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COVID-19 is a complex disease, and many difficulties are faced today especially in
the proper choice of pharmacological treatments. The role of antiviral agents for
COVID-19 is still being investigated and evidence for immunomodulatory and
anti-inflammatory drugs is quite conflicting, whereas the use of corticosteroids is
supported by robust evidence. The use of heparins in hospitalized critically ill patients
is preferred over other anticoagulants. There are conflicting data on the use of
convalescent plasma and vitamin D. According to the World Health Organization
(WHO), many vaccines are in Phase lll clinical trials, and some of them have already
received marketing approval in European countries and in the United States. In
conclusion, drug repurposing has represented the main approach recently used in the
treatment of patients with COVID-19. At this moment, analysis of efficacy and safety
data of drugs and vaccines used in real-life context is strongly needed.
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SCAVONE ET AL.

1 | INTRODUCTION

The vast majority of countries around the world are going through the
second wave of COVID-19 pandemic, which constitutes an imminent
threat to society, in terms of both loss of human lives and devastating
economic consequences. COVID-19 is a complex disease with several
clinical phases of progression, affecting many organs apart from the
respiratory tract. Its progression seems to follow four main stages
(Cordon-Cardo et al., 2020). During the first stage, the SARS-CoV-2
binds to epithelial cells and starts its replication. The main proteins
involved in the cell entry of SARS-CoV-2 are ACE2 receptors and
TMPRSS2 (Fehr & Perlman, 2015; Hoffmann et al., 2020). Many
patients can be asymptomatic at this stage, and the innate immune
response is commonly limited. In the second stage, the virus migrates
down the respiratory tract, leading to the occurrence of many symp-
toms, such as fever, cough, shortness of breath, fatigue, muscle pain,
headache, loss of taste or smell, sore throat, nausea or vomiting, and
diarrhoea (Liu et al., 2020). In this stage, the innate immune response
is triggered and an increase in the level of CXCL10 or other innate
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response cytokine (the so-called cytokine storm) is observed as well
(Qian et al., 2013; Wang et al., 2011). The third stage is represented
by a multisystem inflammation. Given the seriousness of symptoms
(dyspnoea and hypoxia, ground glass infiltrate and progression to
acute respiratory distress syndrome [ARDS], and possible cardiac,
kidney and liver damage), patients frequently require hospitalization
(Guo et al., 2020). In this phase, abnormal coagulation biomarkers can
be detected and a generalized hyperinflammatory state is common
(Del Valle et al., 2020; Leppkes et al., 2020). Lastly, a number of
patients may reach the most critical and lethal stage (the last one),
which is characterized by endothelial damage, thrombosis and multi-
organ dysfunction (Nadkarni et al., 2020). The combinations of severe
respiratory failure and multiorgan failure, acute neurological disease,
and venous and arterial thromboembolic events contribute to the
increase in mortality at this stage. In Figure 1, the main COVID-19
symptoms, in terms of organs and tissues affected, are shown.

Recent studies have discussed the role of genetic errors and
gene loci, mainly in IFN-mediated antiviral signalling and chemokine-
mediated/inflammatory signalling, in life-threatening COVID-19 cases
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FIGURE 1 The main symptoms related to COVID-19, as related to the organs and tissues affected
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(McCoy et al., 2020) as well as the association between autoimmune
diseases and COVID-19-related complications (Karaderi et al., 2020).
In addition, multiple variants of SARS-CoV-2 are circulating globally:
the variant B.1.1.7 from the United Kingdom; the variant B.1.351
from South Africa that shares some mutations with B.1.1.7; and the
variant P.1 from Brazil. All these variants could spread more easily
than other variants, which may lead to more cases of COVID-19
(Centers for Disease Control and Prevention [CDC], 2021).

The clinical features of COVID-19 and the interpatient variability
in its progression demonstrate the complexity of this disease, but they
also explain difficulties faced in the proper choice of pharmacological
treatments. Last May, we reported an overview of the benefit/risk
profile of pharmacological treatments used in patients suffering
from COVID-19 (Scavone et al., 2020). Considering new evidence
recently acquired on the effect of different pharmacological
treatments in patients with COVID-19, in this paper, we aim to
provide an up-to-date overview of medicines, including antivirals,
anti-inflammatory and immune-modulating drugs, anticoagulants and
other therapies that have been used around the world to treat
COVID-19 and related evidence in terms of efficacy profile from
interventional and observational clinical studies. Readers should be
aware that data from observational studies do not give highly valid
data due to their intrinsic limitations, design and chosen pharmacolog-
ical combinations. Safety warnings recently analysed by regulatory
agencies were reported as well. Lastly, an update of vaccines under
advanced clinical development is provided.

2 | CLINICALEVIDENCE OF ANTIVIRAL
AGENTS

A large number of antiviral agents are currently being evaluated for
COVID-19. Figure 2 shows the main drugs evaluated for COVID-19
and their mechanisms of action.

Remdesivir is a nucleotide analogue that inhibits the RNA-
dependent RNA polymerase (RdRp), essential for viral RNA synthesis
of MERS-CoV, SARS-CoV and SARS-CoV-2. A randomized, double-
blind, placebo-controlled, multicentre trial, conducted on hospitalized
adults with laboratory-confirmed SARS-CoV-2 infection, showed no
difference for the time to clinical improvement between the
remdesivir and placebo groups (Wang, Zhang, et al., 2020). A random-
ized, open-label trial, evaluating the efficacy of 5 or 10 days of
remdesivir treatment compared with the standard care in hospitalized
patients with confirmed severe acute respiratory syndrome and
moderate COVID-19 pneumonia, showed that patients treated with
10-day course of remdesivir had no statistically significant difference
in clinical status compared with standard care. On the contrary, those
treated with 5-day course of remdesivir had a statistically significant
difference in clinical status, but the difference was defined as uncer-
tain for clinical importance (Spinner et al., 2020). A double-blind,
randomized, placebo-controlled trial (NIAID-ACTT-1) in adults
hospitalized for COVID-19 showed that remdesivir was superior to

placebo in shortening the time to recovery. Specifically, patients

receiving remdesivir had a median recovery time of 10 days compared
with 15 days of patients receiving placebo (Beigel et al., 2020). Finally,
a randomized, open-label, Phase Il trial on hospitalized patients with
severe COVID-19 not requiring mechanical ventilation, which were
randomized to receive intravenous remdesivir for 5 or 10 days,
showed no difference in terms of clinical status between the two
groups (Goldman et al., 2020). A meta-analysis of these clinical trials
showed that the treatment with remdesivir for 10 days increased the
recovery rate at Day 14 in severe COVID-19 patients ([RR] = 1.5,
95% ; [Cl] 1.33-1.7) and at Day 28 in moderate and severe COVID-19
patients (RR = 1.14, 95% Cl 1.06-1.22). Additionally, in all patients,
remdesivir decreased the mortality rate at Day 14, but not at Day
28 (Elsawah et al., 2020). Based on the results of the NIAID-ACTT-1
trial, the European Medicines Agency (EMA) has granted a conditional
marketing authorization to remdesivir for the treatment of adults and
adolescents from 12 years of age with COVID-19 pneumonia who
require supplemental oxygen. Remdesivir is the first medicine that
was recommended for COVID-19 in Europe through a rolling review
procedure. However, on 20 November 2020, the World Health
Organization (WHO) has issued a conditional recommendation against
the use of remdesivir in hospitalized patients with COVID-19, regard-
less of disease severity, as there is no evidence demonstrating an
improvement of survival or other outcomes during its use in these
patients (WHO, n.d.). Currently, the Committee for Medicinal
Products for Human Use (CHMP) of EMA is evaluating data on
mortality at Day 28 derived from the NIAID-ACTT-1 trial. Moreover,
the EMA has requested the full Solidarity data in order to assess if
any changes are needed to the marketing authorization of remdesivir.
In terms of safety, the EMA is also evaluating a signal for kidney
toxicity (EMA, n.d.).

Lopinavir/ritonavir is a combination of lopinavir, a protease
inhibitor with high specificity for HIV-1 and HIV-2, and ritonavir, an
inhibitor of cytochrome P450, in order to increase lopinavir plasma
concentration (Scavone et al., 2020). Proteases play a key role in the
viral life cycle because they are responsible for the release of
functional viral proteins. Therefore, their inhibition results in the pro-
duction of immature virus particles (Uzunova et al., 2020). First results
from randomized trials in patients with COVID-19 did not show any
benefit for this combination compared with the standard care alone
(Cao, Wang, et al, 2020; Li, Xie, et al.,, 2020), In addition, the
RECOVERY trial showed no reductions in 28-day mortality, duration
of hospital stay, or risk of progressing to invasive mechanical ventila-
tion or death for the lopinavir/ritonavir group (Horby, Mafham,
et al., 2020). A recent meta-analysis showed no difference between
the lopinavir/ritonavir combination and the standard of care in terms
of progression to more severe state, mortality and virological cure on
Days 7-10. Moreover, no difference in efficacy was observed with
lopinavir/ritonavir compared with umifenovir or hydroxychloroquine
(Bhattacharyya et al., 2020). Another meta-analysis demonstrated no
significant difference in terms of negative PCR results between
patients treated with lopinavir/ritonavir and those treated with the
standard care (Wang, Wu, et al., 2020). A retrospective study, carried
out in non-severe patients with COVID-19, showed no improvement
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cannot be supported and further clinical trials are needed. commonly reported adverse events were liver enzyme abnormalities,
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psychiatric disorders, gastrointestinal symptoms and serum uric acid
elevations. (Chen, Zhang, et al., 2020). An open-label study, evaluating
the effects of favipiravir or lopinavir/ritonavir in patients with
COVID-19 who were also treated with aerosol inhalation of IFN-a,
showed a faster viral clearance and a better chest computed tomogra-
phy (CT) change for the favipiravir group (Cai et al., 2020). On the
contrary, the combination of favipiravir and inhaled IFN-$-1b showed
no difference for inflammatory biomarkers at hospital discharge and
for the overall length of hospital stay when compared with hydro-
xychloroquine (Khamis et al., 2020). Another study failed in demon-
strating a virological effect and clinical benefits of baloxavir marboxil
and favipiravir. Authors concluded that this result could be deter-
mined by the insufficient concentrations of these drugs relative to
their antiviral activities (Lou et al., 2020). An adaptive, multicentre,
Phase II/1l clinical trial of favipiravir compared with standard of care
in hospitalized patients with moderate COVID-19 pneumonia demon-
strated a rapid antiviral response with favipiravir (lvashchenko
et al., 2020). Based on these preliminary results, the Russian Ministry
of Health granted, in May 2020, a fast-track marketing authorization
to favipiravir for the treatment of COVID-19 patients. Currently, two
clinical trials are ongoing to evaluate the efficacy and safety of
favipiravir alone (NCT04336904) or in combination with tocilizumab
(NCT04310228) for the treatment of COVID-19. Based on the avail-
able evidence, favipiravir is effective in alleviating symptoms and in
the clinical improvement of COVID-19 patients, but further studies
are needed to prove its benefit in terms of viral clearance, oxygen
support requirement and mortality.

Darunavir is an inhibitor of dimerization and of the HIV-1 prote-
ase, whereas cobicistat is an inhibitor of cytochromes P450 that
increases plasma concentrations of darunavir (Deeks, 2018). At
present, there are conflicting in vitro data on the effect of darunavir in
inhibiting SARS-CoV-2 viral replication (Alshaeri & Natto, 2020;
De Meyer et al., 2020). Results from a single-centre, randomized and
open-label trial of darunavir/cobicistat plus IFN-a-2b, compared with
IFN alpha-2b alone, in COVID-19 patients showed no difference in
the proportion of negative PCR results at Day 7 between the two
groups (Chen, Liu, et al., 2020). Nicolini et al. (2020) reported the
results on the real-life use of darunavir/cobicistat in severe
COVID-19 patients. Their findings showed that, although well toler-
ated, this treatment did not reduce mortality in COVID-19. On the
contrary, a case-control study showed a lower mortality for
darunavir/cobicistat group than the control group (odds ratio
[OR] 0.07, 95% CI 0.01-0.52, P = .009) in critically ill patients with
SARS-CoV-2 infection (Kim et al., 2020).

Sofosbuvir and daclatasvir are direct-acting antivirals that
represent potential candidates for the treatment of COVID-19. A trial,
evaluating the effectiveness of sofosbuvir and daclatasvir compared
with ribavirin in patients with severe COVID-19, showed an RR of
death of 0.17 (95% ClI 0.04-0.73, P=.02) for the sofosbuvir/
daclatasvir group (Eslami et al, 2020). Similarly, a randomized
controlled clinical trial conducted in adults with moderate or severe
COVID-19 showed that the group treated with sofosbuvir/daclatasvir
plus standard care had a significant reduction of the duration of

hospital stay compared with standard care alone (Sadeghi
et al,, 2020). A single-centre, randomized, controlled trial of adults
with moderate COVID-19, comparing the treatment with sofosbuvir,
daclatasvir and ribavirin to the standard care, demonstrated instead
no difference in terms of median duration of hospital stay, number of
intensive care unit (ICU) admissions and the number of deaths
between groups, but the cumulative incidence of recovery was higher
in the sofosbuvir/daclatasvir/ribavirin group (Abbaspour Kasgari
et al., 2020). Further investigations in larger clinical trials are needed.

Nafamostat and camostat mesilate are inhibitors of TMPRSS211,
a protease essential for the penetration of coronaviruses into the cell
(Mascolo et al., 2020). First evidence showed a clinical improvement
with the use of nafamostat and hydroxychloroquine, or nafamostat
and favipiravir in severe COVID-19 patients (Doi et al., 2020;
lwasaka et al., 2020). Moreover, nafamostat was also effective in
three cases of elderly patients with COVID-19 pneumonia. Both
drugs are currently being evaluated in different clinical trials
(www.clinicaltrials.gov).

Ivermectin, a drug used for parasite infestations, has the ability to
reduce, in vitro, the viral RNA of SARS-CoV-2. The ICON study, a
chart review of hospitalized patients with confirmed COVID-19
treated with or without ivermectin, showed a lower mortality in the
ivermectin group, but no difference was found for the extubation
rates or length of stay (Rajter et al., 2020). Another retrospective
study conducted in hospitalized patients showed that a single dose of
ivermectin (200 pg-kg™?) did not improve clinical and microbiological
outcomes of patients with severe COVID-19 (Camprubi et al., 2020).
Preliminary results from a randomized, controlled, Phase lll, clinical
trials, showed the efficacy of the combination of ivermectin and
doxycycline, compared with placebo (NCT04523831).

Finally, monoclonal antibodies (Figure 2), such as meplazumab,
REGN-COV2 and bamlanivimab, have been developed to prevent the
viral attachment of SARS-CoV-2 to host cells.

Meplazumab is an inhibitor of CD147, a glycoprotein involved in
the viral entry of SARS-CoV-2 by interacting with the coronavirus S
protein. CD147 has also a pro-inflammatory activity and regulates
cytokine secretion and leukocyte chemotaxis during viral infections.
Preliminary results showed that meplazumab compared with the con-
trol group was associated with a faster improvement of pneumonia
(Bian et al., 2020). Two clinical trials are ongoing to evaluate the
safety and efficacy of meplazumab in patients with COVID-19
(NCT04275245 and NCT04586153).

REGN-COV2 is a cocktail of two monoclonal antibodies
(casirivimab and imdevimab) targeting the spike protein of SARS-
CoV-2. First descriptive data showed that REGN-COV2 is able to
reduce the viral load and the time to alleviate symptoms in
non-hospitalized patients with COVID-19. REGN-COV?2 also showed
positive trends in reducing medical visits (Regeneron Pharmaceuticals,
Inc., n.d.). Clinical trials are currently ongoing to evaluate its efficacy
and safety for the treatment (NCT04425629, NCT04426695 and
NCT04381936) or prevention (NCT04452318) of COVID-19. On
21 November 2020, the US Food and Drug Administration (FDA)
granted an emergency authorization for REGN-COV2 for the
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treatment of mild to moderate COVID-19 in patients aged 212 years
and weighing at least 40 kg and at high risk for progressing to severe
COVID-19. This approval is based on data from a clinical trial
demonstrating a reduction of COVID-19-related hospitalization or
emergency room visits within 28 days after treatment in patients at
high risk for disease progression (FDA, n.d.-b).

Bamlanivimab is a recombinant, human IgG1 monoclonal antibody
directed against the spike protein of SARS-CoV-2. A Phase | study of
bamlanivimab in hospitalized patients with COVID-19 was success-
fully completed (Eli Lilly and Company, n.d.), and an interim analysis of
an ongoing Phase Il clinical trial in outpatients with mild or moderate
COVID-19 (BLAZE-1) showed that one of three doses of
bamlanivimab accelerates the natural decline in viral load over time
(Chen, Nirula, et al., 2020). Based on these results, on 9 November
2020, bamlanivimab was authorized by the FDA for the treatment of
mild to moderate COVID-19 in adults and paediatric patients
(=12 years), who are at high risk for progressing to severe COVID-19
or hospitalization. Bamlanivimab is recommended to be administered
as soon as possible after a positive COVID-19 test and within 10 days
of symptom onset. Currently, bamlanivimab is being evaluated in a
Phase Il clinical trial assessing the prevention of COVID-19 in
residents and staff at long-term care facilities (BLAZE-2 and
NCT04497987) and in the National Institutes of Health (NIH)-led
ACTIV-2 study in ambulatory COVID-19 patients. In a press release,
Lilly (2021) recently announced that bamlanivimab prevented
COVID-19 at nursing homes in the BLAZE-2 trial, reducing risk by up
to 80% for residents. On 9 February 2021, the FDA issued an
emergency use authorization for bamlanivimab and etesevimab,
another monoclonal antibody that is specifically directed against the
spike protein of SARS-CoV-2, administered together for the treatment
of mild to moderate COVID-19 in adults and paediatric patients who
are at high risk for progressing to severe COVID-19 (FDA, n.d.-a).
Lastly, a new monoclonal antibody is currently under early stage of
development in Italy at the Monoclonal Antibody Discovery (MAD)
Lab of the Fondazione Toscana Life Sciences. This investigational
therapy was obtained starting from convalescent plasma. At this
moment, researchers found that the antibody is able to bind the spike
protein and disable the virus. Thus, this therapy could serve to both
prevent and treat COVID-19 (The Florentine, 2020).

Regarding monoclonal antibodies' safety profile, allergic and
infusion-related reactions—resulting from the activation of the
immune system in response to the antibody— were frequently
observed. Their symptoms might include flushing, itching, shortness
of breath or low BP (Lloyd et al., 2021).

In conclusion, the role of antiviral agents for COVID-19 is still
being investigated. Remdesivir is the only one recommended in Europe
for COVID-19, but it was also recently questioned for efficacy and
safety and is evaluated by the EMA. Regarding monoclonal antibodies,
recent evidence suggests that these drugs are effective in patients at
early stage of the disease, preventing the progression of COVID-19
and reducing the morbidity and mortality of infection and the fre-
quency of hospitalizations (Cohen, 2021). The cost of these drugs might
represent a challenge for healthcare systems. In the United States, for
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instance, the doses will be free of charge, even though some patients
might have to pay for them. In November 2020, the federal govern-
ment waived co-payments for the cost of administering the treatment

for people covered by Medicare (The New York Times, 2021).

3 | CLINICALEVIDENCE OF
IMMUNOMODULATORY AND
ANTI-INFLAMMATORY AGENTS

Since the beginning of the COVID-19 pandemic, the determining role
of inflammatory cytokines in the worsening of clinical conditions has
been identified. Indeed, one of the reasons underlying the occurrence
of serious symptoms (Figure 1) is represented by the increase in levels
of pro-inflammatory cytokines. These mediators are responsible for
the so-called cytokine storm that, in turn, induces ARDS, organ failure
and sepsis (Guo et al., 2020). Many drugs, acting through different
mechanisms, are able to block or reduce the effects mediated by the
cytokine storm (Figure 2).

Tocilizumab is a monoclonal antibody (Figure 2), authorized for
the treatment of many diseases, including rheumatoid arthritis, which
is active against IL-6 receptors, one of the key mediators of the
inflammatory process (Scott, 2017). At the beginning of the pandemic,
the drug was tested in China to reduce lung complications in
20 patients with severe SARS-CoV-2 infection, being associated with
a reduction of oxygen requirement, resolution of CT lesions, normali-
zation of lymphocyte count, reduction of C-reactive protein levels and
hospital discharge (Xu et al., 2020). A few months ago, many trials
evaluating the effects of tocilizumab started in Italy. However, the
availability of new evidence from ongoing clinical trials has led to a
change of course. Indeed, the study carried out by the Local Health
Unit-IRCCS of Reggio Emilia was stopped early, after the enrolment
of 126 patients with COVID-19 pneumonia who did not require inva-
sive or semi-invasive mechanical ventilation procedures. The reason
for the early conclusion lies in the absence of benefit in treated
patients in terms of either worsening (access to the ICU) or survival
(Italian Medicines Agency, 2020a). Similarly, the results of the
COVACTA trial did not reveal a benefit of tocilizumab over placebo in
patients with severe COVID-19 pneumonia. Indeed, no differences
in clinical status between patients treated with tocilizumab and
placebo were found. In addition, no differences between groups were
found regarding the percentage of patients who died by Week 4 and
in ventilator-free days (Roche, 2020). Despite the negative results of
these trials, tocilizumab was associated with positive outcome in other
clinical studies. For instance, the single-arm trial TOVICID-19
evaluated the effects of tocilizumab in 180 hospitalized patients with
SARS-CoV-2 infection, oxygen saturation at rest < 93% or requiring
oxygen support or mechanical ventilation. The results revealed that
the treatment with tocilizumab reduced lethality at 30 days, although
its effects at 14 days was less relevant (Perrone et al., 2020). Lewis
et al. reported the results of an observational cohort study of hospital-
ized patients who received tocilizumab 400 mg intravenously once in

addition to standard of care or standard of care alone. Out of 3580
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patients, 497 were treated with tocilizumab. The propensity score
analysis showed that a lower number of deaths occurred in
tocilizumab-treated patients and that tocilizumab was associated with
improved survival compared with controls (P > .001). No differences
were found between groups in term of adjusted time to hospital
discharge, whereas patients treated with tocilizumab had longer
adjusted ICU length of stay and a higher adjusted infection rate (both
p >.001) than controls. It was unclear whether the infections could
have contributed to prolonged stay in the ICU in patients receiving
tocilizumab or not (Lewis et al., 2020). Tleyjeh et al. carried out a
systematic review and meta-analysis of 24 studies, including five
randomized controlled trials and 19 observational studies. The results
demonstrated that tocilizumab is able to reduce the risk of mechanical
ventilation in hospitalized COVID-19 patients but not the short-term
mortality, at least according to the results of randomized controlled
trials. On the contrary, data from observational studies suggested an
association between tocilizumab and lower mortality. In terms of
safety profile, no higher risk of infections or any other adverse events
was found with tocilizumab use (Tleyjeh et al., 2020). Given the
conflicting evidence currently available on the effects of tocilizumab
in COVID-19 patients, no firm conclusion can be drawn. We should
wait for the results of other studies, such those from the RECOVERY
trial (University of Oxford, 2020b). Furthermore, biochemical parame-
ters like serum IL-6 levels and TH17 cells may contribute to select
subgroups of COVID-19 patients that would specifically benefit from
the treatment with tocilizumab (Cacciapuoti et al., 2020).

Conflicting results were also obtained for sarilumab (Figure 2),
another antibody belonging to the same class as tocilizumab. Benucci
et al. evaluated the efficacy of sarilumab in eight hospitalized patients
(mean age: 62 years). The drug was administered in a dose of 400 mg
in combination with hydroxychloroquine, azithromycin, darunavir,
cobicistat and enoxaparin. Seven patients had an improvement of the
Horowitz index (oxygenation expressed by an increased SpO,/FiO,
ratio). A progressive reduction in the serum amyloid A and CRP
inflammation parameters was observed, and patients were discharged
within 14 days of hospitalization (Benucci et al., 2020). Another study
evaluated the effects of sarilumab in 53 patients with severe
COVID-19. Almost 70% of patients were also treated with darunavir/
ritonavir, whereas 94% were received also hydroxychloroquine.
Thirty-nine patients were treated in medical wards, whereas 14 in
ICU. Among patients who received the drug in the medical wards, at
19-day median follow-up, almost 90% significantly improved. Among
patients who received sarilumab in ICU, almost 36% were still alive at
the last follow-up. The overall mortality rate was 5.7% (Gremese
et al, 2020). Data from a further retrospective study, which was
carried in 15 hospitalized patients, demonstrated that improvements
in respiratory parameters were observed in 10 patients after
sarilumab administration. Five patients who received sarilumab
died (Montesarchio et al., 2020). Overall, the majority of clinical
studies carried out on sarilumab were observational and limited by a
low number of patients. In addition, many other drugs were
coadministered. Thus, also for this drug, further clinical data are

strongly needed.

Chloroquine and hydroxychloroquine (Figure 2) are noteworthy
too. These are antimalarial drugs that have also been used for the
treatment of different rheumatic diseases (Mascolo et al., 2018). Both
drugs show many pharmacological effects, including the stabilization
of the lysosomal membranes, the inhibition of PG synthesis, polymor-
phonuclear chemotaxis and phagocytosis, and a possible interference
with the production of IL-1 by monocytes and inhibition of the release
of superoxide by neutrophils (Italian Medicines Agency, n.d.). These
drugs inhibit the replication of SARS-CoV-2 in experimental models
(Figure 2) (ltalian Medicines Agency, n.d.). The efficacy of hydro-
xychloroquine, as a prophylactic agent, was evaluated in 821 subjects
who had family or occupational exposure with a subject with
COVID-19. The study results revealed no difference in the incidence
of new onset of COVID-19 between participants treated with
hydroxychloroquine (11.8%) and those who received placebo (14.3%).
Adverse events were more commonly observed with hydro-
xychloroquine than with placebo, although no serious adverse
reactions were reported (Boulware et al., 2020). Many clinical trials
evaluated the efficacy and safety of hydroxychloroquine as therapeu-
tic agent. Gautret et al. carried out a single-arm interventional study,
which hydroxychloroquine  (plus
azithromycin) in 36 hospitalized patients with COVID-19. Authors

evaluated the effects of
reported a significant reduction in viral load on Day 6 in patients
treated with hydroxychloroquine compared with controls. The
addition of azithromycin to hydroxychloroquine therapy significantly
contributed to the reduction of viral load (Gautret et al., 2020).
Another study enrolled 11 hospitalized patients treated with hydro-
xychloroquine and azithromycin. After 5-6 days of starting treatment,
the nasopharyngeal swab gave a positive result in 8/10 patients.
These virological results are in contrast with those reported by
Gautret et al. and raise doubts about the effectiveness of the drugs
combination (Molina et al., 2020). A further study found no difference
in viral load reduction and clinical outcomes between hydro-
xychloroquine and standard of care (Chen, Xia, et al., 2020). In addi-
tion, the results of a randomized, double-blind, placebo-controlled
clinical trial (carried out in 491 outpatients at an early stage of
COVID-19) found no differences in symptom severity over 14 days
between hydroxychloroquine and placebo (relative difference 12%;
p =.117) (Skipper et al., 2020). The results of another randomized
study showed that on Day 14, 100% of patients treated with chloro-
quine were discharged from the hospital, compared with 50% in the
lopinavir/ritonavir group. However, it should be underlined that
patients in the chloroquine group were younger and they had started
the treatment earlier (Huang et al., 2020). Lastly, the preliminary
results of the SOLIDARITY study seem to suggest that hydro-
xychloroquine and the combination of lopinavir/ritonavir and IFN-
based regimens have little or no effect on mortality at 28 days or on
hospital course (WHO, 2020a). Alongside with data on the efficacy
profile of chloroquine and hydroxychloroquine, many data on the
safety profile of both drugs were collected as well. The EMA drew
the attention on risks of serious adverse reactions (including heart
rhythm disturbances), highlighting the need for prescribers to closely
monitor patients treated with both drugs (EMA, 2020c). In addition,
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the EMA recommended the use of these medicines only in clinical
trials or in national emergency management programmes in hospital-
ized patients under close monitoring (EMA, 2020b). The FDA also
highlighted the need for patients' monitoring when treated with
hydroxychloroquine, especially regarding the risk of severe changes in
heart rhythm (tachycardia, atrial fibrillation and torsades de pointes)
and recommended the use of these drugs only in the context of
clinical trials (US FDA, 2020). In June 2020, the WHO suspended the
hydroxychloroquine treatment arm in the multicentre clinical trial
SOLIDARITY (Italian Medicines Agency, 2020b). Lastly, on November
2020, the Pharmacovigilance Risk Assessment Committee (PRAC) of
the EMA recommended updating the product information for chloro-
quine or hydroxychloroquine due to the risk of psychiatric disorders
and suicidal behaviour (EMA, 2020e). In conclusion, data related to
the efficacy and safety profile of antimalarial drugs are quite
conflicting. We should wait for the results of clinical trials currently
ongoing (www.clinicaltrials.gov).

Corticosteroids, especially dexamethasone and
methylprednisolone, could be considered one of the mainstays in the
treatment of COVID-19, especially for patients with severe disease,
to prevent its worsening and complications and to resolve its serious
symptoms. As reported in Figure 2, corticosteroids are associated
with multiple mechanisms, including the increase in the gene
transcription of anti-inflammatory cytokines; the decrease in gene
transcription of pro-inflammatory cytokines, chemokines and
adhesion molecules; and a reduction in inflammatory response. All
these effects would contribute to suppress the cytokine storm. The
preliminary results of the RECOVERY trial provided the most
significant evidence supporting the use of dexamethasone. In this
controlled, open-label trial, patients were randomized to receive oral
or intravenous dexamethasone 6 mg-day ! for up to 10 days
(n = 2104) or the usual care alone (n = 4321). According to the level
of respiratory support, the incidence of death was lower in
dexamethasone group among patients receiving invasive mechanical
ventilation or oxygen without invasive mechanical ventilation (Horby,
Lim, et al., 2020). These results, together with those from other ran-
domized clinical studies (Jeronimo et al., 2020; Tomazini et al., 2020),
showed that dexamethasone could be considered a treatment option
in hospitalized subjects with severe COVID-19 infection who require
oxygen therapy, whether or not they have mechanical ventilation
(invasive or not invasive). Based on the preliminary results of the
RECOVERY trial, the CHMP of the EMA concluded that dexametha-
sone can be considered for patients who require oxygen therapy, and
the EMA is endorsing its use in adults and adolescents at a dose of
6 mg once a day for up to 10 days (EMA, 2020d). Recently, the
WHO REACT Working Group carried out a meta-analysis of seven
randomized clinical trials that evaluated the efficacy of corticoste-
roids (dexamethasone, hydrocortisone or methylprednisolone) in
1703 critically ill patients with COVID-19. The results showed that,
compared with usual care or placebo, the OR for the association with
mortality was 0.64 P < .001) for dexamethasone, 0.69 (P = .13) for
hydrocortisone and 0.91 (P = .87) for methylprednisolone. Sixty-four

serious adverse events were observed among patients randomized to
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corticosteroids and 80 serious adverse events among patients
randomized to usual care or placebo. Authors concluded that the
administration of systemic corticosteroids, compared with usual care
or placebo, was associated with lower 28-day all-cause mortality
(Sterne et al., 2020). Lastly, several clinical trials are currently under-
way or in development to evaluate corticosteroids for the treatment
of COVID-19 (www.clinicaltrials.gov).

Similarly to corticosteroids, non-steroidal anti-inflammatory drugs
(NSAIDs) (Figure 2) and paracetamol represent valuable therapeutic
options in patients with COVID-19, especially for outpatients at early
stage (not severe form), to treat fever and muscle pain (EMA, 2020a).
At the beginning of the outbreak, the role of NSAIDs was misjudged
due to some concerns that arose from few studies (Capuano, Scavone,
et al., 2020). Specifically, in March 2020, the French Minister of
Health recommended the use of paracetamol instead of ibuprofen or
oral cortisone for the treatment of fever in patients with COVID-19.
This statement was supported also by the French authorities, which
announced that NSAIDs might worsen clinical conditions of patients
with COVID-19 (Ministére de la Santé, 2020). Recently, new clinical
data have become available regarding the use of NSAIDs in patients
with COVID-19. For instance, Rinott et al. carried out a retrospective
cohort study on 403 patients with COVID-19. Of the entire cohort,
87 patients received ibuprofen and 316 did not. No significant differ-
ence was found between groups in terms of mortality and respiratory
support. The comparison of ibuprofen users with paracetamol users
did not reveal any difference in mortality rates or the need for respira-
tory support (Rinott et al., 2020). A prospective cohort study enrolled
patients with COVID-19, who were interviewed about NSAID use
and infection outcomes (such as death, admission, severity, time to
clinical improvement, oxygen requirement and length of stay).
According to study's results, neither the acute use of ibuprofen
nor chronic NSAID use was associated with a greater risk of mortality
compared with non-use (adjusted hazard ratio [HR]: 0.632 [95% ClI
0.073-5.441; p=.6758] and adjusted HR 0492 [95% CI
0.178-1.362; p = .1721], respectively) (Abu Esba et al., 2020). Lastly,
a further multicentre, observational study, which collected data
related to 1222 hospitalized patients with COVID-19 (of whom
54 were routinely prescribed NSAIDs prior to admission), found no
evidence that routine NSAID use was associated with higher
COVID-19 mortality (Bruce et al., 2020). Based on these results and
according to the recommendation from the EMA, paracetamol
remains the first-line option for the treatment of fever, and there is
no reason for patients who are taking NSAIDs for chronic diseases to
stop taking them (EMA, 2020a).

Other drugs able to reduce the hyperinflammation are currently
under evaluation in patients with COVID-19, including baricitinib,
ruxolitinib and eculizumab. For instance, the effects of baricitinib, a
JAK inhibitor that is able to suppress the cytokine storm and to inter-
rupt the passage and intracellular assembly of SARS-CoV-2 into the
target cells (Zhang et al., 2020), were evaluated in 12 patients with
mild-moderate COVID-19 pneumonia. At Week 1 and Week 2, the
drug improved the clinical and laboratory parameters, and none of
the patients required ICU support (Cantini, Niccoli, Matarrese,
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et al,, 2020). The same research group carried out an observational,
retrospective, multicentre study in hospitalized patients with moder-
ate COVID-19 pneumonia to compare the 2-week effectiveness and
safety of baricitinib and lopinavir/ritonavir (n = 113) compared with
hydroxychloroquine and lopinavir/ritonavir (n = 78). The results
showed that the fatality rate and the ICU admission were significantly
lower among patients treated with baricitinib (Cantini, Niccoli,
Nannini, et al., 2020). Based on data currently available, no firm
conclusion can be drawn on the effects of baricitinib in COVID-19
patients. In addition, due to a possible increased risk of herpes zoster
and simplex infections, a group of Italian researchers suggested that the
use of baricitinib should be considered with extreme caution (Favalli
et al, 2020). Ruxolitinib is a JAK1 and JAK2 inhibitor (El Bairi
et al,, 2020) whose effects are currently evaluated in the RUXCOVID-
DEVENT trial (NCT04377620) in COVID-19 patients with ARDS requir-
ing mechanical ventilation. Lastly, two recent studies highlighted the
benefits deriving from the treatment with eculizumab (Annane
et al., 2020; Laurence et al., 2020). This is a monoclonal antibody that
inhibits the terminal portion of the complement cascade involved in the
inflammatory response. The study carried out by Laurence et al. (2020)
reported the experience of three critical COVID-19 patients who expe-
rienced a marked decline in p-dimers and neutrophil counts after
eculizumab treatment. The results of the proof-of-concept study carried
out by Annane et al. showed that, in a population of 80 patients with
severe COVID-19 admitted to ICU, the estimated survival was 82.9%
with eculizumab and 62.2% without eculizumab (log-rank test, P = .04).
Based also on the positive results on rapid decrease in lactate, blood
urea nitrogen, bilirubin levels and a rapid increase in platelet count and
prothrombin time observed with eculizumab, authors suggested that
the drug could improve survival and reduce hypoxia in patients with
severe COVID-19 (Annane et al., 2020).

In conclusion, many immunomodulatory and anti-inflammatory
drugs have been tested in patients with COVID-19, but today, the
evidence is quite conflicting for most of them. In addition, many of
the published studies are observational or suffer from many limita-
tions, including the lack of a sample size calculation or control groups
and the use of surrogate endpoints (viral load instead of mortality
rate). At present, the highest number of concluded clinical studies was
found for tocilizumab, hydroxychloroquine and corticosteroids.
Among these drugs, only the use of corticosteroids seems to be
supported by robust evidence, whereas data related to the efficacy
and safety of tocilizumab and hydroxychloroquine are quite
conflicting. Therefore, further data from randomized controlled trial or

well-designed observational studies are strongly needed.

4 | ANTICOAGULANT AND
ANTIPLATELET DRUGS

As shown in Figure 1, among the most serious clinical complications
of COVID-19, there is the onset of a coagulopathy that is a cause of
death in COVID-19 patients along with respiratory failure (Asakura &
Ogawa, 2020). At the beginning, the state of hyperinflammation and

hypercoagulability was identified as disseminated intravascular coag-
ulation (DIC) (Marietta et al., 2020). However, the pathophysiology
of COVID-19-associated DIC is different from the classic one (septic
or traumatic DIC) (Asakura & Ogawa, 2020). In fact, in COVID-19
patients, the most common pattern of coagulopathy is characterized
by increased levels of fibrinogen and p-dimer, a mild prolongation
of PT/aPTT and a mild thrombocytopenia, which can also be
absent in some patient (Atallah et al., 2020; American Society of
Hematology, 2020b).

The exact mechanisms contributing to coagulopathy in
COVID-19 patients are not completely understood. In general, inflam-
mation and coagulation are known to be linked by different molecular
signals. Pro-inflammatory mediators can stimulate the expression of
intravascular tissue factor, leukocyte adhesion molecules and plasmin-
ogen activator inhibitor-1 (PAI-1) (Gozzo et al., 2020). Moreover,
inflammation can activate the coagulation cascade by overexpressing
thrombin both systemically and locally in the lungs, leading to fibrin
deposition and subsequent tissue damage. SARS-CoV-2 could also
directly damage vascular endothelial cells through its bond to ACE2,
which could represent the first injury triggering the abnormal
coagulation (Li, Liu, et al, 2020). In this context, the generalized
hypercoagulable state of COVID-19 patients could be due to the
involvement of Type Il pneumocytes, the extensive pulmonary micro-
vascular network and the extensive hyperinflammatory state that is
similar to the macrophage activation syndrome. Finally, the develop-
ment of hypoxemia, secondary to ARDS, might also activate the
coagulation cascade and could contribute to endothelial dysfunction
(Gozzo et al., 2020; McGonagle et al., 2020).

A better understanding of the thromboembolic risk in patients suf-
fering from COVID-19 could help to optimize both diagnostic strategies
and pharmacological management (Capuano, Rossi, & Paolisso, 2020;
Lodigiani et al., 2020). In this regard, an observational study found that
the in-hospital mortality in patients who required mechanical ventilation
was lower for those treated with anticoagulants than those not receiv-
ing the anticoagulant treatment (Paranjpe et al., 2020). Undoubtedly,
heparins, either unfractionated or in low MW forms (LMWH), used for
blocking or limiting the state of hypercoagulability, represent a good
therapeutic option in patients with COVID-19. Apart from anticoagulant
properties, heparins mitigate the inflammatory state exercising non-
anticoagulant mechanisms such as inhibition of heparanase activity, che-
mokine and cytokine neutralization, interference with leukocyte traffick-
ing, neutralization of extracellular cytotoxic histones and reduction of
viral cellular entry (Buijsers et al., 2020). Therefore, the benefit of using
heparins could be related to the ability of blocking both coagulation and
inflammation. Accordingly, a retrospective observational study demon-
strated that heparins improved the coagulation dysfunction of
COVID-19 patients and exerted anti-inflammatory effects by reducing
IL-6 and increasing lymphocyte percentage (SHI et al., 2020). Another
observational study found that the treatment with heparin was associ-
ated with a lower mortality in hospitalized patients with COVID-19
(Ayerbe et al., 2020).

The WHO has recommended the use of LMWH, such as
enoxaparin, in patients hospitalized with COVID-19 to prevent
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venous thromboembolism (WHO, 2020b). The optimal anticoagulant
dosage to be used in patients with COVID-19 is still being
debated. Guidelines recommend the use of prophylactic doses of
LMWH in hospitalized COVID-19 patients unless contraindicated,
but not in non-hospitalized patients (Gozzo et al., 2020; NIH, 2020;
WHO, 2020b). As

Hematology (2020a), many protocols have adopted an intermediate-

reported by the American Society of
intensity dose (administering the usual daily LMWH dose twice daily)
or even a therapeutic-intensity dose strategy for thromboprophylaxis
based on local experience. Another guideline suggests the use, in
acutely/critically ill patients with COVID-19, of a standard dose of
anticoagulant over intermediate (LMWH twice daily or increased
weight-based dosing) or full treatment dosing and to prefer
unfractionated heparins over LMWH in patients at high risk of bleed-
ing (including those with severe renal failure) (Moores et al., 2020). A
recent retrospective study, evaluating the effects of different doses of
LMWH on the incidence of bleeding in COVID-19 patients admitted
to ICUs, showed that the use of therapeutic doses did not increase
the risk of bleeding. Moreover, the study suggested the importance of
applying a risk stratification based on p-dimer values for critically ill
patients with COVID-19 (Pavoni et al., 2020). Based on these
considerations, a close clinical monitoring and an individual patient
evaluation for the risk of thrombosis and bleedings should be applied
(Gozzo et al., 2020). Currently, several different clinical trials are
ongoing to evaluate the treatment with heparin in hospitalized
patients with COVID-19 (www.clinicaltrials.gov).

Aspirin (acetylsalicylic acid), an irreversible platelet inhibitor used for
conditions such as myocardial infarction, strokes and pre-eclampsia in
pregnant women, has been investigated in COVID-19 patients. In addi-
tion to its anti-inflammatory and anti-thrombotic effects, aspirin has
shown a significant antiviral activity against DNA and RNA viruses,
including different human coronaviruses (Bianconi et al., 2020). More-
over, the use of aspirin has been associated with reduced thrombo-
inflammation and lower rates of clinical complications and in-hospital
mortality in different types of infections (Bianconi et al., 2020). Observa-
tional studies demonstrated some benefit in reducing the risk of ICU
mortality, acute lung injury and ARDS (W. Chen et al., 2015; Erlich
et al., 2011), whereas a larger observational study did not demonstrate
any difference between aspirin use and ALI (Kor et al., 2011). Moreover,
a randomized, double-blind, placebo-controlled, randomized clinical trial,
conducted on 390 patients, showed that the use of aspirin compared
with placebo did not reduce the risk of ARDS (Kor et al., 2016). First data
from a retrospective cohort study of adult patients hospitalized with
COVID-19 showed that aspirin was associated with a decreased risk of
mechanical ventilation, ICU admission and in-hospital mortality, with no
difference for major bleedings between aspirin and non-aspirin users
(Chow et al., 2020). The drug will be tested for its effect of reducing
blood clots in the world's largest clinical trial of treatments for patients
hospitalized with COVID-19 (RECOVERY trial)

Oxford, 2020a). If effective, aspirin may be beneficial because it is safe,

(University  of

accessible and inexpensive.
Oral anticoagulants or other antiplatelet agents (P2Y,, receptor

antagonists) are available for clinical use. Their use in SARS-CoV-2
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infection derives from the effects of the cytokine storm on enhanced
platelet activation, thrombotic microangiopathy and clotting, as well
as the effects of activated platelets on neutrophil activation (Banik
et al., 2021). However, concerns were raised about their interactions
with multiple medications that are being used and tested for the
treatment of COVID-19 (Gozzo et al., 2020). For instance, sarilumab
and tocilizumab can reduce plasma concentrations of apixaban,
rivaroxaban and warfarin, whereas atazanavir and lopinavir/ritonavir
can increase drug concentrations of apixaban and rivaroxaban and
reduce the active metabolite of clopidogrel and prasugrel (American
Society of Hematology, 2020a).

In conclusion, the use of heparins in hospitalized critically ill
patients is preferred over other anticoagulants because of the shorter
half-life and fewer drug-drug interactions, being also the first choice

for pregnant women.

5 | OTHER THERAPIES

Convalescent plasma is a mixture of inorganic and organic
compounds, water and proteins (including albumin, immunoglobulins,
complement, coagulation and antithrombotic factors). Stringent
criteria need to be satisfied in order to be a convalescent donor.
Specifically, donors should have the following characteristics: aged
between 18 and 65 years, absence of infectious symptoms and a
negative test for COVID-19 14 days after the recovery (Tiberghien
et al., 2020). The main procedure to obtain plasma is apheresis, which
is based on a continuous centrifugation of blood from the donor
(Bloch et al., 2020). Few clinical studies were concluded, and their
results could provide new insights regarding the efficacy and safety
profile of plasma therapy in COVID-19 patients. Li, Zhang, et al.
reported the results of an open-label, multicentre, randomized clinical
trial carried out in 103 participants with a severe form of COVID-19,
who were randomized to receive convalescent plasma in addition to
standard treatment (n = 52) or the standard treatment alone (n = 51).
According to the study's results, the convalescent plasma therapy was
not associated with a statistically significant improvement in time to
clinical improvement within 28 days compared with standard
treatment alone (Li, Zhang, et al., 2020). Simonovich et al. carried out
a randomized controlled trial in 334 hospitalized adult patients with
severe COVID-19 pneumonia, who were randomized to receive
convalescent plasma (nh = 228) or placebo (n = 105) in addition to
standard treatment. Authors evaluated the effects of the therapy in
terms of changes in patient's clinical status 30 days after the interven-
tion. As in the previous study, no difference in terms of efficacy was
found between treatments groups at Day 30. Regarding the safety
profile, infusion-related adverse events were detected in 4.8% of
patients in the convalescent plasma group and in 1.9% of patients in
the placebo group, even though no significant differences were found
in the overall incidence of adverse events or serious adverse events
(Simonovich et al., 2020). On the other hand, few small trials or case
series reported that the convalescent plasma therapy might be
beneficial in COVID-19 patients. For instance, Duan et al. (2020)
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reported that the administration of 200 ml of convalescent plasma in
10 severe patients led to a significant improvement in clinical symp-
toms and no severe adverse effects were observed. Lastly, a further
case series described the effects of the convalescent plasma therapy
in five critically ill patients with COVID-19 and ARDS, who improved
after receiving the therapy (Shen et al., 2020). Despite their positive
results, these studies' findings should be interpreted with caution
considering the limited number of patients who were enrolled and the
study designs that did not allow making any comparison. In conclu-
sion, based on the conflicting evidence currently available, the use of
convalescent plasma needs to be considered as investigational. Intra-
venous immunoglobulins, which are isolated from the pooled plasma
of healthy donors, are used for the treatment of many autoimmune
and inflammatory diseases and could represent a good option to
improve the prognosis of critical-type patients with COVID-19 (Cao,
Liu, et al., 2020; Galeotti et al., 2020).

Many studies are currently investigating the effects of vitamin D
in COVID-19 patients. This interest derives from the evidence
suggesting the role of vitamin D in reducing the risk of cold and
acute respiratory infections. Many mechanisms seem to underlie this
effect, including the effects of vitamin D on cellular natural immunity
and adaptive immunity through the decrease in cytokine storm (this
effect was observed on IFN-y, TNF-a and CD4" T-cell count
(Ali, 2020). In addition, vitamin D improves the production of
antimicrobial peptides in the respiratory epithelium, potentially
reducing the risk of local infection, and it seems to interact with
ACE2 (Mitchell, 2020). Pizzini et al. investigated the association
between of vitamin D status and COVID-19 presentation among
109 patients, using data from the CovILD registry. They found that
low vitamin D levels were not associated with poor clinical and
radiological outcomes of COVID-19 (Pizzini et al., 2020). A further
study, which was based on data from the UK Biobank, aimed to
establish whether blood 25-hydroxyvitamin D concentration was
associated with COVID-19 risk or not. Data were available for
348,598 UK Biobank participants, of which 449 had COVID-19
infection. Authors concluded that no association was found in terms
of potential association between vitamin D concentrations and the
risk of COVID-19 infection (Hastie et al., 2020). Ultimately, current
evidence on a potential correlation between vitamin D and
COVID-19 is contradictory. Therefore, we should wait for results
from clinical trials, which are currently underway to evaluate the
effects of vitamin D supplementation on mortality, morbidity,

prevention and treatment of COVID-19 (www.clinicaltrials.gov).

6 | VACCINES ALREADY AUTHORIZED OR
UNDER ADVANCED STAGE OF CLINICAL
DEVELOPMENT

According to the WHO, up to 2 February 2021, 63 candidate
vaccines are under clinical evaluation and 175 under preclinical evaluation
(WHO, 2020c). Specifically, 21 vaccines are already in advanced stage of
clinical development, being evaluated in Phase Il clinical trials.

In Table 1, an overview of these vaccines is reported. For some of
these products, many clinical studies are currently undergoing, but
others have already provided preliminary results. Among these
21 vaccines, four were already approved by the EMA and FDA or are
under advanced evaluation for the marketing approval: ChAdOx1-S
(AZD1222, AstraZeneca), LNP-encapsulated mRNA (mRNA-1273,
Moderna), 3 LNP-mRNAs (BNT162b2, Pfizer) and adenovirus type
26 vector (Ad26.COV2.S, Janssen).

On 8 December 2020, the preliminary results of Phase Ill trials of
the COVID-19 vaccine developed by AstraZeneca and Oxford Univer-
sity were published in the Lancet. This vaccine was developed using a
chimpanzee adenovirus viral vector that triggers the expression of the
spike protein of SARS-CoV-2. Once injected, the human cells produce
the protein and train the immune system to antibodies and T-cells
against it. The published preliminary results refer to data from
four ongoing randomized, controlled trials, which are currently
underway across the United Kingdom, Brazil and South Africa
(studies ISRCTN89951424, NCT04324606, NCT04400838 and
NCT04444674). Adult participants were randomized to receive two
doses of the vaccine (both containing 5 x 10'° viral particles
[standard dose cohort, SD] or a low dose as first dose and a standard
dose as second dose [LD/SD cohort]) or control (meningococcal
group A, C, W and Y conjugate vaccine or saline). From April until
November 2020, 23,848 participants were enrolled. Of these, 11,636
participants were included in the interim primary efficacy analysis. In
SD and LD/SD cohort, the vaccine efficacy was 62.1% and 90%,
respectively. Starting from 21 days after the first dose, 10 cases
hospitalized for COVID-19 all in the control arm occurred. One
hundred and seventy-five severe adverse events occurred, of which
84 in the ChAdOx1 nCoV-19 group and 91 in the control group.
Among serious adverse events, there were cases of haemolytic
anaemia and transverse myelitis. Authors concluded that the new
vaccine is efficacious and it could contribute to control of the disease
in this pandemic (Voysey et al., 2020). The British and Indian
regulatory agencies have granted marketing approval for the Oxford
University/AstraZeneca vaccine. On 29 January 2021, the EMA
recommended a conditional marketing authorization for this
vaccine too.

Pfizer developed a lipid nanoparticle-formulated, nucleoside-
modified RNA vaccine that encodes a prefusion stabilized, membrane-
anchored SARS-CoV-2 full-length spike protein, BNT162b2, whose
efficacy and safety were recently published in the NEJM (Polack
et al., 2020). Specifically, a multinational, placebo-controlled, pivotal
efficacy trial, which is still ongoing, enrolled 43,548 patients aged
>16 years of age and who were randomized to receive two doses,
21 days apart, of placebo or the BNT162b2 vaccine (30 pg per dose).
A total of 43,448 received injections: 21,720 with the vaccine and
21,728 with placebo. Study's results revealed for the vaccine an
efficacy in preventing COVID-19 equal to 95% (95% Cl 90.3-97.6);
indeed, after the second dose, eight cases of COVID-19 were
detected among subjects who received BNT162b2 versus 162 among
those assigned to placebo. Similar results were found across subjects'

subgroups by age, sex, race, ethnicity, baseline body mass index and
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the co-morbidities. After the first dose, nine cases of severe
COVID-19 were detected among subjects receiving placebo versus
one case in those receiving BNT162b2. BNT162b2 demonstrated
a good safety profile, being associated with short-term, mild-
to-moderate injection site reactions, fatigue and headache, and no
differences were detected between the groups in term of serious
adverse events (Polack et al., 2020). This vaccine was first approved in
the United Kingdom with its administration started in December
2020, and then it was authorized, during the same month, by the FDA
for emergency use in subjects 16 years of age and older. Finally, on
21 December 2020, the EMA has granted a conditional marketing
authorization for this vaccine to prevent COVID-19 in people from
16 years of age.

Moderna also developed an RNA vaccine and recently provided
data on the achievement of its study's primary efficacy endpoints.
The results of the COVE study (NCT04470427), a Phase lll, ran-
domized, placebo-controlled study, which is investigating the effi-
cacy, safety and immunogenicity of mRNA-1273 SARS-CoV-2
vaccine in 30,000 adult subjects in the United States, were recently
published in the NEJM. The mRNA-1273 vaccine has 94.1% efficacy
at preventing COVID-19. Thirty subjects, all receiving placebo,
developed severe COVID-19. Local and systemic reactions occurred
in subjects who received the vaccine, but no safety concerns were
identified. Serious adverse events were rare, and no differences
were found between the placebo and vaccine groups (Baden
et al, 2020). On 18 December 2020, the US FDA issued an
emergency use authorization for the second vaccine to prevent
COVID-19 in individuals 18 years of age and older. The EMA autho-
rized this vaccine on 6 January 2021.

Recently, some concerns related to clinical studies on Pfizer's and
Moderna's vaccines were highlighted, mainly related to suspected
COVID-19 cases not confirmed by PCR, the exclusion of subjects
from the efficacy analysis for protocol deviations, and the potential
confounding role of medications to treat pain and fever symptoms
(Doshi, 2021). Even though the request of raw data related to clinical
trials' results is shareable, we should consider that regulatory agencies
have been reviewing safety and efficacy data on authorized vaccines.
Indeed, on 28 January, the EMA published the latest safety data for
Pfizer vaccine. No new safety concerns were identified, including
in frail individuals. Therefore, the EMA stated that the benefits of
this vaccine continue to outweigh any risks, and there are no
recommended changes regarding the use of the vaccine (EMA, 2021).

Lastly, the efficacy and safety of adenovirus type 26 vector
(Johnson & Johnson) are currently evaluated in Phase Il ENSEMBLE
and ENSEMBLE 2, randomized, double-blind, placebo-controlled
clinical trials (both studies will enrol approximately 90,000 subjects).
On 29 January 2021, Johnson & Johnson announced that the vaccine
candidate met primary endpoints in interim analysis of Phase
3 ENSEMBLE Trial (Johnson & Johnson, 2021). The FDA scheduled a
meeting on 26 February 2021, to discuss the request for emergency
use authorization for this vaccine. Finally, on 3 February 2021, the
EMA started the rolling review for NVX-CoV2373, developed by
Novavax CZ AS.
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Many other vaccines are under evaluation in Phase |-l clinical tri-
als. Some of them are facing delays in achieving the study outcomes.
For instance, Sanofi and GSK announced a delay in their adjuvanted
recombinant protein-based COVID-19 vaccine programme due to a
low immune response in adults aged >49 years, for an insufficient
antigen concentration. The pharmaceutical companies state that they
will carry out a Phase llb study with an improved antigen formulation
(Sanofi, 2020).

In  conclusion, immunization programmes with COVID-19
vaccines have already started around the world. Therefore, prelimi-
nary efficacy and safety data from real life will be soon available. In
addition, at this moment, evidence suggests that antibodies generated
through vaccination with the currently authorized vaccines also
recognize SARS-CoV-2 variants (CDC, 2021).

7 | CONCLUSION

The spread of the new COVID-19 was inevitably followed by an
intense search for therapies able to counteract severe signs and
symptoms of this disease. Today, pharmacological researches are
focusing on different drug classes, including antivirals, immunomodu-
latory and anti-inflammatory agents, anticoagulants and antiplatelet
drugs, convalescent plasma and vitamins. Other drugs are currently
administered among inpatients and outpatients with COVID-19, such
as antibiotics. The use of these drugs is, on many occasions, neces-
sary, given that patients with COVID-19 may also develop bacterial
infections, such as pneumonia.

Given the absence of a specific drug able to block the replication
of SARS-Cov-2, drug repurposing has represented the main approach
recently used. This is the case, for example, of antivirals, whose role
however is still debated. Also for remdesivir, which is the only drug
recommended for COVID-19, some concerns related to its efficacy
profile were raised by the WHO based on the results of the open-
label SOLIDARITY trial. Given these concerns, the EMA is currently
re-evaluating the drug.

Many immunomodulatory and anti-inflammatory drugs have been
tested in patients with COVID-19 as well. Based on current evidence and
considering the limitations of published clinical studies on these drugs, no
firm conclusions can be drawn. Among these drug classes, tocilizumab,
hydroxychloroguine and corticosteroids have been extensively studied,
even though only the use of corticosteroids seems to be supported by
robust evidence, for both outpatients and inpatients requiring supplemen-
tal oxygen. In addition, anti-inflammatory actions explain the significant
role of NSAIDs, mainly ibuprofen and paracetamol, especially in patients
suffering from a mild form of COVID-19 (early stage—manageable at
home) to solve symptoms like fever and joint and muscle pain.

The role of heparins is noteworthy too. Indeed, the administration
of these drugs in critically ill patients is crucial in order to reduce the
thromboembolic risk, which is one of the most serious consequences
of COVID-19.

In addition, based on the results of published studies, the role of

convalescent plasma and vitamins is still not clear. Therefore, we
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should wait for results from clinical trials, which are currently ongoing
to evaluate the effects of these therapies on mortality, morbidity,
prevention and treatment of COVID-19.

Other drugs, such as the combination of monoclonal antibodies
REGN-COV2, might represent a powerful strategy to avoid patients' hos-
pitalization and alleviate the burden on the healthcare system. At this
moment, REGN-COV2 and bamlanivimab have received approval from
the FDA, whereas the EMA has started the rolling review for REGN-
COV2. The ltalian Medicines Agency recently decided to make these
treatments available for specific patient populations, while continuing
the evaluation of evidence on their efficacy and safety profile.

In conclusion, the results of the studies summarized in this review
article were quite conflicting. Apart from methodological limitations
of clinical studies, there was a large difference in how studies
defined clinical endpoints whether that be mortality, negative PCR
testing, hospital discharge or safety profile of drugs. In addition, we
should consider that few SARS-CoV-2 variants were detected and, at
this moment, it is not possible to exclude the possibility that these
variants might evade some pharmacological therapies presently
effective.

Lastly, out of 21 vaccines in advanced stage of clinical develop-
ment, three have already obtained marketing approval and two are
under evaluation by the EMA. Preliminary efficacy data for these
vaccines revealed a high efficacy rate and a good safety profile.
However, according to the EMA, further post-marketing studies are
needed in order to better evaluate their effectiveness and immediate

and longer term protection in a greater number of subjects.

7.1 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to
corresponding entries in http://www.guidetopharmacology.org and
are permanently archived in the Concise Guide to PHARMACOLOGY
2019/20 (Alexander, Fabbro et al, 2019; Alexander, Kelly
etal, 2019).
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