tocilizumab 2021 .1'15
- 214
Tocilizumab 2020 _1(124
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Figure 1 — GEBs consumption in infectious disease facilities in Volgograd region, reassigned
to treat COVID-19 patients (2020-2021)

Table 2 — Drug consumption structure in infectious diseases facilities
in Volgograd region in 2020-2021

2020 2021
5 infectious diseases facilities 4 infectious diseases facilities
3 750 patients (45 315 days) 5 130 patients (58 439 days)
INN Rubles ~ UsD  2Per INN Rubles UsD % per
category category
Category A Category A
24 089 776 rubles/289 077 USD 63 621 220.88 rubles/763 455 USD
Meropenem 4059700 48716 16.85% Olokizumab 17717700 212612 27.85%
Olokizumab 3343260 40119 13.88% Levilimab 11364 764 136377 17.86%
Tocilizumab 3052150 36626 12.67% Sodium Heparin 9955524 119466  15.65%
Cefoperazone Sulbactam 3049501 36594 12.66% Calcium Nadroparin 6949819 83398 10.92%
Levofloxacin 2540382 30485 10.55% Enoxaparin 6736565 80839 10.59%
Heparin Sodium 2538824 30466 10.54% Meropenem 3600000 43200 5.66%
Linezolid 1592352 19108 6.61% Levofloxacin 3433352 41200 5.40%
Ceftriaxone 1252745 15033 5.20% Sarilumab 2243497 26922 3.53%
Sodium Chloride 1010270 12123 4.19%
Enoxaparin 956162 11474 3.97% Cefoperazone Sulbactam 1620000 19 440 2.55%
Dexamethasone 694 431 8333 2.88%
Category B Category B
4 327 479.67 rubles/USD 51 930 11 199 427.98 rubles/USD 134 393
Interferon Beta-1b 618984 7428 14.30% Dexamethasone 1542966 18516  13.78%
Favipiravir 581 350 6976 13.43% Sodium Chloride 1318901 15827 11.78%
Levilimab 571664 6860 13.21% Baricitinib 1122851 13474 10.03%
Azithromycin 527 163 6326 12.18% Ceftriaxone 1121652 13460 10.02%
Lopinavir Ritonavir 345789 4149 7.99% Tocilizumab 901 725 10 821 8.05%
Propofol 292 905 3515 6.77% Remdesivir 895 400 10 745 8.00%
Baricitinib 243296 2920 5.62% Surfactant 696 160 8354 6.22%
Amoxicillin Clavulanate 177126 2126 4.09% Favipiravir 672 546 8071 6.01%
Omeprazole 163793 1966 3.78% Omeprazole 669 779 8 037 5.98%
Clopidogrel 163 269 1959 3.77% Azithromycin 500324 6004 4.47%
Umifenovir 139440 1673 3.22% Propofol 492 577 5911 4.40%
Methylprednisolone 133102 1597 3.08% Prednisolone 434 442 5213 3.88%
Vancomycin 129092 1549 2.98% Secukinumab 419 400 5033 3.74%
1 0,
A::Zﬁ(')';‘ol iﬁ 2;,2 1 gjg ;:22;: Methylprednisolone 410706 4928  3.67%
Category C Category C
1383 459.64 rubles/USD16 602 3893 959.03 rubles/USD 46 728
91 INNs 106 INNs
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Table 3 — GEBs cost minimization analysis according to COVID-19 severity

Costs per administration or

Repeated per course (7 or 14 days)
. Recom- . - -
Drug formulation dose in case o . List of Vital
INN mended - ) Procurement in infectious . 10
and Strengths dosage of insuffi- diseases facilities and Essential Drugs
& cient effect 2022
Rubles usD Rubles usb
Mild COVID-19 (patients with high comorbidity index)
Netakimab*  Syringe 60 mg/1 ml 2 syringes 18 181.82 218
s Syringe 162 mg (180 . Every 57 166.38 (2020) 686
Levilimab mg/ml — 0.9 ml) Zsyringes 54 ours 57 689.16 (2021) 692 47531.10 >70
) Vial 64 mg ) Every 43 418.96 (2020) 521
Olokizumab 160 o /mi 0.amy)  + V2! 24 hours 42 900 (2021) 515 3900000 468
Baricitinib Taab:t;:‘lr;gz(;’a;g' 4 mg/day for 12164.8-24329.6 (2020)  146-292 100646~ .. .
g table';s) ! 7-14 days 12 204.9-24 409.8 (2021) 146-293 20129.20
Tofacitinib Tablet(zgciggelo e 10 mg twice a day 2012946 = 15 _sg3
of 56 tablets) for 7-14 days 40 258.92
Moderate COVID-19
- Syringe 162 mg . Every 57 166.38 (2020) 686
Levilimab 1o o/mi—0.9ml)  2YM8S o4 hours 57 689.16 (2021) 692 4753110 >70
. Vial 64 mg o Every 43 418.96-86 937.92 (2020) 521-1,043 39 000.00— .
Olokizumab 1) o/mi 0aml) T2V 15 hours 42 900-85 800 (2021)  515-1.030 7800000 1087936
Syringe
162 mg/09 ml(4pc) o 26 526.75 318
Concentrate 38 151.88 (2020)
- 20 mg/ml, 2 ml 320 mg for 39 298.56 (2021) 458 28139.984 338
Tocilizumab Concentrate 80 kg
2 syringes 42 800 (2021) 472-514  29291.08 351
20 mg/ml, 4 ml
Concentrate or 16 ml
20 mg/ml, 10 m| 29 291.088 351
Syringe 200 mg . Every
Sarylumab (175 mg/ml, 1.14 m) 1 syringe 12 hours 32 049.96 (2021) 385 26 493.16 318
. 100 mg/day
Anakinra Syringe 100 mg subcutaneously 14 867.42 178
(150 mg/ml, 0.67 ml)
for 7 days
Severe and extremely severe COVID-19 (pneumonia with respiratory failure, ARDS)
Syringe 26 526.75— -
162 mg/0.9 ml (4 pc.) 4-8 mg/kg 53 053.5 318-637
Concentrate 320-640 mg 38 151.88-76 303.75 (2020) 458-916 28 139.984-— 338-675
- 20 mg/ml, 2 ml at a weight Every 39 298.56-78 597.12 (2021) 472-943 56 279 968
Tocilizumab Concentrate of 80 kg 12 hours 29 291.08-
20 mg/ml, 4 ml 24 syringes 42 800-85 600 (2021) 514-1,027 58582 16 351-703
Concentrate or 16-32 ml 29 291.088-
20 mg/ml, 10 ml 58582176 o1 /03
Syringe 200 mg . Every
Sarylumab (175 mg/ml, 1.14 mi) 2 syringes 12 hours 64 099.92 (2021) 769 52 986.32 636
4-8 mg/kg
. . 2—4 vials at 1061845.34— 12 742-
Kanakinumab Vial 150 mg/ml, 1 ml a weight of 2123690.68 25 484
about 80 kg
Anakinra Syringe 100 mg Zzggguigg::ié?ay 2973484~ 357 714
(150 mg/ml, 0.67 ml) Y 59 469.68
For 7 days
- Syringe 162 mg . Every 12 114 332.76 (2020) 1,372
Levilimab 1 o5 e /ml—0.oml) 4 SYringes hours 115 378.32 (2021) 1,385 95062.2 1141
. Vial 64 mg . 173 875.84 (2020) 2,087
Olokizumab (160 mg/ml, 0.4 ml) 4 syringes 171 600 (2021) 2,059 156 000 1872
Beyond Guidelines
. Syringe 150 mg . %
Secukinumab (150 mg/ml, 1 mi) 2 syringes 83 880 (2021) 1,007 69 097.32 829
Note: * — not present in version 15 of Russian guidelines; ** —the dose used in severe COVID-19 in the study by Hasan M.J. et al. [10].
10 State register of maximum selling prices. Available from: https://grls.rosminzdrav.ru/PriceLims.aspx.
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DISCUSSION

GEBs are now quite widely used to treat various
diseases associated with immune inflammation, both
in rheumatology, and in gastroenterology, dermatology,
pulmonology. GEB therapy of rheumatological patients,
patients with severe forms of psoriasis, Crohn’s disease,
nonspecific ulcerative colitis, bronchial asthma favorably
affects the disease prognosis, leads to improved quality
of life and achievement of persistent remission [11-16].
More often, GEBs are used as second-line drugs in case
of ineffectiveness or poor tolerability of standard base-
line anti-inflammatory drugs. The main obstacle to the
prescription of GEBs is their high cost, which leads to in-
creased treatment costs and an economic burden on the
healthcare system. Nevertheless, in the Russian Federa-
tion, a model of clinical and statistical groups has been
developed at the federal level, which allows providing
the patients requiring GEBs prescription, at the expense
of the OMI system [17].

The use of anti-inflammatory GEBs in COVID-19 pa-
tients under current conditions of the novel coronavirus
infection and the limited evidence base for the treat-
ment of COVID-19 is «off-label» and is based on the in-
ternational guidelines® and consensual expert opinions
based on the assessment of the benefit and risk degree
in the “off-label” use®. In the actual clinical practice,
only a small proportion of COVID-19 patients fewer than
4.2% in 2020 and fewer than 13.8% in 2021) in the stud-
ied infectious disease facilities received GEBs. Neverthe-
less, the consumption of these drugs in 2020 exceeded
20%, and in 2021 — 40% of the-total inventory value of
the drugs in the OMI system in the studied facilities.

In most cases, the reason for the use of GEBs in
COVID-19 patients was fever that did not resolve with
the use of systemic corticosteroids (if the drug was avail-
able in the facilities), appropriate changes in the inflam-
matory markers and the absence of contraindications.
For two years of the pandemic, more and more publi-
cations have become available to evaluate the role of
different drugs, including GEBs.

At the beginning of the pandemic, observational
studies revealed an association between elevated levels
of IL-6 in the severe COVID-19 and the patient mortality
[18-20]. A number of the subsequent uncontrolled clin-
ical trials have found a reduction in the disease severity
and inflammatory markers after the administration of
tocilizumab (MA to IL-6 receptor) [6, 21, 22]. Two major
studies, RECOVERY and REMAP-CAP, have demonstrated
a significant reduction in mortality after the administra-
tion of MA to IL-6 receptor [8, 23].

The RECOVERY study [8] included hospitalized
COVID-19 patients who required oxygen support and

1 COVID-19: clinical guidelines. Available from: https://www.ersnet.
org/covid-19/covid-19-guidelines-and-recommendations-directory/.
2 prevention, diagnosis and treatment of novel coronavirus infection
(COVID-19). Interim guidelines. Version 14 (27.12.2021). Ministry of
Health of the Russian Federation; 2021.
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had C-reactive protein levels > 75 mg/I. The 28-day mor-
tality rate was 31% (621/2022) in the tocilizumab group
and 35% (729/2 094) in the standard therapy group (OR
0.85; 95% Cl 0.76-0.94; p=0.028). However, this trend
was observed only in patients receiving tocilizumab in
combination with dexamethasone. The REMAP-CAP
study [23] enrolled 2 274 COVID-19 patients requiring
a respiratory support (high-flow oxygen therapy, nonin-
vasive or invasive pulmonary ventilation) at the time of
inclusion in the study. 972 of these received 1-2 doses
of tocilizumab (MA to IL-6 receptor), 485 received sari-
lumab (MA to IL-6 receptor), 378 received anakinra (MA
to IL-1 receptor), and other 418 were included in the
control group. In-hospital, survival rates were 66.4% for
tocilizumab; 67.3% for sarilumab; 60.3% for anakinra;
and 63.1% for controls. Compared with the controls, the
mean adjusted odds ratios for the in-hospital survival
were 1.42 (95% Cl 1.05-1.93) for tocilizumab, 1.51 (95%
Cl 1.06, 2.20) for sarilumab, and 0.97 (95% CI 0.66, 1.40)
for anakinra. Thus, tocilizumab and sarilumab showed a
comparable effect in reducing COVID-19 patients’ mor-
tality requiring a respiratory support, whereas anakinra
showed no positive effect on the severity of COVID-19.

A single-center observational retrospective com-
parative study of two Russian drugs and tocilizumab in
patients with severe COVID-19 was conducted in the
Russian Federation [24]. The study included 200 pa-
tients with a single administration of tocilizumab (MA to
IL-6 receptor), 100 patients who received levilimab (MA
to IL-6 receptor) and 100 patients who received oloki-
zumab (MA to IL-6). A comparative analysis of clinical
outcomes between the groups revealed a statistically
insignificant increase in the risk of sepsis and death in
the levilimab group compared to the tocilizumab and
olokizumab groups.

The study by Hasan M.J. et al. [10] compared the ef-
fectiveness of 300 mg secukinumab (MA to IL 17A) add-
ed to baricitinib in the severe course of COVID-19 in 17
patients, compared to the control group that received
only baricitinib. The secukinumab+baricitinib group
showed a statistically significant reduction in the need
for invasive pulmonary ventilation, a shorter ICU stay,
and a lower 30-day mortality rate with a greater risk of
secondary infections compared to the baricitinib group.

Pavlov R.E. et al. [25] described the experience of us-
ing netakimab with corticosteroids in outpatient settings.
Netakimab (MA to IL17A), a Russian drug, a biosimilar of
secukinumab, is used for treatment of severe psoriasis
forms. The authors conducted a retrospective analysis
of treatment of 12 patients with severe COVID-19 who
received therapy with netakimab (the first injection of
60-120 mg subcutaneously and, if indicated, the second
injection of 60 mg) plus betamethasone dipropionate/
betamezon phosphate at the dose of 2 ml (an officinal
solution) intramuscularly. The treatment started on the
7t day from the onset of the disease. A repeated admin-
istration of netakimab was performed in older patients
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due to the insufficient effect in controlling hyperther-
mia and/or hypoxemia. A simultaneous administration
of netakimab and corticosteroids resulted in reducing
hyperthermia and/or increased oxygen saturation 2.5
days after the first injection, decreased levels of inflam-
matory markers, positive dynamics according to the lung
computed tomography data. An increased respiratory
support (transfer to the artificial lung ventilation) or a
change of antibiotic therapy, as well as hospitalization
were not required in any case.

Thus, based on the available data, we can conclude
that tocilizumab, sarilumab, and probably olokizumab
have a comparable efficacy in COVID-19 patients requiring
a respiratory support. The extremely high cost of canaki-
numab raises the question whether it is reasonable to

study the effectiveness of this drug in COVID-19 patients.
The data obtained on the use of anakinra suggest a lack
of efficacy. The efficacy of netakinumab and secukinum-
ab, as well as levilimab, requires a further study.

CONCLUSION

Under conditions of possible equal effectiveness
based on the currently available data, the use of sari-
lumab is the least expensive in moderate COVID-19, and
tocilizumab — in severe and extremely severe COVID-19.
Among Russian GEBs, the use of olokizumab, compared
to levilimab, is the least expensive with possibly higher
efficacy and safety. However, the efficacy and safety of
anti-inflammatory GEBs in patients with COVID-19, mild
COVID-19, requires a further study.
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