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Abstract

Background Based on current evidence, recent guidelines of the National Institute of Health, USA indicated the use of 

remdesivir and dexamethasone for the treatment of COVID-19 patients with mild-moderate disease, not requiring high-

flow oxygen. No therapeutic agent directed against the immunologic pathogenic mechanisms related to the cytokine release 

syndrome complicating the disease was indicated.

Objectives The purpose of this review was to assess the clinical impact of different therapies for COVID-19; thus, help-

ing to identify the optimal management of the disease. To explain the rationale for the different therapeutic approaches, 

the characteristics of SARS-CoV-2, the pathogenesis of COVID-19, and the immune response triggered by SARS-CoV-2 

infection were reported.

Methods The efficacy assessment of the different treatments was performed by a systematic review in accordance with 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). Available English language published 

articles including randomised controlled trials, open-label trials of antivirals and immune therapies extracted from Med-

line, Google Scholar, and MedRxiv databases were analysed. For inclusion, the primary end point of the trials had to be the 

efficacy as measured by the improvement of clinical features, or mortality, or the Intensive Care Unit Admission rate, or the 

discharge number. Case reports, paediatric studies, and studies without control group were excluded. The literature search 

was extended up to August 15, 2020.

Results After the removal of duplicate articles, and the exclusion of studies not meeting the eligibility criteria, 2 trials of 

lopinavir/ritonavir, 1 of favipiravir, 3 of remdesivir, 1 of dexamethasone, 3 of hydroxychloroquine, 2 of colchicine, 6 of 

tocilizumab, 1 of sarilumab, 1 of siltuximab, 2 of anakinra, 3 of baricitinib, 1 of ruxolitinib, 1 of mavrilimumab, and 1 of 

itolizumab were suitable for the review. Among antivirals, only remdesivir significantly reduced the time to recovery, and 

mortality. Data for chloroquine and hydroxychloroquine were largely inconclusive. In a large trial, dexamethasone 6 mg/

day reduced mortality by one-third. Trials of tocilizumab and sarilumab did not definitively demonstrate efficacy. Anakinra 

significantly reduced the mortality in 2 trials. Three retrospective trials on a cumulative number of 145 patients, reported the 

efficacy of baricitinib, with significant reduction of intensive care unit admission, and deaths. These results were recently 

confirmed by the ACTT-2 trial. Due to paucity of studies and to the small size clinical series, the results of other immune 

therapies were not conclusive.

Conclusions Beyond the supportive therapy, up to now the best therapeutic approach for COVID-19 may be a three-step 

combination therapy, including remdesivir 100 mg/day (200 mg loading dose on first day) in the first stage of the disease, 

and combined dexamethasone 6 mg/day plus baricitinib 4 mg/day to target the immune dysregulation triggered by the SARS-

CoV-2 infection. The promising results of anakinra should be confirmed by the ongoing RCTs.
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supplementary material, which is available to authorized users.
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Key Points 

The effectiveness of antiviral and immune therapies was 

inconsistent in most cases of COVID-19.

To date, remdesivir, dexamethasone, and baricitinib 

represent the best therapeutic option.

The promising results of efficacy of anakinra need con-

firmation by the ongoing RCTs.

1 Introduction

COronaVIrus Disease 19 (COVID-19), caused by the severe 

acute respiratory syndromes Corona Virus (SARS)-CoV-2, 

has spread all over the inhabited world, and at the end of 

March 2020 the World Health Association declared COVID-

19 as a pandemic [1]. SARS-CoV-2 belongs to RNA virus 

family β-Coronaviridae, and probably is a recombinant virus 

originating from bats [2].

The critical first step for SARS-CoV-2 infectivity and 

pathogenesis is entry into the susceptible host cells binding 

to a specific receptor, the human ACE2 (hACE2) [3, 4]. 

SARS-CoV-2 is transmitted human to human by respiratory 

droplets [5], aerosols [6], and possibly by faecal-oral contact 

[7]. Most of SARS-CoV-2-infected individuals are asympto-

matic or present mild symptoms [8]. Symptoms of COVID-

19 disease are fever, cough, dyspnoea, repeated chills, mus-

cle pain, headache, sore throat, loss of smell (anosmia) and/

or taste (ageusia) [9] Approximately 2–10% of patients with 

COVID-19 present with diarrhoea, and SARS-CoV-2 RNA 

has been detected in blood, intestine, stool, and liver [10–12] 

(Fig. 1). About 20% of patients become seriously ill, with 

dyspnoea, reduction of peripheral capillary oxygen satura-

tion (defined as  PaO2/FiO2 < 300 mmHg) and supplemental 

oxygen requirement [11].

This second clinical stage is characterised by pulmonary 

disease, viral multiplication and localised inflammation in 

the lung. Cytokine storm may occur after 7–8 days from 

symptoms onset and refers to an excessive and uncontrolled 

release of pro-inflammatory cytokines, which can initi-

ate viral sepsis and the inflammatory-induced lung injury 

leading to other complications including pneumonia, acute 

respiratory distress syndrome (ARDS), respiratory failure, 

shock, organ failure and potentially death [13] (Fig. 1). 

Imaging with chest X-ray or computed tomography shows 

bilateral infiltrates or ground glass opacities [14]. Blood 

tests may reveal lymphopenia, increased markers of systemic 

Fig. 1  Most of SARS-CoV-2-infected individuals are asymptomatic 

or present mild symptoms. According to the CDC, people with the 

following symptoms may have COVID-19: fever, cough, dyspnoea, 

repeated chills, muscle pain, sore pain head, sore throat, loss of smell 

(anosmia) and/or taste (ageusia) and diarrhoea. About 25% percent 

of these patients will have a seriously ill disease. A small proportion 

may develop a very severe pneumonia, which may progress to acute 

respiratory distress syndrome (ARDS) or end-organ failure that may 

be associated with a cytokine storm syndrome. ESR erythrocyte sedi-

mentation rate, CRP C-reactive protein, LDH lactate dehydrogenase, 

G-CSF granulocyte colony-stimulating factor, MIP-1a macrophage 

inflammatory protein 1-a, PT prolonged prothrombin time, TNF-α 

tumour necrosis factor-α
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inflammation, and cytokines such as interleukin (IL)-2, IL-6, 

IL-7, granulocyte colony-stimulating factor (GC-SF), mac-

rophage inflammatory protein 1-a (MIP-1a), tumour necrosis 

factor-a (TNF-α) [14]. A minority of patients will transit into 

the third stage, which is characterised by an extrapulmonary 

systemic hyperinflammation syndrome respiratory failure, 

shock, cardiopulmonary collapse that can lead to death [8, 

15, 16].

Both innate and adaptive immune responses may play 

crucial roles in protective or destructive responses. Active 

viral replication leads to production of type I interferon 

(IFN) and influx of neutrophils and macrophages, which 

are the major sources of pro-inflammatory cytokines [17], 

as well as massive activation and dysregulation of T cells 

[18] (Fig. 2). Increased total neutrophils, lymphopenia, 

selective loss of CD4+ T cells, CD8+ T cells, and NK 

cells, excessive T cell activation (defined by CD38+ and 

HLA-DR+), and high expression of T-cell inhibitory mol-

ecules (e.g. PD-1) are more prominent in severe cases than 

in those with mild disease [19–21]. Post-mortem histo-

chemical studies of lung tissue showed sub-anatomical 

distributions of SARS-CoV-2 RNA and massive infiltra-

tion of CD4+ and CD8+ T cells and macrophages [20]. 

The inflammatory cytokines and chemokines (IL-1β, 

IFN-γ, IP-10, and MCP-1), which may lead to activated 

T-helper-1 (Th1) cell responses have been described as 

upregulated [14]. However, these patients have excessive 

IL-4 and IL-10 levels that may attempt suppression of the 

viral-induced hyper-inflammation [14]. Several cytokines 

appear to be involved in the severity of COVID-19. In 

patients with ARDS, increased IL-6 has been found at 

baseline in those with a poor survival [22, 23]. IL-17 has 

been associated with high viral load and disease sever-

ity [21, 24–26]. IL‐17, mainly produced by Th17 cells, 

recruits monocytes and neutrophils to the site of infec-

tion with inflammation and activates other downstream 

cytokine and chemokine cascades, such as IL‐1, IL‐6, 

IL‐8, IL‐21, TNF‐β, and MCP-1 [25, 26].

Fig. 2  SARS-CoV-2 infects mucous membranes expressing high 

levels of ACE2 as nasal and larynx mucosa, then may pass into the 

lungs through the respiratory tract. After receptor recognition and 

viral entry into the ciliated epithelial cells, SARS-CoV-2 replicates 

the viral genome and encodes structural and non-structural viral pro-

teins. Therefore, new virions are assembled, and released. Active 

viral replication leads to production of type I interferon (IFN) and 

influx of neutrophils and macrophages. These cells are the major 

cell sources of pro-inflammatory cytokines and chemokines as inter-

leukin (IL)-1β, IFN-γ, inducible protein-10 (IP-10), and monocyte 

chemoattractant protein-1 (MCP-1), which may result in activa-

tion of T-helper-1 (Th1) cells. Moreover, IL-17, produced by Th17 

cells recruits monocytes and neutrophils to the site of infection con-

tributing to the inflammation. Finally, Th2 cytokines such as IL-4 

and IL-10 are also produced with the attempt to suppress the hyper-

inflammation. This cytokine storm, as well as the several stages of 

viral replication, are the target of the current therapies for COVID-19
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The impressive number of infected individuals, of hospi-

tal admissions, and the high mortality rate lead most coun-

tries to adopt restrictive measures to limit or avoid conta-

gions. Meanwhile, exceptional efforts to develop a specific 

vaccine are ongoing.

The managing strategies for COVID-19 symptomatic 

subjects were oriented toward providing symptomatic res-

piratory assistance if needed, in parallel with three main 

directions. First, once the aetiologic agent SARS-CoV-2 was 

detected, the objective was to reduce the viral load by using 

antiviral drugs that target the essential steps of viral entry 

and replication. Experimental data, hydroxychloroquine was 

demonstrated to inhibit the viral reproduction, and the drug 

was employed alone or in association with antivirals [27]. 

Similarly, as anti-calcineurin immunosuppressants cyclo-

sporin A, and alisporivir (an analogue of cyclosporin) were 

detected to exert antiviral action, some authors suggested 

their use [28, 29]. Second, since the more severe clinical 

manifestations were found to be mainly related to massive 

cytokine outbreak from immune cells, thus resembling an 

autoinflammatory condition [30], anti-cytokine agents, 

including anti-IL-6 tocilizumab, sarilumab, and siltuximab, 

anti-IL-1 anakinra, Janus kinase (JAK) inhibitors ruxolitinib, 

and baricitinib, anti-granulocyte–macrophage colony-stimu-

lating factor receptor-alpha monoclonal antibody (anti-GM-

CSF) mavrilimumab, and anti-CD6 itolizumab were used 

[31, 32]. Clazakizumab, another anti-IL-6 is currently in 

clinical evaluation.

Third, in most trials both antivirals and anti-cytokine 

agents were employed concomitantly.

The objective of the present systematic review was to 

assess the optimal therapeutic strategy based on the results 

of these different therapeutic approaches in patients with 

COVID-19 disease, in terms of intensive care unit (ICU) 

admission rate, mortality, respiratory function improvement, 

and hospital discharges.

2  Methods

Search strategy. Medline, Google Scholar, and MedRxiv 

databases were used to perform the review. Studies were 

identified by combining the name coronavirus and COVID-

19 with the following key terms: infection, virus characteris-

tics, immune response, cytokines, cytokine storm, treatment, 

clinical trials, prevention, antivirals, lopinavir/ritonavir 

(LPV/RTV), remdesivir, favipiravir, chloroquine, hydroxy-

chloroquine, colchicine, tumour necrosis factor inhibitors, 

anti-IL-1 anakinra, anti-IL-6 tocilizumab, sarilumab, and sil-

tuximab, inhibitors of JAK baricitinib, ruxolitinib, anti-GM-

CSF mavrilimumab, anti-CD6 itolizumab, corticosteroids.

We included data from English language articles. 

The efficacy assessment of the different treatments was 

performed by a systematic review in accordance with Pre-

ferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) [33]. To be eligible, the primary end 

point of the trials needed to be the efficacy as measured 

by (i) the improvement of clinical features, (ii) mortal-

ity, (iii) ICU admission rate, (iv) discharge number. Case 

reports, paediatric studies, studies without control group, 

and meeting abstracts not yet published as full articles 

were excluded. The literature search was extended up to 

August 15, 2020.

3  Selected Trials

After the removal of duplicates, 56 trials, 16 of antivirals 

and 40 of non-antivirals were extracted. Of these, 10 trials of 

antivirals and 18 of non-antivirals were excluded by the eli-

gibility criteria (Electronic supplementary materials). There-

fore, the following trials were suitable for review: lopinavir/

ritonavir (2), favipiravir (1), remdesivir (3), dexamethasone 

(1), hydroxychloroquine (3), colchicine (2), tocilizumab (6), 

sarilumab (1), siltuximab (1), anakinra (2), baricitinib (3), 

ruxolitinib (1), mavrilimumab (1), and itolizumab (1). Fig-

ures 3 and 4 show the PRISMA flow diagram for antiviral 

and non-antiviral drugs selected for the review. 

3.1  Antivirals

Overall, six clinical trials investigated the efficacy and safety 

of antivirals lopinavir/ritonavir (2 trials), favipiravir (1 trial), 

and remdesivir (3 trials) for the treatment of COVID-19 

(Table 1).

3.1.1  Lopinavir/Ritonavir

The pharmacological association lopinavir/ritonavir is com-

posed by lopinavir, an inhibitor of human immunodeficiency 

virus (HIV) type 1 aspartate protease, and ritonavir, which 

increases the half-life of lopinavir through the inhibition 

of cytochrome P450. The drug, approved for the treatment 

of HIV, was found to exert an antiviral effect on SARS-

CoV-2 virus in vitro [34], and this represented the ration-

ale to treat COVID-19 patients. The efficacy and safety of 

lopinavir/ritonavir was evaluated in a cumulative number 

of 245 patients in one retrospective study [35], and one ran-

domised controlled trial (RCT) [36]. No significant differ-

ences resulted between lopinavir/ritonavir treatment and the 

standard of care therapy (SOC) in terms of fever resolution, 

discharges, time to clinical improvement, deaths, and viral 

load reduction.



1933COVID-19 Therapy

3.1.2  Favipiravir

Favipiravir, an inhibitor of RNA polymerase, was demon-

strated active against SAR-COV-2 in vitro [37]. In a ran-

domised, open-label trial of 236 patients, 116 allocated to 

favipiravir and 120 to umifenovir (another antiviral drug), 

the efficacy of favipiravir did not differ significantly from 

controls (p: 0.139) [38].

3.1.3  Remdesivir

Preclinical studies suggested that remdesivir (GS5734)—

an inhibitor of RNA polymerase with in vitro activity 

against multiple RNA viruses, including Ebola—can play 

a therapeutic and preventive role in COVID-19 [39]. One 

open-label trial, and two RCTs evaluated the efficacy and 

safety of remdesivir in COVID-19 pneumonia.

Two RCTs are available: one from China on 237 

patients, 158 allocated to remdesivir and 79 to placebo 

[40]; the second from the USA [41], enrolling 1059 

patients, 538 randomised to remdesivir and 521 to pla-

cebo. Conflicting results were obtained. Indeed, in the first 

study no differences in 6-point severity scale improvement 

resulted between remdesivir group and controls (p: 0.24), 

whereas in the second RCT a significant reduction of the 

time to recovery was recorded in remdesivir receivers (p: 

0.001), although the mortality rate did not significantly dif-

fer. In both RCTs serious adverse events (SAEs) occurred 

in around 20% of the patients. However, the frequency 

Fig. 3  Systematic review of 

efficacy of antivirals in COVID-

19: PRISMA flow diagram. All 

extracted trials, and the reasons 

for exclusion, are reported in the 

supplementary material file

Lopinavir/Ritonavir 

Records= 7410  

Records a�er 
duplicate 

exclusion=  89 

Clinical trials= 6 

Excluded by 
eligibility 

criteria= 4 

Eligible= 2 

Umifenovir/Arbidol 

Records= 1880 

Records a�er 
duplicate 

exclusion= 44   

Clinical trials= 3 

Excluded by 
eligibility 

criteria= 3 

Eligible= 0 

Favipiravir 

Records= 2170  

Recorda a�er 
duplicate 

exclusion= 88 

Clinical trials= 2 

Excluded by 
eligibility 

criteria= 1 

Eligible= 1 

Remdesivir 

Records= 6740 

Records a�er 
duplicate 

exclusion= 351  

Clinical trials= 5 

Excluded by 
eligibility 

criteria= 2 

Eligible= 3 

Cor�costeroids

Records= 
7410 

Duplicate 
exclusion= 

317

Clinical 
trials = 2

Excluded by 

eligibility 
criteria= 1

Eligible= 1

Chloroquine/

Hydroxychloroquine

Records= 
15460

Duplicate 
exclusion= 

1328

Clinical 
trials= 9

Excluded by 

eligibility 
criteria=6

Eligible= 3

Colchicine

Records=

2780

Duplicate 
exclusion=

37

Clinical 
trials= 3

Excluded by 
eligibility 

criteria= 1

Eligilble= 2

Tocilizumab

Records= 

4000

Duplicate 

exclusion= 

258

Clinical 

trials= 13

Excluded by 

eligibility 

criteria= 7

Eligible= 6

Sarilumab

Records= 

928

Duplicate 

exclusion= 

28

Clinical 

trials= 2

Excluded by 

eligibility 

criteria= 1 

Eligible= 1

Siltuximab

Records= 

464

Duplicate 

exclusion= 

453 

Clinical 

trial= 1

Excluded by 

eligibility 

criteria= 0 

Eligible= 1

Anakinra

Records= 

1780

Duplicate 

exclusion= 

43

Clinical 

trials= 2

Excluded by 

eligibility 

criteria= 0

Eligible= 2

Barici�nib

Records = 

1060 

Duplicate 

exclusion= 

48

Clinical 

trials= 4

Excluded by 

eligibility 

criteria= 1

Eligible= 3

Ruxoli�nib

Records= 

1110

Duplicate 

exclusion= 

29  

Clinical 

trials= 2

Excluded by 

eligibility 

criteria= 1

Eligible= 1

Mavrilimumab

Records= 

48 

Duplicate 

exclusion= 

47

Clinical 

trials=1

Excluded by 

eligibility 

criteria= 0

Eligible= 1

Itolizumab

Records= 

26

Duplicate 

exclusion= 

25 

Clinical 

trials= 1

Excluded by 

eligibility

criteria= 0

Eligible= 1
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of adverse events (AEs) was not significantly different 

between the remdesivir arms and controls.

In a recent open-label, randomized trial [42], 312 patients 

receiving remdesivir added to the SOC for 5 or 10 days 

were compared with 818 matched controls treated with 

SOC therapy. The recovery rate was significantly higher 

in the remdesivir arm compared with controls (74.4% vs 

59%; adjusted OR: 2.03; 95% CI 1.34–3.08; p < 0.001). A 

significant reduction of mortality at day 14 was recorded 

in the remdesivir cohort (7.6% vs 12.5%, OR 0.38; 95% CI 

0.22–0.68, p = 0.001). Data on safety were not available.

3.2  Non-antiviral Drugs

Overall, 22 trials of anti-inflammatory and immune therapies 

were eligible for the review (Table 2).

3.2.1  Corticosteroids

The therapeutic role of corticosteroids in COVID-19 is con-

troversial. WHO recommended to avoid the routine use of 

corticosteroids in COVID-19 in absence of additional rea-

sons [44], based on a systematic review and meta-analysis on 

the impact of CS in SARS-CoV-2, SARS-CoV and MERS-

CoV, showing delayed virus clearance, no significant reduc-

tion of deaths or of ICU admissions [45].

Recently, the results of the randomised RECOVERY trial 

on the effects of dexamethasone in patients with COVID-19 

pneumonia have been published [43]. In this study, 2104 

patients receiving dexamethasone 6 mg/day + SOC were 

compared with 4321 patients treated with SOC alone. The 

primary outcome measure was the death rate at day 28. Dex-

amethasone reduced the mortality by one-third in ventilated 

patients [rate ratio 0.65 (95% CI 0.51–0.882; p < 0.001), and 

by one-fifth in other patients receiving oxygen only (rate 

ratio 0.80 95% CI 0.70–0.92); p = 0.002], while there were 

no differences in patients not requiring respiratory support 

[1.22 (95% CI 0.93–1.61); p = 0.14]. The discharge rate in 

patients receiving dexamethasone was 64.6 and 61.1% in 

those patients receiving SOC, with a significant difference 

(p: 0.002). The Authors reported no new safety alerts related 

to dexamethasone therapy.

3.2.2  Hydroxychloroquine

Hydroxychloroquine acts on immune response through the 

interference with the macrophage antigen processing, and 

T-cells response, and in in vitro studies, hydroxychloroquine 

has been found to prevent the viral entry into the cells by 

inhibiting its binding with the ACE-2 receptor [46].

Hydroxychloroquine for the treatment of COVID-19 

patients was investigated giving the drug in association 

with lopinavir/ritonavir, or with azithromycin, or alone in 

comparison with SOC (Table 2). Two open-label, retrospec-

tive studies, and one RCT evaluated the efficacy and safety 

of hydroxychloroquine alone or in combination with azithro-

mycin in comparison with SOC.

In a retrospective study from the USA on a large clinical 

series of 1438 COVID-19 patients with mild-to-moderate 

disease, 735 received hydroxychloroquine plus azithromy-

cin, 271 hydroxychloroquine alone, 211 azithromycin, and 

221 SOC, without hydroxychloroquine or azithromycin 

[47]. The primary outcome measure was in-hospital mor-

tality, and secondary the abnormal electrocardiographic 

abnormalities in terms of arrhythmia or prolonged Q–T 

fraction. Regarding the mortality rate, no significant differ-

ences were shown between the individual treatment group 

in comparison with the SOC group, while in patients receiv-

ing combined hydroxychloroquine and azithromycin, and 

hydroxychloroquine alone, a significantly higher occur-

rence of arrhythmias resulted (22.7 and 18.5% vs 14.8%; 

p: 0.001). In the report by Magagnoli et al. [48], the death 

rate was significantly lower in 395 controls treated with 

SOC in comparison with 198 and 214 patients receiving 

hydroxychloroquine and hydroxychloroquine plus azithro-

mycin, respectively (p < 0.001 for both comparisons). Data 

on safety were not reported. Finally, in a recent RCT of 

665 patients from Brazil [49], neither hydroxychloroquine 

alone, nor hydroxychloroquine combined with azithromycin 

significantly improved the clinical status evaluated with a 

seven-point ordinal scale [odds ratio (OD); 1.21 (95% CI 

0.69–2.11) and 0.99 (95 CI 0.57–1.73), respectively]. With 

regard to safety, prolongation of Q–T interval at electrocar-

diogram occurred in 16.5% of the hydroxychloroquine plus 

azithromycin group, in 14.3% of hydroxychloroquine alone 

group, and in 1% of controls, with significant differences 

(p: 0.009).

3.2.3  Colchicine

Colchicine exerts its anti-inflammatory action through sev-

eral mechanisms, including inhibition of neutrophil chemo-

taxis and of the release of IL-1β and IL-18 by blocking the 

caspase-1 activation [50]. Based on these properties, two 

studies evaluated the efficacy of colchicine in COVID-19. 

In an open-label, randomised trial, 55 patients received 

colchicine, which was added to the SOC treatment at a 

loading dose of 2 mg in the first day followed by 1 mg/day 

for a maximum of 21 days; 50 patients treated with SOC 

therapy served as controls. Disease deterioration, meas-

ured by a 7-grade ordinal scale, occurred in 1 (1.8%) of 

colchicine-exposed patients and in 7 (14%) of controls, with 

a significant difference (p: 0.02) [51]. In the second study 

[52], a significant reduction of mortality was recorded in 

122 COVID-19 patients treated with colchicine 1 mg/day 

in combination with SOC therapy, in comparison with 140 
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control patients receiving SOC alone (16.3% vs 37.1%; p: 

0.001). No new safety alerts emerged in colchicine receivers 

in either trial.

3.2.4  Anti‑IL‑6

As mentioned above, the severe COVID-19 disease is char-

acterised by a cytokine storm [14]. IL-6 seems to play a 

pivotal role, hence anti-IL-6 biological drugs tocilizumab, 

sarilumab, and, recently, siltuximab have been used to treat 

patients with COVID-19 pneumonia.

3.2.4.1 Tocilizumab Based on the eligibility criteria of 

this review, six clinical of tocilizumab efficacy have been 

included. However, more than 30 RCTs are ongoing world-

wide. The drug was given in single intravenous (IV) infu-

sion at a dose of 8 mg/kg, with a possible second infusion 

after 24 h if required.

In a retrospective trial of 85 patients with moderate-

severe COVID-19 pneumonia, 62 patients were allocated to 

receive tocilizumab 400 mg/IV (33 patients), tocilizumab 

800 mg/IV (2 patients), and tocilizumab 324 mg subcutane-

ously (SC) (27 patients) associated with SOC (hydroxychlo-

roquine 400 mg/day and lopinavir/ritonavir 1000 mg/day, 

while 23 patients treated with SOC served as controls [53]. 

Primary end point was the survival rate at Day 14 from hos-

pitalisation. In the tocilizumab group, a significantly greater 

survival rate was recorded (p: 0.004), with 2/62 (3.22%) 

deaths in comparison with 11/23 (47.8%) in the SOC group. 

Tocilizumab was well tolerated, with no relevant AEs.

The efficacy and safety of tocilizumab was investigated in 

a retrospective, open-label trial of 65 patients, 32 of whom 

received one or two tocilizumab 400 mg/IV infusions com-

bined with SOC, and 33 were treated with SOC (lopinavir/

ritonavir 1000 mg/day, hydroxychloroquine 400 mg/day, and 

azithromycin 500 mg/day) [54]. No significant differences 

were observed in terms of deaths (16% vs 33%; p: 0.150), 

ICU admission (13% vs 6%; p: 0.43), discharge from hos-

pital (63% vs 49%; p: 0.32). Serious AEs were recorded in 

8/32 (25%) tocilizumab-exposed and in 9/33 (27%) in SOC 

group (p: 0.94).

Primary end point of a Phase II, single-arm trial from 

Italy was the reduction of 10% of expected lethality at days 

14 and 30 in a large cohort of 331 patients with COVID-

19 pneumonia treated with 1 or 2 infusions of tocilizumab 

8 mg/kg associated with SOC therapy [55]. A validation 

cohort of 920 COVID-19 patients constituted the control 

group. Initially, to calculate the sample size, the estimated 

30-day lethality was 15%, and the hypothesis was that toci-

lizumab would halve the mortality to 15%. However, the 

protocol was amended and the expected lethality rate at 

14 and 30 days was redefined at 20 and 35%, respectively. 

Therefore, the primary outcome measure was readjusted Ta
b
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to a 10% reduction of mortality at both time points. The 

14-day end point was not reached with a lethality rate of 

18.4% (p: 0.52), while at day 30 the lethality rate was 22.4% 

with a significant reduction with respect to the expected 35% 

(p: < 0.001). No significant differences in mortality rate were 

recorded in a retrospective study of 20 patients treated with 

tocilizumab in comparison with 21 controls receiving SOC 

[56]. In this trial, allergic reactions, and a severe increase 

of transaminases attributable to tocilizumab were recorded 

in 3% of patients. In the retrospective trial of Rojas-Marte 

et al. [57], the efficacy of tocilizumab was evaluated in 96 

COVID-19 patients compared with 97 controls. The overall 

percentage of deaths was not significantly different, even if 

a significantly higher number of survivors resulted in non-

intubated patients of tocilizumab group. Tocilizumab safety 

was good, and notably, bacteraemia was significantly more 

frequent in controls (23.7% vs 12.5%; p: 0.04).

Finally, in a large retrospective study of 179 patients 

receiving tocilizumab in addition to SOC, a significant 

reduction of mortality was found in comparison with 365 

treated with SOC (7% vs 20%; p: 0.0007) [58]. Of note, in 

the latter 2 studies, the number of deaths were not signifi-

cantly different in critical patients who required intubation. 

New infections occurred in 13% of tocilizumab receivers as 

compared with 4% of controls treated with SOC (p: 0.0001).

3.2.4.2 Sarilumab This IL-6 inhibitor was employed in a 

clinical series of 28 patients with COVID-19 pneumonia 

in comparison with 28 controls receiving SOC [59]. The 

drug was administered at a loading dose of 400 mg/IV at 

day 1. No significant differences resulted between sarilumab 

receivers and controls in terms of deaths (7% vs 18%; p: 

0.42), clinical improvement (60% vs 64%; p: 0.99), and days 

to clinical improvement (16 vs 19; p: 0.89). No significant 

differences in terms of frequency of AEs were recorded 

between the two treatment groups.

3.2.4.3 Siltuximab In an open-label study, 30 patients with 

moderate COVID-19 pneumonia received 1 or 2 siltuximab 

infusions at a dose of 11 mg/kg combined with SOC [60], 

and 30 patients treated with SOC constituted the control 

group. The 30-day mortality hazard risk was significantly 

lower in the siltuximab arm [HR 0.462 (95% CI 0.221–

0.965); p: 0.0399]. Data on safety were not reported.

3.2.5  Anti‑IL‑1

All available studies detected high levels of pro-inflamma-

tory cytokine IL-1, particularly IL-1β, in serum of COVID-

19 patients [61]. These findings constituted the rationale to 

employ the IL-1 inhibitor anakinra.

Anakinra is an anti-IL-1 receptor agent blocking the 

release if IL-1α and IL-1β. The same rationale is behind the 

testing of canakinumab, and rilonacept, but no trial results 

are yet available.

In a retrospective study of 52 patients with pneumonia, 

29 received anakinra at a high dose of 10 mg/kg/day, 7 

received 100 mg twice daily (bid) subcutaneously, in asso-

ciation with hydroxychloroquine 400 mg/day and lopinavir/

ritonavir 1000 mg/day, while 16 patients were treated with 

SOC (hydroxychloroquine and lopinavir/ritonavir) [62]. The 

outcome measures were the rate of discharge, death, and 

the percentage of patients with respiratory improvement at 

day 21. The rate of discharge was not different between the 

two groups (45% vs 44%), and 7/16 (44%) patients in the 

SOC group and 3/29 (10%) deaths occurred in the high-dose 

anakinra group. The difference was statistically significant 

(Fisher test: p = 0.021). Seven cases of sepsis occurred in the 

anakinra-exposed group, leading to drug discontinuation, 

and 4 (14%) had bacteraemia. A significantly lower rate of 

ICU admission was reported in a retrospective French study 

of 52 patients treated with anakinra in comparison with 44 

controls treated with SOC (35% vs 73%; p: 0.009) [63]. In 

anakinra-exposed patients, 7 (13%) developed pulmonary 

embolism, 3 (6%) deep vein thrombosis of the legs, and 1 

(2%) arterial thrombosis.

3.2.6  Janus Kinase Inhibitors

The Janus kinase (JAK) family consists of JAK1, JAK2, 

JAK3, and tyrosine kinase 2 (TYK2), and the different JAK 

inhibitors are targeted against one or more of these JAK 

members. To date, three anti-JAK drugs have been marketed: 

tofacitinib, inhibiting JAK1, JAK2, and JAK3, and barici-

tinib and ruxolitinib, both acting against JAK1 and JAK2. 

JAK enzymes regulate gene transcription through the phos-

phorylation of seven STAT factors (STAT-1/2/3/4/5A/5B/6), 

with consequent T-cell activation and cytokine release from 

immune cells, including IL-2, IL-6, IL-7, IL-12, IL-15, 

IL-21, IL-22, IL-23 and IFN-γ [64]. Recently, it has been 

showed that baricitinib, at therapeutic doses, has a dual 

action, including the inhibition of cytokine release, and, 

through its high affinity for AP2-associated protein kinase 

1 (AAK1), which is an important endocytosis regulator, the 

drug inhibits viral cell entry [65]. Such affinity for AAK1 

was not seen for tofacitinib and ruxolitinib.

3.2.6.1 Baricitinib In the first trial of baricitinib in mild-to-

moderate COVID-19 pneumonia, 12 patients receiving the 

drug in association with lopinavir/ritonavir were compared 

with 12 controls treated with lopinavir/ritonavir. Co-primary 

outcomes were safety after 2 weeks of treatment, the 2-week 

ICU admission rate, and the number of discharges [66].

At week 2, no serious AEs were observed, and barici-

tinib therapy significantly improved all clinical parameters, 

with no ICU admissions. The number of discharges was 



1941COVID-19 Therapy

significantly higher in the baricitinib group as compared 

with controls [7/12 (58%) vs 1/12 (8%); p: 0.027].

A multicentre retrospective trial conducted in seven Ital-

ian hospitals evaluated the efficacy of baricitinib in patients 

with moderated COVID-19 pneumonia [67]. Primary objec-

tive was to evaluate the 2-week effectiveness and safety of 

baricitinib combined with antivirals (lopinavir/ritonavir) in 

comparison with the SOC, which was hydroxychloroquine 

and lopinavir/ritonavir. The primary outcome measure was 

the mortality rate, and the secondary outcome measures 

were the rate of ICU transfer, rate of hospital discharge, 

improvement of respiratory parameters, and AE occur-

rences. Between February and May 2020, 113 consecutive, 

hospitalised patients treated with baricitinib 4 mg/day, and 

78 controls were recruited. At week 2, the death rate was 

significantly lower in the baricitinib arm compared with 

controls [0% (0/113) vs 6.4% (5/78) (p-value: 0.010; 95% 

CI 0.0000–0.4569)]. ICU admission was necessary in 0.88% 

(1/113) baricitinib treated patients versus 17.9% (14/78) 

controls [p-value: < 0.0001; (95% CI 0.0038–0.2624)]. 

Discharge rate was significantly higher in the baricitinib 

arm [77.8% (88/113) vs 12.8% (10/78) p: < 0.0001; (95% 

CI 10.79–51.74)]. All clinical and respiratory parameters 

improved significantly in the baricitinib group, and a sig-

nificant reduction of positive nasopharyngeal swabs was 

observed in the baricitinib cohort at discharge, with only 

12.5% positive patients compared to 40% (4/10) in the con-

trol group. Baricitinib was well tolerated with no AES.

In another retrospective study of 20 patients receiving 

baricitinib combined with lopinavir/ritonavir, a signifi-

cant reduction of mortality in comparison with 56 controls 

treated with SOC was found (5% vs 45%; p: < 0.001) [68]. 

No safety data are available for this study.

3.2.6.2 Ruxolitinib Up to now, one small sample size RCT 

evaluated the efficacy and safety of ruxolitinib for the treat-

ment of COVID-19 pneumonia [69]. In this trial, 20 patients 

were allocated to receive ruxolitinib 5 mg/bid/orally asso-

ciated with SOC, and 21 patients treated with SOC plus 

placebo constituted the control group. Median time from 

symptom onset and randomisation was 20 days. At day 28, 

there were no significant differences between the ruxolitinib 

arm and controls in terms of time to clinical improvement 

(primary outcome), mortality rate, and virus clearance (p: 

0.147, p: 0.232, p: 0.649, respectively). However, a signifi-

cant improvement of pulmonary CT findings and of lym-

phopenia resulted in ruxolitinib-exposed patients. AEs in 

the ruxolitinib group and controls did not differ significantly.

3.2.7  Other Immune Therapies

3.2.7.1 Anti‑Granulocyte–Macrophage Colony‑Stimulating 

Factor Receptor‑Alpha Monoclonal Antibody (Anti‑GM‑CSF) 

Mavrilimumab GM-CSF is a cytokine that activates mac-

rophages and neutrophils to release pro-inflammatory 

cytokines, including TNF, IL-1, IL-6, IL-23, and IL-12. 

Moreover, it stimulates the JAK2 signal with consequent 

cytokine outbreak [70].

Mavrilimumab, a monoclonal antibody, interrupts the 

hyperinflammation status by blocking the GM-CSF [71]. 

Based on this rationale, the drug was tested in a single-cen-

tre, prospective, open-label trial of 13 non-mechanically 

ventilated patients with COVID-19 pneumonia in compari-

son with 26 controls treated with SOC therapy [72]. Mavrili-

mumab, combined with SOC therapy was administered at 

the dose of 6 mg/kg in single IV infusion. At day 28, a sig-

nificant improvement of clinical parameters, and of time to 

improvement resulted in the active treatment arm (p: 0.030; 

p: 0.0001, respectively), while no differences were recorded 

in terms of ICU admission. The drug was well tolerated with 

no serious AEs.

3.2.7.2 Anti‑CD6 Itolizumab A small sample size study of 

19 patients treated with the anti-CD6 monoclonal antibody 

itolizumab at the dose of 200  mg/IV (1 or 2 infusions), 

was recently posted [73]. Admission to ICU and mortality 

resulted significantly lower in itolizumab cohort in compari-

son with 53 controls receiving SOC therapy (ICU admis-

sion: 28.6% vs 60.6; p = 0.042; deaths: 7.1% vs 42.4%; 

p = 0.020). No serious AEs were observed.

4  Discussion

During the past 6 months, COVID-19 pandemic represented 

a challenging disease for clinicians who faced a new viral 

infection characterised by an elevated spread in the commu-

nity, and by a severe clinical course leading to lethal pneu-

monia in up to 15–20% of the cases. With the diagnostic 

ability to detect SARS-CoV-2 in the biological samples, the 

therapeutic strategies were oriented toward the use of anti-

virals agents in association with standard supportive care.

As a general comment, the overall level of evidence is 

low, due to the paucity of published randomised controlled 

trials (Tables 1 and 2). The retrospective, open-label design 

of most trials was likely due to the urgency of treating 

patients with the new disease, thus avoiding the long proce-

dures for approval of RCTs. Moreover, the different dosages 

of employed drugs, the variability of the interval between 

the onset of symptoms and the therapy starting, the different 

disease severity of the patients enrolled among the different 

trials, the absence of standardised controls, and the differ-

ent outcome measures, may explain the conflicting results.

In the present systematic review, trials with comparable 

primary end points were included, but the homogeneity of 

the clinical series was reduced by the association of the 
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tested drug with other therapies, and by several differences 

in the therapeutic regimen of controls.

Nevertheless, the results of efficacy of antivirals lopi-

navir/ritonavir and favipiravir, were largely disappointing, 

with no significant differences as compared with controls 

in terms of symptoms improvement, ICU admissions, 

deaths, and viral clearance.

Remdesivir was recently authorised for emergency use 

by the U.S. Food and Drug Administration (FDA), accord-

ing to the results of a recent RCT [41], and of an open-

label trial [42], based on its effectiveness to significantly 

reduce the time to recovery, the recovery rate, and the mor-

tality in patients with moderate-to-severe COVID-19 pneu-

monia [74]. Moreover, remdesivir has been included in 

the most recent guidelines of National Institute of Health 

(NIH), USA, for the treatment of COVID-19 patients with 

mild-moderate disease needing supplemental oxygen, but 

not requiring high-flow oxygen [75]. On the contrary, an 

expert panel from Canada recommended remdesivir only 

for patients with severe disease [76]. However, accord-

ing to NIH guidelines, remdesivir seems more appropriate 

during the early phase of COVID-19 disease, preceding 

the massive cytokine release (Fig. 1). Indeed, this phase 

is characterised by the highest viral peak [77–79]; hence, 

the antiviral action of the drug may be better exploited.

Around 20–30% of the symptomatic patients experi-

ence a worsening of their condition, with an important 

release of pro-inflammatory cytokine (so called cytokine 

storm) [14]. In this phase of COVID-19 the clinical mani-

festations are mainly related to the activation of T cells 

(CD4+, cytotoxic granules CD8 T cells) with a massive 

outbreak of cytokines [21]. Autopsy findings, character-

ised by abundant CD4+ T-lymphocytes and giant cells, 

with variable amounts of viral inclusions, seem to confirm 

the T cell-mediated nature of the alveolar damage, quite 

similar to that of a pulmonary vasculitis [80, 81].

These findings may explain the limited benefit of the 

antiviral agents during the second and the third phases of 

infection, and constitute the rationale to add non-antiviral 

drugs including corticosteroids, hydroxychloroquine, and 

cytokine-targeted drugs to the supportive treatment, to 

reduce the inflammatory phase of the disease (Fig. 1).

Hydroxychloroquine had no beneficial effects when 

given alone, and combined with azithromycin [47].

Based on the positive results obtained in a large trial 

of dexamethasone 6 mg/day associated with SOC ther-

apy, with a significant reduction of mortality and a higher 

number of discharges in 2104 COVID-19 patients with 

more severe disease [43], the drug was included in the NIH 

guidelines [75]. These results may constitute the rationale 

to design a controlled trial testing the efficacy of combined 

therapy with remdesivir and dexamethasone.

The demonstration of elevated levels of IL-6 in severe 

COVID-19 represented the rationale to employ monoclonal 

antibodies that inhibit IL-6, including tocilizumab, sari-

lumab, siltuximab, and clazakizumab, to reduce the detri-

mental effects of cytokine storm and mortality. Six clinical 

trials of clazakizumab are ongoing (ClinicalTrials.gov), but, 

to date, no results have been published. The available data 

on tocilizumab are controversial, and the drug seems more 

effective in non-critical patients. Similarly, disappointing 

results were obtained with sarilumab. Consequently, Roche 

and Sanofi released press comments on the failure of tri-

als of tocilizumab and sarilumab to meet the primary end 

points [82, 83]. However, more recently, in a subsequent 

press release focused on the Phase III EMPACTA trial, 

Roche highlighted the significant efficacy of tocilizumab to 

reduce the likelihood to progress to mechanical ventilation 

in COVID-19 patients with pneumonia [84].

Two retrospective trials evaluated the efficacy of anak-

inra. Both studies demonstrated a significant efficacy of the 

drug in comparison with controls in terms of ICU admission 

and mortality rate. However, the safety profile of anakinra 

raises some concerns, as seen in the study of Cavalli et al. 

[62], where 7 (19.4%) of 36 patients were required to discon-

tinue treatment due to serious AEs (bacterial infections), and 

10/52 (19.2%) anakinra-exposed patients developed throm-

boembolism in the study of Huet et al. [63]. Six trials of 

canakinumab, an anti-IL-1, are ongoing, but, to date, no data 

are available. The other anti-IL-1 rilonacept was no longer 

authorised by the European Medicine Agency.

Most cytokines released in the hyperinflammation 

phase of COVID-19 act via the JAK-2 and JAK-2 signal 

transducers with subsequent activation of STAT pathway. 

Hence, JAK-inhibitors ruxolitinib and baricitinib have been 

employed to treat moderate-to-severe COVID-19 clinical 

manifestations.

Up to now, only one RCT of ruxolitinib has been pub-

lished [69]. The results showed no significant differences 

between 20 patients treated with the drug and 21 controls 

receiving SOC regarding the time to improvement (12 vs 

15 days; p: 0.147) and the mortality rate (0 vs 3; p: 0.232). 

Ongoing trials with larger numbers of patients would clarify 

the efficacy and safety of ruxolitinib for the treatment of 

COVID-19.

In contrast to other tested anti-JAKs, baricitinib 4 mg/

day has a dual action characterised by the inhibition of the 

cytokine release and the inhibition of SARS-CoV-2 entry 

into the cells [65].

Three retrospective, open-label trials were included in 

this review, and showed a promising impact of baricitinib 

on the clinical course and outcome in patients with mod-

erate COVID-19 pneumonia, with significant reduction of 

ICU admissions, and mortality rate, with an excellent safety 

profile after 14 days of treatment [66–68]. Notably, in one 
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study, at hospital discharge, the number of patients with 

positive nasopharyngeal swabs was significantly lower in 

baricitinib-treated compared with controls receiving SOC 

(12.5% vs 40%; p: 0.043) [67]. This finding seems to confirm 

the dual action of baricitinib on viral endocytosis and on 

cytokine outbreak. However, due to the low grade of evi-

dence, NIH guidelines did not recommend baricitinib for the 

treatment of COVID-19. The same was true for ruxolitinib. 

Nevertheless, in contrast to other therapeutic agents, all three 

retrospective trials of baricitinib demonstrated comparable 

results of efficacy, and we are confident that the ongoing 

RCTs (ClinicalTrials.gov) would definitively clarify if these 

compounds are useful in the management of COVID-19. 

Confirming the previous retrospective studies, a recent press 

release of Lilly on the preliminary results of the National 

Institute of Allergy and Infectious Diseases ACTT-II trial on 

more than 1000 COVID-19 patients reported that baricitinib 

combined with remdesivir significantly reduced the time to 

recovery (primary end point) [85]. Based on the ACTT-II 

trial of baricitinib, Lilly will discuss the potential for emer-

gency use authorisation with the FDA.

5  Conclusion

Based on the results of present review, beyond the sup-

portive therapy, up to now the best therapeutic approach 

for COVID-19 may be a three-step combination therapy, 

including dexamethasone 6 mg/day, remdesivir 100 mg/day 

(200 mg loading dose at first day), and, to target the immune 

dysregulation triggered by the SARS-CoV-2 infection, baric-

itinib 4 mg/day, or tocilizumab. The promising results of 

anakinra should be confirmed by the ongoing RCTs.
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