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AH — arterial hypertension

BMI — body mass index

CKD — chronic kidney disease

COPD — chronic obstructive pulmonary disease)
CP — convalescent plasma

CRP — C-reactive protein

CVD — cardiovascular disease

DM — diabetes mellitus

ECMO — extracorporeal membrane oxygenation
GCSs — glucocorticosteroids

IL — interleukin

JAK inhibitors — Janus kinase inhibitors



MABs — monoclonal antibodies

MLV — mechanical lung ventilation

NABs — neutralizing antibodies

PCR — polymerase chain reaction

PCs — plasma cells

RCCT — randomized controlled clinical trial
RF — risk factor

Sp-p — spike protein

t-He/O, — helium-oxygen mixture

INTRODUCTION

The development of effective and safe methods of treatment and prevention of COVID-19 is an urgent task
for the medical community at present. Management of patients with coronavirus infection is a complex and
unpredictable process that must take into account both the current state of the patient and his concomitant
diseases and be based on carefully developed recommendations with a high degree of reliability. The rapid
development of the evidence base requires a reliable interpretation and systematization of data to be included
in clinical practice in the form of guidelines to inform clinicians and healthcare professionals as soon as
possible.

Medical professionals, patients, and healthcare decision makers, as well as government agencies, have
encountered problems with interpreting the results of clinical trials, which are being published at a rate that
has never been seen before. This creates a problem of distinguishing reliable evidence from unreliable ones,
which results in the choice of treatment tactics with a low level of evidence.

To develop the most effective proven treatment regimens, timely systematic synthesis of published data is
required. It is necessary to implement the latest solutions in the field of drug therapy into clinical practice, if
they have a sufficient degree of evidence. At the moment, there is no unified strategy for managing and
treating patients for COVID-19, but over time and during the completion of clinical trials, the information
base is being updated, which makes it possible to introduce more effective treatment methods into clinical
practice.

I. KEY CLINICAL TRIALS OF COVID-19 THERAPY

At the moment, more than 2,800 studies investigating drug and non-drug therapy for COVID-19 have been
registered worldwide [1]. These are national and international studies with a pragmatic and adaptive design
that involve a large number of patients. These studies evaluate the efficacy of multiple approaches to the
treatment of COVID-19 and associated conditions, both in terms of individual drugs and drug combinations.
The largest of all current clinical trials are RECOVERY (Randomized Evaluation of Covid-19 Therapy) and
SOLIDARITY.

The RECOVERY trial is the largest open-label multicenter randomized controlled clinical trial (RCCT)
conducted in 176 public hospitals in the United Kingdom, and was launched in March 2020 by a team of
scientists from the University of Oxford. The aim of the study is to evaluate the efficacy and safety of several
drugs with potential effect in the treatment of hospitalized patients with COVID-19: azithromycin, colchicine,
plasma of convalescents, dexamethasone, hydroxychloroquine, lopinavir and ritonavir, and tocilizumab [2-3].
The study is of adaptive design, meaning that some non-promising drugs can be excluded from it and new
drugs can be added.

According to the results of the study, only two drugs listed above, dexamethasone and tocilizumab, are
effective in terms of beneficial effects on the endpoints in hospitalized patients [4-11]. Currently, the
evaluation of drugs includes: REGN-COV2 (a "cocktail" of two specific monoclonal antibodies), baricitinib,
dimethyl fumarate, infliximab, higher dosages of dexamethasone and aspirin. Low-dose dexamethasone,
intravenous immunoglobulin, tocilizumab, and anakinra were included in the evaluation of medicines for the
treatment of children with paediatric inflammatory multisystem syndrome (PIMS-TS).



SOLIDARITY is an international clinical trial initiated by WHO and its partners to find effective medicines
for the treatment of COVID-19. This is one of the largest international RCCTs of drugs against COVID-19
implemented with the participation of almost 12,000 patients in 500 hospitals in more than 30 countries. As
part of the study, the efficacy of drugs is evaluated according to three criteria for the outcome of the disease in
patients with COVID-19: the length of hospital stay, the need for mechanical lung ventilation (MLV), and
death.

Initially, the study objects were hydroxychloroquine, remdesivir, lopinavir/ritonavir, and interferon beta-
la. The study found that these drugs have no or almost no effect on all 3 criteria for the outcome of the
disease in hospitalized patients. However, these results relate only to the SOLIDARITY Trial in hospital
patients and do not affect the possible evaluation conducted in other studies of hydroxychloroquine and
lopinavir/ritonavir among non-hospitalized patients or as a pre- or post-exposure prevention of COVID-19. In
addition, the study is of adaptive design, and also includes trials that are within the SOLIDARITY framework,
for example, on the use of vaccines [12].

11. THE MAIN TRENDS IN THE SEARCH FOR TREATMENT METHODS FOR COVID-19

Despite the global scale of efforts to identify effective treatments and prevent COVID-19, data for
unambiguous approval of the efficacy of a particular therapy is still limited. The British Medical Journal (BM]J),
together with WHO, launched the BMJ Rapid Recommendations project. It provides a meta-analysis-based
evidence base on drug therapy that underpins WHO's real-time updated recommendations for the treatment
of COVID-19. Currently, the fourth version of the meta-analysis has been published, which includes published
and unpublished data from global randomized controlled clinical trials (RCCTs), with the exception of trials
on the use of drugs based on specific antibodies. Highlights of the latest meta-analysis: corticosteroids and
interleukin-6 (IL) inhibitors probably have advantages in terms of fatal outcome in patients with severe
COVID-19; in patients without severe course of the disease, mortality may be decreasing with colchicine;
therapy with Janus kinase (JAK) inhibitors and remdesivir can reduce the need for mechanical lung
ventilation, but the data are limited, the need for mechanical ventilation appears to be falling with
glucocorticosteroids (GCS) therapy and IL-6 inhibitors; azithromycin, hydroxychloroquine, lopinavir-ritonavir
and beta-interferon, apparently do not have any important advantages with respect to clinically relevant
outcomes; evidence for the benefits of the use of ivermectin and other drugs is limited [13].

The fourth version of the guidelines includes the guidance on ivermectin in response to international
attention for the drug as a potential treatment for COVID-19. The first version was published on September 2,
2020, and contained recommendations for glucocorticosteroids (GCS) [14]; the second version (in November
20, 2020) contained those for remdesivir [15]; the third one (in December 12, 2020) had recommendations for
hydroxychloroquine and lopinavir/ritonavir [16]. In the fourth version of the guidelines, there are no changes
for any of these drugs. A detailed description of some medications is provided below.

1.1 ANTI-SARS-COV-2 ANTIBODY THERAPY

Monoclonal antibodies (MAs) are lab-developed molecules designed to mimic or enhance the body's
natural immune system response against a foreign agent, an antigen. Potentially, MAs have advantages over
other types of treatment, since they are designed specifically to target a certain key part of the infectious
process development. A monoclonal antibody is created by exposing immune cells to a specific viral protein,
which is then cloned to mass-produce antibodies targeting that virus. Prior to COVID-19, there were MAs
developed to treat several viral infections, such as Ebola and rabies. On its surface, SARS-CoV-2 has a spike
protein (S-protein) that helps the virus attach and enter cells. Several MAs have been developed that bind to
the spike protein (Sp-p) of SARS-CoV-2 and block the virus from entering human cells [17].



Bamlanivimab (formerly known as LY-CoV555) and etesevimab (formerly known as LY-CoVO016) are
experimental intravenous neutralizing MAs of human immunoglobulin G-1 with the activity against SARS-
CoV-2. The two antibodies bind to different but overlapping epitopes of the Sp-p receptor-binding domain
and block the virus from entering the body's cells. In the United States, emergency use authorization of
bamlanivimab/etesevimab for the treatment of mild to moderate disease in children and adults has been
approved [18-19].

Due to the growing prevalence of bamlanivimab-resistant SARS-CoV-2 variants in the United States, the
authorization for emergency use of bamlanivimab monotherapy was revoked [20]. In phase 2-3 of the BLAZE-
1 RCCT, which included 577 outpatients with mild to moderate COVID-19, various doses of bamlanivimab
monotherapy (700, 2500, and 7000 mg) and bamlanivimab/etesevimab combination therapy (2,800 mg of each
drug) were compared with placebo. During the first month of the study, despite the general trend towards a
decrease in the number of emergency medical visits or a decrease in the probability of hospitalization in both
groups compared to placebo (1-2% vs. 5.8%), a statistically significant difference was observed only in the
combination therapy group [21].

In BLAZE-1 phase 3, 1,035 patients with mild to moderate COVID-19 who had risk factors (RFs) for severe
diseases were randomly assigned to receive a single infusion of bamlanivimab/etesevimab (2,800 mg of each
drug) or placebo.

According to preliminary results of the study, after one-month follow-up, the hospitalization or mortality
rates were lower among those who received the combined bamlanivimab/etesevimab compared to placebo. All
10 deaths among the study participants occurred in the placebo group. Nausea and side effects (fever, rash)
associated with the infusion were reported, but these side effects were generally rare and easily tolerated.
However, the whole trial results are not available for analysis. The results of the phase 3 trial reflect a dose of
2800 mg of each drug, although the emergency dose for combination therapy is 700 mg of bamlanivimab and
1400 mg of etesevimab. The reduced dose is based on virological and clinical data, as well as pharmacokinetic
modeling, which suggests that the lower dose is expected to have equal clinical efficacy to the combined dose
of 2800 mg. However, the actual efficacy of the reduced dose is unknown [19].

Cazirivimab and imdevimab are experimental intravenous neutralizing MAs of human immunoglobulin G-
1 with the activity against SARS-CoV-2. Two antibodies bind to non-overlapping epitopes of the Sp-p
receptor-binding domain and block the virus from entering the body's cells. In the United States, an
emergency use authorization of casirivimab/imdevimab (formerly known as REGN-COV2) has been approved
for the treatment of mild to moderate disease in children and adults [19].

In an RCCT that included 4,180 outpatient patients with mild to moderate COVID-19 who presented with
RFs of severe course of the disease, the combination of casirivimab and imdevimab at two different doses
(total 1200 and 2400 mg) was compared with placebo [22, 23]. An unpublished preliminary report for 29 days
of follow-up showed a decrease in the cumulative outcome of hospitalizations and mortality compared to
placebo in both the group of those who received 1200 mg of each drug, and in the group of those who received
2400 mg (1200 mg of the total dose: 1% vs. 3.2%; 2400 mg of the dose: 1.3% vs. 4.6%). In earlier trials, the use
of a combination of these drugs was associated with rare side effects, including fever, chills, hives, abdominal
pain and redness at the injection site, which were related to the intravenous infusion of the drug. One episode
of anaphylaxis was also reported [24, 25].

The use of MAs is intended for outpatients with a mild or moderate course of COVID-19, who have a
certain risk factor for severe disease. These RFs for persons 18 years of age and older include any of the
following:

— body mass index (BMI) >35 kg /m2;

— chronic kidney disease (CKD);

— diabetes mellitus (DM);

— immunosuppression (therapy or treatment);



— age 65 years and older.

— age 55 years and older in combination with the presence of cardiovascular diseases (CVDs), and/or
arterial hypertension (AH), and/or chronic obstructive pulmonary disease (COPD), or other chronic respiratory
diseases.

MAs should be administered as a single intravenous dose as soon as possible after a positive test result for
SARS-CoV-2, but no later than 10 days after the onset of symptoms. There are limited data based on indirect
evidence of the effect of antibody therapy on the viral load and natural course of COVID-19, confirming their
increased efficacy with earlier administration. To achieve maximum efficacy, it is preferable that MA therapy,
if used, is carried out within 3 days after the onset of symptoms [26].

In the United States, patients with COVID-19 can receive an intravenous MA infusion, usually at an
emergency department or infusion center. Hospitalized patients can receive MA only in clinical trials or under
special circumstances, if they meet the criteria for MA administration [27]. The results of available studies do
not yet demonstrate the proven efficacy of using MAs in hospitalized patients [28].

Regdanvimab (formerly known as CT-P59) is an investigational neutralizing MA with the activity against
SARS-CoV-2. Regdanvimab has been granted conditional authorization certificate in South Korea for the
treatment of adults with mild symptoms aged 60 years and older or at least with one underlying medical
condition, as well as all adults with moderate symptoms. The European Medicines Agency recommends the
use of regdanvimab in the treatment of adult patients with confirmed COVID-19 infection who do not require
oxygen therapy and who are at a high risk of progressing to severe disease [29].

According to the manufacturer's press release, regdanvimab reduces the incidence of mild-to-moderate to
severe disease progression by 50%, and moderate to severe by 68%. However, the results of phase 2/3 studies
have not yet been published [30]. Regdanvimab has also been shown to neutralize major new mutations,
including variant B.1.1.7 [31].

Convalescent plasma (CP) is a blood product obtained from donors who have been ill with and cured from
COVID-19. The main active component of such plasma is already existing anti-SARS-CoV-2 antibodies, which
provide passive immunity. It is believed that other immune mediators contained in such plasma may also
contribute [32].

According to preliminary data from the British RECOVERY Trial, CP with a high antibody titer does not
improve survival or other pre-defined clinical outcomes in hospitalized patients [33]. It is assumed that CP
containing high titers of neutralizing antibodies (NAs) has clinical benefits when administered at an early
stage of the disease and may be of particular interest for people with a deficiency in antibody production (for
example, those receiving anti-CD20 therapy), but data are limited [32].

In RCCI with the participation of 160 elderly people, with one or more concomitant diseases
(hypertension, COPD, diabetes on pharmacotherapy, CVDs, CKD on hemodialysis, obesity), with a positive
result of polymerase chain reaction (PCR) assay for SARS-CoV-2 and mild COVID-19 course, an early
administration of CP was compared to placebo. High-titer CP therapy administered within 72 hours of the
onset of symptoms reduced the risk of developing severe respiratory disease compared to placebo (16% vs.
31%) [34].

Trials evaluating CP administered later during the disease to outpatients with mild course have not shown
equal efficacy. For example, a clinical trial of CP administered to persons 18 years and older with a mild form
of the disease and one or more RFs of severe disease within 7 days after the onset of symptoms was
discontinued due to the lack of a clinical effect [35].

Given the short window of opportunity for administration (within 72 hours of the onset of symptoms) and
the additional technical challenges of intravenous administration in an outpatient setting, this therapy can
only have a practical role in the management of eligible elderly people with mild COVID-19 in a skilled
nursing setting. As in case of MA therapy, the therapy with a high titer CP remains experimental.



The use of specific immunoglobulins has found its application in the treatment of some viral infections.
For example, citomegalovirus immunoglobulin preparations have proven to be safe and effective in
preventing post-transplant infection, as well as virus-specific Varicella zoster immunoglobulin in post-
exposure prophylaxis in people at a high risk of infection [36].

Intravenous immunoglobulin for COVID-19 is a product from the plasma of healthy donors who have had
a coronavirus infection, which contains a high concentration of antibodies. The expected effects of such
therapy are: an immunomodulatory effect and imitation of the natural immune response, a reduction in the
disease course duration and rehabilitation time [37].

Currently, there are no convincing data on the efficacy and safety of this type of treatment at any stage of
the disease course. A recently completed RCCT, which involved 285 patients admitted to a Chinese clinic,
showed the ineffectiveness of such therapy in severe cases of COVID-19 and the lack of the effect on the
specified endpoints [38]. Data on the effects of intravenous immunoglobulin in the treatment of children with
severe disease and in outpatient practice are limited. Currently, the use of intravenous immunoglobulin is
recommended only in clinical trials [36, 39].

11.2 ANTIVIRAL THERAPY

Remdesivir is a direct-acting antiviral agent that is a nucleoside prodrug. In the body, the active
metabolite of remdesivir, as an analog of adenosine nucleoside triphosphate, interferes with the action of viral
RNA-dependent RNA polymerase, an enzyme necessary for viral replication.

The drug has been shown to be effective against SARS-CoV-2 in vitro, and subsequently in laboratory
animal models [40]. Remdesivir has been studied as a treatment for COVID-19 in several clinical trials, with
conflicting results [41]. The ACTT-1 (Adaptive COVID-19 Treatment Trial), which included 1,062 patients,
identified some benefit of remdesivir for patients who needed additional oxygen support [42]. Among the
results of this study, there was also a slight decrease in the time to recovery. Remdesivir is currently approved
for the treatment of COVID-19 in hospitalized adults and children (aged 12 years and older, weighing 40 kg or
more). Also, through a special approval from the Food and Drug Administration (FDA), the drug is available
for emergency use in the treatment of COVID-19 in hospitalized children weighing 3.5 to 40 kg or under the
age of 12 years with a weight of 3.5 kg or more. However, remdesivir should only be prescribed in a hospital or
medical facility that can provide a similar level of hospital care.

Another promising object for clinical trials is a drug that is mainly used in veterinary practice for the
treatment of endo- and ectoparasitic diseases of animals [43]. In humans, ivermectin is an antiparasitic drug
that is used to treat certain tropical diseases, including onchocerciasis, helminthiasis, and scabies [44].

The proposed mechanism of action is based on the inhibition of a number of host transport proteins that
the virus uses to enter the cell by inhibiting the antiviral response. In addition, the antiviral effect of the drug
is probably based on the fact that, when embedded, ivermectin prevents the SARS-CoV-2 S-protein from
attaching to the cell membrane. All these data were obtained in in vitro studies [45, 46]. The journal Antiviral
Research published the results of the research of the Australian virologists, who by using the culture of
infected with the virus SARS-COV-2 cells demonstrated in vitro that a single add of ivermectin to the culture
was enough to reduce the number of viral particles in a day by 93% in the supernatant, according to PCR, and
by 99.8% in the cells, thus achieving non-toxic concentrations. After 48 and 72 hours, no viruses were
detected in the cell culture; no toxic effect or cell damage was recorded [47].

1. 3 REGULATION OF THE IMMUNE RESPONSE

Based on follow-up of patients with COVID-19, it was hypothesized that in mild cases, resident
macrophages that initiate inflammatory responses in the lungs were able to restrain the viral invasion after
SARS-CoV-2 infection; both innate and adaptive immune responses were effectively established to restrain
viral replication. However, in severe or critical cases of COVID-19, the integrity of the air-blood barrier is



compromised. In addition to epithelial cells, SARS-CoV-2 can attack endothelial cells of the pulmonary
capillaries, which leads to the appearance of a large amount of exudative component in the alveolar space. In
response to SARS-CoV-2 infection, alveolar macrophages or epithelial cells can produce various pro-
inflammatory cytokines and chemokines. As a result of these events, monocytes and neutrophils move
chemotaxically from the site of infection to the general bloodstream, which leads to uncontrolled
inflammation.

It should be noted that due to a significant decrease in the lymphocyte population and dysfunction, the
initiated immune response becomes maladaptive. Uncontrolled viral infection leads to an intensification of
macrophage penetration and further aggravation of lung damage. Meanwhile, a direct viral attack on other
organs by spreading SARS-CoV-2, as well as a "cytokine storm" with an associated microcirculatory
dysfunction, lead to a phenomenon that, in general, can be called viral sepsis. Therefore, effective measures to
modulate the innate immune response and restore the adaptive immune response are of great importance for
breaking the vicious circle and improving patient outcomes [50].

Several potential mechanisms of inhibition of proinflammatory reactions were used to initiate research on
colchicine in the treatment of COVID-19. These mechanisms include decreased neutrophil chemotaxis,
suppression of inflammatory signals, and decreased production of cytokines such as IL-1 beta. Along with
this, the drug does not have a pronounced immune-suppressive effect, it is available, and it is also sufficiently
studied for side effects [51].

The main studies investigating colchicine in the treatment of COVID-19 are the RECOVERY, GRECCO-19,
and COLCORONA trials. Preliminary results of the RECOVERY and GRECCO-19 trials indicate a low proven
efficacy of colchicine in hospitalized patients, and therefore, the drug is not recommended for use in a
hospital setting outside the context of clinical trials [52, 53]. However, more interesting is the study of the
drug in outpatient settings. The results of the COLCORONA Trial were published in The Lancet. This study
included 4,488 patients over 40 years of age, 4,159 of whom were confirmed by PCR to have COVID-19; the
rest were clinically confirmed. Patients of the main group were prescribed colchicine 0.5 mg twice a day for 3
days, then 0.5 mg once a day, patients of the comparison group received placebo. The follow-up period was 30
days.

Colchicine has been shown to reduce the risk of mortality and hospitalization in outpatients with PCR-
confirmed COVID-19 compared to placebo. Given the lack of oral medications to prevent complications of
COVID-19 and the demonstrated benefit of colchicine in patients with PCR-confirmed COVID-19, this anti-
inflammatory agent may be considered for use in individuals with one or more risk factors for developing a
complicated form of COVID-19 [54].

Currently, scientists are considering similarities of severe COVID-19 course and sepsis [55]. One drug that
has previously been shown to reduce tissue damage caused by inflammation, as well as reduce the effects of
shock in sepsis in laboratory mice, is fluvoxamine. Fluvoxamine is a drug from the group of selective serotonin
reuptake inhibitors, which is used to treat obsessive-compulsive disorder and depression. In addition, the drug
has some anti-inflammatory effect due to its high affinity for SIR receptor inside cells. This protein is
localized in the endoplasmic reticulum and performs many functions, including the regulation of cytokine
synthesis through interaction with the inositol-dependent enzyme 1a (IRE1) [56]. In addition, in the studies of
human endothelial cells and macrophages in vitro, fluvoxamine reduces the expression of genes responsible
for the inflammatory response [57].

A small RCCT was conducted to evaluate the efficacy of fluvoxamine in preventing the progression of mild
COVID-19. Preliminary results showed that adult outpatients had a lower probability of clinical deterioration
within 15 days compared to placebo, but the study was limited by a small sample size and a short follow-up
period [58]. Currently, there is no reliable evidence either for using this drug in the treatment of patients or
against it.



IL-6 is a pleiotropic, pro-inflammatory cytokine produced by various cell types, including lymphocytes,
monocytes, and fibroblasts. SARS-CoV-2 infection associated with severe acute respiratory syndrome (SARS)
causes dose-dependent production of IL-6 by bronchial epithelial cells. Systemic inflammation associated
with COVID-19 and hypoxic respiratory failure may be associated with increased cytokine release, as indicated
by elevated levels of IL-6, C-reactive protein (CRP), D-dimer, and ferritin.

The reduction of IL-6 levels and/or its pro-inflammatory properties is suggested to reduce the duration
and/or severity of COVID-19 disease [59-62]. There are two classes of approved IL-6 inhibitors: MAs against
IL-6 receptors (e.g. sarilumab, tocilizumab) and MA against IL-6 (siltuximab). These drugs were evaluated for
the treatment of patients with COVID-19 who developed a systemic anti-inflammatory response. The data
obtained from many clinical trials are contradictory, but there are encouraging results regarding tocilizumab
and its positive effect on the transfer of patients to mechanical ventilation and a 28-day mortality, especially
when co-administered with dexamethasone. In this regard, the drug is recommended for use in cases of severe
COVID-19 with concomitant pneumonia and is contraindicated in people with immunodeficiency [63-65].
Sarilumab has a similar mechanism of action to tocilizumab, but there are currently no reliable data for either
these drugs or siltuximab, and their use can only be justified in clinical trials [64, 66].

IL-1 is a pro-inflammatory cytokine that is produced by activated macrophages, keratinocytes, stimulated
B cells, and fibroblasts. Elevated IL-1 levels are reported in patients with severe COVID-19. An increase in IL-1
is associated with a cytokine storm during therapy with T-lymphocytes created by chimeric antigen receptor
expression (CAR-T therapy).

CAR-T therapy is used in oncology: CAR-T cells can be specially adapted to the phenotypes of cancer cells
present in a particular patient, thereby enhancing the immune response and showing increased selectivity and
effectiveness. Anakinra is a recombinant human IL-1 receptor antagonist. This drug is used to treat
rheumatoid arthritis, as well as hereditary cryopyrin-associated syndromes. In addition, anakinra is used "off-
label" to stop the cytokine storm in CAR-T therapy, macrophage activation syndrome (MAS), including after
ineffective tocilizumab therapy, as well as in secondary hemophagocytic lymphohistocytosis [67-69].

A systematic review and meta-analysis of 9 studies showed that anakinra reduces the need for invasive
mechanical ventilation and the risk of mortality in hospitalized non-intubated patients compared to
compared to standard treatment. However, confirmation of safety and efficacy requires an RCCT [70].

11. 4 INHIBITORS OF JANUS KINASES AND BRUTON TYROSINE KINASE

Janus kinase (JAK) inhibitors are suggested as a treatment for COVID-19 because they can prevent
phosphorylation of key proteins involved in a signal transmission, which leads to the immune activation and
inflammation (for example, cellular response to pro-inflammatory cytokines such as IL-6) [71].
Immunosuppression induced by this class of drugs has the potential to reduce the inflammation and
associated immune pathologies seen in patients with COVID-19. In addition, JAK inhibitors, especially
baricitinib, have a theoretical direct antiviral activity by interfering with viral endocytosis, potentially
preventing the virus from entering susceptible cells and infecting them [72].

Currently, sufficient data are available only for the drug baricitinib, for other drugs in this class (for
example, tofacitinib, fedratinib, ruxolitinib), as well as Bruton's tyrosine kinase inhibitors (acalabrutinib,
ibrutinib, zanubrutinib), clinical trials are ongoing. On November 19, 2020, the FDA granted the emergency
use authorization of baricitinib in combination with remdesivir in hospitalized adults and children aged 2
years and older with COVID-19 who require supplemental oxygen, invasive mechanical ventilation, or
extracorporeal membrane oxygenation (ECMO) [73]. On December 14, 2020, a statement was issued regarding
baricitinib, which included recommendations based on the results of ACTT-2 (Adaptive COVID-19 Treatment
Trial 2).

This trial showed that baricitinib increased recovery time when administered in combination with
remdesivir in patients who require additional oxygen support, but not invasive mechanical ventilation.
However, a key limitation of ACTT-2 was the inability to assess the effect of baricitinib in addition to
corticosteroids [74]. Next, the recent results of COV-BARRIER, a trial of baricitinib in hospitalized adults were



reviewed. COV-BARRIER included the patients with COVID-19 who, when were enrolled, required additional
oxygen support, but not invasive mechanical ventilation. A study reported additional benefits of baricitinib
when added to GCSs (with or without remdesivir) [75]. Currently, the drug is included in the national
guidelines of some countries, which describe the criteria for its use.

1. 5 CORTICOSTEROIDS

The first drug with proven efficacy in improving clinical outcomes in hospitalized patients in the
RECOVERY Trial was the GCS dexamethasone. Evaluation of the drug was also made in other trials, which
results were similar [76]. Dexamethasone is currently used to treat hospitalized patients with COVID-19.
Other corticosteroids (prednisone, methylprednisolone, and hydrocortisone) are supposed to be equivalent to
the effective dosage of dexamethasone, but the available clinical trial results are contradictory, and some
studies are in the active phase [77-81].

Of interest is the study of corticosteroids in outpatients to prevent the progression of COVID-19 course.
To this end, a group of scientists from the UK initiated the STOIC (Steroids in COVID-19) Trial, which
evaluated the efficacy of inhalation budesonide (in the form of a powder inhaler at a dose of 800 mcg twice a
day) compared to conventional treatment. The study involved 146 subjects with moderate symptoms of
COVID-19 who had developed symptoms about 7 days before, 73 of whom were assigned to the budesonide
group and 73 to the standard treatment group.

The first endpoint of the assessment was a visit to the emergency department due to the worsening of
COVID-19 course. The secondary endpoint of patient assessment was self-reporting of regression of clinical
signs (resolution of symptoms) and viral disease symptoms, which were assessed using the Cold Questionnaire
(CCQ-Clinical COPD Questionnaire) and the InFLUenza questionnaire (FLUPro); on body temperature,
saturation, and viral load of SARS-CoV-2. The study was stopped prematurely after coming to a conclusion
that the outcome of the study would not change with further inclusion of participants. According to the
results of phase 2 of this study, an early use of inhalation budesonide at a high dose reduced the need for
urgent medical care and reduced the duration of symptomatic disease [82]. However, despite the encouraging
results, and despite the fact that the use of budesonide is included in the interim clinical guidelines of certain
countries, it was found that the study had a number of limitations that could affect its outcome [83]. Further
studies are needed to investigate the effects of inhalation corticosteroids in patients with COVID-19.

1. 6 ANTITHROMBOTIC THERAPY

The results of retrospective studies have provided evidence of the potential benefit of anticoagulant
therapy at a therapeutic dose in patients with COVID-19, but these studies were too different in design to
provide absolute indications for the use of certain methods [84-86]. A lot of questions: the management of
outpatients, the administration of anticoagulant therapy after discharge with an initial severe course of
infection, the dosage of drugs, the choice of the appropriate medicine remained and still remain in the gray
zone. In addition, the description of several small series showed that the administration of
thromboprophylaxis in an intermediate dose is associated with a high risk of complications in the form of
bleeding [87, 88].

Thus, the need for well-developed and large-scale RCCTs of the efficacy and safety of anticoagulant
treatment in patients with COVID-19 is obvious. At the beginning of the pandemic, a large number of RCCTs
were initiated to study anticoagulant therapy for COVID-19, most of which are still in the active phase. The
most large and well-known of them include the REMAP-CAP (Embedded Randomized Multifactorial Adaptive
Platform for Community-acquired Pneumonia), ATTACC (Antithrombotic Therapy to Ameliorate
Complications of COVID-19), ACTIV-4 (Anti-thrombotics for Adults Hospitalized With COVID-19),
INSPIRATION (Intermediate-dose vs Standard Prophylactic Anticoagulation and Statin vs Placebo in ICU
Patients With COVID-19), and also the study of heparinoid, that is the sulodexide drug. Some of these studies
were presented as preliminary results, some as a full report, and a detailed description of the results will not
be shown here.

Depending on the completion and results of clinical trials, the global clinical guidelines for the treatment
and management of patients with COVID-19 are dynamically updated. As of June 2021, there is a preprint of



an article with the results of investigating aspirin in the RECOVERY Trial, which suggest that taking aspirin in
combination with standard therapy is not associated with a reduction in mortality in hospitalized patients
with COVID-19 [89].

At the moment, a centralized approach can be formed only for low-molecular-weight heparin. Due to the
high thrombogenicity of COVID-19 in more severe cases of the disease, thromboprophylaxis with low-
molecular-weight heparin should be administered to all hospitalized patients. However, an appropriate
approach to thromboprophylaxis in outpatients, as well as the minimum effective dose for hospitalized
patients, remains a topic of discussion.

Currently, thromboprophylaxis in outpatients with COVID-19, as well as planned thromboprophylaxis in
patients after the discharge from hospital is not recommended. Given that the risk of thrombosis increases
with the clinical deterioration, and that the proposed stages often overlap in clinical practice, conservative
measures such as adequate mobilization and prevention of dehydration should be emphasized. A prophylactic
dose of low-molecular-weight heparin in outpatients should be considered if there is an increased D-dimer, as
well as inflammatory markers, since there is a risk of a rapid development of stage 2 coagulopathy. It should
be noted that in this case it is important to assess the risks of bleeding. The same applies to patients who are
severely ill, but for some reason have not been hospitalized. In patients who have recovered from COVID-19
and can be discharged from the hospital, long-term outpatient thromboprophylaxis is usually not
recommended. However, for patients with a low risk of bleeding and a high risk of blood clots, therapy with
low-molecular-weight heparin or direct oral anticoagulants may also be considered [90].

11.7 NON-DRUG TREATMENT

Non-drug treatments, with the exception of some related to oxygenation, do not yet have strong evidence
in the fight against COVID-19. Most of the results are based on inaccurate estimates due to a small number of
participants. Various forms of non-drug treatment are used to prevent severe complications: oxygen therapy,
lying on the stomach, nitric oxide inhalation, passive immune therapy, and the infusion of mesenchymal stem
cells (MSCs) [91].

It is assumed that MSCs can potentially be used as a therapy for COVID-19 and reduce the risk of its
progression. The N. V. Sklifosovsky Research Institute for Emergency Medicine is searching for and
developing innovative methods of respiratory support (helium-oxygen mixture, hyperbaric oxygenation,
ECMO) for patients with COVID-19-caused pneumonia. A helium-oxygen mixture (t-He/O2) contributes to
maintaining and improving the diffusion capacity of lungs [92-94]. When t-He/O2 inhalations are included in
a standard therapy, the level of inflammatory markers decreases and the treatment efficacy increases; the
synthesis of IgG and IgM antibodies is also stimulated, inducing the effect of "thermal vaccination". Currently,
the response to t-He/O2 exposure is being studied in patients with CT signs of severe pneumonia. Preliminary
data on the favorable effect of hyperbaric oxygenation sessions in "soft" modes included in complex therapy
on the subjective state of patients and the dynamics of blood oxygen saturation have been published [92]. The
ECMO technique is indicated in 3 cases: the respiratory support, cardiac support, and cardiorespiratory
support. This method is particularly effective in groups of young patients with severe COVID-19 [93].

CONCLUSION

A large number of clinical studies are being conducted in relation to the search for a proven effective
treatment strategy for COVID-19. The largest of them successfully exclude potentially ineffective methods of
drug and non-drug therapy and provide data on those that improve the prognosis. While there is no targeted
antiviral therapy, immunomodulatory methods and cytokine storm management come to the fore.

Dexamethasone was the first drug with proven efficacy in the prognosis of hospitalized patients. A
recently completed trial of tocilizumab proved the drug's efficacy in hospitalized patients. Colchicine and
monoclonal antibody preparations are currently showing promising results for outpatients.

Adequate thromboprophylaxis is of great importance in predicting the outcome of the disease, but it is
always necessary to assess the risks. In the near future, many trials of various drugs and treatment methods
are expected to be completed, which will allow us to successfully treat patients at various stages of the
disease.
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