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In Silico Drug Repositioning
for COVID-19: Progress and Challenges

Suresh Kumar

Introduction

The process of discovering new uses for previously approved, discontinued, delayed,
or drugs under investigation is referred to as drug repurposing. It is also referred to
as repositioning, drug reprofiling, indication expansion, or indication shift [1].
Although drug reuse is not a new concept, it has gained popularity over the past few
decades. More than a third of the authorized pharmaceutical products have been
reconstituted, resulting in a 25% increase in overall annual revenue for the pharma-
ceutical operation [2].

According to CMR International’s recent Pharmaceutical Research and
Development Handbook, more than 55 drugs were phased out during Phase III clin-
ical development between 2008 and 2010 [3]. Although some drugs have failed in
preclinical and early human studies, they are safe. This aspect of drug safety is very
attractive for drug repositioning. In general, approved drugs are more likely to be
safe in new indications and patient populations. The growing body of drug knowl-
edge will shorten the development cycle and reduce the risk of development costs
and costs associated with new molecular entities [4].

While drug repurpose is possible at any stage, it is most promising for drugs that
are already approved [5]. Currently, advanced computer technology is being utilized
to forecast novel drug targets or drug reuse. In comparison to high-throughput
screening, which requires the assessment of hundreds of compounds, computer
technology is rapid and affordable and may be used as a preliminary filtering
approach. They are also beneficial for high-priority therapies that require more
investigation and testing. The rationale for drug recycling is that numerous diseases
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may use the same metabolic processes [6]. Drug repurposing has significant regula-
tory and scientific consequences, notably in situations like the COVID-19. This
chapter addresses drug repurposing techniques and methodologies.

Drug Repurposing

Traditional de novo drug discovery is an expensive and risky approach. Computational
techniques for drug repurposing can significantly speed up the traditional drug dis-
covery process (Fig. 24.1). Developing drugs traditionally is costly and time-
consuming. It takes an average of 14 years and costs more than U.S. $2 billion to
bring a drug to market. Approximately 90% of drugs fail throughout the drug devel-
opment process owing to safety concerns or a lack of efficacy. The computational
drug repurposing technique, which combines and analyses huge data sets on tens of
thousands of drugs and diseases automatically, has the potential to significantly
speed the traditional drug development process. As the COVID-19 epidemic
expanded, two more impediments emerged: the speed with which therapeutic
approval could be obtained and the urgency with which clinical requirements could
be met. Appropriate regulatory measures should take the risk—benefit ratio into
account. Drugs must be developed and authorized quickly to halt the spread of dis-
eases [7]. Even if the proposed drug shows early efficacy in animal and clinical
studies, it will take at least 2 years to reach the market. Because the manufacturer
will conduct safety studies before the start of the clinical trial, and the clinical study
can be delayed for up to 2 years [§-10].

While rapid development and decision-making can result in a more rapid release
of drugs, complete safety, and effectiveness data are compromised. Although drug
development takes an average of 12 to 15 years, it can be completed in as little as 12
to 18 months if the process is accelerated. To accelerate the completion of phase II1
clinical trials, shorter, fewer, or no phase III trials are required [11]. As a result, drug
approval will require less information than usual in the event of a pandemic. This is
possible when the period of low incidence coincides with the pandemic’s
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Fig. 24.1 A comparison of traditional de novo drug discovery versus drug repositioning. (a) De
novo drug discovery. (b) Drug repositioning
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recruitment phase [12, 13]. Although COVID-19 lacks a broad legal framework
because it is based on disease incidence, a small number of reusable drugs have
been approved, owing in part to the evaluation of COVID-19’s benefit-risk profile
and biomarker evidence [14]. Drugs that have been repurposed for COVID-19 have
been approved for an emergency, conditional marketing, or early access to drugs
with limited clinical data [15].

Although postmarketing studies are commonly used to expand Phase II studies,
approval decisions are typically based on data from Phase III clinical trials [16-20].
It is generally recognized that the safety information provided for all pharmaceuti-
cal drugs at the time of approval is insufficient. The goal of efficacy-focused clinical
development is to improve efficacy. As a result, the postauthorization risk manage-
ment plan is data-driven to address any safety concerns that occur following autho-
rization. These problems are exacerbated by the need for rapid development and
approval. As a result, this is strongly advised, although, in some circumstances,
authorities will need to undertake a complete postapproval examination and report
to the Food and Drug Administration (FDA) regularly [21].

In Silico Drug Repurposing Methods

According to the Pharmaceutical Research and Manufacturers of America (PhRMA),
only one out of every 5000—10,000 compounds discovered in drug research is likely
to be commercialized [22]. The information age has transformed the process of drug
development, providing massive amounts of data that have assisted in our knowl-
edge of the molecular pathways behind human disease. While significant advances
have been achieved in the postgenomic era, researchers continue to encounter prob-
lems in finding, collecting, and analyzing all relevant data on any human disease
effectively and completely. This problem necessitates the efficient use of bioinfor-
matics and computational methods. The primary obstacles include the following: (i)
collecting relevant information from terabytes of data from various sources. (ii) data
mining and knowledge management techniques are combined using coherent and
manual search methods. (iii) effective data analysis to generate clinically relevant
test hypotheses [23-25].

The complete sequencing of the human genome at the turn of the twentieth cen-
tury reshaped the landscape of drug development. Currently, a large amount of data,
such as the genome, transcriptome, proteome, metabolome, and pharmacological
data, is dispersed among many databases that are publicly available through the
Internet [26]. In addition, with the creation of complex protein and signaling path-
way databases, the number of these databases has increased, and these databases
collectively reflect the current understanding of disease mechanisms [27-30].
Likewise, the number of publications in scientific journals has increased along with
the enormous amount of data. Due to these diverse resources, the development of
bioinformatics and computational methods for collecting, analyzing, and interpret-
ing data is essential [31]. This strategy has also led to the development of new
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theories linking disease with experimental or commercial drugs in conjunction with
predictive algorithms [32—34]. These computational approaches to drug reposition-
ing can be divided into the five strategies: knowledge mining and integration strate-
gies, genetic analysis methods, connectivity map strategy, network analysis
methods, and computer-aided drug design (Fig. 24.2).

Knowledge Mining and Integration Strategies

Drug development is often divided into five stages: preclinical and discovery, safety
evaluation, clinical research, FDA review, and FDA postmarketing surveillance.
This is a lengthy and costly process with a high rate of failure. On the other side,
drug repositioning is a four-stage process: The FDA is responsible for the identifica-
tion, acquisition, development, and postmarket safety monitoring of drugs [35].
Recent research has produced a large amount of experimental data on COVID-19.
To discover new and hidden knowledge, a computer evaluation of the use of data
science techniques must be carried out. To fully understand the biology and mecha-
nism of SARS-CoV-2 and its process, the data must be fully comprehended.

There has been a wealth of solutions because of the challenge computer biolo-
gists confront in gathering and understanding the most relevant data from many
sources for the goal of hypothesis creation. At a high level, the main differences
between these approaches relate to identifying and evaluating key sources.
Consequently, the establishment of an opportunity to reposition a drug requires both
a major computer effort and a biological evaluation of the feasibility of action for
the new drug suggestion. A computer strategy for new drug suggestions in its
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systemic form is typically an automated approach. This oversees the evaluation of
proposed diseases as well as the design of experimental study concepts to test with
the assistance of biologists or disease experts [36].

To incorporate knowledgeable disease-related data, a target-based information
technology method can be combined with high-throughput data mining strategies.
The challenge is not only determining which data to extract or which methodologies
to employ but also which high-quality rich-content databases to use for hypothesis
creation [37]. A critical component of any new approach for disease indicators is the
final prioritization or classification of the different types of data necessary to con-
duct a thorough evaluation of the evidence for each disease assumption. In addition,
one disease hypothesis is compared to another via an absolute score system. The
efficacy data from Phase II/III clinical trials are the most significant evidence for
combining a biological target and a new indication for premarket drug candidates.
Ongoing trial with no published data from clinical trials suggests preclinical data
with slightly lower evidence [38]. The third level of evidence for target participation
in a novel indication would be genetic evidence from functional polymorphic or
associated human disease research, as well as mouse knockout data. Finally, evi-
dence gathered from a variety of bibliographic databases can be used to generate
new hypotheses for indications that can then be included in the disease classification
system using advanced text mining techniques [39-42].

Genetic Analysis Methods

Using genetic studies to identify “druggable” targets is one method to improve the
chances of successful drug repositioning. The advent of large-scale genetic research,
mostly in the form of genome-wide association studies (GWAS), has significantly
expanded our understanding of the genetic basis of a variety of diseases and enabled
researchers to use this information to develop therapeutic targets. Many GWAS con-
ducted in recent years represents a large number of potential new drug retargeting
libraries. Disease—gene associations are identified by combining functional genomic
data with advanced computational approaches. Genetic analysis is an effective strategy
for coming up with new therapeutic indication hypotheses. This information is espe-
cially useful when it is backed up by other sources of information, such as clinical
expression analysis or preclinical research [43—45]. The approach can provide several
high-end repositioning hypotheses depending on the nature and source of genomic
data. Because of the success of this technology, many sequencing, expression, and
phenotype genetic analytical methodologies have been developed [46, 47]. One of the
limitations of the GWAS study is that some of the top genes identified may not be drug-
gable. Second, relying exclusively on the impact of the most significant SNPs may lead
to the omission of physiologically important target genes. Third, focusing upon only
candidate genes may result in the omission of multi-target drugs, which may be more
effective in some cases than single-target drugs. Fourth, due to the complexity of the
human genome, there is no one-size-fits-all approach to accurate annotation.
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Connectivity Map Strategy

The Connectivity Map concept may be the most unique strategy for discovering
new indications in the process of drug repositioning. This is a computational method
that uses microarray-based transcription profile data to generate new ideas for dis-
ease indications and is easy to apply to other “omics” platforms [48]. This technique
can theoretically link small molecule drugs to their mode of action as well as novel
diseases by using their corresponding gene expression. The stronger the relationship
between the disease signature and the inverse drug profile, the more likely the drug
is to reverse the disease genotype/phenotype [49].

Connectivity mapping is a method for assembling reference transcriptional pro-
files obtained from microarrays by assessing the differential expression of a cell line
treated with a series of drugs in comparison to untreated controls. The differential
expressions’ rank order for each compound is then generated. Disease signatures
can be derived from a variety of sources, including disease microarrays and previ-
ously published data. By ranking all connection levels in descending order and set-
ting the relevance threshold, the drug with the greatest score is chosen [50, 51]. As
a result, the ideal treatment will have an exact inverse signature of the disease state,
restoring the normal phenotype. This technique has the advantage of being platform-
independent for compound reference profiles and disease signature sources. Because
itis a computational approach, it has the potential to quickly identify many probable
direct and inverse correlations between a wide range of disease conditions. The
Connectivity Map method is based on the Kolmogorov-Smirnov statistic and
employs Gene Set Enrichment Analysis, a nonparametric, rank-based pattern-
matching tool. The expression profiles of the compound reference genes are also
nonparametrically represented, but each gene is rank ordered depending on its
degree of differential expression relative to untreated controls [52]. This method has
a limitation in terms of experimental replicates, which can be challenging given that
most small compounds have only one copy per cell line per experiment. Another
potential limitation is the occurrence of batch processing effects.

Network Analysis Methods

Network analysis tools greatly simplify the investigation of the complexity of bio-
logical systems and the diversity of different types of data defining a disease state.
These techniques can be used to mathematically and graphically represent the vari-
ous protein interactions that occur in higher species. In general, these strategies
focus on concepts that are overrepresented in the pattern of the nodes and edges of
a biological network [53, 54]. This approach could be extended to network hubs that
appear to be key proteins in protein interactions. These hubs can be useful as impor-
tant intervention sites in a specific disease condition, making them potential drug
targets [55]. The current state of knowledge about molecular interaction networks is



24 In Silico Drug Repositioning for COVID-19: Progress and Challenges 493

incomplete, and the associated configuration profiles are also very noisy, which are
the limitations. Interactomes, on the other hand, only provide static snapshots of
biological systems, whereas it contains dynamic systems. There is a paucity of
information on precise interaction kinetics, and there is no obvious link between the
molecular origin and the organism’s reaction.

Transcriptome data in the gene regulatory network may capture the dynamic
features of cells and give an in-depth knowledge of drug action mechanisms. A
network analysis approach for differential expression data has been developed to
identify genes from specific disease linkage and associated regions. Most gene pri-
oritization methods necessitate prior knowledge of disease processes to identify
potential drug targets. Differential gene expression studies show that gene expres-
sion patterns change systemically as diseases develop. Consequently, diverse gene
expression patterns might be used as input to prioritize prospective therapeutic tar-
gets. However, this technique has certain drawbacks, such as the difficulty in defin-
ing robust gene features owing to noise in the expression of some genes. Furthermore,
drug targets and genes controlled by targets may not always have significant expres-
sion changes [56].

Compounds and metabolites are depicted as nodes in the metabolic network.
Excessive chemical concentrations (mass flow) produced by specific enzymes can
result in disease. These enzymes may be therapeutic targets for this disease due to
their ability to manipulate the concentration of disease-causing compounds via drug
manipulation. Flux balance analysis is an example of an approach for identifying
pharmacological targets.

The protein—protein interaction network (PPIN) is a form of a molecular interac-
tion network that displays the interaction between a known drug target and other
proteins, as well as proteins that interact indirectly with the target. Due to the diffi-
culty of scanning the entire PPIN subnetwork space, advanced mathematical tech-
niques will be required to detect out-of-tune subnetworks effectively. While PPIN’s
drug repositioning strategy has been extremely successful, it does have certain limi-
tations. PPINs include links to undefined potential functionalities derived from sev-
eral experimental sources. Additionally, the required data is noisy and incomplete,
resulting in a bias in the generated network.

The network-based method is an effective way to link the molecular and pheno-
typic levels to determine drug targets. Determining the interaction between the drug
and the target protein is an important step in drug discovery. Drug discovery and
design are mainly based on the interaction between the drug and the target. Many
drugs are nonspecific and respond to other targets in addition to the main target. In
this case, a drug interaction is used to clarify the relationship between two drugs
based on their similarity. The association with drug diseases includes various asso-
ciation modes, such as drug indications and drug side effects. In the disease—disease
interaction, it has been proposed that two drugs with similar molecular pathophysi-
ology can be interchanged. When effective drug repositioning is required, each net-
work approach has limitations that can be overcome by combining data from several
sources, such as molecular interaction networks and gene expression profiles.
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Computer-Aided Drug Design

Drug design may be divided into two categories: structural drug design and ligand-
based drug design. A structural drug design is predicated on knowledge of the three-
dimensional structure of the protein target as determined by X-ray crystallography
or nuclear magnetic resonance spectroscopy. To carry out the structural drug design
paradigm, an atomic-resolution three-dimensional protein structure of the receptor
is required. A well-resolved crystal structure is preferred, with a resolution of at
least 2.5 is often regarded as sufficient. If the target’s three-dimensional structure is
unknown, a protein model can be built by homology modeling to the nearest target-
related protein having a known and accessible three-dimensional structure.
Molecular docking can anticipate the intermolecular framework formed by a pro-
tein and a small molecule or another protein, as well as the binding modes that
inhibit the protein. The virtual screening (VS) method compares the target protein
to databases that contain millions of drug-like or lead-like compounds with well-
defined three-dimensional structures [57]. To conduct the computational screening,
the ligands’ binding affinities are compared using a docking method. Ligand-based
drug design is a method for finding compounds that bind to a protein target without
knowledge of the three-dimensional receptor. The quantitative structure—activity
relationship (QSAR) and pharmacophore modeling techniques are essential in
ligand-oriented drug discovery because they provide statistical models for finding
and optimizing leads [58]. However, using molecular docking for drug reposition-
ing has several drawbacks. Docking applications are severely limited by the require-
ment for known chemical ligands and three-dimensional (3D) structures of protein
targets because the structures of many physiologically significant proteins are still
unknown. Furthermore, the molecular docking method is computationally inten-
sive, which could lead to longer processing times. Furthermore, molecular docking
studies have a high rate of false positives due to structural flaws in some proteins
and inadequate modeling of atomic and molecular interactions. Machine learning
approaches appear to be less expensive than docking simulations, since they can test
more potential candidates for subsequent experimental screening.

In Silico Drug Repurposing for COVID-19

Previously approved FDA drugs for other diseases were repositioned for COVID-19
treatment using various computational methods. Network-based algorithms,
expression-based algorithms, and docking simulations were used to identify the
drug that was predicted for drug repurposing in COVID-19 therapies. However, the
accuracy of the predictions can be determined by comparing the reported computer
studies’ final candidate drug lists to the drugs currently undergoing clinical trials on
clinicaltrials.gov (https://clinicaltrials.gov/). Numerous computational studies pre-
dicted and repurposed drugs for COVID-19 treatment, include chloroquine,
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hydroxychloroquine, remdesivir, lopinavir-ritonavir, ivermectin, favipiravir, oselta-
mivir, ribavirin, corticosteroids, and tocilizumab. This section will examine the
clinical success of computationally predicted repurposed drugs [6]. This section
contains comprehensive information on the drugs that have been largely repurposed
and are currently being used to control SARS-CoV-2 infections as determined
through computational methods. It is attempted to compile and review research on
selected drugs using data from the WHO COVID guidelines, clinicaltrials.org, and
a variety of other sources (at the time of writing this manuscript, September 2021).

Chloroquine

Chloroquine has been repurposed as a COVID-19 drug due to its potent antiviral
activity. Chloroquine is used to make chloroquine, a malarial drug that was tradi-
tionally found in the bark of Peruvian Kinchon trees. According to in-vitro research,
chloroquine is a powerful bioactive agent against RNA viruses. Chloroquine has
been found to have potential therapeutic effects against the coronavirus of SARS-
CoV-1. The extensive antiviral activity against COVID-19 evaluated for chloro-
quine. While these results are preliminary, they are widely welcomed by the media,
and some well-known personalities, including certain health regulatory authorities,
have encouraged the use of chloroquine and hydroxychloroquine to treat COVID-19
[59]. However, little is known about the effect of chloroquine and hydroxychloro-
quine on the frequency and severity of adverse drug reactions (ADRs). Significant
clinical studies have demonstrated that hydroxychloroquine and chloroquine are
unlikely to be effective in treating or preventing COVID-19, prompting the
U.S. Food and Drug Administration (FDA) to revoke the drug’s emergency use
authorization on June 15, 2020 [60]. According to the current meta-analysis of ran-
domized studies, the use of chloroquine in COVID-19 patients has no benefit [61].

Hydroxychloroquine

Hydroxychloroquine (a chloroquine derivative) is an antimalarial drug with anti-
inflammatory characteristics. It has been used successfully as a safe anti-
inflammatory medicine in auto-immune diseases, and preliminary research suggests
that it may decrease pro-inflammatory cytokine expression in COVID-19. However,
whether it is effective in eliminating the SARS-CoV-2 virus in ICU patients with
overactive immune systems, particularly when the lungs are severely inflamed, has
yet to be scientifically demonstrated [62, 63]. The available clinical evidence
appears to be insufficient to prove the efficacy of HCQ in severely ill COVID-19
patients [61]. However, hydroxychloroquine, like chloroquine, has been demon-
strated to be unsuccessful in the treatment or prevention of COVID-19, forcing the
U.S. Food and Drug Administration (FDA) to revoke the drug’s emergency use
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authorization on June 15, 2020. The recent solidarity trial, the UK’s recovery trial,
and a Cochrane review of other evidence on hydroxychloroquine conclusively
showed that hydroxychloroquine did not reduce deaths among hospitalized
COVID-19 patients.

Lopinavir-Ritonavir

In vitro and animal studies have shown that lopinavir is effective against MERS-
CoV. Additionally, lopinavir inhibits SARS-CoV by inhibiting a critical reproduc-
tive protease that appears to be highly conserved in SARS-CoV-2. In several
countries, lopinavir—ritonavir therapy is recommended as first- or second-line treat-
ment for COVID-19. Although several observational studies have demonstrated that
lopinavir—ritonavir is associated with decreased viral shedding and fever in patients
with COVID-19. Recent research on COVID-19, however, has found that regular
lopinavir-ritonavir supplementation provides no benefit [64]. The lopinavir/ritona-
vir did not show efficacy in two large randomized controlled trials in hospitalized
patients with COVID-19. The COVID-19 treatment guidelines panel recommends
against the use of lopinavir/ritonavir for the treatment of COVID-19 in hospitalized
patients [65].

Remdesivir

Remdesivir is a novel and effective intravenous antiviral medication. It is effective
against COVID-19 as well as other beta-coronaviruses in the same family. The labo-
ratory investigation has shown that human cells can be protected from becoming
infected with COVID-19. Furthermore, the findings suggest that in vitro remedia-
tion is highly successful in eradicating COVID-19 infection. Remdesivir was
approved for emergency use in over 50 countries during the COVID-19 pandemic.
The FDA has approved Remdesivir for the treatment of COVID-19 infection in
adults and hospitalized children (over the age of 12 and weighing less than 45 kg).
In adult COVID 19 patients, remdesivir, on the other hand, was not associated with
statistically significant therapeutic benefits. Additional international research is nec-
essary to establish the drug’s efficacy and safety in COVID-19 patients [66]. An
interesting study revealed that RDV’s parent nucleotide, GS-441524, is more effec-
tive and less hazardous than its prodrug form and has been proven to be efficacious
in vivo veterinary settings. As a result, future research into the parent nucleotide’s
usage against COVID-19 should proceed at a quicker speed.



24 In Silico Drug Repositioning for COVID-19: Progress and Challenges 497
Favipiravir

Favipiravir is a novel RNA-dependent RNA polymerase (RdRp) inhibitor that is
successful in the treatment of Ebola. Favipiravir is considered as a feasible treat-
ment for COVID-19 due to its efficacy against a variety of viral diseases. Some
research has demonstrated that favipiravir can accelerate virological clearance and
clinical improvement, but most investigations are hampered by potential confound-
ing factors (e.g., concurrent use of immunomodulators and other therapies). The
study found no improvement in terms of mortality. A systematic review found that
when given during the first seven days of hospitalization, there is a possibility of
clinical improvement, but no statistically significant decrease in mortality for any of
the groups studied, including hospitalized patients and those with mild or moderate
symptoms. Other well-designed studies on dosage and duration of treatment, are
essential to draw clear conclusions [67]. Any approval for the use of favipiravir, on
the other hand, will require more clinical research, followed by approval for public
use by the country’s competent regulatory body [68].

Oseltamivir

Oseltamivir inhibits the neuraminidase enzyme, which is expressed on the viral
surface against the influenza virus and is also effective for various avian influenza
virus strains. The enzyme promotes the release of virus from infected cells and
facilitates viral movement within the respiratory tract. In the presence of neuramini-
dase inhibitors, virions stay attached to the membrane of infected cells and are also
entrapped in respiratory secretions [69]. Clinical trials are also being conducted
using oseltamivir in combination with various chloroquine and favipiravir regi-
mens. A study showed that the drug exhibited no positive result on COVID-19.
Additional clinical trials and larger, randomized controlled trials are required to
demonstrate Oseltamivir’s efficacy in patients with COVID-19 [70].

Ribavirin

Ribavirin is an antiviral drug that prevents viruses from replicating and spreading
[71]. Ribavirin has been approved for COVID-19 therapy in combination with inter-
feron alfa or lopinavir—ritonavir. Ribavirin is effective against the Middle East respi-
ratory syndrome corona virus (MERS-CoV) in vitro and in vivo, and case reports
demonstrate that ribavirin paired with interferon alfa resulted in virologic clearance
and survival. Clinical trial evidence demonstrating ribavirin’s efficacy in treating
COVID-19 is still insufficient [72].
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Ivermectin

Ivermectin is a medication used to treat parasite infestations and it was repositioned
for COVID-19 treatment. Throughout the COVID-19 epidemic, misinformation
suggesting that ivermectin helps treat and prevent COVID-19 has been extensively
propagated. These claims are unsupported by reliable scientific evidence. Multiple
major health organizations, including the Food and Drug Administration, the United
States Centres for Disease Control, the European Medicines Agency, and the World
Health Organization, have declared that ivermectin is not authorized or approved to
treat COVID-19 [73].

Corticosteroid

Corticosteroids are anti-inflammatory drugs that suppress the immune system.
Dexamethasone is a glucocorticoid drug used in the treatment of rheumatoid arthri-
tis, a range of skin diseases, severe allergies, asthma, and chronic obstructive pul-
monary disease. According to WHO guidelines, corticosteroids should be used only
in patients with severe or critical COVID-19 infection and not in individuals with
nonsevere COVID-19 infection (absence of criteria for severe or critical infection).
Dexamethasone was authorized by the European Medicines Agency (EMA) in
September 2020 for use in adults and adolescents (12 years of age and a weight of
at least 40 kg) who need supplemental oxygen therapy. Prolonged corticosteroid
treatment may lead to the development of the so-called long COVID syndrome,
which is characterized by tiredness and psychological problems and may be exacer-
bated by steroid-related adverse medication responses such as myopathy, neuro-
muscular weakness, and mental symptoms. Thus, corticosteroids seem to be a
double-edged sword in the battle against COVID-19 and should be used with cau-
tion, considering the risk—benefit ratio, as a short-course treatment drug in a limited
group of patients with COVID-19 who have been documented to benefit from sur-
vival. The safety and efficacy of corticosteroids in combination with antiviral medi-
cation for the treatment of COVID-19 have not been extensively studied in clinical
trials [74].

Tocilizumab

Tocilizumab (TCZ) is a recombinant humanized anti-interleukin-6 receptor mono-
clonal antibody used to treat systemic juvenile idiopathic arthritis (SJIA), polyar-
ticular juvenile idiopathic arthritis (pJIA), and rheumatoid arthritis. In June 2021,
the FDA issued tocilizumab an emergency use authorization for the treatment of
COVID-19 in hospitalized patients aged two years and older who need
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supplementary oxygen, noninvasive or invasive mechanical ventilation. The
COVID-19 Treatment Guidelines panel recommends tocilizumab in combination
with dexamethasone in certain hospitalized patients who are having rapid respira-
tory decompensation due to COVID-19 [75]. The European Medicines Agency
(EMA) is now assessing tocilizumab for the treatment of hospitalized individuals
with severe COVID-19 who are already undergoing corticosteroid therapy and need
additional oxygen or mechanical ventilation as of August 2021.

Opportunities and Challenges

The traditional approach to pharmaceutical drug development is costly, time-
consuming, and prone to failure. Repositioning, on the other hand, is a low-risk
strategy that saves time and money. Experiments like cell-based assays, protein-
based assays, animal models, and clinical trials provide a direct, evidence-based,
and accurate understanding of the drug—disease connection. As a result of the avail-
ability of experimental data, computational techniques for drug repositioning have
gained popularity in recent years, and they are frequently merged with them to
provide accurate results. While there are many excellent computer models for drug
repositioning, creating a reliable model is a difficult and time-consuming process.
One of the major challenges is that theoretical calculation techniques are difficult to
put into practice due to the difficulty of mapping such theoretical approaches to
replicate biological activity, as well as other barriers such as missing, distorted, or
erroneous data. For example, creating an accurate gene expression profile may be
difficult due to a variety of factors, such as changes in experimental conditions
throughout multiple trials, resulting in data mismatches in gene expression features
and hence data bias. Furthermore, when these genes are employed as pharmacologi-
cal targets, significant changes in gene expression may not occur consistently,
resulting in incorrect findings. Furthermore, chemical structure and molecular
information techniques are challenging to find probable drug—target interactions
due to a lack of high-resolution structural data on drug targets. Another issue with
computational drug repositioning models is the lack of a reliable gold standard data
set for assessing their efficacy. Furthermore, the model’s recommended potential
repositioning drugs cannot be evaluated without clinical validation of safety criteria
and proof of their effectiveness against anticipated diseases.

Clinical trials are typically preceded by preclinical investigations, both in vitro
and in vivo. In the event of drug repurposing, preclinical research on the impact of
a drug on disease should be prioritized. However, it requires a thorough knowledge
of the disease process, which in the case of COVID-19 may be difficult. In contrast
to clinical trials, preclinical research may rapidly assess whether a certain pharma-
cological approach is likely to be worth pursuing. Preclinical studies, by definition,
offer an inadequate picture of disease biology and may produce inconsistent find-
ings, and the knowledge they can provide regarding drug safety and efficacy is
severely restricted. Randomized controlled trials are the gold standard for gathering
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evidence on drug efficacy in clinical trials because they allocate possible confound-
ers to treated and untreated patients at random. The clinical proof is needed to dem-
onstrate a drug’s effectiveness and safety, even if preclinical research indicates
biological plausibility. During a pandemic, conducting methodologically sound
research may be difficult since the rapid spread of low-quality findings may have
severe implications. Several considerations highlight the necessity of interpreting
current clinical data with great care.

As a result, effective drug repositioning necessitates a combination of computer
prediction and in-vitro validation or retrospective clinical history analysis. The
comprehensive methodology, which includes a combination of computational and
experimental methodologies, enables a comprehensive assessment of all reposition-
ing possibilities. Effectiveness and timeliness of repositioned drugs are greatly
improved using a multimodal approach to pharmacological reconstitution [76].
Certain legal concerns may make it difficult to patent a novel therapeutic applica-
tion and/or enforce patent rights, reducing the incentives for drug repurposing.
Certain national regulations make obtaining a patent for a second or subsequent
medical use more challenging, although repurposed medicinal uses are protected in
most of the major pharmaceutical markets. While patents can be awarded for off-
patent drugs, enforcement may be an issue if the new indication makes use of cur-
rently available strengths and dose formulas.

Combining and integrating all the approaches will open up a plethora of new
possibilities for drug development, most notably through the construction and
access to massive databases of drug and disease omics data. Researchers now have
access to the most up-to-date, reliable tools and data to investigate unknown mecha-
nisms of action/pathways based on the target protein and/or biomarkers associated
with disease progression. Thanks to advancements in techniques such as genomics,
proteomics, transcriptomics, and metabolomics, numerous datasets and tools and
pathway analysis are publicly available [77]. Several algorithms have been devel-
oped to improve the speed and convenience of the recalculation methods.
Pharmaceutical repositioning is similarly fraught with difficulties. Repositioning an
existing drug by adding a new therapeutic indication is a difficult and complex task
because it involves numerous factors, like technology, commercial strategy, patents,
investment, and market demand. Selection of an appropriate medicinal product sec-
tor, clinical trial issues such as outdated or inadequate clinical or preclinical data on
the original pharmaceutical or drug product are few prominent challenges.

Conclusion

There are currently no drugs available that are effective in treating COVID-19
patients. While research continues, some countries are experimenting with various
combinations to treat their patients. While computing can aid in repurposing, data
from in vitro drug screening, in vivo research, including animal models, ongoing
clinical trials, electronic health records, literature mining, or expert knowledge must
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be used to evaluate computational drug repurposing methods. Numerous candidate
drugs continue to exhibit experimental flaws, necessitating comprehensive valida-
tion of candidate therapeutics to establish a baseline for technique accuracy. Because
this is impractical, it has become even more critical to combine projections with
expert knowledge. Researchers and scientists should avoid duplicating studies and
organize studies so that the outcomes can be compared. It is also necessary to con-
duct a critical analysis of existing data to determine the efficacy and safety of a drug
for possible repurposing. As a result, additional clinical trials and large randomized
control studies are required through international collaboration to improve the treat-
ment options and safety of COVID-19 patients.
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