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Abstract: The coronavirus disease 2019 (COVID-19) pandemic, related to the novel severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), has caused a worldwide sudden and substantial
burden in public health due to an enormous increase in hospitalizations for pneumonia with the
multiorgan disease. Treatment for individuals with COVID-19 includes best practices for supportive
management of acute hypoxic respiratory failure. Emerging data indicate that dexamethasone ther-
apy reduces 28-day mortality in patients requiring supplemental oxygen compared with usual care,
and ongoing trials are testing the efficacy of antiviral therapies, immune modulators and anticoagu-
lants in the prevention of disease progression and complications, while monoclonal antibodies and
hyperimmune globulin may provide additional preventive strategies. Consensus suggestions can
standardize care, thereby improving outcomes and facilitating future research. This review discusses
current evidence regarding the pharmacotherapy of COVID-19.
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1. Introduction

At the end of 2019, a novel coronavirus was identified as the cause of a cluster of pneu-
monia cases in Wuhan, a city in the Hubei Province of China and shortly spread throughout
China, followed by an increasing number of cases in other countries throughout the world [1].
In February 2020, the World Health Organization (WHO) designated the disease COVID-
19, which stands for coronavirus disease 2019, while the virus that causes COVID-19 was
designated as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [2].

The natural history of the COVID-19 infection can be divided into three main phases.
Each phase of the disease has different symptoms that range from asymptomatic or mild
disease to acute respiratory distress syndrome (ARDS) with multiorgan failure and shock.
The early infection phase, involving viral replication, is characterized by mild or absent
symptoms, while in the second pulmonary phase, which is driven by the host immune
response, there is a predominance of respiratory symptoms, with hypoxemia, cough, short-
ness of breath and pneumonia, along with thrombotic events (especially in patients with
comorbidities such as arterial hypertension, diabetes, chronic heart and respiratory disease
and obesity), that may lead to acute hypoxemic respiratory failure (AHRF), multiorgan
failure and shock [3]. In some cases, there is a third phase that leads to a rapid increase
in inflammatory cytokines, such as ferritin, C-reactive protein, IL-13, IL-1Ra, TNF-a, as
well as IL-6, IL-10, IL-18 and IFN-y, an uncontrolled inflammatory response known as
cytokine storm syndrome that takes place after inflammatory cascade activation [4]. This
hyperinflammation phase is a marker of the illness severity and increased mortality and
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may lead to rapid deterioration, with ARDS and multiorgan failure and need for intubation
and ICU admission [5].

Until now, most viral infections tended to be treated with supportive care, and in
some cases, antiviral therapy is used. As therapeutic interventions seem mandatory,
at least in severe and critical COVID-19, in this study, we will review and discuss the
supportive care along with specific, advanced approaches based on severity profile. For
hospitalized patients, the standard of care mainly consists of adequate hydration, oxygen
therapy, antibiotic use and thrombotic prophylaxis, accompanied by vital sign observation.
Antivirals, along with immunomodulatory treatments, are more likely to be effective in
the second and third phases of the disease [6]. Based on the latest literature, we will
furthermore review and discuss these advanced and specific COVID-19 therapies.

2. Anti-Viral Agents

Several previously published studies have indicated that remdesivir, a viral RNA-
dependent RNA polymerase inhibitor, may show some effectiveness against SARS-CoV-1,
MERS-CoV and SARS-CoV-2 [7,8]. In the early ACTT1 trial [9], 1062 patients underwent
randomization, 541 of whom were assigned to remdesivir and 521 to placebo, respectively.
In that trial, reductions in recovery time and length of hospital stay (the primary outcomes
of the study) were shown, from 15 to 10 days (rate ratio for recovery 1.29, 95% CI 1.12-1.49;
p <0.001) and from a median of 17 days to 12 days, respectively, while other secondary
endpoints also showed positive benefits. However, no benefit on clinical recovery was ob-
served in patients who received remdesivir at an advanced stage of the disease (symptoms
>10 days) or in those who entered the study when they were already on mechanical venti-
lation or extracorporeal membrane oxygenation (recovery rate ratio 0.98, 95% CI 0.70-1.36).
Goldman et al., in a SIMPLE-Severe study [10], demonstrated similar clinical improvement
(>2 points, in a 7-point ordinal scale) by day 14 with remdesivir given for 5 days versus
10 days in patients with severe COVID-19: 65% of patients in the 5-day group improved
their clinical status versus 54% in the 10-day group (p = 0.14 for the baseline-adjusted dif-
ference between arms). Similarly, in a SIMPLE-Moderate study (a three-arm randomized,
controlled trial in 584 hospitalized patients with SARS-CoV-2 infection and radiographic
infiltrates by imaging with SpO2 > 94% on room air), Spinner et al. showed that patients
receiving remdesivir for 5 days were 65% more likely to have clinical improvement on a
7-point ordinal scale at day 11 versus patients receiving standard of care alone (OR: 1.65;
95% CI: 1.09-2.48; p = 0.02), while the 10-day scheme did not show superiority versus the
standard of care (No OR reported; p = 0.18) [11]. In contrast, other trials, including the
large SOLIDARITY trial [12], demonstrated no evidence of benefits on mortality (rate ratio
of 0.95; 95% CI 0.81-1.11; p = 0.50) or other clinical outcomes, regardless of age or need for
ventilatory support.

An updated meta-analysis of existing trials, including ACTT1, SOLIDARITY and other
additional trials performed by the SOLIDARITY group, also demonstrated no mortality
benefit of remdesivir (RR 0.91, 95% CI 0.79-1.05) [13]. Interestingly, the results of an ACTT2
study suggest that if remdesivir is given in combination with the Janus kinase-inhibitor
baricitinib, significant decreases in time to recovery are observed in hospitalized patients
with SARS-CoV-2 [14]. Nevertheless, as the effectiveness of remdesivir, with or without
additional therapies, is unclear, further large studies are required to confirm its uselessness
against the standard of care, with respect to endpoints, such as clinical improvement,
clinical deterioration and length of stay, as well as to identify eligible subgroups of patients
who will benefit from therapy, based on the timing of administration and ventilatory
support requirements.

Lopinavir, an HIV type 1 aspartate protease inhibitor, combined with ritonavir, has
been previously shown to reduce the risk of adverse clinical outcomes and decrease the
viral load in patients with SARS, as compared to historical controls [15,16]. However,
three randomized trials, RECOVERY [17], SOLIDARITY [12] and a randomized, open-label
Chinese trial [18], showed no effect of lopinavir-ritonavir combination on mortality in
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SARS-CoV-2 patients, while no other benefits were evident for various endpoints, including
time to clinical improvement, viral load, viral clearance, discharge from hospital within
28 days and the need for invasive mechanical ventilation. Adverse events, including
serious ones, were not increased, despite the known adverse event profile and drug-drug
interactions of the lopinavir-ritonavir combination. [19,20]. However, as the drug does not
seem effective and may theoretically present a potential for patient harm, clear evidence of
its efficiency would be required to recommend its use, justifying a strong recommendation
against its use currently.

Danoprevir is a potent hepatitis C virus (HCV) protease (NS3/4A) inhibitor, which
was approved in 2018 in China for the treatment of hepatitis C. A small (n = 11) open-
label, single-arm study evaluated the effects of danoprevir, boosted by ritonavir, in mod-
erate COVID-19 patients hospitalized for pneumonia without respiratory failure. The
primary endpoint of the study was the rate of composite adverse outcomes (defined
as SPO2 < 93% without oxygen supplementation, PaO2/FiO2 < 300 mm Hg or a respi-
ratory rate >30 breaths/min without supplemental oxygen), while the efficacy was also
evaluated. Danoprevir/ritonavir (100/100 mg/day, per os) was well tolerated in all pa-
tients, and no composite adverse outcomes occurred during the study. After the initiation
of the treatment, the first negative reverse real-time PCR (RT-PCR) test was detected at a
median of 2 days (range 1-8 days); an improvement in infiltrates in CT scans was demon-
strated at a median of 3 days (range 2—4 days); all patients were discharged from the
hospital after 4-12 days of therapy. However, as the study was limited by its small sample
size, the results need to be confirmed by large randomized trials [21].

3. Antibiotics

In a Wuhan-based study reporting outcomes and treatment for 191 patients hos-
pitalized for COVID-19 [22], 50% of the deaths were imputable to secondary bacterial
infections. The reported incidence of potential respiratory bacterial co-infections upon
admission was 3.5% in several cohort studies, while secondary bacterial infections during
hospitalizations occurred up to 15% of patients [23]. A systematic review on bacterial
and fungal co-infections in COVID-19 patients reported an overall percentage of 8% of
bacterial infections at any time during hospitalization, with the most common pathogens
reported being: S. aureus, H. influenzae, S. pneumoniae and K. pneumoniae, while Mycoplasma
spp., Enterobacter ales, A. baumannii and P. aeruginosa have also been reported [24]. Most
bacterial pneumonias detected early enough can be safely and effectively treated with
antibiotics [25]. Thus, antibiotics appear to be a crucial defense against mortality in COVID-
19 patients. Broad-spectrum antibiotics are being widely used in hospitalized patients
with COVID-19 pneumonia and/or signs of bacterial co-infection, with the most common
antibiotic classes prescribed being fluoroquinolones, followed by macrolides, 3-lactam/ 3-
lactamase inhibitors and cephalosporins [26]. However, as excessive antibiotic use drives
the emergence of antibiotic-resistant bacteria and antimicrobial resistance is by now a burn-
ing issue, antibiotics should be used with caution in COVID-19 patients. In daily practice,
it is difficult to distinguish viral from bacterial pneumonia. As to what should be done
with antibiotic therapies in the COVID-19 era, several guidelines have been additionally
published, such as those from the Netherlands, the UK (NICE guidelines) and South Africa,
as well as experts’ recommendations [24,27-29].

There appears to be a consensus among these documents that in the presence of
suspected bacterial co-infection, particularly in most severe cases, local and /or national
guideline-concordant antibiotics should be commenced. The 2020 Surviving Sepsis Cam-
paign guideline on COVID-19 recommended treating critically ill patients admitted to the
ICU with empiric antibiotic therapy within 1 h while waiting for the test results. If all the
cultures are negative after 48-72 h of incubation, it may be reasonable to discontinue antibi-
otics, whereas if the microbiological results indicate the presence of a bacterial co-infection,
antibiotic treatment may be able to be narrowed depending on the findings and should
be continued for 5-7 days [30]. The evidence based on bacterial infections in COVID-19 is
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currently limited; therefore, large, randomized, controlled trials on the epidemiology of
bacterial infections and antibiotic use in COVID-19 are needed.

4. Systemic Corticosteroids

As excessive inflammation seems to play an important role in severe COVID-19, there
is a strong scientific rationale for the use of anti-inflammatory treatments, particularly
systemic corticosteroids, to down-regulate the aggravated inflammatory cascade [31,32].

The most consistent outcome of corticosteroids’ efficacy in COVID-19 has been re-
ported in the Randomized Evaluation of COVID-19 therapy (RECOVERY) trial [33], which
enrolled 6425 hospitalized patients with COVID-19, 2104 of whom were randomized to
receive dexamethasone (6 mg per day for 10 days) plus the standard of care or the standard
of care alone. A significant reduction in mortality was reported with dexamethasone for
both groups overall (22.9% versus 25.7%; p < 0.001), as well as in patients receiving oxygen
(23.3% versus 26.2%) or mechanical ventilation (29.3% versus 41.4%) at randomization.
However, no clear effect on mortality was manifested for patients with no supplementary
oxygen requirements (17.8% versus 14.0% in dexamethasone and standard of care, respec-
tively), with a pooled odds ratio for all patient subgroups of 0.70 (95% CI 0.48-1.01) and
a greater mortality benefit in response to the treatment with dexamethasone for patients
with a longer duration of symptoms. Still, the trial showed a numerically shorter median
duration of hospitalization (12 versus 13 days), a statistically significant decreased need for
invasive mechanical ventilation (risk ratio 0.77; 95% CI, 0.62 to 0.95) and a greater proba-
bility of discharge alive in 28 days (rate ratio 1.10; 95% CI 1.03-1.17) with dexamethasone
plus the standard of care versus the standard of care alone. Similarly, the CoDEX trial [34]
evaluated 299 patients with moderate or severe COVID-19-related ARDS (CARDS), con-
cluding that dexamethasone plus standard of care resulted in a statistically significant
increase in the number of days alive and in days free of mechanical ventilation over 28 days
versus standard of care alone. Moreover, Vilar et al. [35] showed a beneficial mortality
effect of high dose dexamethasone compared to a placebo in a prospective, multicenter,
randomized, controlled trial of 314 patients with persistent moderate/severe CARDS.

Two RCTs of hydrocortisone [36,37] showed numerical, although non-significant,
trends towards reduced mortality in hospitalized patients with COVID-19. In the REMAP-
CAP open-label study (n = 384), a 7-day fixed-dose or shock-dependent dosing course of
hydrocortisone resulted in reductions in hazard ratios for hospital and ICU length of stay
in patients with severe COVID-19 [36]. On the contrary, the CAPE COVID trial (n = 149)
was prematurely stopped, as no difference in reducing treatment failure, manifested as
death or persistent respiratory failure, was exhibited with low-dose hydrocortisone versus
comparators [37].

In a parallel, a double-blind, placebo-controlled and randomized trial of methyl-
prednisolone (0.5 mg/kg) compared with the placebo plus standard of care, numerical
non-significant trends towards reduced mortality were observed, with no difference in
hospitalization outcomes [38] On the contrary, in a single-blind randomized controlled
clinical trial, significantly reduced mortality and time to hospital discharge or death were
reported with methylprednisolone pulse administration (250 mg-day—1 intravenously for
3 days) plus the standard of care versus the standard of care alone (5.9% versus 42.9%,
p < 0.001 and median 11.6 versus 17.6 days, p = 0.006, respectively). A significant reduction
in the proportion of patients receiving oxygen was also shown after 3 days of treatment
with methylprednisolone compared to before treatment (82.4% versus 100%; p = 0.025) [39].

In a systematic review and meta-analysis of pooled data from seven RCTs conducted
by the WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT) working
group [40], the efficacy of different corticosteroid schemes (dexamethasone, hydrocor-
tisone or methylprednisolone, 678 patients) versus usual care or a placebo (1025 patients)
was evaluated in patients with critical COVID-19. This meta-analysis revealed that the
administration of various types and doses of systemic corticosteroids was associated with
a lower 28-day all-cause mortality compared to usual care or placebo, with an odds ratio of
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0.61 (95% CI1 0.48-0.78; p < 0.001) for low-dose schemes and 0.83 (95% CI 0.53-1.29; p = 0.46)
for high-dose schemes, with the same benefit in mortality with either dexamethasone or
hydrocortisone, suggesting a class effect (OR 0.70, 95% CI 0.48-1.01; p = 0.053).

In line with the results of the REACT Group, the WHO guideline on drugs for COVID-
19 provided a strong recommendation for systemic corticosteroids in patients with severe
and critical COVID-19 and a weak or conditional recommendation against their use in
patients with non-severe disease [41]. Although the REACT trial was not conducted
to assess the optimal dose and duration of treatment with systemic corticosteroids, the
WHO proposes a relatively low dose, equivalent to 6 mg of dexamethasone, based on the
RECOVERY trial findings [33]. Similarly, the ERS living guideline for hospitalized patients
with COVID-19 strongly recommends the use of corticosteroids in patients requiring
supplementary oxygen or ventilatory support and strongly contends their use in patients
not requiring supplementary oxygen [42].

Although published data from the RECOVERY and other trials did not show major
safety signals to date, the adverse event profile of systemic corticosteroids is well known,
and evolving concern arises with their widespread use in patients with severe COVID-
19. Of interest, two studies [43,44] report a considerable incidence (14.1% and 19.4%,
respectively) of COVID-19-associated pulmonary aspergillosis (CAPA) development in
mechanically ventilated patients with a history of chronic respiratory disease constituting
an independent risk factor for CAPA.

In conclusion, corticosteroids have been shown to significantly reduce mortality in
randomized trials, with significantly different benefits according to disease severity based
on the requirement for oxygen or mechanical ventilation, justifying different recommenda-
tions for different subgroups of patients. Unanswered questions regarding corticosteroids
include the optimal molecule, timing, dosing and scheme, as well as the duration of treat-
ment. Although concerns about potential adverse events due to their use seem reasonable,
the consistency of results from most trials is reassuring about their risk-benefit profile.

5. Anticoagulants

The incidence of thromboembolic events in COVID-19 appears to be considerably
higher compared to other critically ill or ARDS patients or in other respiratory virus
infections known to lead to a procoagulant state [45]. A report from the American So-
ciety of Hematology states that the prevalence of DVT ranges from 1.1% among not
critically ill patients to 69% among ICU patients [46]. The exact mechanism that leads
to COVID-19 coagulopathy remains unclear, but several pathways have been proposed,
such as complement-mediated thrombogenesis, the cytokine storm leading to neutrophil
recruitment and NETosis and pneumonia mediated hypoxia, that stimulates platelet and
neutrophil adhesion to endothelial cells while suppressing tissue factor pathway inhibitor
and fibrinolytic pathways [47,48]. Disease severity in COVID-19 is associated with the pro-
longation of the prothrombin time (PT), international normalized ratio (INR) and variably
by a trend toward shortened activated partial thromboplastin time (aPTT) [49].

Based on these observations, several institutions have developed anticoagulation
protocols for patients infected with SARS-CoV-2. For non-hospitalized patients with
COVID-19, the CDC proposes that anticoagulants should not be initiated for VIE preven-
tion, unless other indications for the therapy exist or the patient is participating in a clinical
trial [50]. Regarding thrombotic prophylaxis in hospitalized COVID-19 patients, relative
agreement exists in the recommendations of several national and international scientific
societies: the CDC recommends LMWH or UFH; the WHO recommends prophylactic daily
LMWHs or twice-daily subcutaneous unfractionated heparin (UFH); the American Society
of Hematology (ASH) suggests LMWH over UFH unless the risk of bleeding outweighs
the risk of thrombosis; the American College of Cardiology (ACC) recommends that 40
mg of Enoxaparin daily or a similar LMWH can be administered with consideration of SC
heparin (5000 IU twice to three times per day) in patients with renal dysfunction [49]. If
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pharmacological prophylaxis is contraindicated, mechanical VTE prophylaxis should be
considered in immobilized patients [49].

In the recently published preliminary International Society on Thrombosis and Haemosta-
sis (ISTH) Guideline, the use of LMWH in all hospitalized COVID-19 patients is suggested
unless contraindicated. In addition, ISTH gives the option of using Fondaparinux in case
there is a patient history of heparin-induced thrombocytopenia [50]. Although there are no
current data on extended prophylaxis for COVID-19, this approach may be beneficial for
patients recovering from pulmonary manifestations of this infection, especially those who are
less mobile [51]. When indicated, the guidelines recommend either enoxaparin or rivaroxaban
for a duration of 14 to 45 days post-discharge [46].

According to CDC, anticoagulation is contraindicated in active hemorrhage or severe
thrombocytopenia, while ASH recommends thromboprophylaxis even with abnormal co-
agulation tests in the absence of active bleeding and held only if platelet count <25 x 10°/L
or fibrinogen <0.5 g/L. Most of the other major societal guidelines and recommenda-
tions suggest holding anticoagulation in actively bleeding or severely thrombocytopenic
patients [52].

Regarding thrombosis treatment in COVID-19, the CDC, ACCP and ACF recommend
therapeutic anticoagulation in cases where there is a thromboembolic event or a high
suspicion of a thromboembolic event when imaging is not possible. ASH recommends
therapeutic anticoagulation only for documented clinical indications (e.g., VTE, atrial fib-
rillation or mechanical valve). SCC-ISTH recommends that therapeutic anticoagulation
should not be considered for primary prevention until randomized trials are available.
It is mentioned that therapeutic anticoagulation could be considered in patients without
confirmed VTE but who present respiratory deterioration or ARDS. For the treatment of
VTE in hospitalized patients with COVID-19, most guidelines suggest parenteral anticoag-
ulation, with a switch to DOAC (assuming no drug interactions) as the patient transitions
to the outpatient setting, and while using UFH in therapeutic doses, monitoring anti-Xa
levels rather than an aPTT is proposed, as prolonged aPTT with elevated levels of factor
VIII and positive lupus anticoagulants are common.

Concerning the duration of therapeutic anticoagulation, ACF recommends at least a
3-month course for patients who start anticoagulation for a presumed provoked thrombus
from the inflammatory state of CAC but did not have imaging available for confirmation.
Similarly, the ACCP and SCC-ISTH recommend a minimum of 3 months of anticoagulation
in those patients with confirmed PE or proximal DVT. The ISTH-IG, ASH, ACC and CDC
do not mention any recommendations or suggestions regarding the duration of therapeutic
anticoagulation [52].

6. Anti-Inflammatory Agents

Several non-randomized cohort studies indicated the efficacy of anakinra, an IL-1
receptor antagonist, in moderate to severe COVID-19 pneumonia [53-58]. However, there
is an essential need for randomized trials to confirm the benefit of anakinra in patients with
COVID-19 pneumonia, hypoxia, respiratory failure and signs of progression into the third
phase of the disease, dominated by hyperinflammation and an uncontrolled inflammatory
response [59].

The CORIMUNO-ANA-1 multicenter, open-label, randomized clinical trial studied the
efficacy of anakinra in 116 adult patients hospitalized with mild to moderate COVID-19
pneumonia presenting a score of 5 on the WHO Clinical Progression Scale (WHO-CPS),
requiring at least 3 L/min of oxygen by mask or nasal cannula but in no need of ventilation
assistance [60]. Patients were randomized to receive either anakinra (300 mg intravenously
twice a day for days 1-3, 100 mg twice for day 4 and 100 mg once a day on day 5) plus
standard care or standard care alone. In this trial, anakinra did not improve its two co-primary
outcomes, as 36% of patients in the anakinra group had a WHO-CPS score of more than 5 at
day 4 versus 38% in the standard care group (ARD-2.5%. 90% CI —17.1 to 12.0), and 47% of
patients in the anakinra and 51% of patients in the standard care died or needed ventilation
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at day 14 (HR 0.97; 90% CI 0.62 to 1.52). Furthermore, survival up to day 90, defined as a
secondary outcome in this trial, showed no difference between the anakinra and standard of
care arms (27% in both groups), while 46% of patients receiving anakinra had a serious adverse
event versus 38% in the usual care group (p = 0.45). Waiting for the results of randomized
trials, such as the SAVE-MORE [61] and the ANA-COVID-GEAS [62] trial, to date, there are
no randomized trials that support the use of this immunomodulatory treatment.

Between 23 April 2020 and 24 Jan 2021, 4116 adults of 21,550 COVID-19 hospitalized
patients enrolled in the RECOVERY trial were included in the assessment of tocilizumab,
an IL-6 receptor antagonist, including 3385 (82%) patients receiving systemic corticos-
teroids if they presented hypoxemia (oxygen saturation < 92% on air or requiring oxygen
therapy) and evidence of systemic inflammation (C-reactive protein > 75 mg/L). Patients
were randomized to the usual standard of care alone versus the usual standard of care
plus tocilizumab at an intravenous dose of 400 mg to 800 mg, while an additional dose of
tocilizumab could be given depending on the presence of clinical improvement or not [33].
The tocilizumab group was associated with a 4% lower rate in the primary outcome of
all-cause mortality within 28 days compared to the standard of care group (31% vs. 35%,
rate ratio 0.85; 95% CI 0.76-0.94; p = 0.0028). The patients allocated to tocilizumab were
also more likely to be discharged from the hospital within 28 days (57% vs. 50% rate ratio
1.22;1.12-1.33; p < 0.0001). The benefits of tocilizumab in this trial were seen in all prespeci-
fied subgroups of patients, including those receiving systemic corticosteroids. However,
among those not receiving invasive mechanical ventilation at baseline, patients allocated
to tocilizumab were less likely to reach the composite endpoint of invasive mechanical
ventilation or death (35% versus 42%; risk ratio 0-84; 95% CI 0-77-0-92; p < 0.0001).

The REMAP-CAP study [63], a randomized, multifractional, adaptive, open-label,
international trial, enrolled 895 critically ill patients with a severe COVID-19 infection
within the first 24 h after the initiation of organ respiratory or cardiovascular organ support,
defined as the use of invasive or non-invasive mechanical ventilation (including high-flow
oxygen devices, with a >30 L per minute and a fraction of inspired oxygen > 0.4) and
as intravenous administration of any vasopressor or inotrope and received respiratory
support, respectively. Patients were randomized to receive an IL-6 receptor antagonist
(tocilizumab 8 mg/kg or sarilumab 400 mg) plus the standard of care or the standard of
care; to be noticed, the standard of care included glucocorticoids in most patients (>80%).
The REMAP-CAP trial evidenced a reduction in the in-hospital mortality in the group of
patients that received an IL-6 receptor antagonist versus the group that was treated with
the standard of care (27% for the IL-6 receptor antagonist group versus 36% for the control
group; hazard ratio 1.61; 95% CI 1.25 to 2.08, p < 0.001), while the median number of organ
support-free days up to day 21 was 10 days for tocilizumab and 11 days for sarilumab
versus 0 days for the control group (median pooled odds ratio 1.65; 95% CI 1.27 to 2.14,
p <0.001). Regarding the secondary outcomes of the REMAP-CAP, such as the 90-day
survival, time to the intensive care unit (ICU), time to hospital discharge and improvement
in the WHO ordinal scale at day 14, they were all superior to the IL-6 receptor antagonists’
group. No safety issues were noticed regarding the use of the IL-6 receptor antagonists
compared to the standard of care, with nine serious adverse events seen in the tocilizumab
group (one secondary bacterial infection, five bleeding events, two cardiac events and one
case of vision deterioration), no serious adverse events in the sarilumab group and eleven
in the control group (four bleeding events and seven cases of thrombosis) [63].

In advance of the RECOVERY and the REMAP-CAP trial, six numerically inferior
randomized, controlled trials that studied the use of tocilizumab in patients with severe
COVID-19 pneumonia did not result in lower mortality rates or an improvement in the
clinical status of the patients [64—69]. In the COVACTA trial [64], 452 adult patients with
severe COVID-19 pneumonia were randomized to receive a single intravenous dose of
tocilizumab (8 mg/kg) plus the standard of care or a placebo in addition to the standard of
care, and, based on clinical improvement or not, a second intravenous dose of tocilizumab
was administrated. The COVACTA trial did not show evidence of an improvement in the
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clinical status of the patients receiving tocilizumab versus the control group at day 28, with
a median value for clinical status on a seven-category scale of 1.0 versus 2.0, respectively
(in between-group difference: —1.0; 95% CI —2.5 to 0.0, p = 0.31). In addition, as part
of the secondary outcomes, the COVACTA trial did not show evidence of a reduction
in the mortality rate at day 28 for the tocilizumab group compared to the placebo group
(19.7% versus 19.4%; 95% CI: —7.6 to 8.2, p = 0.94); however, a possible benefit in time until
discharge from the hospital and duration of ICU stay have been shown for patients who
received tocilizumab (20 days versus 28 days; Cox proportional-hazard ratio, 1.35; 95% CI,
1.02 to 1.79 and 9.8 days versus 15.5 days; 5.8 difference 95% CI, —15.0 to 2.9, respectively).
Regarding the safety of tocilizumab in this trial, an important difference for adverse events
and serious adverse events between the tocilizumab and the control group has not been
demonstrated [64].

In the TOCIBRAS study, an open-label, randomized trial that included 438 adults
hospitalized with severe or critical COVID-19 pneumonia was conducted. Patients were
randomized to receive either tocilizumab plus the standard of care versus a placebo plus
the standard of care [65]. Standard of care included hydroxychloroquine, azithromycin,
corticosteroids and antibiotics but not remdesivir, as that antiviral agent was not available.
The TOCIBRAS trial was prematurely interrupted because of increased mortality at day
15 in the tocilizumab group compared to the control group (17% versus 3%; OR 6.42;
95% CI 1.59-43.2). Tocilizumab therapy was also not associated with an improvement in
mechanical ventilation or death at day 15 (28% versus 20%, 95% CI, 0.66-3.66, p = 0.32).

The EMPACTA trial (Evaluating Minority Patients with Actemra) enrolled 389 adult
hospitalized patients with COVID-19 pneumonia who were not receiving mechanical
ventilation [66]. After randomization, patients received tocilizumab (8 mg/kg, one or two
doses intravenously) plus standard care versus placebo plus standard care in the control
group. The standard of care included antivirals, limited use of glucocorticoids (<1 mg/kg
of methylprednisolone or equivalent) and supportive care. Death from any cause by day 28
occurred in 10.4% of the patients in the tocilizumab group versus 8.6% in the control group
(weighted difference, 2 percentage points; 95% CI, —5.2-7.8); however, this trial managed
to show a reduction in the likelihood of progression to mechanical ventilation and death by
day 28 in patients receiving tocilizumab (12% 95% CI, 8.5-16.9 for the tocilizumab group
compared with 19.3%, 95% CI, 13.3-27 .4 for the placebo group; hazard ratio, 0.56; 95% CI,
0.33-0.97 p = 0.04).

The CORIMUNO-TOCT trial [67] studied the effect of tocilizumab in 130 adult patients
hospitalized with moderate to severe COVID-19 pneumonia. Patients in this cohort-
embedded, investigator-initiated open-label, Bayesian-randomized clinical trial were re-
ceiving at least 3 L/min of oxygen but were not receiving mechanical ventilation or were
admitted to the ICU. Patients randomized to the tocilizumab group, received 8 mg/kg intra-
venously on day 1 and on day 3 if clinically indicated plus standard care, while the control
group received standard care including antibiotics, antivirals, corticosteroids, vasopressors
and anticoagulants. According to the WHO 10-point Clinical Progression Scale (WHO-CPS)
that was used to evaluate the clinical improvement of patients, tocilizumab failed to prove
an improvement in the clinical status of patients by not reducing the WHO-CPS <5 at day
4, which was part of the primary outcome of the trial. The CORIMUNO-TOCI study also
did not show evidence of a difference in mortality at day 28 between the tocilizumab and
control groups, with seven deaths in the tocilizumab group versus eight in the control
standard of care group (adjusted HR, 0.92; 95% CI 0.33-2.53). However, regarding the
results of the secondary outcomes of the trial, 12% fewer patients in the tocilizumab group
needed invasive or non-invasive mechanical ventilation or died on day 14 than in the
control group (24% vs. 36%; HR 0.58; 90% CI, 0.33-1.00). Fewer serious adverse events
were observed in the tocilizumab than in the control group (27 versus 57), including serious
bacterial infections (2 versus 11).

The BACC Bay randomized, double-blind, placebo-controlled trial [68] enrolled
243 adult patients and evaluated the efficacy of tocilizumab in patients with moderate
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COVID-19 pneumonia (body temperature >38 °C, pulmonary infiltrates and need for
supplemental oxygen in order to maintain an oxygen saturation > 92%). Patients were
allocated to receive tocilizumab 800 mg intravenously plus the standard of care (including
antiviral therapy, hydroxychloroquine and glucocorticoids) or the standard of care. In this
trial, the early use of tocilizumab did not reduce the need for intubation or mortality by
day 28 (11.2% of the patients in the tocilizumab group were intubated or died versus 10.6%
in the standard of care group; hazard ratio 0.83 95% CI, 0.38-1.81, p = 0.64).

The RCT-TCZ-COVID trial [69] was designed to evaluate the effect of tocilizumab
versus standard care on clinical worsening in adult patients hospitalized with COVID-19
pneumonia and enrolled 126 patients with PaO, /FiO, between 200 and 300 mmHg, fever
and elevated C-reactive protein. The tocilizumab group received intravenously two doses
of tocilizumab (8 mg/kg, 800 mg maximum followed by a second dose after 12 h) plus
standard of care, and the control group received standard of care alone. Steroids were
not included in the standard of care and were allowed only for patients who used them
before hospitalization. This study was prematurely interrupted for futility, as no differences
between the tocilizumab and the control group were demonstrated by day 14 in all primary
outcomes (intubation, mortality, clinical worsening).

The COVINTOC trial, an open-label, multicenter, randomized, controlled phase 3
trial, was published after the results of the RECOVERY and the REMAP-CAP trials and
enrolled 180 adult patients hospitalized with moderate to severe COVID-19 pneumonia.
Patients were randomized to receive tocilizumab (6 mg/kg, max 480 mg, second dose
after 12 h up to 7 days, based on clinical progression) plus standard care or standard
care alone in the control group. The primary endpoint was the progression of COVID-19
pneumonia from moderate to severe and from severe to death up to day 14. There was no
difference between the tocilizumab and the control group in the progression of COVID-19
pneumonia (9% versus 13%; —3.71 95% CI-18.23-11.19, p = 0.42), as well as in all the
secondary endpoints such as an improvement in cytokine release syndrome by day 28, the
need for mechanical ventilation, organ failure-free days and overall mortality. No safety
problems were indicated in this trial for the use of tocilizumab [70].

A meta-analysis of ten RCTs using tocilizumab, nine of which reported primary
outcome data (mortality), showed that tocilizumab may be associated with an improvement
in mortality (24.4% vs. 29.0%; OR 0.87 [0.74-1.01]; p = 0.07; 12 = 10%; TSA adjusted CI
0.66-1.14) [71]. Based on the RECOVERY and REMAP-CAP studies, the NIH COVID-19
treatment guidelines recommend the use of tocilizumab (8 mg/kg up to 800 mg, single
intravenous dose) in combination with dexamethasone (6 mg up to 10 days) in adult
COVID-19 patients: (a) recently hospitalized within 3 days of admission, admitted to the
ICU within the prior 24 h and requiring invasive mechanical ventilation, non-invasive
mechanical ventilation or high-flow nasal cannula oxygen (HFNCO) (>0.4 FiO,/30 L/min
oxygen flow) (Blla); (b) recently hospitalized, not admitted to the ICU, with increasing
oxygen needs requiring non-invasive ventilation or HFNCO and significantly increased
markers of inflammation (CRP > 75 mg/L) (Blla) [72]. Similarly, also based on the results
of the RECOVERY and the REMAP-CAP studies, the IDSA guidelines [73] conditionally
suggest the use of tocilizumab in addition to the standard of care, rather than the standard
of care alone, in adult patients hospitalized with progressive severe or critical COVID-19
pneumonia (conditional recommendation, low certainty of evidence). Waiting for the
MARIPOSA trial [74], the RECOVERY and the REMAP-CAP trials provide us with some
evidence of the benefits of using tocilizumab under some circumstances.

7. Passive Immune Therapies

Therapeutic products containing anti-SARS-CoV-2 neutralizing antibodies obtained
from recovered patients (convalescent plasma, hyper-immune anti-SARS-CoV-2 globulin)
or artificial ones (monoclonal antibodies, Mabs) have attracted increased interest since the
beginning of the COVID-19 pandemic.
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In late August 2020, the US Federal Drug Administration (FDA) issued EUA for convales-
cent plasma (CP) use in hospitalized patients based on retrospective observations indicating
that patients treated with plasma containing high levels of IgG anti-SARS-CoV-2 antibodies
have increased survival than those who received low-titer plasma [75]. Meanwhile, CP use
profoundly increased globally, and several studies permitted a more detailed view of its role
in CP in COVID-19 treatment. Phase II studies provided conflicting findings, while denoting
a clinical benefit when high-titer CP was administered at early COVID-19 stages [76,77].
Disappointingly, several small and one large [78-83] clinical trials demonstrated no benefit
of CP for hospitalized COVID-19 patients. On the other hand, high-titer CP administered
within 72 h from symptom onset in patients >75 years old with mild COVID-19 was found
to prevent disease progression [84]. However, a meta-analysis of randomized trials mainly
including inpatients (more than 10,000) proved no impact of CP in COVID-19 outcomes [85].
In addition, weak observational evidence indicating that CP may be beneficial for patients
with impaired humoral immunity [86-95] requires appropriate clinical testing. Based on the
above, in February 2021, the revised FDA EUA limited the authorization to high-titer CP only
for the treatment of hospitalized COVID-19 patients early in the disease course with impaired
humoral immunity [75]. Currently, the National Institute of Health (NIH) guidelines do not
recommend the use of low-titer CP for hospitalized patients with COVID-19 of any stage and
permit high-titer CP use only in hospitalized patients with evidence of impaired immunity or
in the context of a clinical trial [96]. No positive/negative suggestion is made for outpatients,
given the lack of solid data.

Several manufacturers are developing neutralizing anti-SARS-CoV-2 monoclonal
antibodies that target the S-protein. As of June 2021, two Mabs combinations, bam-
lanivimab /etesevimab and casirivimab/imdevimab (also called REGN-COV2), and the
Mab sotrovimab have been issued an FDA EUA for outpatients with mild/moderate
COVID-19 and an increased risk of progression to severe disease [97]. Similarly, the Eu-
ropean Medicines Agency (EMA) recommended a marketing authorization for the use of
bamlanivimab/etesevimab and casirivimab /imdevimab combinations [7] and for the use
sotrovimab [8] or regdanvimab [98] in high-risk patients with early-stage COVID-19, while
the FDA-issued EUA for the bamlanivimab monotherapy was recently revoked, mainly
because of concerns about the resistance of the new SARS-CoV-2 variants [97]. It should
be emphasized that these therapies are not currently recommended for the treatment of
hospitalized patients with severe COVID-19 disease, though research is ongoing. How-
ever, a recent trial testing bamlanivimab in hospitalized patients demonstrated that the
addition of REGEN-COV to usual care reduces 28-day mortality of inpatients without
detectable anti-SARS-CoV-2 antibodies at the baseline compared to usual care [99]. Even
more interestingly, a study conducted during the autumn of 2020 found that bamlavinimab
reduced the risk of infection by SARS-CoV-2 among residents and staff in skilled nursing
and assisted-living facilities with positive cases, paving the way for the evaluation of Mabs
as preventive tools [100].

It should be emphasized that, despite authorization, the clinical benefit of anti-SARS-
CoV-2 Mabs is poorly defined. The initial evaluation of the Mabs was focused on their
effects on the clearance of the virus from the upper airway, with the primary outcome being
the differential change of the viral load from baseline through day 7-11, between treatment
and control patients, as assessed by quantitative reverse transcriptase—polymerase chain
reaction testing of nasopharyngeal swab samples [101]. In some studies [99-101], Mabs
significantly accelerated the natural decline of the viral load, and it was thus anticipated
that they potentially disrupt disease progression and may prevent health care facility visits,
hospitalization and death. In the same line of evidence, unpublished data submitted to
the FDA for EUA showed that sotrovimab significantly reduces the risk of hospitalization
(1% vs. 7%) of outpatients that do not require oxygen therapy with an increased risk of
progression [102]. However, such outcomes constituted secondary endpoints in these
studies and the relevant observations, albeit encouraging, were of marginal importance,
highlighting the fact that treating every patient with mild/moderate disease would be
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unrealistic and futile. Therefore, real-life data obtained from the increasing number of
patients treated with Mabs are anticipated, and clinical trials with clinically relevant
primary endpoints are required to reach certain conclusions.

Apart from the uncertainty on their real clinical impact, other possible limitations of
Mabs should be considered. A drawback lies in the fact that they are currently administered
as an intravenous infection, and for this reason, the value of subcutaneous or intramuscular
injections of Mabs is being investigated. On the other hand, while Mabs appears to
be safe, hypersensitivity and infusion-related reactions may occur [101], meaning that
they should be administered under medical observation. In addition, the emergence of
resistance to the currently approved Mabs is an important concern, inherent to every
type of antibody-based therapy. Attempting to address this issue, the FDA released
information about in vitro resistance of the most widely circulating variants [97]. Variants
carrying the E484K substitution (Brazil, South Africa and New York origin) demonstrated
substantially increased in vitro resistance against bamlanivimab, and even though it is not
clear whether in vitro susceptibility findings correlate with clinically important resistance,
such observations caused FDA to revoke its initially issued EUA.

As of June 2021, Mab combinations, especially REGN-COV2, appear to be active in
the currently circulating variants. The NIH was the first organization to publish a clinical
guideline that includes the use of bamlanivimab/etesevimab or casirivimab/imdevimab
or sotrovimab for outpatients with mild /moderate COVID-19 and a high risk of clinical
progression. According to the guideline, treatment should be started as soon as possible
after diagnosis, within 10 days of symptom onset, and should not be given to hospitalized
patients with severe COVID-19 [102].

Hyperimmune anti-COVID-19 IVIG was shown to be safe and potentially effective
in a phase I/II trial [103]. In April 2021, the results of the Inpatient Treatment with an
Anti-Coronavirus Immunoglobulin (ITAC) RCT Phase III trial were announced [104]. This
trial randomized nearly 600 patients hospitalized for COVID-19, with symptoms for up
to 12 days without life-threatening organ dysfunction or end-organ failure, to polyclonal
SARS-CoV-2 hyperimmune IVIG plus standard treatment or standard treatment alone, and
it was completely negative.

8. Conclusions

Although the treatment of viral respiratory infections has traditionally been mostly
supportive, the COVID-19 pandemic profoundly disrupted human activities and claimed
millions of lives worldwide, thus forcing an unprecedented effort of health scientists, inter-
national organizations and pharmaceutical companies to develop novel, disease-specific
therapies. According to the current model of COVID-19 pathobiology and in agreement
with early clinical observations, it seems likely that antiviral agents, including antibody-
based therapies, are more effective when administered early in the disease course, and they
are anticipated to prevent the progression to severe/critical disease, which will lead to re-
ductions in the need of hospitalization and mortality. During more progressed stages of the
disease, when lung and systemic inflammation are driving the clinical course of COVID-19,
anti-inflammatory and immuno-modulating agents might be required. Research aiming
to discover more effective agents and the proper patient population to treat with them
is underway.
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