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3TUOTpPONHAA Tepanusa HOBOW KOPOHaBUPYCHOM
UHPeKUUU: 0XXUAAHUA M peanum B Havane 2022 ropa.
Yactb 1

0.10. Ky3HewoBa

CeBepo-3anajHbli rocyaapCTBEHHbIA MeaULMHCKMIA yHuBepcuTeT MMeHn W.N. Meunukosa, CaHkT-lleTtepbypr, Poccus

0630p BKIKOYaeT aHanu3 NocnefHUX AaHHbIX uTepaTypbl 06 3TMOTPONHOI Tepanuu HOBOW KOPOHABUPYCHOW MHPEKLIMHK.
Mounck 3deKTMBHOTO NPOTUBOBMPYCHOMO JieveHns 3Toro 3abonesaHns NpofomKaeTca. HepeAKo 3KCTpeHHas HeobxoAMMOCTb
B Ha/IMuMM cneLmdrUyecKoro ITMOTPOMHOIO NpenapaTa CTaHoBUACh NPUYNHON TeCTUPOBaHUA NleKapcTs be3 dhapMaKonormye-
cKoro 060CHOBaHWA M 0BLLENPUHATON NpoLieaypbl MHOMO3TaMHbIX KIMHUYECKUX UCMbITaHWA. M3-3a 3T0ro MHOrMe KauHWue-
CKMe MCCNefoBaHNA, BKIIOUALOLLME ThICAYM NALMEHTOB, He MPOAEMOHCTPMPOBANK BbICOKYI0 3 dEKTMBHOCTL M 6e30nacHOCTb
npenaparos, BblbpaHHbIX B KayecTBe 3TMOTPOMNHON Tepanuu. B paHHOM o630pe Mbl paccMoTpenu npenaparbl, KOTopble [0-
CTaTo4HO NoApobHO 1cCNea0BaHbl, OMUCaHbI B MEXAYHAPOAHbIX M3AaHMUAX, @ TaKKe BKIIIOYEHb! B POCCUICKME MEeTOAUYECKMe
PeKOMeHAaLMM Ans UCMONb30BaHNA B aMbYNaTopHbIX ycnoBusX: GaBunMpasup U MonHynupasmp. Mx MexaHu3Mbl AencTsms,
3 heKTUBHOCTb 1 BO3MOXKHbIE NOBOYHBIE IPPEKTHI U3YUeHbl NPU KIMHUYECKUX UCTIBITaHUAX, Pe3yNbTaTbl KOTOPbIX HaXoAAT-
CA B OTKPLITOM [OCTYNe, YTO NO3BONWIO OLIEHUTb LieNecoobpasHOCTb MX NPUMEHEHNS B peanbHOM KIMHUYECKON MpaKTUKe.

KnioueBble cyioBa: HoBasi KOPOHaBMPYCHas MHGEKLMS; aMbynaTopHas NpaKTKa; 3TUOTPOMHOE NeyeHne; haBunupasmp; Mojl-
HyNMpaBup; 3G EKTUBHOCTb NeyeHus; NoboyHoe AeicTeue.
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Etiotropic therapy of the new coronavirus infection:
expectations and realities at the beginning of 2022.
Part 1

Olga Yu. Kuznetsova

North-Western State Medical University named after I.l. Mechnikov, Saint Petersburg, Russia

The review includes an analysis of the latest literature data on the etiotropic therapy of a new coronavirus infection.
The search for an effective antiviral treatment for SARS-CoV-2 infection is ongoing. Often, the urgent need for an antiviral
drug was a pretext for testing drugs without pharmacological justification, bypassing the generally accepted procedure for
conducting multi-stage clinical trials. In this regard, many clinical trials involving thousands of patients did not demonstrate
the high efficacy and safety of drugs that were chosen as etiotropic therapy. In this review, we focused on the efficacy and
safety of those drugs that have been studied in sufficient detail, which are reflected in international publications, and are
also included in Russian guidelines for use on an outpatient practice: favipiravir and molnupiravir. The mechanism of action of
antiviral drugs, their effectiveness and possible side effects were studied in clinical trials, the results of which are in the open
press, which made it possible to analyze these drugs in terms of the appropriateness of their use in real clinical practice.
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BACKGROUND

The search for an effective etiotropic treatment for
the novel coronavirus disease 2019 (COVID-19) still continues.
The urgent need for an antiviral drug was often the reason
for drug testing without pharmacological justification and
the generally accepted procedure for multistage clinical trials.
Thus, many clinical studies involving thousands of patients
have not demonstrated high efficacy and safety of the drugs
chosen as etiotropic therapy.

At the start of the pandemic, researchers focused
primarily on the study of already existing antiviral and anti-
inflammatory drugs, such as the following [1-3]:

« Hydroxychloroquine, which has been successfully used
in the treatment of malaria and rheumatology.

+ Remdesivir developed as an antiviral agent against RNA
viruses, in particular the Ebola virus.

» Lopinavir and ritonavir used to treat human immunodefi-
ciency virus infection.

They were included in the Russian temporary
guidelines for diagnostics, prevention, and treatment
of COVID-19 [4]. However, their use fell short of expec-
tation, since they did not influence either the intermedi-
ate points (acceleration of virus elimination) or the final
points (decrease in mortality). When the side effects
of these drugs were reported, which were especially
significant for patients with concomitant cardiovascu-
lar diseases, diabetes mellitus, and liver and kidney
diseases [5], the World Health Organization announced
the termination of the study of hydroxychloroquine, lopi-
navir, and ritonavir as etiotropic therapy for COVID-19 [6].
Hydroxychloroquine was also subsequently excluded
from recommendations in Russia, as were lopinavir
and ritonavir [7]. Remdesivir, despite the recommenda-
tion of the World Health Organization to exclude it from
the list of drugs for the treatment of COVID-19 [8, 9],
remains a drug that can be taken under inpatient treat-
ment [10].

Development works aimed at the analysis of the clini-
cal efficacy and safety of drugs for the etiotropic therapy
of COVID-19 are being conducted throughout the pandemic.
Despite advances in vaccine creation, vaccination may be
limited because of contraindications, and the rapidly mu-
tating severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) may partially overcome the effects of vaccines
that target strains of the virus that were common at the pan-
demic onset, as in the omicron strain [11].

FAVIPIRAVIR

Favipiravir is one of the drugs that attracted the attention
of researchers at the beginning of the pandemic. It is
an antiviral prodrug that inhibits viral replication by blocking
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RNA polymerase. Most of the preclinical studies of favipiravir
have focused on its efficacy in the treatment of Ebola fever
and influenza, but it demonstrated effectiveness against
the SARS-CoV-2. An in vitro study by Wu et al. [1] revealed
that favipiravir affects the virus in nearly 50% of cases.
The results of the preclinical studies have enabled to consider
favipiravir as an effective agent against COVID-19. Its overall
safety profile was considered good, with respect to severe
adverse events. However, concerns about the possibility
of hyperuricemia, teratogenic effects, and prolongation
of the @-T interval after its intake have not been completely
refuted [12].

The results of further studies of favipiravir were also
controversial. It is no coincidence that the ClinicalTrial.gov
website has registered approximately 60 randomized clinical
trials evaluating the efficiency of favipiravir in patients with
SARS-CoV-2 infection, as monotherapy or in combination
with other agents [13]. In most of these trials, favipiravir was
used at a dose of 600-800 mg twice a day, as in the treat-
ment of severe pandemic influenza. They demonstrated het-
erogeneous results across different patient cohorts (inpa-
tient vs. outpatient) and different primary endpoints (virologic
vs. clinical). Some studies have shown that favipiravir can
reduce the time to viral clearance in patients with mild-to-
moderate COVID-19 or clinical improvement in the disease
course. The drug is believed to be relatively safe for short-
term use, but larger studies are required to confirm the find-
ings [14].

In the Russian Federation, favipiravir (code in the ana-
tomical-therapeutic—chemical classification JO5AX27) was
registered on May 29, 2020, as a drug intended for use
in emergency situations. From September 17, 2020, the use
of favipiravir preparations is allowed in outpatient prac-
tice. On June 3, 2020, favipiravir was included in version 7
of the interim recommendations of the Russian Ministry
of Health for the diagnostics, prevention, and treatment
of COVID-19 as an etiotropic therapy. In its country of origin
(Japan), favipiravir is not approved for use in patients with
COVID-19 [15].

The Russian study of favipiravir included 168 patients
aged 18-60 years with confirmed COVID-19. They were
randomized in a 2:1 ratio to the favipiravir group (1800 mg
twice daily on day 1 and 800 mg twice daily from days 2-10)
and the standard therapy group (umifenovir + intranasal in-
terferon alpha-2b or hydroxychloroquine for up to 10 days).
Patients also received the necessary concomitant symptom-
atic therapy. A total of 127 (75.5%) patients were included
in the outpatient cohort, and 41 (24.5%) patients were en-
rolled in the inpatient cohort. Thus, the ratio of outpatients
to hospitalized patients was 3:1. No separate comparison
of the efficiency of favipiravir in groups was made, but
in the favipiravir group, clinical improvement was registered
4 days earlier, and the frequency of clinical improvement
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on day 7 was 1.5 times higher than that in the standard
therapy group. Virus elimination on days 3 and 5 in the fa-
vipiravir group was significantly higher, as on day 3, it was
noted in 71.4% and 57.1% of patients in the favipiravir and
standard therapy groups, respectively. Patients tolerated fa-
vipiravir well, and most adverse events after its intake, such
as asymptomatic hyperuricemia, transient increases in ala-
nine and aspartate aminotransferase levels, and gastrointes-
tinal disorders (diarrhea, nausea, and abdominal pain), were
mild [16].

The safety of favipiravir in patients with COVID-19 re-
quires further study. The entire range of the described
adverse events inherent in this drug should receive atten-
tion. In female patients of childbearing age, it is necessary
to conduct a pregnancy test before or after the therapy.
In addition, strict adherence to effective contraception for
1 month after treatment completion is necessary. For men,
barrier contraception is necessary for the same period.
When using favipiravir, the levels of uric acid (especially
in patients with gout) and transaminase activity should be
controlled, and electrocardiography is required. The possibil-
ity of new, including serious, adverse effects, such as mo-
tor impairment and falls, should be considered [15]. A sys-
tematic review of the literature on the efficacy of favipiravir
in the treatment of COVID-19 did not reveal its effect on such
endpoints as the need for mechanical lung ventilation and
mortality [17].

MOLNUPIRAVIR

Molnupiravir is a prodrug of the active antiviral analog
of ribonucleoside B-D-N4-hydroxycytidine (NHC) and has
activity against several RNA viruses, including the Middle
East respiratory syndrome virus, and seasonal and pandemic
influenza. After oral administration, molnupiravir is rapidly
metabolized by esterases with NHC delivery to the systemic
circulation. NHC is phosphorylated intracellularly to NHC
triphosphate (NHC-TP), its pharmacologically active form.
The incorporation of NHC-TP into the viral genome by
the RNA polymerase of the virus during its replication
leads to the accumulation of harmful mutations that exceed
the threshold value, which prevents the virus from further
replication [18].

Molnupiravir has demonstrated activity against SARS-
CoV-2 in vitro and in experimental models. Volunteers
tolerated it well when taken orally; thus, less than half
of the participants reported side effects, which were mild
in 93.3% of cases [19]. Data of the Molnupiravir Phase II
clinical trial from the hospitalized group of patients with
symptoms for 5 days (MOVE IN), 74% of whom had at
least one risk factor for severe COVID-19, showed no
side effects or adverse events requiring a dose reduction
of the drug 800 mg twice daily. However, molnupiravir did
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not lead to a clinical effect in comparison with the placebo
group [18].

The study of molnupiravir was continued in outpatients
within phases Il and Il of the randomized placebo-con-
trolled trial (MOVE OUT). All patients included in the study
were laboratory confirmed to have mild or moderate
COVID-19, and the onset of symptoms was noted 7 days
before inclusion in the study protocol and randomization.
The mean age of the patients was 49.2 (18-84) years, and
52.6% of them were men. The majority (75.2%) of the pa-
tients had an increased risk of severe disease, which were
most often due to obesity (48.7%), age >60 years (23.5%),
and diabetes mellitus (16.6%). The baseline demographic
and clinical characteristics of the patients in both groups
were comparable. The patients were randomly assigned
in a 1:1:1:1 ratio to molnupiravir 200, 400, and 800 mg
and placebo twice daily for 5 days and stratified by
time since symptom onset and increased risk of severe
COVID-19. The primary efficacy endpoint was the proportion
of participants who were hospitalized and/or died within
29 days.

According to the study results, molnupiravir did
not have a clinically significant dose-dependent effect
on the incidence of adverse events. Seven patients
in the molnupiravir group (3.1%) and 4 (5.4%) patients
in the placebo group were hospitalized or died. Data analysis
showed a lower rate of hospitalizations and/or lethal
outcomes in the molnupiravir group than in the placebo
group in individuals with increased risk of severe disease
and patients who developed symptoms of COVID-19 5 days
or earlier before randomization. This allowed the authors,
based on the interim results of the study, to conclude
that molnupiravir may be potentially reduce the number
of hospitalizations and/or lethal outcomes in outpatients
with COVID-19 [20].

Data from the phase Il MOVE-OUT study of molnupiravir,
which evaluated the safety and efficacy of molnupiravir
in the outpatient treatment of adult patients with COVID-19,
were published in February 2022 in The New England
Journal of Medicine [21]. The study was conducted
in 78 centers in 15 countries. Based on the positive results
of the interim efficacy analysis, obtained on September 10,
2021, after 29 days of follow-up of 50% of 1550 patients
(target set), an independent data monitoring committee
recommended early termination of patient enrollment.
The key inclusion criteria for randomization were laboratory
confirmation of the presence of SARS-CoV-2 no more than
5 days before randomization, onset of signs or symptoms
of the disease at the same time, and the presence of at
least one of the risk factors for severe COVID-19, such as
the following:

+ Age >60 years;
+ Cancer in the active stage;
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» Chronic kidney disease;

»  Chronic obstructive pulmonary disease;

+ Obesity;

« Serious cardiovascular diseases (chronic heart failure,
coronary heart disease, and cardiomyopathy);

+ Diabetes mellitus.

The key exclusion criteria were as follows:

+ Anticipated need for hospitalization for COVID-19 within
the next 48 h;

- Dialysis or glomerular filtration rate <30 mL per minute
per 1.73 m%

- Pregnancy;

+ Unwillingness to use contraception during the interven-
tion period and for at least 4 days after the completion
of treatment (risk of the consequences of the teragenic
effect of the drug);

+ Severe neutropenia (absolute neutrophil count <500/mL);

+ Platelet count <100,000/pL;

« Vaccination against SARS-CoV-2.

Standard treatment with antipyretic and anti-inflamma-
tory drugs, glucocorticoids, or a combination thereof was
allowed. The use of other etiotropic agents for the treat-
ment of COVID-19, including any monoclonal antibodies
and remdesivir, was prohibited until day 29 of the study.
The patients were randomly distributed in a 1:1 ratio to
the molnupiravir group (800 mg in four 200 mg capsules)
and the placebo group (administered orally twice daily for
5 days). Randomization was divided into blocks depending
on the time elapsed since the onset of the disease symp-
toms (<3 days or >3 days). The primary efficacy endpoint
was the rate of hospital admissions for any cause (acute
care for >24 h in a hospital or similar facility) or death
within 29 days. The primary safety endpoint was the in-
cidence of adverse events. The level of drug safety, in-
cluding the proportion of patients with adverse events, was
evaluated taking into account all patients who were ran-
domized and received at least one dose of molnupiravir or
placebo.

An analysis of the study results showed that 47.7%
of the patients had signs or symptoms of COVID-19 no
more than 3 days before randomization, and the disease
moderate in 44.5% of the cases. The most common risk
factors were obesity (73.7%), age >60 years (17.2%), and
diabetes mellitus (15.9%). Antibodies to the SARS-CoV-2
nucleocapsid at baseline, indicating recent or previous in-
fection (not vaccination), were reported in 19.8% of cases.
In patients treated with molnupiravir, the risk of hospital-
ization or death within 29 days was lower, and its pres-
ence was detected in 6.8% of the patients in the molnu-
piravir group compared with 9.7% in the placebo group.
There was one lethal outcome in the molnupiravir group
(29-day all-cause mortality, 0.1%) and nine deaths
in the placebo group (29-day all-cause mortality, 1.3%).
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The proportion of patients who experienced at least one
adverse event was comparable in the molnupiravir (30.4%)
and placebo (33%) groups. The most common (at least
2% of patients in any of the groups) adverse events were
lung damage due to COVID-19 (6.3% in the molnupiravir
group and 9.6% in the placebo group), diarrhea (2.3% and
3%, respectively), bacterial pneumonia (2% and 1.6%, re-
spectively), and worsening of the COVID-19 course (an ad-
verse event in 7.9% and 9.8%, respectively). The most com-
mon (at least 1% of patients in any of the groups) adverse
events that were considered study-related were diarrhea
(1.7% and 2.1%, respectively), nausea (1.4% and 0.7%,
respectively), and dizziness (1% and 0.7%, respectively).
The results of this study confirmed that molnupiravir can
be considered a drug that, when prescribed promptly, is
effective in preventing the severe course and mortality
of COVID-19 in patients who are at risk because of age
and comorbidities.

The study of molnupiravir within phases Il and IlI
of the clinical trial Molnupiravir: Is It Time to Move In or
Move Out had some limitations, as none of the patients
were vaccinated. Moreover, pregnant and immunocom-
promised individuals who may have more severe disease
were excluded from the study. Nevertheless, the results
became the basis for continuing the study of molnupi-
ravir. In addition, both positive and negative test results
of this drug are evidence of the urgent need for a com-
prehensive study of new effective and safe treatments for
COVID-19 [22].

CONCLUSION

COVID-19 has become a serious challenge for clini-
cians and researchers, since etiotropic therapy, origi-
nally aimed at neutralizing SARS-CoV-2, was not avail-
able at the onset of the pandemic. The drugs presented
herein (favipiravir and molnupiravir) were developed for
the treatment of other viral diseases. Data on their ef-
ficacy and safety are controversial, and the study design
does not always meet the criteria for good clinical prac-
tice. However, both drugs are included in the Russian
guidelines for the treatment of COVID-19, which gives
grounds for their use.

With the accumulation of data on the use
of molnupiravir, which has passed all stages of clinical
trials in other countries and will soon be available
in Russia, more information about its efficacy and safety
will become available. This drug was created primarily
for outpatient use in patients with comorbidities that
can induce severe COVID-19; thus, the benefits of its use
should exceed the risk associated with the widespread
introduction of a new pharmacological agent into clinical
practice.
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From the standpoint of the prospects for the use
of favipiravir and molnupiravir, it is a matter of concern
that both drugs are not yet included in the list of drugs
recommended by the World Health Organization for
the treatment of COVID-19, according to the latest up-
dates of January 13, 2022 [9]. Version 15 of Russian in-
terim guidelines [23] indicates a constant search for new
means of etiotropic therapy, which lists several drugs
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