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The pandemic of the coronavirus disease 2019 (COVID-19) represents an unprecedented challenge to identify
effective drugs for prevention and treatment. Due to the similarity of cancer-induced inflammation, immune
dysfunction, and coagulopathy to COVID-19, anticancer drugs, such as Interferon, Pembrolizumab or

Bicalutamide, are already being tested in clinical trials for repurposing, alone or in combination.

drug repurposing COVID-19 cancer pandemic vaccination

| 1. Background

The coronavirus disease 2019 (COVID-19) pandemic, caused by the severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), has caused catastrophic damage to human life. Since December 2019, the
pandemic has spread worldwide and still is ongoing. SARS-CoV-2 primarily infects the upper and lower respiratory
tract; however, it can also affect other vital organs. Most people recover from the acute phase of the disease, but
some people continue to experience a range of effects for months after recovery. Clinical management is currently
focused on supportive care and prevention and control of complications such as acute respiratory distress
syndrome (ARDS) .

Although the world’s attention is understandably centred on reports of COVID-19 vaccine updates, from supply to
administration, the need for treatments cannot be overlooked, as vaccination cannot protect everybody and as
infection overwhelms hospitals and nursing homes. When we compare COVID-19 to the common flu, which is
routinely targeted and has readily available and effective vaccines, we can see that no vaccine is ideal. Therefore,
flu medications are still in high demand to avoid hospitalization and save lives. While the rise of new variants of
COVID-19 threatens the efficacy of the available vaccines, it is critical that we must continue researching therapies
to minimize hospitalization and cure COVID-19. The world health organization created (WHO) guidelines on using
vaccines and antivirals during influenza pandemics to address the shortage of vaccines and antivirals 2,
Demonstrating that with therapy, people can live longer and gain control over the pandemic’s curse, as the
likelihood of people becoming ill and spreading the disease decreases. Therapeutics also can be used as

prophylactics to prevent hospitalizations and severe cases of the disease.

The food and drug administration (FDA) granted emergency use authorization to two monoclonal antibody
treatments for non-hospitalized adults and children over the age of 12 who have mild to moderate COVID-19

symptoms, who are at risk for developing severe COVID-19 or being hospitalized for it. Regeneron’s casirivimab
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and imdevimab combo and Eli Lilly's bamlanivimab and etesevimab combination are the two treatmentsPrior
approval for the single use of bamlanivmab to treat COVID-19 was withdrawn in April 2021 due to new data
revealing minimal efficacy [8l. While these medications can be beneficial, the need for intravenous administration

(IV) requires a visit to a clinic or hospital immediately after symptoms appear, which limits their use.

Consequently, effective therapies, which are available to anyone who needs them, must work with various
populations and ensure that the responses to the pandemic are globally successful and inclusive. Having both
important tools in our arsenal would ensure that most of the population is shielded from the severe effects of
COVID-19. However, the development of novel antiviral drugs needs long-term investigation in clinical trials.
Therefore, the benefit of repurposing drugs to justify off-label usage is linked to the established safety profile.
However, it may vary depending on the disease and the consolidated data on pharmacodynamics,
pharmacokinetics and efficacy in phase |-V trials #I&l. Some host cell targets that interfere with the viral growth
cycle, such as kinases, are commonly shared in the mechanisms of multiple viral infections and other conditions

such as cancer, indicating the possibility of translating information through medical disciplines and disease models
61,

| 2. Viral, Host and Immune Targets in COVID-19

Antiviral therapy and prevention approaches are focused on (a) inhibiting the replication of the viral genome by
either preventing the virus from entering the host cells or suppressing one or more phases of replication; (b)
boosting the immune system and producing a type of antiviral memory via vaccination; (c) injection of antiviral

antibodies generated in the plasma [,

SARS-CoV-2 replicates similarly to other Coronaviridae viruses. Coronaviruses can infect the host through both
endosomal and non-endosomal (cell surface) routes. The viral protein kinases and their associated signaling
cascades have now been targeted in order to reduce coronavirus replication, particularly SARS-CoV-2. The virus
can enter the cells via endocytosis or plasma membrane fusion through the interaction between the Spike (S)
protein of the virus and angiotensin-converting enzyme 2 (ACE2) and transmembrane protease serine 2
(TMPRSS?2) at the target cell ],

After receptor-mediated endocytosis of the virus into the host cells, the virus releases the viral genome (single-
stranded positive RNA) and uses the host ribosome to translate into viral polyproteins. Viral proteinases 3CLpro
and PLpro cleave viral polyproteins into effector proteins. RNA-dependent RNA polymerase, in turn, synthesizes a
full-length negative-strand RNA template, which is used to make more viral genomic RNA. The viral genome then
is synthesized by genomic replication, and four essential structural viral proteins (nucleocapsid (N), spike (S),
membrane (M) and envelope (E)) are produced by transcription and translation [2. The N protein binds genomic
RNA, while S, M and E proteins are integrated into the membrane of the endoplasmic reticulum (ER), forming
ERGIC—endoplasmic reticulum-Golgi intermediate compartment (also referred to as a vesicular-tubular cluster).

The assembled nucleocapsid with helical twisted RNA is encapsulated into the ER lumen, viral progeny is
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transported by the ERGIC toward the plasma membrane of the host cell, and finally, the daughter virus is released

by exocytosis 12,

The SARS-CoV-2 infection activates both innate and adaptive immune responses in the host. Patients with severe
COVID-19 have a lower number of natural killer (NK) cells and a higher level of the C-reactive protein. The early
failure of antiviral immunity during SARS-CoV-2 infection is correlated with a significant decrease in total T cells
and NK cells 111,

Exploring potential clinical targets for COVID-19 attenuation is critical for long-term COVID-19 treatment.

| 3. Similarities of Cancer Inmune Response and COVID-19

Cancer treatment is still a major challenge, but tremendous progress in anticancer drug discovery and
development has occurred in the last few decades. The spent decades developing drugs for cancer-induced
inflammation, immune dysfunction, and vascularization provided us with a number of drug options that could be

useful in the treatment of other diseases.

Patients affected by COVID-19 also display inflammation, immune dysfunction and vascular syndrome dysfunction
12

Evidence suggests that the immune response to SARS-CoV-2 can play different roles: dysregulated immune
responses in critically ill patients with COVID-19 is reflected by lymphopenia, mainly affecting CD4+ T cells,
including effector, memory, and regulatory T cells, and decreased IFN-y expression in CD4+ T cells. Exhaustion of
cytotoxic T lymphocytes, activation of macrophages, and a low human leukocyte antigen-DR expression on CD14
monocytes has been noted in patients with COVID-19 [13]. These similarities led scientists to consider anticancer
therapy for the management of COVID-19 [14],

Furthermore, the homeostasis maintained by the vascular endothelium in health is affected by COVID-19 infection.
In clinical studies, patients with COVID-19 have higher levels of fibrinogen, fibrin degradation products, and D-
dimer, which appear to be related to disease severity and thrombotic risk 12, Since the susceptibility to thrombotic
events tends to be, at least in part, linked to inflammation and activation of the innate immune system that can
cause systemic coagulation pathways. Therefore, the counterparts between the mechanisms of immunotherapy-
related toxicities and the COVID-19 cytokine storm must be well considered in order not to affect the efficiency of

the reused drug and increase the risk of the disease.

| 4. Repurposing Anticancer Drugs against COVID-19

The drug repurposing approach puts the drug discovery process on a fast track. COVID-19 researchers’ attention
to its potential growth is wider in a range of different scientific fields. Due to the availability of in-vitro and in-vivo

screening data, chemical optimization, toxicity studies, bulk manufacturing, formulation development and
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pharmacokinetic profiles of FDA-approved drugs, drug development cycles are shortened as all these critical steps
can be bypassed 1311241 |n addition, there is no need for larger investments and repurposed drugs are proven to be
safe in preclinical models, thus lowering the attrition rates as well. The main advantage of drug repurposing is
associated with the established safety of the known candidate compounds. The development time frame and costs
are substantially reduced when advancing a candidate into a clinical trial, which is possible without neglecting the
comorbidities already associated with certain medications not to aggravate the patient condition provoked by the

viral infection (8.

Several drugs that have been approved for cancer indication by the US FDA are now in COVID-19 clinical trials to

test their efficiency in reducing mortality and speed up recovery. The following Table 1, Table 2, Table 3, Table

4, Table 5 and Table 6 represent anticancer drugs in clinical trials for COVID-19. In this review, we explore

according to different categories of therapies which drugs represent more or fewer advantages for COVID-19.

Table 1. Anticancer drugs in clinical trials for COVID-19: Interferon-based therapies.

. . . Source
Anticancer Viral—Host ""ec*‘a'?'s"‘ of Combination Primary End-Point (20 May
Drug Targets Action
2021)
Jakl and Jakl and Tyk2 - Negative SARS-
Tyk2 CoV-2
IEN oV- hRNA on ? [16]
nasopharyngea
Jak1 and
Tyk2 Jakl and Tyk2 - swab
Jakl and Tyk2 - Clinical Improvement
Percentage of
Jakl and Tyk2 Lopinavir, ritonavir subjects reporting
severity
IFN-B1A Jakl and Hydroxychloroquine, Reduce Mortality [L6]
Tyk2 lopinavir, ritonavir
HeroxychIoroqgme, Time to clinical
lopinavir, ritonavir, .
. . improvement
umifenovir
Multifactorial All-cause mortality
Remdesivir Clinical improvement
IFN beta Jakl and [16]
1b Tyk2 Jakl and Tyk2 L Reduce
ribavirin e
hospitalisation
IFN-A2B activate two activate two Jak - Improvement in [16]
Jak (Janus (Janus kinase) FMTVDM
kinase) tyrosine kinases
tyrosine (Jakl and Tyk2)
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. . . Source
Anticancer Viral—Host Mechaqlsm of Combination Primary End-Point (20 May
Drug Targets Action
2021)
kinases (Jak1l Measurement with
and Tyk?2) nuclear imaging
) Incidence of adverse
events
IEN-B1A/B Jakl and Jak1 and Tyk2 Heroxych_Ioroqu_lne, T|me to clinical [16]
Tyk2 lopinavir, ritonavir improvement
Jakl and Jak1 and Tvk2 Hydroxychloroquine, Time to negative
Tyk2 y lopinavir, ritonavir NPS viral load
IFN-B1B [15]
Jakl and Ribavirin, lopinavir, Time to negative
Tyk2 YL G AL ritonavir NPS
Table 2. Anticancer drugs in clinical trials for COVID-19: Anti-cytokine agents.
Anticancer Viral—Host = Mechanism of N . - Source (20
Drug Targets Action Combination Primary End-Point May 2021)
Inhibition of Inhibit the
Tha_lldo- mflammatory !oroductl-.on of _ Time to clinical recovery [16]
mide cytokine interleukin
production (IL)-6
The proportion of patients
- Requiring ICU admission
at any time
) Mortality in siltuximab 7]
Siltuximab Interleukin-6 Interleukin-6 treated patients
Anakinra Tlme to clinical
improvement
tocilizumab  Ventilator-free days
Table 3. Anticancer drugs in clinical trials for COVID-19: Immune-checkpoint inhibitors.
. Viral—Host  Mechanism of s . . Source
Anticancer Drug . Combination Primary End-Point (20 May
Targets Action
2021)
. Can prevent the
PD(;\:rL]t:)tlgzklng PD-1 tumor cell from - Lung injury score [L6]
y binding PD-1
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. Viral—Host Mechanism of s . . Source
Anticancer Drug . Combination Primary End-Point (20 May
Targets Action
2021)
i Time to clinical [16]
PD-1/PD-L1  Immune mprovement
Nivolumab pathway homeogta&s i Efficacy and safety [16]
blockade restoration
- Viral clearance kinetics 18]
PD-1/PD-L1  Immune Percentage of patients
Pembrolizumab pathway homeostasis Tocilizumab  with the normalisation of [L6]
blockade restoration SpO2 296% in room air
Table 4. Anticancer drugs in clinical trials for COVID-19: Hormone therapy.
. . . Source (6
Anticancer Viral—Host Mechanism of c .. - .
. mbination Primary End-Point Februar
Drug Targets Action Ll e R e =
2021)
) COVID-19 symptom [18]
relief
Bicalutami- Downregulates Binding of
de TMPRSS2 androgen receptor Red.u<_:e number of
participants
Camostat .
requiring
hospitalization
. Reduce androgen . . . .
Enzalutami- . S Competitive binder Time to worsening 18]
de driven morbidity in of androgens _ of disease
COVID-19 g
. . Inhibition of viral
Interaction with . -
: . membranes fusion : Clinical [16]
Toremifene coronavirus . Melatonin .
. with Host cell improvement
proteins
endosomes
Decreased the Compete with 17(3- "

Tamoxifen PGE2 production estradiol (E2) gt - Lung injury score
the receptor site

Table 5. Anticancer drugs in clinical trials for COVID-19: The inhibitor of elongation factor 1A and the eukaryotic

initiation factor 4A.

Anticancer Viral—Host Mechanism of s . . Source (20
Drug Targets Action Combination Primary End-Point May 2021)
Plitidensin Blockade of Interference with ) Frequency of occurrence  [16]
P eEF1A the viral cycle of Grade 3 or higher AEs
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Anticancer Viral—Host Mechanism of s . . Source (20
. Combination Primary End-Point
Drug Targets Action May 2021)
. Blockade of Inhibition of [16]
Zotatifin elF4A protein biogenesis a
Table 6. Anticancer drugs in clinical trials for COVID-19: Blockade of kinase cascades.
. . . Source
Anticancer  Viral—Host Mechaljlsm ol Combination Primary End-Point (20 May
Drug Targets Action
2021)
Immune - Overall survival
Duvelisib oK homeostasis . 6]
inhibition restoration and viral i Reduce overall necessity
replication inhibition of ventilation
Inhibition of Protection against
7 anubrutinib the Bruton immune, lethal and i The resp_lratory failure- [16]
tyrosine sepsis-induced free survival rate
kinase pulmonary injuries
- Fever to normal time
Inhibit the
replication of - Percentage of patients
Carrimycin SARS-CoV-2 nhibits mTOR alive without the need for (L7
. pathway
in - supplemental oxygen and
the cells ongoing in patient-medical
care
Inhibiti f . . . :
tﬂelg:ﬁg;’ Protection against The respiratory failure-
Ibrutinib . immune-induced - free survival rate, overall 181
tyrosine o .
: lung injury survival
kinase

4.1. Interferon-Based Therapies

The homeostasis maintained by the vascular endothelium in health is affected by COVID-19 infection. In clinical
studies, patients with COVID-19 have higher levels of fibrinogen, fibrin degradation products, and D-dimer, which

appear to be related to disease severity and thrombotic risk 2.

SARS-CoV-2 compromises the type 1 interferon antiviral response; therefore, IFN administration seemed a
promising approach to stimulate macrophages, which engulf antigens and natural killer cells (NK cells). IFN might
be able to strengthen the immune system by activating dormant components 29 Clinical trials are running to test

its effectiveness either alone or in combination with other drugs.

Ribavirin, lopinavir/ritonavir, remdesivir or hydroxychloroquine are some of the drugs tested in combination with

IFNs in clinical trials (see Table 1). The study by Hung IF-N et al. demonstrated that early treatment with interferon
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beta-1b, lopinavir—ritonavir, and ribavirin is safe and highly effective in shortening the duration of the virus
shedding, decreasing cytokine responses and allowing patients with mild to moderate disease to be discharged
COVID-19 [21],

The problem is that when interferons boost the immune system, COVID-19 are likely to worsen before they
improve. Giving anyone an interferon-based drug if they are still on a ventilator and their symptoms are about to
overtake them may be fatal. This is why, in the case of viral infections, interferon therapies are usually only used as
a last resort [22. Nonetheless, interferon has already shown success against the antiviral activity, due to their ability
to modulate the immune response, which is considered a “standard of care” in suppressing Hepatitis C and B
infections [29,

4.2. Anticytokine Agents

The current COVID-19 infection is linked to elevated cytokine levels or hypercytokinemia. Patients who develop
cytokine storms quickly experience cardiovascular collapse, multiple organ dysfunction and death 23, The marked
elevation of serum cytokines, especially tumor necrosis factor-alpha, interleukin 17 (IL-17), interleukin 8 (IL-8) and

interleukin 6 (IL-6), is seen in patients with COVID-19 who go through pneumonia and hypoxia [24! (Table 2).

The administration of IL-6 blocking agents, such as tocilizumab and siltuximab, has been shown to be effective (23],
Repurposing tocilizumab would be interesting for the prevention or treatment of lung injury caused by COVID-19
since there is currently no effective antiviral therapy. In prospective studies, tocilizumab was linked to a lower

relative risk of mortality, but the effects on other outcomes were inconclusive.

The drug siltuximab is a chimeric monoclonal antibody that binds to interleukin-6 (IL-6), preventing binding to
soluble and membrane-bound interleukin-6 receptors. Current evidence showed that siltuximab led to a reduced

mortality rate from COVID-19 promising to be a possible therapy; however, more studies are necessary 23,

4.3. Imnmune-Checkpoint Inhibitors

Immune checkpoints are regulatory molecules that are found on the surface of immune cells. When proteins on the
surface of immune cells called T cells recognize and bind to partner proteins on other cells, such as tumor cells,
immune checkpoints are activated. The T cells receive an “off” signal which may prevent cancer from being
destroyed by the immune system. Therefore, immune checkpoint inhibitors are immunotherapy drugs that work by
preventing checkpoint proteins from binding to their partner proteins. As a result, the “off” signal is not sent,

allowing T cells to kill cancer cells 281271,

The same principle can be applied for COVID-19 as a potential therapeutic approach (see Table 3). Evidence from

preclinical models suggests that blocking programmed death receptor 1 (PD1) protects against RNA virus
infections. Among the ICls, antibodies capable of blocking the pathway of programmed death 1 (PD 1)/PD ligand-1
(PD L1) are promising. PD-1 expression levels on NK cells and T-cells were found to be highly upregulated in

COVID-19 patients. When treated with anti-PD 1 and anti-PD L1 antibodies, they regain their T cell competence
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and effectively counteract viral infection (28128 Nivolumab and Pembrolizumab are ICIs that were successfully
introduced into the management of various solid cancers, particularly for melanoma [24!. Currently, there is a phase

Il to trial to access efficacy for COVID-19. Pembrolizumab was tested in combination with tocilizumab 28],

4.4. Hormone Therapy

Androgen deprivation therapy (ADT), also known as androgen suppression therapy, is an antihormone therapy
used to treat prostate cancer. Increasing evidence suggests that androgen has the potential to regulate the cellular
TMPRSS?2 expression and ACE2 [29],

TMPRSS2 is a membrane protease necessary for COVID pathogenesis, which is regulated by androgens.
Blocking TMPRSS2 with bicalutamide can reduce viral replication and improve clinical outcomes. These agents
may down-regulate TMPRSS2 mRNA and expression resulting in less entry of SARS-CoV-2 entry into cells and
thus could arise as promising therapeutic tools in early SARS-CoV-2 infection and COVID-19 2% see Table 4. A

combination of bicalutamide in combination with camostat has the potential to reduce hospitalizations.

Toremifene used in the treatment of advanced breast cancer in postmenopausal women is a first-generation
nonsteroidal-selective estrogen receptor modulator. It displays potential effects in blocking various viral infections,
including MERS-CoV, SARS-CoV and Ebola virus. Prevents fusion between the viral and endosomal membrane by
interacting with and destabilizing the virus membrane glycoprotein and eventually inhibiting viral replication (311,
Moreover, a preliminary study reveals a high potential for the synergistic effects of melatonin and toremifene to

reduce viral infection and replication 2.

4.5. Inhibitor of Elongation Factor 1A and the Eukaryotic Initiation Factor 4A

Other molecules revealed potent pre-clinical efficacy against SARS-CoV-2 by inhibiting replication. In the life cycle
of SARS-CoV-2, many host proteins play a role, and some are required for viral replication and translation. Drugs
that target viral proteins are usually the focus of research, but a complementary approach is to target the required

host proteins (Table 5).

Plitidepsin is an inhibitor of elongation factor 1A (eEF1A) and is an authorized drug in Australia for the treatment of
multiple myeloma. Antiviral activity of plitidepsin has been analyzed in a human hepatoma cell line infected with the
HCoV-229E-GFP virus, a virus similar to the SARS-CoV-2 virus 22l Clinical studies using this drug are already
taking place to assess safety and toxicity profile in patients with COVID-19 who require hospital admission, being

the main goal is to select the recommended dose levels of plitidepsin for future phase 2/3 efficacy studies.

Another promising drug being tested in clinical trials is Zotatifin to assess its safety and tolerability. Zotatifin is a
selective small-molecule inhibiting the eukaryotic initiation factor 4A (elF4A), a powerful anti-proliferative target
found at the intersection of the RAS and PI3K signaling pathways 241,

4.6. Blockade of Kinase Cascades
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To test the hypothesis that PI3K blockade could hamper immune system hyperactivation and thus reduce lung
inflammation and interfere with the viral cycle, researchers used one of the most successful targeted strategies in
cancer treatment: kinase cascade blockade 2. In a randomized placebo-controlled phase 2 study, Duvelisib, an
orally bioavailable phosphatidylinositol 3-kinase (PI13K) selective inhibitor, is being evaluated for its ability to reduce
inflammation in the lungs of patients with severe acute respiratory syndrome coronavirus 2 infections. As has been
demonstrated repeatedly for multiple compounds in this pharmacological class, PI3K inhibitors, including the drug
duvelisib, can cause lung inflammation and increase the risk of infections, and special caution is required during

clinical trials using this class of molecules (Table 6).

On the other hand, Zanubrutinib is an irreversible Bruton tyrosine kinase inhibitor. The aberrant activation of the
Bruton tyrosine kinase has a key role in the tumorigenesis of B-cell lymphoma. For COVID-19 evidence suggesting
protective effects, a phase Il trial is ongoing, aiming to reduce the disease-related immune dysregulation and
hyper-inflammation 32,

4.7. Radiation and Prophylactic Vitamin D

Low-dose thoracic irradiation strategies with anti-inflammatory or prophylactic vitamin D have shown antiviral
potential. However, there is a lack of direct pre-clinical and clinical evidence for COVID-19 and other therapeutics

that may be more accessible, less risky, and less complicated for treatment [36],

Recently, we have acquired an unparalleled knowledge of the molecular processes and immune tolerance
mechanisms regulating the occurrence and severity of human neoplasms, contributing to a wide variety of targeted
anticancer and immunotherapy treatments 7. Despite their specificity, however, small-molecule inhibitors and
antibody-based therapies cause both on-and off-target effects, including immune-related pneumonia and diabetes,
among other conditions, which need to be addressed when translating COVID-19 anticancer therapy. Now it is
necessary to continue with clinical trials to overcome the uncertainties about the risks of certain therapeutics and
understand which could be more beneficial in a time where vaccines are already available. Therapeutics along with

immunization are the key to getting rid of the pandemic.
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