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3TUOTpPONHAA Tepanusa HOBOW KOPOHaBUPYCHOM
uHpekuun. Oxxupanua u peanuu. Yactp 2

0.10. KysHeuoBa

CeBepo-3anafHblil rocyaapcTBeHHbIN MeAULMHCKIUA yHuBepcuTeT UM. U.A. Meunmkosa, CaHkT-leTepbypr, Poccus

Bropas yacTb 0630pa BKJIOYaeT aHanM3 AaHHbIX JIUTEPATYpbI, MOCBSALLEHHbIX 3TUOTPOMHON TePanu1 HOBOW KOPOHaBM-
PYCHOI MHGEKLMM C UCMONb30BaHMEM MPenapaToB U3 rPYNM MOHOK/IOHAMbHBIX aHTUTEN U MHTMBUTOPOB BUPYCHOI NpoTeasbl.
MoAyepKHYTa COXHOCTb BbIGOpa Mpenapata Ans fieYeHs HOBOW KOPOHABMUPYCHOW MHQEKLMM, BbI3BaHHOM LUTaMMOM OMM-
KPOH, 13-3a BbICOKOW CTENeHW MyTaLum 3Toro WwtamMa. OnucaH MexaHu3M AeiCTBUS KOMBUHMpOBaHHOrO npenaparta MMakcno-
B, COCTOALLEro M3 HUpMaTpesiBupa W pUTOHaBMpa, NPUBELEHbI AaHHbIE 0 ero BbICOKOW 3QheKTUBHOCTU U Be30MmacHoCTH,
MoNyYeHHbIe B PaHAOMM3MPOBAHHBIX MHOMOLEHTPOBbLIX MlaLeb0-KOHTPONMPYeMbIX MUcCiefoBaHusX. 06palueHo BHUMaHUe
Ha peKoMeHAaum BceMUpHOWM opraHn3aumm 34paBooXpaHeHnst o MPUMEHeHWI0 JaHHOTO npenaparta JMLaMm C BbICOKUM pu-
CKOM TSXKENOro TeYeHUs HOBOI KOPOHaBMPYCHOM MHAEKLMK, U OTMeYeHa HeoBX0AMMOCTb paHHel AMArHOCTUKM KITMHUYECKMUX
CUMNTOMOB 3abonieBaHuA 1S CBOEBPEMEHHOO Ha3HauYeH!sl 3STMOTPONHOI Tepanuu.
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Etiotropic therapy of the new coronavirus infection.
Expectations and realities. Part 2

Olga Yu. Kuznetsova
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Part 2 of the review includes an analysis of the literature data related to the etiotropic therapy of a new coronavirus infec-
tion using drugs from the group of monoclonal antibodies and viral protease inhibitors. The difficulty of choosing a drug for
the treatment of a new coronavirus infection caused by the Omicron strain due to the high degree of mutation is emphasized.
The mechanism of action of the combined drug Paxlovid, consisting of nirmatrelvir and ritonavir, is described, data on its
high efficacy and safety obtained in randomized multicenter placebo-controlled trials are presented. Attention is drawn to
the World Health Organization recommendations on the use of this drug in people at high risk of a severe course of a new
coronavirus infection and the need for early diagnosis of clinical symptoms for the timely appointment of etiotropic therapy.
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BACKGROUND

The development of new etiotropic drugs aimed at
combating coronavirus disease-2019 (COVID-19) remains
an urgent problem. As indicated in Part 1 of the review,
the drugs included in the clinical guidelines for the treatment
of COVID-19 and approved by the World Health Organiza-
tion (WHO) cause several adverse events, and their efficiency
was questioned in some publications. Therefore, the emer-
gence of new drugs with different mechanisms of action is
of interest to clinical practice.

The severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) is constantly mutating, which induces
the emergence of new strains. The WHO currently lists
the delta strain (first identified in India in December 2020)
and the omicron strain (first reported in South Africa in No-
vember 2021) as variants of concern. In its information bul-
letins, the WHO emphasizes that omicron continues to
mutate, and the genomic profiles of its new variants differ
significantly from those of the first lines of the BA.1 vari-
ant [1]. A comparative study of the protective effects of vac-
cination depending on the causative virus strain showed
that the neutralizing activity of antibodies developed af-
ter the vaccination is much higher in the delta strain than
in the omicron strain, even after booster doses [2]. This cir-
cumstance indicates the need to expand the search for new
classes of etiotropic drugs that are efficient in the treatment
of COVID-19.

One of the search directions for such agents was
the study of the virus-neutralizing effect of artificial mono-
clonal antibodies against SARS-CoV-2 at the end of 2021.
Recombinant human monoclonal antibodies of the IgG1
class, by binding to epitopes of the receptor-binding do-
main of the S-protein, block its interaction with angiotensin-
converting enzyme 2 (ACE2), which suppresses the entry
of the virus into cells and ceases its replication. Currently,
single-component monoclonal antibodies (sotrovimab) and
combined drugs of the same group (bamlanivimab and ete-
sevimab, casirivimab and imdevimab) are recommended for
the treatment of COVID-19 [3]. However, the WHO document
“Drug Therapy for COVID-19" emphasizes that the combina-
tion of casirivimab and imdevimab is indicated for outpatient
use only in people at high risk of severe COVID-19 requiring
hospitalization [4].

The listed drugs have not yet been registered in Rus-
sia, but the Russian Ministry of Health issued permission
to use both single-component and combined monoclonal
antibodies during the pandemic, in accordance with Decree
of the Government of the Russian Federation dated April 3,
2020, No. 441, which stated special conditions for the circu-
lation of medicinal drugs intended for use in emergencies,
including for the treatment and prevention of diseases that
pose a danger for the wider public [5].
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SOTROVIMAB

The neutralizing activity of monoclonal antibodies
in various variants of the omicron strain, which became
the predominant causative agent of COVID-19 worldwide
in 2022, remains a fundamentally important issue. Preclinical
studies have concluded that among monoclonal antibodies
tested, including bamlanivimab, casirivimab, cilgavamab,
imdevimab, sotrovimab, and tixagevimab, only sotrovimab
demonstrated the ability to neutralize significantly the omicron
strain in vitro [6].

The recommended dose of sotrovimab is 500 mg
in 0.9% sodium chloride solution. In healthcare settings
where patients can be monitored during and at least 1 h
after administration, it should be administered for 5 days
after the onset of COVID-19 symptoms. Sotrovimab is
recommended for adult patients at high risk of severe
COVID-19 requiring hospitalization.

According to the phase Il and Il multicenter, double-
blind, placebo-controlled study COMET-ICE (NCT04545060),
sotrovimab reduces the risk of disease progression in non-
hospitalized adults with mild-to-moderate COVID-19 and
at a high risk of disease progression to severe COVID-19.
The study included patients aged >18 years with SARS-
CoV-2 infection confirmed by polymerase chain reaction or
antigen testing. Symptoms developed in all patients within
5 days before randomization, and they had at least one
risk factor for severe COVID-19, namely, aged =55 years,
diabetes mellitus, obesity (body mass index >30 kg/m?),
chronic kidney disease (estimated glomerular filtration
rate < 60 mL/min/1.73 m?), chronic heart failure (New
York Heart Association classes IlI-1V), chronic obstructive
pulmonary disease or moderate or severe bronchial asthma.
Patients with symptoms of severe COVID-19 (i.e., dyspnea
at rest, oxygen saturation <94%, or need for supplemental
oxygenation) were not enrolled in the study. Treatment was
performed for 3 and 4-5 days after the onset of COVID-19
symptoms in 59% and 41% of the patients, respectively.
The proportion of patients requiring hospitalization for
any reason after =24 h or died from any cause within
29 days (primary endpoint) was 1% in the sotrovimab
group and 6% in the placebo group, which was considered
significant (p < 0.001) with relative risk reduction of 79%
(95% Cl 50-91). By day 29, no lethal outcomes were observed
in the sotrovimab group, and two patients died in the placebo
group. The most common adverse event in the main group
was diarrhea (in 2% of cases). The incidence of systemic
infusion reactions (including hypersensitivity reactions) was
low, similar to the main and control groups (1% of patients
in each group) [7].

Russia allowed the use of sotrovimab [8]. However,
a study of its efficiency as an antiviral agent for the treatment
of COVID-19 caused by various variants of the omicron
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strains showed less impressive results. Aleem et al. noted
that the omicron B.1.1.529 variant had numerous mutations
in the spike protein, which reduces its susceptibility to
monoclonal antibodies in vitro. Sotrovimab retains its activity
against omicron BA.1 and BA.1.1 subvariants, but its activity
is reduced against omicron VA.2 variant [9].

Since this omicron variant is the main circulating variant
in the USA, sotrovimab is not included in the USA clinical
guidelines for the treatment of COVID-19 [10].

PAXLOVID

Anew direction in antiviral drug development is the creation
of agents that can cease viral replication in the human body
by affecting the protease enzyme. Nirmatrelvir is a new type
of 3C-like protease (3CL) inhibitor, an enzyme necessary for
the SARS-CoV-2 virus functioning and replication. Nirmatrelvir
is combined with ritonavir, an inhibitor of cytochrome P,g,
CYP3A4, which increases the concentration of nirmatrelvir to
achieve the targeted therapeutic effect. Previously, ritonavir
was used to enhance the action of the protease inhibitors
(a viral protease) of the human immunodeficiency virus.
The complex consisting of these drugs is produced under
the name Paxlovid.

An interim analysis of data from phase Il and Il clinical
trials conducted by Pfizer, involving 1,219 adult patients
enrolled up to September 29, 2021, showed that among
patients treated within 3 days of the onset of COVID-19
symptoms, the risk of hospitalization associated with
COVID-19 and deaths from any cause were 89% lower
in the Paxlovid group than in the placebo group [11]. Based
on these positive results, as well as the recommendations
of the independent study data-monitoring committee and
the US Food and Drug Administration, enrollment in the study
was terminated. In total, 70% of 3,000 (planned) patients
from clinical trial centers in the Americas, Europe, Africa,
and Asia were included, in which 45% of the patients were
from the USA. The patients were randomized in a 1:1 ratio;
half of them received Paxlovid, whereas the other half
received placebo orally every 12 h for 5 days. Moreover,
0.8% (3/389) of the patients treated with Paxlovid within
3 days of symptom onset were hospitalized within 28 days
of randomization, and no lethal outcomes were registered.
Furthermore, 7% (27/385) of the patients who received placebo
were hospitalized, of which seven died. The significance
of these results was assessed as high (p < 0.0001). Similar
data were noted in patients treated within 5 days after
the onset of symptoms, where 1% (6/607) of the patients
in the Paxlovid group (no lethal outcomes) and 6.7% (41/612)
of the patients in the placebo group (10 lethal outcomes)
were hospitalized before day 28. In general, up to day 28,
no deaths were recorded in the Paxlovid group, whereas
10 (1.6%) patients died in the placebo group. To examine
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the drug's safety, data from 1,881 patients were analyzed.
The proportions of adverse events in the groups were
comparable, that is, 19% in the Paxlovid group and 21%
in the placebo group, and most of the adverse effects were
mild. Patients in the antiviral group were less likely to
experience serious side effects (1.7% vs. 6.6% in the placebo
group) or discontinue the study because of side effects
(2.1% vs. 4.1%) than those in the control group.

Hammond et al. examined 2246 patients (Paxlovid
group, n = 1120; placebo group, n = 1126) [12]. In a planned
interim analysis of the parameters of patients treated
within 3 days of symptom onset, the rate of hospitalizations
or lethal outcomes associated with COVID-19 was lower
in the Paxlovid group than in the placebo group by
6.32 percentage points on day 28 (relative risk reduction by
89.1%). No lethal outcomes occurred in the Paxlovid group,
whereas seven patients died in the placebo group. The viral
load was lower in the main group than in the placebo group
on day 5 of treatment with an adjusted mean difference
of —0.868 log10 copies per milliliter if treatment was initiated
within 3 days of symptom onset. During the treatment period,
the incidence of any adverse events was comparable between
the two groups, namely, 22.6% in the Paxlovid group and
23.9% in the placebo group. Dysgeusia (5.6% vs. 0.3%) and
diarrhea (3.1% vs. 1.6%) were more common with Paxlovid
than with the placebo. Treatment of symptomatic COVID-19
with Paxlovid resulted in an 89% reduction in the risk
of progressing to severe COVID-19 compared with placebo,
with no apparent safety concerns.

Based on research data, the WHO has recommended
nirmatrelvir and ritonavir marketed as the combination drug
Paxlovid for the treatment of patients with mild or non-
severe COVID-19 but at high risk of hospitalization. Pfizer's
oral antiviral drug is suitable for patients who are most
at risk of severe COVID-19 requiring hospitalization. This
group includes unvaccinated and older patients and those
taking immunosuppressive drugs. According to the WHO,
in the treatment of patients with a low hospitalization risk,
the benefit of Paxlovid will be insignificant because Paxlovid
is recommended for use only in the initial disease stages;
therefore, it is very important to expand the possibilities for
early diagnostics [13].

N.B. In Part 1 of the review, remdesivir was reported
to be removed from the list of drugs recommended by
the WHO for the treatment of COVID-19, since the data
at that time indicated that this drug had little or no effect
on mortality. A few studies, in particular the work by Gottlieb
et al., have demonstrated the efficiency of remdesivir in non-
hospitalized patients at high risk of COVID-19 progression.
With an acceptable safety profile, there was an 87% reduction
in the risk of hospitalization or death in the remdesivir
group compared with the results in the placebo group [14].
According to data as of April 21, 2022, the WHO has updated
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its recommendation for the use of remdesivir. Following
the publication of information from a new clinical trial,
the WHO suggests the use of remdesivir for mild-to-moderate
COVID-19 if the patient is at high risk of hospitalization [15].

CONCLUSION

Strategies to reduce and block the spread of SARS-
CoV-2 infection and COVID-19 development are the subject
of thousands of studies worldwide. Not all drugs recommended
at the onset of the pandemic met expectations and saved
the lives of patients with serious diseases. The ability
of the virus, specifically the omicron strain, to mutate
constantly determined the low efficiency of monoclonal
antibodies, which demonstrated a good treatment effect
on COVID-19 cases caused by previous strains.

Paxlovid, which mainly inhibits the protease enzyme with
timely disease detection, can help reduce the risk of severe
COVID-19 and the need for hospitalization in patients at risk.
The impressive results obtained in clinical trials must be
confirmed in clinical practice, often leveling the final results
of using even the most effective drugs. Thus, it is necessary
to accumulate, analyze, and publish data on the use of this
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