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ABSTRACT (Greek)

Ewsayoyn-Xkonog: H vocog COVID-19 mapapével éva maykOGuo TpofAnpa onpociog VYIEWNAG oV
oyetiletoan pe onuavtikny Ovnromto kot Ovnowomro. IHapd v mpdodo oV KOTOVOMGN TNG
mafoeuGloAoYing TNng VOoOoV, OV VIAPYEL EYKEKPIUEVT] oTOYELVUEVT Bepameia péypt ko onuepa. H
wrepievkivn IL-1 éxel kataderyBel Baocikds kpikog otV aAvcida TV YEYOVOT®Y TOL EVEPYOTOLOVV TNV
KOTOLyido KUTTOPOKIVAY Kot 001 yolV 0TV avAanTuén TOV KOPI®V ETUTAOK®MV NG VOGOL. X€ aVTh T
yvoon Paciotnke kot 1 dokiur ¢ avactong g IL-1, o¢ Bepamevtikn mpocéyyion y nv
tpomonoinon g mopeiag acevav pe cofapn voco COVID-19. Zkondg T mapodcag CLGTNHOTIKNAG
OVOOKOTMNONG KOl EMKOLPOTOMUEVNG HETA-OVAAVOTG TUYOIOTOMUEVAOY KAVIKOV SOKIU®V, €lvar 1
a&loAdyNoN NG OMOTEAEGUATIKOTNTAG KOl TNG AGQAAELNG TOV OVAGTOAE®V NG tvtephevkivng IL-1 og
voonievopevous acbeveig pe voco COVID-19.

Mé£0odog: Tlpaypatomomibnke avalntnon otig Pdoeig dedopévov PubMed, Cochrane Library,
clinicaltrials.gov, European Union (EU) Clinical Trials Register ka1 medrxiv.gov émg 11 1 Ampidiov
2022 yio. TuYOOTOMUEVES KAVIKEG OOKIUES O€ VOGNAELOUEVOLS acbeveic, mov élaPav gite kdmolov
avaotoréo IL-1 (anakinra 1 canakinumab) eite placebo, xai extyunOnkav onueio ao@dielog Kot
OTTOTELECUATIKOTITOG,

Anotedéopato: Xpnowomombnkay otoyegio and 7 Khvikég SoKIUEG UE GLVOAIKO apdud 2120
acOevav. H avacstodn g IL-1 dev cuvelcépepe oTaTioTikd oNUAVTIKO OQELOG GTNY GYETILOUEVT LE TN
vooo Bvntomro, [risk ratio (RR) = 0.93, 95% CI; 0.70 — 1.22, 12 = 28%, p = 0.22], otov kivévvo
gpappoyng unyavikov agptopov (RR =1.05, 95% CI; 0.77 — 1.42, 12 = 41%, p = 0.13) kot 6ToV Kivovvo
£QAPUOYAGS N punyavikod aepiopod (RR =1.03, 95% ClI; 0.65 — 1.62, 12 = 0%, p = 0.9). Zmv avdivon
vroouddwv dev mapatnprtnke dapopd petag&d anakinra kot canakinumab. Télog, kKavévag amd Tovg
d00 Tapdyovteg dev avESEIEE GTATIKA ONUOVTIKT avénoT og KOpla cofapd avemBdunta coppdpota.
Yopmépaopa: Xty Topovod PETd-avaAvon dev KatadekvieTal Bepanentikd 0peA0g amd T yp1on
avaotorémv IL-1 oe voonievopevoug acbeveig pe vooco COVID-19, étav mpootiBevior ot cuvion
Bepamevtikn, mapodTL ivar aceaing n yopnynon tovs. Ta cuyypova dedopéva dev vmootnpilovv

yopnyno1 tovg o acbeveic pe cofapn voco COVID-109.

AéEeg Kherowd

COVID-19, cofapn vococ, Bvntotnra, wiepievkivn IL-1, anakinra, canakinumab
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ABSTRACT

Introduction: Coronavirus disease-2019 (COVID-19) remains a global public health problem,
associated with significant morbidity and mortality. Despite the progress in the understanding of its
pathophysiology, there is no approved, targeted treatment option so far. Interleukin-1 (I1L-1) appears to
be crucial in the cytokine storm mediating major complications of the disease. Therefore, it appears
reasonable that blockage of IL-1 could modify disease course in patients with severe COVID-19. Herein
we sought to perform an updated meta-analysis of randomized controlled trials (RCTSs), assessing the
safety and efficacy of IL-1 blockers in hospitalized patients with COVID-19.

Methods: We searched PubMed, Cochrane Library, clinicaltrials.gov, European Union (EU) Clinical
Trials Register and medrxiv.gov databases from inception to 1st April 2022 for RCTs enrolling
hospitalized adult subjects with COVID-19, assigned either to an IL-1 antagonist (either anakinra or
canakinumab) or control (placebo or active comparator). We assessed a humber of safety and efficacy
outcomes.

Results: We pooled data from 7 trials in a total of 2120 enrolled subjects. IL-1 blockage did not confer
any significant benefit on COVID-19 related mortality [risk ratio (RR) = 0.93, 95% CI; 0.70 — 1.22, 12
= 28%, p = 0.22], on risk for invasive mechanical ventilation (RR = 1.05, 95% CI; 0.77 — 1.42, 12 =
41%, p = 0.13) and on risk for non-invasive mechanical ventilation (RR = 1.03, 95% CI; 0.65 — 1.62, 12
= 0%, p = 0.9). No subgroup difference between anakinra and canakinumab was shown. Neither
anakinra nor canakinumab were associated with a significant increase in the risk for serious adverse
events.

Conclusion: We failed to document any treatment benefit with IL-1 blockers in hospitalized patients
with COVID-19, as added to standard of care, despite being a safe treatment option. Current evidence
does not support their administration in patients with severe COVID-19.

Keywords

COVID-19, severe disease, mortality, interleukin-1, anakinra, canakinumab

PROSPERO Registration number: CRD42022324746
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INTRODUCTION

Coronaviruses belong to the family of Coronaviridae within the order Nidovirales and were first
identified in 1960. They broadly affect vertebrates and are associated with upper and lower respiratory
tract infections. Of note, rhinoviruses and coronaviruses account for more than 50% of cases of upper
respiratory tract infections worldwide, the so called “common cold” -2,

In 2003, severe acute respiratory syndrome coronavirus (SARS-CoV) emerged as the pathogen
implicated into the pathogenesis of a highly contagious atypical pneumonia pattern, which resulted in
an epidemic that affected 8422 subjects worldwide, leading 11% of them to death. Implementation of
public health measures, due to the absence of effective treatment options or appropriate vaccines, led to
the delay and final to the limitation in the spread of the disease Fl.

In 2012, in the Middle East region, another outbreak of lower respiratory tract infections emerged. This
was finally attributed to the Middle East respiratory syndrome (MERS) coronavirus, which led to 170
confirmed cases, with a extremely high fatality rate, since 72 patients of those infected eventually died.
Identification of MERS coronavirus resulted in a significant improvement in the understanding of the
pathophysiology of infections caused by coronaviruses 1,

However, in late December 2019, in Wuhan, Huabei Province, China, a novel coronavirus
(2019-nCoV) emerged, later named after SARS-CoV-2. Affected patients suffered from atypical
pneumonia, with the majority of cases initially linked to the Huanan Seafood Wholesale Market. Mean
incubation period was calculated to be 5.2 days, while the epidemic doubled in size every 7.4 days ©I,
Epidemic rapidly spread outside China and the World Health Organization (WHO) declared the
coronavirus outbreak to be a public health emergency of international concern on 31 January, 2020. The
WHO finally characterized the disease as a “pandemic” on March 11, 2020, since WHO authorities
stated that they are “deeply concerned both by the alarming levels of spread and severity and by the
alarming levels of inaction” [, Until now, SARS-CoV-2 has affected patients in almost every country
across the world.

As of May 25, 2022, almost 527 million subjects have been infected worldwide, with more than
6 million documented deaths [coronavirus disease-2019 (COVID-19) Dashboard by the Center for
Systems Science and Engineering at Johns Hopkins University]. In Greece, at the same time point,
almost 3.5 million cases have been confirmed, with almost 30000 recorded deaths, attributed to SARS-
CoV-2.

A significant improvement in the understanding of the pathogenesis of COVID-19 has been
noted during the last 2 years, however the disease burden remains high . Several treatment options and
therapeutic strategies have been utilized so far, while the development of vaccines highly effective

against the development of severe disease has been widely adopted, despite initial considerations.

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 20:42:40 EEST - 3.129.69.149



Severe COVID-19 is characterized by systemic hyper-inflammation, cytokine storm and rapid
progression to respiratory failure and acute respiratory distress syndrome (ARDS). Major inflammatory
cytokines, such as interleukin (IL)-6, IL-8, tumor necrosis factor (TNF)-a and IL-1, have been shown
to be predictors of disease severity and mortality, therefore, it was relatively early proposed that they
should represent both prognostic biomarkers, but also treatment targets in COVID-19 [,

Therefore, there has been a vivid and ongoing discussion regarding the role of antirheumatic
drugs targeting various stages of the inflammatory cascade in COVID-19, including drug classes against
specific cytokines or their receptors, in the treatment of COVID-19 and the prevention of surrogate
outcomes. Concerning the role of IL-1 blockers, former meta-analyses of observational studies resulted
in enthusiasm about the promising role of anakinra, for the reduction of COVID-19 related mortality,
while data concerning the role of canakinumab, a monoclonal antibody targeting IL-1p, was limited and
scarce 19,

Thus, we sought to perform an updated systematic review and meta-analysis of relevant
randomized controlled trials, in order to evaluate the safety and efficacy of both IL-1 blockers, anakinra
and canakinumab, in patients with severe COVID-19, providing high-level evidence on their place in
the treatment algorithm of COVID-109.
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SYSTEMIC REVIEW

Epidemiology

The emergence of Coronavirus Disease-19 (COVID-19) in China at the end of 2019 has quickly
developed in a worldwide health crisis, causing the World Health Organization (WHO) to declare it a
pandemic on March 11, 2020, as it transmitted with speed and in a scale not witnessed since the Spanish
influenza back in the 1918-19 /. A novel coronavirus, initially named 2019-nCoV, was identified after
isolation as the etiology of the disease and was quickly redesignated as severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) by the International Committee for Taxonomy of Viruses, due
to genetic relation to the coronavirus responsible for the SARS outbreak of 2003. The suspected first
case was reported on 8 December 2019 in the town of Wuhan, Hubei Province, China, while on 31
December, WHO was notified of an unidentified pneumonia outbreak in the region 1.

Coronaviruses belong to the Coronaviridae family, with the subgroups of alpha (a-CoV) and
beta (B-CoV) being infectious to mammals in contrast to the remaining subgroups of gamma (y-CoV),
and delta (3-CoV) coronaviruses. Both SARS-CoV and SARS-CoV-2 are members of the B lineage of
B-CoV (further 4 different lineages A,B,C,D), with more than 200 viral sequences known B, Although
coronaviruses are rather diverse when infecting animals in forms of respiratory, gastrointestinal, and
central nervous system diseases, they can also cause respiratory infections in humans of whichever
severity, as in 2002 with the severe acute respiratory syndrome coronavirus (SARS-CoV) and in 2013
with the Middle East respiratory syndrome coronavirus (MERS-CoV). Those two outbreaks of
coronavirus both fatally infected humans via respiratory tract 21,

The SARS-CoV-2, the third zoonotic human coronavirus of the century is a single, positive-
strand ribonucleic acid (RNA) virus, with a stronger ability to be transmitted from human to human
compared to SARS-CoV and a higher adaption capacity through mutating and host tropism
modification, thus forming a long term, wildfire-like threat, although being less fatal . This novel
betacoronavirus, SARS-CoV-2, shares 79% genome sequence identity with SARS-CoV and 50% with
MERS-CoV2 M. To date, more than 10,5 million SARS-CoV-2 RNA genomes are uploaded in the
Global Initiative on Sharing All Influenza Data, known as GISAID, as the scientific community races
against time to provide as much information for the virus and succeed in the development of therapeutic
agents and stronger vaccines ©,

It is still uncertain where the pandemic originated from, with research tracking the initial cases
in the Huanan South China Seafood Market, where snakes, birds and other animals such as bats were
sold, as many patients were traced back there. Although at first, a suspected bat origin -due to a 96%
genome sequence identity to a bat coronavirus, was outlined and the pangolins were demonstrated as

natural host of the virus, human to human transmission became more strongly supported and the disease
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rapidly spread worldwide ™. According to the European Centre for Disease Prevention and Control
(ECDC), as of 17th week of 2022 512,690,034 cases of COVID-19 and 6,252,316 deaths have been
reported worldwide since 31st December 2019. European continent was among the ones with highest
number of cases (210,861,802), with France and Germany representing the leading countries [,

SARS-CoV-2 is replicated mainly in the upper respiratory tract, herein supporting the high
infectivity, and transmission occurs via respiratory droplets and aerosols, whilst -regardless the clinical
manifestation- it is easily, specifically and sensitively detected in the nasal passages of infected subjects.
Viral RNA is also present in lower respiratory tract in much higher concentrations, much lesser in the
gastrointestinal tract or peripheral blood of critically ill patients. It can also be transmitted by
asymptomatic and presymptomatic individuals, while uncertain infection periods and inhomogeneous
susceptibility of the population all form the perfect set up for a pandemic to unfold %12,

In some cases, transmission via direct contact to infected surfaces is documented, although the
virus cannot live long outside a host, and it is uncertain whether this in fact was the route of infection.
Although viral RNA decays gradually, viable virus has been isolated for up to 3 hours in aerosols and
up to 72 hours from surfaces, the longest viability being reported on plastics and stainless steel.
Transmission to domestic animals and between them has been documented. It is hypothesized but not
proven or documented that the virus can be transmitted with sexual, fecal-oral, or bloodborne
transmission 141,

Patients were at the beginning mostly adults with a male predominance, with transmission
associated to health care environments being predominant, as well. Nowadays a rising number of
children are being infected around the world and most health personnel infections are classified as
community transmissions. The most common risk factors for severe disease are age, cardiovascular
disease, chronic respiratory disease, diabetes mellitus, immunodeficiency, cancer and autoimmune
diseases [*l. There have been described more than 60 predictors of COVID-19 severity, with the most
important being age, C-reactive protein, D-dimer, serum albumin, body temperature, Sequential Organ
Failure Assessment (SOFA) score and diabetes mellitus, with the last one being the most consistent
comorbidity predicting morbidity 51, Simultaneously, the well-established “immunosenescence” of the
elderly, meaning the immunological deficiencies in both innate and adaptive immune response due to
aging, makes this group highly susceptible to severe COVID-19, same as influenza and other viral

infections [6],

Pathophysiology
As mentioned above, coronaviruses are zoonotic viruses of the Coronoviridae family, infecting
domestic and companion animals as well as human causing mild to sever respiratory disease. There are

7 HCoVs (Human Coronaviruses) that have been identified to affect humans, namely the a-type HCoV-
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229E and HCoV-NL63, the B-type HCoV-HKU1, SARS-CoV, MERS-CoV, HCoV-0C43 and 2019-
nCoV, causing the COVID-19 outburst. They are of different pathogenicity with SARS-CoV, MERS-
CoV and SARS-CoV-2 being the worst in terms of ability to cause severe acute respiratory syndrome
and death. SARS-CoV-2 is a single-stranded RNA virus with a size of 29,891 bases, whose genome
encodes 29 proteins for purposes of virion assembly, replication, cell invasion and infection &7,

Four structural proteins form the accommodation of its’ genome, all surrounded by a lipid
envelope made of (S) spike, (E) envelope and (M) membrane proteins. The last two are necessary for
virion assembly, while the spike protein is essential for virus entry and recognition from the host. The
large protrusions forming the spike protein on the surface of the virus are common in the Coronaviridae
family and are the reason for the name “CORONA”, as they resemble crowns. A receptor binding
domain (RBD) contained in the S protein, binds to the human angiotensin- converting enzyme 2 (ACE2),
allowing membrane fusion and endocytotic insertion of the virus in the human cells. That RBD is the
most variable region of the virus’ genome [8],

The simplest model of infection suggests that, after SARS-CoV-2 affects the host, innate
immune response is triggered to release proinflammatory cytokines, in which epithelial and endothelial
microvascular cells are susceptible to, leading to cell edema, apoptosis and increased alveolar
permeability. Concomitantly, the virus causes viremia entering the blood stream, deranging the renin-
angiotensin-aldosterone system (RAAS) and gradually leading to multi-organ damage, sepsis and death
9

Further inside this model, post-mortem findings of COVID-19 patients document increased lung
weight due to oedema and congestion, while there is microscopic evidence of mucus and cell debris
deposits in the bronchi, with diffuse damage and fluid and fibrin filled alveoli. Lung parenchyma appears
remodeled by hyperplastic and necrotic pneumonocytes with disrupted cell membranes and predominant
microangiopathy and microthrombi. Similar to the observations of SARS virus and H1N1 influenza
virus, the lung is infiltrated by leukocytes, while, perivascular T-cells and macrophages are found in the
alveoli, as well as haemophagocytosis is confirmed in the pulmonary lymph nodes, all suggesting the
initiation of cytokine release syndrome 8,

This cytokine release syndrome theory was already elucidated from animal models, as in the
course of a coronavirus infection, it has been shown that the severity of the disease was associated to
immune dysregulation and excessive inflammatory response rather than the virus titer. Therefore, old
nonhuman primates were more likely to develop severe illness upon infection to younger ones, involving
rapid viral replication, vigorous cytokine response and over induction of epithelial and endothelial
apoptosis . The hypothesis of cytokines playing the key role during a viral infection response, is long
known, with relevant evidence suggesting a delay in the innate immune response in respiratory epithelial

cells, dendritic cells (DCs), and macrophages, secretion of low levels of antiviral interferons

10
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(IFNs) and very high levels of proinflammatory cytokines, such as interleukin IL-1pB, IL-6, and tumor
necrosis factor (TNF) and chemokines (C-C motif chemokine ligand (CCL)-2, CCL-3, and CCL-5) 29,

As with SARS-CoV-2 and MERS-CoV, the main cause of death in SARS-CoV-2 is
development of acute respiratory distress syndrome (ARDS), evidently attributed to several
proinflammatory cytokines and chemokines, along with immunopathological changes in the lungs.
Alveolar fluid is reabsorbed by type | pneumocytes in the interstitium, while surfactant is secreted by
type Il pneumonocytes, resulting in increased permeability. Lung injury is mediated by the inflammatory
cell- rich protein fluid filling the alveolar space causing collapse and de-recruitment. The initial immune
response consists of neutrophil apoptosis, expansion of resident fibroblasts, reformation and regrowth
of the alveolar epithelium differentiating type Il to type | alveolar cells. This proliferative phase of
ARDS might be prolonged or even impaired, consequently preventing recovery and resulting in
impaired gas exchange, increased work of breathing and ventilation to perfusion abnormalities, finally
leading to respiratory failure 2. Computed Tomography (CT) imaging has shown that the lung is not
uniformly affected by ARDS, with the greatest damage observed in the dorsal and basilar regions of the
lung in terms of edema, parenchymal densities and consolidation 2. As the remaining, available for gas
exchange, lung volume shrinks under the weight of flooded alveoli, lung compliance decreases, and
endothelial cell injury progresses to vasculopathy. In COVID-19, autopsy evidence indicates greater
oxidative stress and faster formation of macro- and micro-thrombosis, with vascular dilation and
angiogenesis greater than with HIN1 influenza or the earlier SARS, with a predominance of monocytes
and lymphocytes, whereas in classic bacterial ARDS infiltration by neutrophils predominates 231,

As with any “invader”, immunological defense against SARS-CoV-2 starts with activation of
the innate immune system. The RBD of S protein binds to ACE2 of the human cell, allowing the virus
to enter it with multiple ways -endocytosis or viral escape from the endosome cathepsin L (CTSL)
mediated, or direct fusion of the cell membrane with the virus” envelope. Afterwards pattern recognition
receptors (PRRs), such as Toll-like receptors (TLRs), recognize pathogen-associated molecular patterns
(PAMPs) of the virus, leading to excess transcription of nuclear factor-kappa B (NF-kB) and interferon
regulatory factors (IRFs) in cascade of events that results in proinflammatory cytokine production and
release. In this stage, the critically ill COVID-19 patients exhibit a fulminant cytokine release with
significantly increased IL-6 levels and decreased CD4+ T- and CD8+ T-cells, and natural killer (NK)
cells, as an immunosuppressive state. This dysregulated response of the immune system during the viral
infection generates secondary hemophagocytic lymphohistiocytosis, which is reported in approximately
3.7-4.3% of sepsis cases. Levels of IL-1p, IL-6, IL-8, and soluble tumor necrosis factor receptor 1(TNF-
1), are strongly and positively correlated to severity of COVID-19, as demonstrated in a recent

retrospective study 24,
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While the infection progresses, the adaptive immune system is also activated with a consequent
release of cytotoxic T-cells and production of viral specific antibodies by B-cells. T-helper type 1(Th1)
response is activated by the above cytokines (IL-1B, IFN-y, IL-10, IL-6, monocyte chemoattractant
protein 1 (MCP-1)), being the key event to the start of a normal strong specific immunity 23 24,
However, SARS-CoV-2 infection is characterized by lymphopenia with reduced CD4+ T-cells, CD8+
T-cells, and B-cells and high levels of T-helper type 2 (Th2) cell-secreted cytokines (such as IL-4 and
IL-10), which inhibit the inflammatory response. With the virus being present in both the spleen and
lymph nodes, induction of adaptive immunity in COVID-19 is attributed to direct cytotoxic effect in
lymphatic organs, reduced haematopoiesis, haemophagocytosis and lymphocyte sequestration in the
lungs or other organs 2% 2% |t has been shown that severity of COVID-19 is related to the levels of
granulocyte colony-stimulating factor (GCSF), IP-10, MCP-1, macrophage inflammatory protein-1A
and TNF-a, when patients from general wards are compared to the ones in the intensive care unit (ICU)
(251 Combining all the above findings to the excessive production of cytokines in COVID-19, has
highlighted the development of cytokine release syndrome as a basic severity and mortality- related
pathophysiological complication.

Cytokine release syndrome (CRS) is a systemic inflammatory response, first described in the
early ‘90s, as immunotherapy in hematology, rheumatology and oncology started to develop. A series
of infections and certain drugs can trigger the response, such as T-cell-engaging immunotherapies, a
growing field in the treatment of hematologic malignancies . The syndromes’ pathophysiology
remains unclear, with a massive release of a wide range of cytokines by immune and non-immune cells
(ex. endothelial), most consistently IL-1, IL-6, IL-10, IFNy. IL-6 may be the most important cytokine,
as its’ release induces a pleiotropic response, activating cellular and innate immunity, as well as Th2
and Th17 cell differentiation. Moreover, it stands out as the initial component of cytokine storm in
COVID-19, as it binds to sIL-6R (soluble IL-6 Receptor), entering almost any human cell and causing
vascular growth factor (VGF) to produce and even more pro-inflammatory cytokines to be excreted (like
IL-1) 27, Similarly but earlier n the process, IL-1 induces gene expression and cytokine release in
macrophages and dendritic cells, participating in both non and specific immunity, stimulating the
continuous secretion of a pro-inflammatory complex, toxic to the lung and all organs. This metabolic
cellular abnormality is the main cause of septic shock and initiation of ARDS, gastrointestinal and
neurological disorders, all detrimental to the course of COVID-19, supporting the inhibition or lack of
formation of IL-1 as an interesting therapeutic target to prevent hemodynamic changes, septic shock and
organ inflammation [28 29,

Two last hallmarks in the pathophysiology of CRS are the activation of endothelial cells and the
overwhelming activation of the complement system, which both organize a harmful acute and chronic

inflammation, endothelial cell dysfunction, and intravascular coagulation. Coagulatory dysfunction and
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thrombotic vasculopathy are amongst the commonest and more serious dysregulations addressed in
COVI-19 patients B9, SARS-CoV-2 might also directly damage the endothelium other than ensuing
cytokine mediated inflammation. Alongside, dysregulation of RAAS and sepsis itself are implicated
into COVID-19 associated hypercoagubility, remodeling of small vessels, and subsequent changes in
capillary density, organ perfusion and metabolism B!, Research progresses further to support the
vascular endothelium as the key organ in the course of COVID-19, hence common risk factor-
comorbidities in the severely ill patients are hypertension, diabetes mellitus, cardiovascular disease, all
diseases with underlying endothelial impairment 2. Moreover, cardiovascular events occur often as a
complication of this viral infection, either directly as described above or indirectly (perivascular cell
damage), affecting coronary microvessels and causing myocardial injury. Microscopically, ACE2 levels
decrease locally in the small coronary vessels. Subsequently, the imbalanced bradykinin system and
systemic inflammation form an environment of increased coronary blood flow, moving preexisting
atherosclerotic plaques towards embolic events. Last but not least, oxidative stress and over-activation
of sympathetic nerve system are possible pathophysiologic mechanism for CV events during COVID-
19 [33, 34].

Pending information rise each every day as COVID-19 continues to thrive worldwide and
researchers work unstoppably, with the most recent information highlighting a subset of autoimmunity
and autoinflammation in COVID-19, a theory confirmed by common complications of autoimmune
etiology, such as Guillain—Barré syndrome and its variants, immune thrombocytopenic purpura (ITP),

antiphospholipid syndrome (APS) and thrombotic thrombocytopenic purpura (TTP) 5%,

Clinical Features and Diagnostic Tools

Infection by SARS-CoV-2 is categorized as asymptomatic, presymptomatic and symptomatic.
The viral RNA is detected up to 6 days early before onset of symptoms, reaching peak concertation
alongside with the beginning of symptoms, while it becomes undetectable in the upper respiratory tract
about 15 days after the symptoms start. In the lower respiratory tract, the viral load reaches higher
concentrations, which also peak later and remain longer than in the upper tract. Approximately 33% of
those testing positive, will remain asymptomatic and as many as half of those will develop symptoms
later. The vast majority of patients (over 80%) suffer a mild disease. Symptomatic cases are further
divided into critical, severe, and non-severe. Critical cases (up to 5%) are ones presenting with ARDS,
multiorgan injury, sepsis, septic shock or other conditions requiring advanced support and life sustaining
therapies, mechanical ventilation and/or vasopressors. Severe (over 15%) are those cases presenting
with hypoxia, respiratory failure, signs of respiratory distress (accessory muscle use, inability to speak
in full sentences) or CT findings of lung involvement over 50%. Any patient not meeting criteria for

critical or severe disease is categorized as non-severe (6371,
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In the early stages of the pandemic, high rates of hospitalization and mortality were suggested
by studies, but nowadays, novel therapeutic agents, getting more and more acquainted with COVID-19
itself and most importantly vaccination strategies, have allowed risks of hospitalization, mechanical
ventilation, and mortality to fall. Specifically, initial mortality rates were reaching up to 20%, but as our
knowledge and research progresses, ICU survival rates rise variably from 58% to 80%, ICU admission
requirement falls to 35%, and all case — of either severity- fatality rate is under 2%. This percentage is
strongly dependent on age and rises to 6.4% over the age of 60 years, 13% over 80 years and 25% over
90 years 1%,

The main symptoms of COVID-19 include respiratory and other systemic symptoms. The first
ones commonly include sore throat (5-14%), rhinorrhea (4-24%), cough (up to 82%) and dyspnea (up
to 64%). Systemic symptoms of SARS-CoV-2 infection usually are fever (44-98%), headache (about
10%), diarrhea, nausea, vomiting, skin rash, fatigue, anosmia, ageusia and a plethora of other
manifestations ranging from cardiovascular and gastrointestinal to even neurological disorders.
Headaches, neuropathy, myalgia, encephalitis, encephalopathy are frequently observed as a result of the
virus’ neuroinvasive tropism, to the transsynaptic cells of the olfactory bulb and pulmonary sensorial
receptors. Hepatic and renal impairment can also occur either directly due to the disease or as a result
of the applied therapeutic interventions 39491,

Imaging in COVID-19 consists mainly of chest X-ray (CXR) and CT scan. Frequent CXR
findings in severe disease are multifocal opacities of the interstitial space (72%), or alveolar opacities
usually affecting both lungs, with two-third of patients exhibiting bilateral findings. The CT scan, on
the other hand, has the advantage of diagnosing morphological abnormalities of the lung in the early
stages of infection, and has proven an important technique for SARS-CoV-2 negative patients with low
viral load. It was proposed as a diagnostic tool but was quickly proven ineffective, missing out those
cases where the lung parenchyma is not involved, eventually exposing health care workers to the virus.
It is now considered a way for stratification of patients and a supplemental diagnostic tool “1.

Hospitalized patients with COVID-19 pneumonia share common laboratory findings such as
leukopenia (25%), leukocytosis (25%), lymphopenia (63%), elevated aminotransferases and lactate
dehydrogenase (LDH) and thrombocytopenia. Inflammation cascade is depicted also in the increased
inflammatory markers, such as serum C-reactive protein, IL-6 and ferritin levels. Those findings have
been found to be strongly associated with clinical severity and mortality risk. Finally, as a result of
myocardial injury or coexistence of pulmonary embolism or both, troponin and d-dimmer levels are
usually high in COVID-19 patients 2,

The wildfire like spread of the SARS-CoV-2 pandemic created the need for quick, easy to use,
sensitive and specific novel diagnostic tests, with many being designed and proposed over the last 3

years. Nowadays three types of tests dominate disease management and public health control. The first
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one detects viral RNA using molecular or nucleid acid amplification tests (PCR), the second detects
viral proteins (antigen tests) and the last one finds specific host antibodies produced either via infection
or via vaccination (serology tests). Out of three, molecular tests present the highest specificity and
sensitivity in diagnosing acute infection and are recommended by the WHO. Respectively to the
technical restrictions or the amount of time needed for a result, PCR remains the “gold standard” in the
diagnosis of COVID-19. Rapid antigen tests, also indicating acute infection, with a clinical sensitivity
higher during the first week of illness, reaching up to 80% according to test brand, and a specificity over
97%, could be considered even a replacement of RT-PCR, if immediate decisions about patient care can
be made. They are easier to perform, cost-effective and provide a fast result, mainly for those who are
most likely spreaders of the virus. Rapid antigen detection tests are a valuable tool to ensure safe travel,
schooling, social activities, and are currently considered as standard of care in screening individuals
being at enhanced risk in the community, such as health care providers. The third category of tests, the
serology ones, detect antibodies against SARS-CoV-2, indicating past infection and after vaccine roll-
out, can only be of population surveillance use, as means of public policy. Serology tests do not provide
proof of immunity, as it is still unclear how long the last one lasts. No matter the availability, it is of
cardinal importance to choose the right test, in the right specimen at the right timing {22 4. 42431,

Poor prognostic comorbidities in the course of COVID-19 infection include age, obesity, diabetes,
cardiovascular disease, cancer, autoimmune diseases, chronic obstructive pulmonary disease (COPD)
or history of transplantation. Specifically, obesity is independently associated with increased mortality
and need for mechanical ventilation, even four times higher than the general population. Clinical
prognostic factors associated with higher mortality, longer hospitalization and ICU admissions are
numerous with the most common being initial oxygen saturation < 88%, lymphopenia,
thrombocytopenia, C-reactive protein (CRP) > 200 mg/L, ferritin >2500 ng/mL, D-dimer >2500 ng/mL,

elevated troponin and lactate dehydrogenase, acute kidney injury and acute hepatic impairment 141,

Complications

It is well understood that COVID-19 is not only a “flu-like disease” or simply “a virus causing
ARDS?”, but a viral infection with acute and chronic multiorgan complications, indicative of its dynamics
and diversity, like no other coronavirus. One of the most important complications addressed during a
SARS-Cov-2 infection are the cardiovascular ones. The true epidemiology of these adverse effects is
difficult to establish. While the hospitalized and severely ill patients with ARDS and possible under
mechanical ventilation might develop cardiac complications due to therapeutic strategies, in the non-
hospitalized, mild cases such condition seems to be underdiagnosed. The most frequent effect is
myocarditis, with an estimated incidence of 22 cases per 100000 and many difficulties in its definite

diagnosis. Cardiac injury in general, is reported in 19-18% of COVID-19 patients, a percentage
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including myocardial infarction, heart failure, arrhythmias, and thromboembolic disease, all associated
with increased length of hospital stay and mortality. Roughly, 1 out of 4 patients is affected, with
hypotension, tachycardia, acute coronary syndromes and pulmonary embolism, regardless of preexisting
coronary artery disease, diabetes, hypertension, obesity and chronic kidney disease. The most frequently
encountered arrhythmia (20%) newly found in COVID-19 patients is atrial fibrillation, while cases of
acute heart failure sometimes unmask a subclinical preexisting heart condition ©5 461,

Coagulation is also commonly disturbed in the course of SARS-CoV-2 infection in many ways,
with a prevalence up to 79%, varying from laboratory findings alone (elevated d-dimer, fibrinogen, low
platelet count) to venous thromboembolism, pulmonary embolism, disseminated intravascular
coagulation (DIC) or sepsis induced coagulopathy (SIC). This state of sever hypercoagulability is
depicted by the fact that many patients have been reported to develop such complications despite
receiving prophylactic heparin /. Another group of COVID-19 complications are thrombotic
microangiopathies, characterized by the triad of thrombocytopenia, microangiopathic hemolytic anemia
and end-organ capillary thrombosis 81,

Reportedly, renal and liver impairment are also common in COVID-19. Acute kidney injury
and exacerbation of chronic kidney disease have a prevalence of 5-23% and include elevation of blood
creatinine and urea, microscopic hematuria, proteinuria and histopathological changes “°1. On the other
hand, liver injury has a more complex pathophysiology, with the infection causing a mild and self-
limiting injury, but cardiac injury and therapeutic targets also playing an important role in its course.
The severity of the injury is associated with the severity of the disease in acquaintance with ARDS,
acute cardiac injury and acute kidney injury. Coexistence of other viral hepatitis, cirrhosis or use of
hepatotoxins (statins, antibiotics, paracetamol, non-steroid anti-inflammatory agents, antiviral agents,
tocilizumab) should also be taken into account .

Another aspect of complications to be considered during COVID-19 are the neurological ones,
with an estimated of 2.3% incidence of acute ischemic stroke and others reportedly being cerebral
venous (sinus) thrombosis, epilepsy, meningitis, encephalitis and meningoencephalitis, acute myelitis,
Guillain—Barré syndrome (GBS), posterior reversible encephalopathy syndrome (PRES) B, There is
also a wide variety of autoimmune disorders that have been related to SARS-CoV-2. Other than a known
-during infection- predisposition to systemic autoimmunity (cytokine storm syndrome), reactive
arthritis, connective tissue disorders, drug-induced lupus, haemolytic anemia, immune
thrombocytopenia, cutaneous vasculitis and pulmonary fibrosis are among the autoimmune
complications of the disease. Moreover, autoimmune diseases might flare in the course or after COVID-
19. The off-label use and withdrawal of antirheumatic agents in the treatment (like tocilizumab or
anakinra), might paradoxically induce autoimmunity due to transient immunosuppression followed by

inappropriate immune reconstitution 21,
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Last but not least, a distinct condition presenting after the acute phase of COVID-19 is “long
COVID syndrome”. It encompasses an extremely broad spectrum of cardiopulmonary and neurologic
symptoms, associated with a prolonged inflammatory reaction. COVID-19 survivors may suffer from
long-term pulmonary complications, such as dyspnea, chronic cough, hyperventilation syndrome,
impaired exercise capacity and inhaled medication or oxygen dependent restricted pulmonary disease.
Ongoing cardiovascular inflammation and endothelial damage contribute to the development of
hypotension (1 in 2 patients), tachycardia (3 in 4 patients), derangement of existing hypertension,
cardiomegaly, bradycardia, and postural tachycardia syndrome (POTS) 2. Impairment of the
glucometabolic control is the most important consequence of COVID-19, increasing the predisposition
to cardiovascular events and presenting as glucose homeostasis impairment, hyperlipidemia,
hypertriglyceridemia and/or alterations in thyroid function. In regard to neuropsychiatric complication,
long COVID is characterized by fatigue, chronic widespread musculoskeletal pain, disturbed sleep,
anxiety, migraine, manifestations of vast importance to the patients’ normal return to work and social
life. Even though the syndrome is yet to be defined and is underdiagnosed, it is among the COVID-19
complications that need special attention by physicians 54 51,

Treatment

Since the emergence of COVID-19, the entire scientific community has unstoppably worked
trying to deconstruct specific particularities of the virus and organize clinically applicable therapeutic
options. As the virus spreads rapidly across the universe, causing millions of deaths, profound negative
pressure on healthcare systems and a worldwide socioeconomic crisis, clinicians are faced with
desperation, hence therapeutic options are scarce and lack evidence base. Even with the support of
tenuous data and hypotheses, clinical practice reached for last resort solutions, subsequently proven
harmful, like the initial wide use of hydroxychloroquine or the suggestion for avoidance of systemic
corticosteroids. Two years later, still numerous clinical trials, randomized and non-randomized
controlled trials and relevant meta-analyses are issued, laboratories all over the world conduct novel
research, while clinicians try to formulate the results and unify them in clinical practice guidelines.

Several therapeutic protocols and agents have been evaluated for the treatment of COVID-19,
as healthcare systems around the world experience immense stress and the public health crisis is depicted
in business closures, trade disruption, tourism industry devastation and social distancing. The goal is to
support the patients with pharmacological and non-pharmacological interventions that will firstly
significantly decrease all-cause mortality, along with intubation rates and post-COVID-19 syndrome
prevalence. A first approach that seemed promising at first was the repurposing of the antiviral agents
used in ARDS due to SARS-CoV-1 and MERS-CoV, such as antiretroviral, immunoglobulins and

convalescent plasma, a tactic proven ineffective. The clinicians and researchers, then, turned their
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attention to other repurposed drug regimens, in forms of immunosuppressants, as the pathophysiology
of the cytokine storm in COVID-19 became clearly established. The idea was to reuse known drugs with
established pharmacokinetics and pharmacodynamics and simultaneously reduce the time and cost of
developing a new agent amidst an ongoing pandemic. On the other hand, intensivists worked sleeplessly
to develop oxygen support regimens, expanding the use of non-mechanical ventilation techniques and
teaching unspecialized personnel to use them. Updated practice guidelines are being published

frequently by various societies worldwide, as research advances, to assist practitioners.

Non-Pharmacologic Interventions

As mortality in COVID-19 is mainly attributed to ARDS and its subsequent hypoxemic
respiratory failure, initiation of respiratory support, timing and form are the most important component
of the diseases therapy. Noninvasive support is preferred and when applicable can be delivered via low-
flow nasal cannula (LFNC), simple face masks, Venturi masks, non-rebreather masks, high-flow nasal
cannula (HFNC) or non-invasive mechanical ventilation (NIMV). The goal is to treat the patient’s
hypoxia without needing to proceed to mechanical ventilation (intubation), a step that significantly
increases mortality and secondary complications. It is a tactic thoroughly researched in ARDS
management and cautiously used in its’ treatment for the past 10 years 6],

More specifically, based on the cause and severity of the acute respiratory failure, a different
device might be applicable. LFNC, simple face masks and Venturi masks are generally used for
hypoxemic patients with no need of mechanical support. On the other hand, NIMV delivers
simultaneously supplemental oxygen at a prescribed fraction of inspired oxygen (FiO2) and mechanical
support using a tight-fitting mask (nasal, oronasal, full-face), producing either continuous positive
airway pressure (CPAP) or bilevel positive airway pressure ventilation (BiPAP). NIMV, therefore,
improves gas exchange and alveolar recruitment and decreases the work of breathing. Although the use
of NIMV in exacerbations of COPD, cardiogenic pulmonary oedema and in weaning from invasive
mechanical ventilation is well established, evidence remains unclear in acute respiratory failure. ARDS
treatment apparently has better recovery rates using CPAP than BiPAP, which is, among others, better
tolerated by the patients. Nevertheless, both techniques inhibit mobilization, restrict communication and
nutrition and are described as dysphoric. The overwhelming number of patients requiring ventilation
support during the pandemic, has led to a massive usage of NIMV even in non-1CU beds and was the
motive for a lot of research. Recent meta-analysis supports the application of NIMV outside the ICU in
patients with COVID-19 &1,

On a similar page of avoiding intubation, high flow nasal cannula (HFNC), a device previously
mostly used in neonatal ICUs, is frequently used in COVID-19 with many data supporting its efficiency.

The device delivers high flows of oxygen and humidified air through a wide bore nasal cannula and is
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feasible in adults experiencing acute respiratory failure, or at risk of acute respiratory failure. In a former
study it was supported that HFNC may result in less treatment failure in comparison to standard oxygen
therapy, a result not seen when compared to NIMV B8l Another recent meta-analysis shows that HFNC
application reduces 28-day mortality and length of hospital stay but does not confer a significant risk
reduction in avoidance of intubation compared to NIMV 9. The devices’ efficiency, non-inferiority to
NIMV and better tolerability profile are the main reason that it is the main NIMV broadly used in
COVID-19 patients with acute respiratory failure.

When all non-invasive measures fail, invasive mechanical ventilation (IMV) through intubation
is the only solution. Even though it is publicly considered a lifesaving step, it is associated with multiple
complications, such as secondary infections, prolonged sedation with associated neurocognitive
disorders, increased ICU stay, increased mortality and increased prevalence of post-extubation related
life-long disability. The regional differences from ICUs treating COVID-19 patients around the world,
in terms of mortality rates, support the need for optimal ventilation strategy protocols ©%. Another
important aspect is the timing of intubation. Although several practice guidelines recommend early
intubation in COVID-19 associated ARDS, it is still unclear, as large meta-analysis evidence showed
that this may have no effect on mortality rates, suggesting withholding intubation tactics . The topic
remains unclear, but it is unanimous that IMV should by all means be avoided when possible.

Extracorporeal membrane oxygenation (ECMO) is a salvage strategy for severe ARDS patients
in whom IMV fail to obtain sufficient oxygenation, using the cardiopulmonary bypass technology to
perform gas exchange. It was shown early in the course of the pandemic that ECMO reduced the in-
hospital mortality, with rates similar to those with non-COVID-19 ARDS ©2, In such an event of ECMO
initiation, advanced age, other comorbidities, vasopressor support, active bleeding, low pre-ECMO pH
are predictors of worse outcome, while the duration of MV prior to ECMO and total ECMO duration
appearing to be similar between survivors and non-survivors €I,

Finally, a very famous technique of non-pharmacological support in patients suffering from
COVID-19 ARDS, both intubated and non-intubated, is prone positioning. Its’ potential efficacy is yet
to be well-defined in terms of contraindications and duration, but there has been a rising interest with
cohort studies and trials in the run. Prone positioning in awake patients is easily applicable and less time
consuming in comparison to intubated ones, and acts with the same pathophysiological mechanism of
gravity-assisted diversion of pulmonary blood flow to dorsal regions recruiting more alveoli. Evidently,
it is still unclear how often, for how long and which patient is eligible. Recent meta-analyses in intubated
COVID-19 patients exhibit potential benefits in oxygenation and mortality rate, but in the non-intubated,
prone positioning does not appear to have a significant effect on critical care admission or incidence of

intubation [64 61,
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Pharmacologic interventions

The usage of corticosteroids in serious infections and in ARDS has -for years- been a
continuous controversy, but during the pandemic, the absence of potent therapies and the rising numbers
of critically-ill patients have acted as a stimulus for researchers to address this flaming matter. The
pathophysiology of ARDS is based on an innate immune cell mediated response causing lung alveoli
damage. It has long been hypothesized that corticosteroids due to their anti-inflammatory and
antifibrotic properties are ideal agents against the ongoing pulmonary and systemic damage of
hyperinflammation in ARDS, regardless its’ etiology. Despite the fact that many randomized controlled
trials have shown beneficial effects with the use of corticosteroids in ARDS, observational data in certain
subtypes of ARDS, such as in influenza, suggest that they may raise mortality and increase opportunistic
infections. Of note, those trials were mostly performed in patients with ARDS ventilated with a non-
protective regimen, hence being uncertain of the result of a lung protective regimen in combination with
steroids [%], These data resulted in the addition of a recommendation for corticosteroid use in patients
with ARDS and PaO2/FiO2 ratio <200 by the 2017 SCCM (Society of Critical Care Medicine) and
ESICM (European Society of Intensive Care Medicine) guidelines for the Diagnosis and Management
of Critical Iliness-Related Corticosteroid Insufficiency (CIRCI) 71,

While clinical practice so far was variable and many questions regarding initiation of treatment,
type of steroid, optimal dosage and duration of therapy remained unanswered, the lack of other therapies
in COVID-19, pushed research down the path of the easy to find and use, cost effective and well-
established glucocorticoids. Subsequently, as of July 2020 more than 60 studies for the treatment of
COVID-19 with corticosteroids had been registered at ClinicalTrials.gov. At the same time, it has been
shown that COVID-19 ARDS can be treated similarly to non-COVID-19 ARDS as far as corticosteroid
regimens is concerned [%81. The hypothesis of a beneficial steroid therapy in COVID-19 ARDS is based
on its’ potency to downregulate the cytokine storm and is well known from autoimmune disease patients,
where flares of their disease, macrophage activations syndrome (MAS), cytokine release syndrome
(CRS), are mainly treated with high doses of steroids. With the addition of COVID-19 randomized
controlled trials and their large numbers of patients, data concerning ARDS in general are becoming
more precise, while subgroup analyses about certain populations, comorbidities and administration
regimens are more comprehensive.

Most COVID-19 treatment protocols suggested the use of dexamethasone, as a result of a large
meta-analysis published in the early 2020, supporting its’ advantages [°). Dexamethasone is 20 to 30
times stronger than the natural hormone cortisol and up to 5 times stronger than prednisone, producing
a strong anti-inflammatory effect, but the weakest mineralocorticoid effects in contrast to the rest
steroids. With a biological half-life of 36 to 54 hours, its’ pharmacokinetic allows daily one-dosage

regimens.
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One of the largest RCTS in England, during the first year of the pandemic, the UK-based
Randomized Evaluation of COVID-19 Therapy (RECOVERY) trial, randomized 6425 patients to a
daily dosage of 6 mg dexamethasone or standard of care, ultimately suggesting an overall reduction in
mortality of 2.8%, with a much greater benefit for patients under IMV at the time of randomization
(mortality 29.3% for dexamethasone vs 41.4% for usual care, rate ratio 0.64 [95% CI, 0.51-0.81])[69].
The RECOVERY trial showed an absolute reduction in the risk for death by 12.1% in mechanically
ventilated patients assigned to low-dose dexamethasone %, In a meta-analysis conducted by the WHO
Collaboration, also in the early stages of the pandemic, administration of corticosteroids was associated
with lower all-cause mortality at day 28 and with no suggestion of an increased risk of serious adverse
events. The analysis suggested similar odds for mortality with either dexamethasone or hydrocortisone,
while no evidence supporting high over low dose was found "Y1, Similarly, in the subgroup analyses, no
difference in mortality was found between younger and older individuals, men and women, short and
long duration of symptoms. On the other hand, lower mortality was demonstrated in patients not
receiving vasoactive medication at randomization than in those who were receiving under vasopressors
[71].

All these data moved towards the conclusion that dexamethasone is beneficial in severe
COVID-19, making it an important step in almost all treatment protocols around the world. In the latest
meta-analysis, corticosteroid treatment had no impact on mortality in 18190 COVID-19 patients and
researchers concluded that dexamethasone, upon early initiation, may reduce mortality rate by 5%, while
the risk of ICU admission and IMV initiation and duration of hospitalization, are comparable between
those receiving steroids and controls 2, Researchers speculate that a certain group of patients with
hyperinflammatory response is that will benefit most, whilst more and more data from RCTs all around
the world await to be investigated upon.

A treatment option that received substantial interest, especially for mild to moderate COVID-
19 patients that are not hospitalized, are inhaled corticosteroids. The PRINCIPLE study, was an open-
label, multicentre, multi-arm, randomized controlled trial, that included non-hospitalized patients older
than 65 years or older than 50 years with comorbidities. It established a positive effect of inhaled
budesonide in time needed to recover and proposed a possible reduction of hospital admissions and
deaths. Nevertheless, it is still unknown which the right dosage is and what is the exact mechanism of
inhaled corticosteroids in reducing time to self-reported recovery. Moreover, trial participants are
scarcely vaccinated and of older age, so important questions about the impact of inhaled steroids on
younger populations and vaccinated individuals remain. Recent meta-analysis provides a promise for
inhaled corticosteroids, particularly in the elderly, and confirms reduction in recovery time 3731,

Although it is profound medical knowledge that antibiotics are not to be used to treat viral

infections and antibiotic resistance grows yearly upon unnecessary antibiotics’ prescription, tons of
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boxes of them have been prescribed during the pandemic, mostly as a treatment towards the doctors’
fears, of complications in patients under quarantine with no physical examination and follow-up.
Azithromycin is the most widely used antibiotic in the management of COVID-19, due to its’
established anti-inflammatory and immunoregulatory effects in the bronchial epithelial cells and the
knowledge derived from its’ use in other viral pneumonias being associated with improved outcome. It
is a broad-spectrum antibiotic, cost effective, easy to find, with rapid absorption after oral intake and
long half-life (68 hours). The only concerning adverse effects is QT prolongation and cardiotoxicity.
Various trials and studies evaluated the use of this drug in non-hospitalized patients, with PRINCIPLE
trial showing no evidence of any benefit in mild disease . Similarly, in patients with moderate
COVID-19 not requiring hospitalization, the addition of azithromycin had no impact on the risk of
hospital admission or death, compared to standard of care '), Evidence is consistent from the relevant
meta-analyses, with data from all continents, presenting strong evidence that the use of azithromycin is
of no benefit but also of no harm 78 7],

Colchicine, a frequently used and well known to physicians anti-inflammatory drug, was also
tested and widely prescribed for SARS-CoV-2 infection. The rationale for its’ use is based on
colchicine’s pharmacodynamic, as it inhibits interleukins and more specifically the NLRP3 (NLR
Family Pyrin Domain Containing 3) inflammasome. When macrophages dendritic cells and other
antigen presenting cells are invaded by a virus, this multiprotein complex (NLRP3) is activated and
initiates the cytokine release response. During the course of COVID-19, there is overactivation of this
complex, leading to overproduction of cytokines and multiorgan damage. Subsequently, colchicine
appeared promising in the inhibition of the cytokine release syndrome, through the inactivation of the
NLRP3. Various protocols have been reported worldwide with either inpatient or outpatient use of
colchicine, but mostly further analyzed data concerning hospitalized patients. Apparently, colchicine
reduces the length of hospital-stay and prevents clinical deterioration, decreases CRP levels and d-dimer
levels, but has no effect on all-cause mortality and MV initiation. Subgroup analyses show an
enhancement in these effects in diabetic and obese COVID-19 patients, creating an insight for the future
for these specific groups to be further analyzed [ 811,

Hydroxychloroquine was firstly a drug developed to treat malaria, but with the discovery of
its’ many other drug properties, it has become an important therapeutic agent in autoimmune,
rheumatological and dermatological diseases. In the beginning of the pandemic, large expectations were
based on hydroxychloroquine and misinformation led people preventively buying the drug over the
counter, resulting in a sudden shortage of backlog. Soon it became evident that the possibility of cardiac
adverse events from the use of this agent was greater than the benefit. Patients with COVID-19 receiving
hydroxychloroquine reportedly suffered from increased incidence of cardiac complications and

arrythmias, such as atrial fibrillation, atrial flutter, ventricular tachycardia, ventricular fibrillation, a
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danger difficult to quantify. Nevertheless, combined data from the conducted trials do not support the
use of hydroxychloroquine in the management of COVID-19 patient, as it did not change mortality or
mechanical ventilation need [62 &,

Remdesivir is a nucleotide prodrug with intracellular metabolism to active ATP, allowing it to
interfere with viral-RNA-dependent RNA polymerase activity, thus it inhibits viral RNA. It is an
antiviral agent originally designed for the treatment of Ebola, although the actual pharmacology and
pharmacokinetics of the drug within the respiratory tract remain unknown. In the absence of other
possible treatments and the increasing burden of the pandemic, it was approved on 14 November 2021
by the U.S. Food and Drug Administration (FDA) for the treatment of adults hospitalized with COVID-
19 B4, Former studies have shown a significant difference in clinical course between standard of care
and administration of remdesivir for 5 days, while no significant benefit was documented with extension
of administration to 10 days. On the other hand, trials showed that this drug does not accelerate recovery
or viral clearance, suggesting that remdesivir’s effectiveness is not associated with viral load. Large
meta-analyses of relevant data conclude that it has little or no difference in mortality, but it may reduce
hospitalization days, time to recovery and serious adverse events [ 8l |t is the most widely used
COVID-19 therapy, second to dexamethasone, nevertheless the WHO recently published a conditional
recommendation against its use in inpatient setting, surpassing its’ proven effectiveness in early stages
of the disease 71,

Molnupiravir is a new antiviral agent that inhibits SARs-CoV-2 replication, acting as the
isopropyl-ester prodrug of the ribonucleoside analogue p-D-N4-hydroxycytidine. It exhibited in vitro
evidence of strong potency to rapidly reduce viral load in the submicromolar range and has received so
on considerable attention as a possible therapeutic agent ©&. While evidence is still conflicting and
research remains to advance, some studies showed a reduction in the risk of hospital admission or death
by approximately 50% in the outpatient setting [,

Another antiviral agent being tested in COVID-19 patients is Lopinavir/Ritonavir (L/R),
supported by its’ efficacy in SARS-CoV-1, established in 2004 9, Both of the drug components are
protease inhibitors. Lopinavir at a usual dose of 400mg is prescribed always in combination with low-
dose ritonavir (100mg), which pharmacokinetically enhances its activity by inhibiting CYP450
metabolized protease inhibitors. Many protocols recommended its’ use during the first months of
COVID-19 emergence and observational studies and RCTs started evaluating its treatment efficacy for
SARS-CoV-2. Meta-analyses with meta-regression analysis of those data found no difference in
mortality or initiation of MV but showed some benefit in reduction of time to recovery and days of
hospitalization % 21,

Last but not least, Nirmatrelvir boosted with ritonavir (marketed as Paxlovid) was recently
added to COVID-19 therapeutics, targeting the major SARS-CoV-2 protease (Mpro). Mpro is
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responsible for polyprotein processing through more than 11 cleavage sites and because it is highly
conserved across SARS-CoV-2 variants, it is a strong subset in designing potent therapy protocols. It
can be administrated in adult patients with mild to moderate disease, suffering from high-risk
comorbidities in matters of disease progression, in the outpatient setting. Treatment must ideally start
within 5 days from symptom onset, with a special attention to drug interactions, as ritonavir is a CYP450
inhibitor. Paxlovid is currently widely prescribed and used, and scientific community awaits with great
interest the results from larger, forthcoming RCTs [ %1,

The antiparasitic agent ivermectin can in vitro inhibit viral replication, thus supporting a
molecular hypothesis that it might be active against SARS-CoV-2 in the early stages of infection as
treatment or prevention after exposure. More than 30 studies have put its efficacy and safety into test
with conflicting evidence, while the most important problem to surpass is that it would take major doses
in humans to reproduce the in vitro positive result against the virus. It has not been officially approved
for COVID-19 and can only be used in well-designed trials [*4. Evidence show that it provides the safety
profile needed to be used in larger clinical trials for the management of COVID-19, although it possibly
is not significantly associated with improvement in surrogate outcomes [,

Intravenous immunoglobulin (IVIG) is a polyclonal 1gG antibody derived from the blood of
healthy donors, with strong anti-inflammatory properties when used in immunodeficiencies,
autoimmune diseases and other inflammatory conditions. It enhances the recipients’ passive immune
response against common pathogens and therefore is valuable in the course of severe infections with an
additional advantage of high safety and tolerability. Subsequently, it was an easy candidate therapy for
severe COVID-19 P81, [VIG treatment in mild and moderate COVID-19 patients did not exhibit any
significant benefit when added to standard of care 1. On the other hand it showed a significant benefit
in critically ill patients, via reduction of mortality rate and therefore, it could be a potential treatment
option in selected, critical cases [,

On a similar treatment rationale basis, it was hypothesized that individuals who had recovered
from COVID-19 could act as donors of convalescent plasma, in order to close the time gap between
infection time and the innate triggering of a sufficient immune response. The use of convalescent plasma
in COVID-19 has attracted spotlight and intrigued research, especially for immunocompromised
patients. In a recent meta-analysis of 16 RCTs with over 16000 COVID-19 patients, routine use of
convalescent plasma was not efficacious enough, as its administration did not confer a significant risk
reduction in all-cause mortality %, Similar results were subsequently demonstrated by further trials [
1011 Despite these results, because antibody response to SARS-CoV-2 is usually already present upon
hospital admission, RCTs are turning to very early administration, in an attempt to test whether it might

affect disease progression, with promising results (102 1031,
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The establishment of the cytokine storm as a crucial mechanism in the progression of severe
COVID-19, brought to the spotlight therapeutic interventions with strong ability to inhibit signaling
pathways of the inflammatory response. Janus Kinase- Signal transducer and activator of transcription
(JAK-STAT) is one of the most important cellular pathways, activated in survival, differentiation, and
proliferation of a normal innate response, controlling the duration and quantification of cytokine release
and signaling. JAK inhibitors (JAK1/JAK2) were developed and are commonly used for diseases with
overacting JAK signaling, like autoimmune diseases such as rheumatoid arthritis (RA), psoriasic
arthritis, ulcerative colitis and atopic dermatitis or myelopriliferative disorders.

In particular, baricitinib is a JAK1/JAK2 inhibitor used in the treatment of RA that appeared
from the beginning safe and effective against SARS-CoV-2. Obviously, baricitinib’s low plasma protein
binding rate (50% in contrast to about 95% of ruxolitinib and fedranitib) and its’ low interaction with
CYP450 made it a great candidate to be co-administrated safely with the rest COVID-19 regimens [204],
Based on many observational studies and a clinical trial conducted by the National Institute of Allergy
and Infectious Diseases (ACTT-2), exhibiting benefit, in terms of severity, mortality and survival, from
the addition of JAK inhibitors in COVID-19 patients, on November 19, 2020, the US FDA issued an
emergency authorization for Baricitinib-Remdesivir coadministration in COVID-19 hospitalized
patients %1, Meta- analyses of the data after 1 year of using baricitinib, are promising, since it is
significantly associated with mortality reduction, decreased risk of ICU admission, decreased risk for
initiation of mechanical ventilation and increased discharge oxygenation index. Those results appear to
be dosage dependent, while baricitinib appears neutral to causing secondary infections, sepsis or septic
ShOCk [106, 107].

The medical community is faced daily, not only with severely ill COVID-19 patients, but with
a continuously rising number of mild to moderate cases, especially after broad vaccination strategies. It
is important to stratify those patients based on comorbidities and address their outpatient care and
therapy with preventive towards deterioration tactics. For milder non-hospitalized patients, neutralizing
monoclonal antibodies (mABs), such as bamlanivimab, have been developed, under the rationale of
passive immunotherapy. mABs are laboratory-manufactured molecules, programmed to mimic a normal
immune response against an invader, directly attacking them, thus winning time over other therapies. It
is a promising technique, originally developed for cancer treatment and other infections.

The neutralizing monoclonal antibodies target the spike protein in the surface of SARS-CoV-2
and prevent the virus from attaching to the human cells. Synthesis of the results from large RCTs
assessing their efficacy in COVID-19 appears promising. The rate of COVID-19 related hospitalization
and the rate of emergency department visits was significantly lower with mABs, indifferent in the
subgroup analyses of the administration regimen %I, Finally, mortality was significantly lower in the

patients receiving mABs, whereas no significant raise in any or serious adverse events was observed.
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The effect on all-cause mortality was not confirmed in a recent meta-analysis, although the outcome
narrowly missed statistical significance 1%l So far, 4 neutralizing monoclonal antibodies, namely
bamlanivimab with or without added etesevimab, casirivimab with added imdevimab, sotrovimab and
bebtelovimab, have received emergency authorization by the FDA, for outpatient use only as a single-
dose intravenous infusion.

As it was thoroughly analyzed in the pathophysiology section, cytokine release syndrome is the
primary pathway of multi-organ damage and severe disease in SARS-CoV-2 infection. Hyper-
inflammation is mirrored in the elevated ferritin and CRP levels and is orchestrated by several cytokines
with IL-1, IL-6, IL-10, GCSF, MCP1 being the most important. This knowledge has turned the spotlight
towards immunomodulatory agents as possible therapies in COVID-19 with a raising research interest
and many clinical trials on the run, since they carry along a good safety profile and approval for the
treatment of autoimmune diseases.

IL-1 blockade is succeeded in two general mechanisms, either binding to the IL-1 receptor or
binding directly to IL-1. More specifically, anakinra is a recombinant IL-1 receptor antagonist,
currently used in autoinflammatory diseases by rheumatologists, gastroenterologists, and dermatologists
and has proven effective in secondary Hemophagocytic lymphohistiocytosis (SHLH) or macrophage
activation syndrome (MAS), while canakinumab is a human anti-I1L-16 monoclonal antibody. These
immunosuppressants act decreasing the over-regulation of IL-1 and IL-6, curtailing the development of
the cytokine storm, all combined with a remarkable safety profile and short half-life. In this setting IL-
1 antagonists were included in COVID-19 management regimens and many RCTSs have been published
strengthening their use in severely ill hospitalized patients.

Early data from meta-analysis of observational studies indicating clinical benefit, was recently
confirmed by SAVE-MORE, a double blinded, placebo-controlled, randomized trial [**°), SAVE-MORE
showed reduction in 28-day mortality risk in 594 patients, with no effect on intubation risk and
bloodstream infections, with the administration of subcutaneous anakinra 100mg once daily for 10 days.
Although earlier in the pandemic, this therapeutic option was faced with great optimism and first studies
showed significant association with increased ventilator free days and decreased 1CU admissions, their
use remains conflicting [, Later on, although immunosuppressants appear to reduce mortality in
COVID-19 patients, anakinra and canakinumab probably have a small or no impact on clinical
improvement but with an acceptable safety profile, as a recent Cochrane meta-analysis has demonstrated
[112, 113].

In a similar pathway, cytokine release syndrome has been successfully treated with IL-6 receptor
inhibitors (tocilizumab and sarilumab) and IL-6 inhibitors (siltuximab), hence many RCTs were
designed to test their efficacy and safety in COVID-19 severe cases. In a prospective meta-analysis
conducted by the WHO in 2021, a total of 10930 patients enrolled in relevant RCTs, exhibited lower
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all-cause mortality 28 days after randomization with IL-6 antagonists administration compared to
standard of care. A significant reduction in the risk for initiation of mechanical ventilation, vasopressor
support and ECMO was also demonstrated, while there was no increased risk for secondary infections
compared to standard of care *4, More recent analyses are consistent with the above results, suggesting
that tocilizumab has a significant benefit in moderate to severe COVID-19, as far as 28-day mortality,

mechanical support initiation, adverse effects and hospitalization duration is concerned 41,

Vaccination against COVID-19

From the emergence of COVID-19, researchers and pharmaceutical companies have been
working restlessly to develop a strong and safe vaccine. It is an effort to decrease infection rate and
cases of severe illness, to relieve the “overwhelmed” public healthcare systems and limit some of the
collateral socioeconomic crisis components. Most importantly, it is an effort to save lives and prevent
further harm. More than 2 years into the pandemic, several vaccines have been authorized by regulatory
authorities and the WHO, based on large RCTs results, with efficacy results having a median follow-up
time of only 2-3 months. The ideal vaccine should have an acceptable safety profile and proven efficacy,
preventing infection or transmission or both for at least 6-months after administration.

The first vaccine to receive Emergency Use Authorization was the BNT162b2 (Comirnaty®:
BioNTech and Pfizer) on December 2020 after confirmation of 95% efficacy against severe illness in
adults %8, Since then, according to the WHO’s latest report on vaccine development on 24 May 2022,
160 COVID-19 vaccine studies are in different clinical trial phases and an additional of 198 vaccines
are at preclinical stage 1. Moreover 65.8% of the world population has received at least one dose of a
COVID-19 vaccine, with a total of 11.79 billion doses having been administered globally, while 6.45
million people are vaccinated each day ™€,

Despite the proven efficacy of the administrated vaccines and the undoubtable harm of the
pandemic, hesitancy of the public regarding their safety results in refusing or delaying vaccination.
Nevertheless, it has been demonstrated that every 10% increase in vaccine coverage, can reduce
mortality rate by a significant 7.6% [, Simultaneously, the purpose of the vaccine itself, in means of
effectiveness, is to reduce severity, mechanical ventilation and mortality. Concerning these surrogate
outcomes, all vaccines irrespectively, offer a significant risk reduction. In simple words, compared with
no vaccine, all types and brands of vaccines are effective in preventing ARDS and MV 120, Research
has established vaccine efficacy and safety for children, as well, with vaccination now routinely being
applied for children over 5 years of age, while trials in younger infants and children are in progress 121,

As far as duration of immunity is concerned, it appears that immunological memory gained
from infection persists more than 6 months. T-cell immunity may last longer, up to years, but the precise

duration and protectivity of a certain antibody titer is yet to be defined 22, Likewise, research is running
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against time, trying to evaluate the duration of SARS-CoV-2 vaccine efficacy across different outcomes.
Although vaccine protection against infection and mild COVID-19 symptom development appears to
wane after about 6 months, efficacy against severe disease remains high. As countries worldwide
continue to face surges of COVID-19, public policies turn to booster doses to the immunocompromised,

the elderly and the health-care providers, in an attempt to avoid new outbreaks 231251,
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PURPOSE

The purpose of this systemic review and meta-analysis is to assess the safety and efficacy of
Inteleukin-1 antagonists widely used for the treatment of moderate to severe COVID-19 disease, with
special emphasis in surrogate outcomes, retracting data from the so far available randomized control
trials (RCTs). Namely we will be setting death due to COVID-19 disease as the primary endpoint, and
the use of either invasive mechanical ventilation (IMV), or extracorporeal membrane oxygenation
(ECMO), or non-invasive mechanical ventilation (NIMV), or high flow nasal cannula (HFNO) as
secondary endpoints. Moreover simultaneously, we will be assessing major safety outcomes such as
secondary bacterial infections, cytopenias, acute renal injury, liver dysfunction attributed to the initiation

of the treatment.

METHODS

The present systematic review and meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines %1, The present
protocol has been registered at the PROSPERO database (University of York), with the following
registration number: CRD42022324746.

We searched PubMed, Cochrane Library, clinicaltrials.gov, European Union (EU) Clinical Trials
Register and medrxiv.gov databases from inception to 1% April 2022 for randomized controlled trials
(RCTs) enrolling hospitalized adult subjects with documented SARS-CoV-2 infection, assigned either
to an IL-1 antagonist (either anakinra or canakinumab) or control (placebo or active comparator),
regardless of disease severity. Our exclusion criteria were a. observational studies, b. case series or case
reports and c. studies performed in the pediatric population.

We utilized the following search terms: “anakinra”, “kineret”, “canakinumab”, “interleukin-1
receptor antagonist”, “anti-IL-1 monoclonal antibody”, “coronavirus disease-2019”, “COVID-19”,
“SARS-CoV-2”, “severe acute respiratory distress syndrome coronavirus 2”, combined with the use of
Boolean operators “AND” and “OR”. We used both free-text words and Medical Subject
Headings (MeSH) terms. We did not imply any filter regarding study setting, study sample, publication
language or publication date. Complete search strategy is provided in supplementary appendix
(supplementary table 1).

We set as primary efficacy outcome the death in the context of SARS-CoV-2 infection. We set as
secondary efficacy outcome the need for invasive mechanical ventilation (IMV) or initiation of
extracorporeal membrane oxygenation (ECMO) and the composite of non-invasive mechanical

ventilation or initiation of high-flow oxygen (HFQO). We also assessed major safety outcomes, with
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emphasis on secondary bacterial infections (bacterial sepsis and septic shock), neutropenia and
transaminasemia.

After de-duplication and assessment of eligible studies at title and abstract level for potential
inclusion in our systematic review, two independent reviewers (A.D. and D.P.) extracted the data of
interest from the eligible reports, by using a pilot tested, data extraction form. Among the extracted
information, we included the following: first author, year of publication, year of study conduction, study
setting, study sample and main baseline demographic characteristics of enrolled participants.

We sought to conduct certain subgroup analyses, according to the type of administered IL-1
antagonist (anakinra or canakinumab), the administration of antiviral agents (e.g. remdesivir) and the
administration of corticosteroids, if such data were made available by the authors.

Differences were calculated with the use of risk ratio (RR) or mean difference (MD), for
dichotomous and continuous variables respectively, with 95% confidence interval (Cl), after
implementation of the Mantel-Haenszel (M-H) random effects formula. Statistical heterogeneity among
studies was assessed by using 12 statistics. Heterogeneity was considered to be low if I> was between 0%
and 25%, moderate if I* was between 25% and 50%, or high if I* was greater than 75% [127]. All
analyses were performed at the 0.05 significance level, while they were undertaken with RevMan 5.3
software 1281,

Two independent reviewers (D.P. and A.D.) assessed the quality of the included RCTs, by using
the Revised Cochrane risk of bias tool for randomized trials (RoB 2.0) for the primary efficacy outcome
(1291 Discrepancies between reviewers were solved by discussion, consensus, or arbitration by a third

senior reviewer (D.M.).

RESULTS

Study selection process is depicted in the corresponding flow diagram, as provided below
(figure 1). Seven RCTs were finally included in the present systematic review and meta-analysis (0% 13-
1381 Two trials assessed the efficacy and safety of canakinumab 2% 1311 while the rest five evaluated the
efficacy and safety of anakinra, compared to control or active comparator, in patients with COVID-19
[109,132-1351 Therefore, we pooled data from seven trials in a total of 2120 enrolled subjects.

A detailed description of participants’ baseline characteristics of interest across the eligible
RCTs is provided in supplementary table 2.

As demonstrated in supplementary table 2, all studies enrolled subjects with documented SARS-
CoV-2 infection, aged between 49 to 71 years old, with the majority of them (more than two-thirds)

being male.
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Enrolled participants were overweight or obese, with body mass index ranging from 26.8 to
30.8 kg/m?, with significant co-morbidities. Specifically, relative frequency of hypertension ranged from
37 to 75% of diabetes mellitus from 16.3 to 66.7% of cardiovascular disease from 11 to 37% of chronic
obstructive pulmonary disease from 3.7 to 21.4% and of chronic kidney disease from 0.5 to 43%.

According to given data regarding the pO2/FiO2 ratio of enrolled participants, the vast majority
of them had established moderate acute respiratory distress syndrome (ARDS) at the time of
randomization, with the corresponding value ranging from 106 to 220 mm Hg. Inflammatory markers,
such as CRP and ferritin levels were significantly elevated, according to data reported across the selected
RCTs.

Concerning the usage rates of medication of interest prior to randomization to IL-1 antagonist
or placebo, corticosteroids were administered to 12-89% of enrolled subjects, while usage rates of
remdesivir ranged from 4 to 75%, indicating a significant heterogeneity in the treatment algorithms
followed across the eligible RCT. A detailed description of standard of care across the selected RCTs is
provided in table 1.

| Identification of studies via databases and registers

Records identified from®:
Databaszas: Records removed before screaning:
i PubMsd n=215 Cuplcate records remaved (n=
" Zochrane Library n =81 20)
——— Records marked as ineligibls by
Registers: automation tocls (n= 176)
2 Clinicalrials.gov n=3 Records remowed far other
= EU Chinical Trisls Repistern=1 reasons (n=4)
Medrdiv n= 177
Records screensd » Records excluded™
{m =257} {n =220}
Reports sought for retiewval Reports not retriewvsd
g {n=27) | n=0)
3
; i
@
Reports assessed for eligibility
{n=37) —®

Reports excluded:

Irrelevant or mproper study design (n
=25

Former mets-analyses (n=&)

Studies included in review
n=7) !
Repors of included studiss
n=7)

=]

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the
total number across all databasesiregisters).

=*If automation tools were used, indicate how many records were excluded by a human and how many were excluded by
automation tools.

Figure 1. Flow diagram depicting the study selection process.
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Table 1. Standard of care across the eligible randomized controlled trials.

STUDY STANDARD OF CARE

CORIMUNO- ANA-1 (2021)  Antibiotic drugs, antiviral drugs, corticosteroids, vasopressor,
support, anticoagulants, at the discretion of treating physicians

Carrichio et al. (2021) Anti-viral treatment, corticosteroids and/or supportive care

Cremer et al. (2021) Antivirals related to COVID-19, corticosteroids, use of
convalescent plasma, and other immunosuppressive agents

Declerq et al. (2022) Hydroxychloroquine, dexamethasone

Derde et al. (2021) Anti-viral  treatment, corticosteroids, antibiotics, and/or
supportive care

Kharazmi et al. (2022) Remdesivir, lopinavir/ritonavir, interferon, favipiravir, and
corticosteroid

Kyriazopoulou et al. (2021) Dexamethasone, remdesivir, antibiotics

Surrogate efficacy outcomes

COVID-19 related mortality

Administration of IL-1 antagonists failed to produce a significant decrease in the risk for
COVID-19 death (RR = 0.93, 95% CI; 0.70 — 1.22, 1> = 28%, p = 0.22), as shown in figure 2. Neither
anakinra (RR = 0.95, 95% CI; 0.66 — 1.36, 1> = 45%, p = 0.77) nor canakinumab (RR = 0.74, 95% ClI;
0.39-1.41, 1= 0%, p = 0.36) had a significant effect on this surrogate outcome. No difference between

the two treatment options was documented (Psubgroup = 0.51).

Invasive mechanical ventilation

Administration of IL-1 antagonists did not result in a significant effect on the risk for COVID-
19 related IMV (RR = 1.05, 95% ClI; 0.77 — 1.42, 1> = 41%, p = 0.13), as shown in figure 3. Again,
neither anakinra (RR = 1.05, 95% CI; 0.64 — 1.70, 1> = 56%, p = 0.86), nor canakinumab produced a
significant effect on the prespecified (RR = 0.91, 95% Cl; 0.61 — 1.38, 1> = 28%, p = 0.67). No difference

between the two treatment options was documented (Psungroup = 0.68).

Non-invasive mechanical ventilation or high-flow oxygen

IL-1 antagonists similarly did not reduce the risk for the composite outcome of non-invasive
mechanical ventilation or HFO initiation (RR = 1.03, 95% CI; 0.65 — 1.62, 1> = 0%, p = 0.9), as shown
in figure 4. Neither anakinra (RR = 1.04, 95% CI; 0.62 — 1.76, 12 = 0%, p = 0.88) nor canakinumab (RR
=0.99, 95% CI; 0.40 — 2.44, 12 = 0%, p = 0.98) showed a significant effect on the prespecified outcome.

No difference between the two treatment options was documented (Psubgroup = 0.92).
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IL-1 antagonist Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Rand 95% CI M-H, Rand 95% Cl

1.1.1 Anakinra

CORIMUMO-13 2021 13 58 13 55 128% 0.93[0.47,1.83] e E—
Declercy 2021 10 44 9 T4 94% 1.87[0.82, 4.24] e
Derde 2021 145 365 150 406 435% 1.08[0.90,1.29]

Kharazmi 2022 5 15 715 8% 0.71[0.29,1.75]

Kyriazopoulou 2021 13 405 13189 109% 0.47 [0.22, 0.99]

Subtotal (95% Cl) 888 739  84.7% 0.95 [0.66, 1.36]

Total events 186 192

Heterogeneity: Tau®= 0.07, Chi*=7.28, df= 4 (F= 012}, F= 45%
Testfor averall effect Z=030(F =077}

1.1.2 Canakinumab

Caricchio 2021 12 225 16 223 115% 0.74 [0.36, 1.54] e
Cremer 2021 4 29 3 16 3.8% 0.74[0.19, 2.89]

Subtotal (95% Cl) 254 239  15.3% 0.74[0.39, 1.41] el
Total events 16 149

Heterogeneity: Tau®= 0.00; Chi*= 0.00, df= 1 (F = 0.99); F= 0%
Testfor averall effect Z= 091 (P =0.36)

Total (95% CI) 1142 978 100.0% 0.93[0.70, 1.22] -9
Total events 202 21

Heterogeneity: Tau®= 0.04; Chi*=8.28, df= 6 (P = 0.22);, F= 28% ID 1 052 DIS é
Testfor overall eﬁec.t: =043 F =_ 0.60) Favours IL-1 antagonist Favours contral
Testfor suboroun differences: Chi*=0.43.df=1(P= 0451 F=0%

-
=

Figure 2. Effect of IL-1 antagonists compared to control on the risk for COVID-19 death.

IL-1 antagonist Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Rand 95% CI M-H, Rand 95% CI
1.2.1 Anakinra
Declercyg 2021 17 112 22230 17.0% 1.59 [0.88, 2.87] T
Derde 2021 138 373 122 406 3B.8% 1.23[1.01, 1.50] i
Kharazmi 2022 1] 15 2 15 1.0% 0.20[0.01,3.85] 4
Kyriazopoulou 2021 12 4048 11 189 111% 0.51[0.23,1.13] -
Subtotal (95% CI) 905 840 68.0% 1.05[0.64, 1.70] el
Total events 167 157

Heterogeneity: Tau®=0.12; Chi*=6.78, df= 3 (P = 0.08), F= 56%
Test for overall effect: Z=0.18 (P = 0.86)

1.2.2 Canakinumab

Caricchio 2021 29 227 33 224 22.5% 0.87 [0.55, 1.38] — &
Cremer 2021 10 29 i) 16 9.5% 1.10[0.46, 2.67] — I
Subtotal (95% CI) 256 240 32.0% 0.91[0.61, 1.38] =i

Total events 34 a8

Heterogeneity: Tau®= 0.00; Chi®=0.23, df=1 (P = 0.63), F= 0%
Test for overall effect Z=0.43 (F=067)

Total (95% CI) 1161 1080 100.0% 1.05[0.77, 1.42] -
Total events 206 185

Heterageneity: Tau®= 0.05; Chi*=8.42 df=5{P =013}, F=41% =D1 052 DIS é
Testfor averall effect: 2= 0.28 (P:_ 0.7e) Favours IL-1 antagonist Favours control
Testfor subaroun differences: Chi®= 017, df=1 (P =068). F=0%

o
=

Figure 3. Effect of IL-1 antagonists compared to control on the risk for invasive mechanical ventilation due to COVID-19.

IL-1 antagonist Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, R 95% Cl M-H, R 95% Cl
1.3.1 Anakinra
CORIMUMNO-18 2021 19 a9 17 55 701% 1.04 [0.61,1.79]
Kharazmi 2022 1 18 o 18 21% 3.00([0.13, 68.26] . | *
kyriazopoulou 2021 1 405 1 189 2.7% 0.47[0.03,7.42] *
sfnnm:ﬂ (95% CI) 479 250  74.9% 1.04 [[l].62,| 1.?6]] ‘
Total events 1 18

Heterogeneity: Tau® = 0.00; Chi*= 0.76, df = 2 (P = 0.68); F= 0%
Testfor overall effect: Z=0.16 (P = 0.88)

1.3.2 Canakinumah

Caricchio 2021 9 227 9 224 251% 0.99 [0.40, 2.44] - =

Cremer 2021 1] 29 0 16 Mot estimahble

Subtotal (95% CI 256 240 25.1% 0.99 [0.40, 2.44] — e ——
Total events 9 9

Heterogeneity: Mot applicable
Testfor overall effect: Z=0.03 (P = 0.98)

Total {(95% CI) 735 199 100.0% 1.03 [0.65, 1.62] i
Total events an 7

Heterogeneity: Tau®= 0.00; Chi®= 0.77, df = 3 (P = 0.863; F= 0% 501 DIQ 055 é
Testfor overall eﬁec.t' Z=012(P =080 Favours IL-1 antagonist Favours control
Testfor suboroun differences: Ch= 001, df=1 (P =092, F=0%

-
o

Figure 4. Effect of IL-1 antagonists compared to control on the risk for non-invasive mechanical ventilation or initiation of
HFO due to COVID-19.
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Safety outcomes

Bacterial sepsis

Regarding this safety outcome of interest, we pooled data from two trials with anakinra since

the rest did not make corresponding data available. Overall, anakinra did not result in a significant
increase in the risk for bacterial sepsis (RR = 1.82, 95% CI; 0.83 — 3.99, 12 = 0%, p = 0.14), as depicted

in figure 5.

Bacterial septic shock

For this prespecified safety outcome, only three trials assessing the safety and efficacy of

anakinra in patients with COVID-19 reported relevant data of interest. Overall, anakinra did not increase
the risk for bacterial septic shock (RR = 1.27, 95% CI; 0.29 — 5.45, |12 = 65%, p = 0.75), as shown in

figure 6.

IL-1 antagonist Control

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

2.1.1 AnakKinra

CORIMUNG-13 2021 10 59 4 55 51.2%
Declercy 2021 5 44 [ T4 488%
Subtotal (95% CI) 103 129 100.0%
Total events 19 10

Heterogeneity: Tau®=0.00; Chi®=0.40,df=1 (P=053), F=0%
Testforaverall effect Z=149(P=014)

2.1.2 Canakinumab

Subtotal (95% CI) 0 0
Total events 0 1]
Heterogeneity: Mot applicable

Testfor overall effect; Mot applicable

Total (95% CI) 103 129 100.0%
Total events 19 10

Heterogeneity: Tau? = 0.00; Chi*= 040, df=1 (P=053); F=0%
Testforaverall effect Z=149(P=014)

Testfor subaroup differences: Mot applicable

Figure 5. Effect of IL-1 antagonists compared to control on the risk for bacterial sepsis in patients with COVID-19.
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Figure 6. Effect of IL-1 antagonists compared to control on the risk for bacterial septic shock in patients with COVID-19.
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Neutropenia

For this prespecified safety outcome, only two trials assessing the safety and efficacy of
anakinra in patients with COVID-19 reported relevant data of interest. Overall, anakinra did not increase
the risk for neutropenia (RR = 4.58, 95% CI; 0.83 — 25.39, 12 = 0%, p = 0.08), as shown in figure 7.

Anemia

Regarding this safety outcome, we pooled data from two trials with anakinra and one trial with
canakinumab. Overall, treatment with IL-1 antagonists did not increase the risk for anemia among
subjects with documented COVID-19 (RR = 0.75, 95% CI; 0.53 — 1.06, 12 = 0%, p = 0.11), as shown in
figure 8. No subgroup difference between the two treatment options was identified (Psubgroup = 0.55).

IL-1 antagonist Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CIl
2.3.1 Anakinra
CORIMUMNG-19 2021 1 59 0 55 29.0% 2.80[012, 67.32) ol >
Kyriazopoulou 2021 12 405 1 189 71.0% 5.60[0.73, 42.75)] —m—
Subtotal (95% CI) 464 244 100.0% 4.58 [0.83, 25.39] | TR
Total events 13 1

Heterogeneity. Tau®= 0.00; Chi#F=013,df=1 (P=0.72), F= 0%
Testfor overall effect Z=1.74 (P = 0.08)

2.3.2 Canakinumab

Subtotal (95% CI) 0 0 Not estimable
Total events 0 a

Heterogeneity: Not applicable

Test for overall effect Mot applicable

Total (95% CI) 464 244 100.0% 4.58 [0.83, 25.39] e
Total events 13 1
Heterogeneity: Tau®= 0.00; Chi*=0.13, df=1 (P = 0.72); F= 0% b o o'z 3 R
Testfor overall effec_t: Z=174(P= D.UB_) Favours IL-1 antagonist  Favours control

Testfor subaroup differences: Not applicable

Figure 7. Effect of IL-1 antagonists compared to control on the risk for neutropenia in patients with COVID-19.

IL-1 antagonist Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Ci M-H, Random, 95% CI
2.4.1 Anakinra
CORIMUNO-19 2021 1 59 2 55 21% 0.47 [0.04,5.00] *
Kyriazopoulou 2021 58 405 37 189 B5.0% 0.73[0.50,1.06] 1’
Subtotal (95% CI) 464 244  B7.1% 0.72[0.50, 1.05]
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Heterogeneity: Tau®= 0.00; Chi#=014,di=1 (F=0.71), F=0%
Test for averall effect Z=1.71 (P =0.09)
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Caricchio 2021 8 225 8 223 12.9% 0,98 [0.38, 2.59) s S——
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Heterogeneity: Tau®= 0.00; Chi*= 049, df=2 (P =0.78), F= 0% 51 02 05 b

o4
-
(=]

Test foroverall effect Z=1.61 (P=0.11) Favours IL-1 antagonist Favours control
Test for subaroup differences: Chi*= 0.36, df=1 (P =0.55). 1= 0%
Figure 8. Effect of IL-1 antagonists compared to control on the risk for anemia in patients with COVID-19.
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Thrombocytopenia

Concerning this safety outcome of interest, we pooled data from two trials comparing anakinra
with usual care. Overall, treatment with anakinra did not increase the risk for thrombocytopenia (RR =
0.91, 95% CI; 0.30 — 2.71, 12 = 0%, p = 0.86), as shown in figure 9.

Transaminasemia

Regarding this safety outcome, we pooled data from two trials with anakinra. Overall, treatment
with anakinra did not increase the risk for transaminasemia among subjects with documented COVID-
19 (RR = 2.64, 95% Cl; 0.22 — 31.16, 12 = 70%, p = 0.44), as shown in figure 10.

Acute kidney injury or acute renal failure

Regarding this safety outcome, we pooled data from three trials with anakinra and one trial with
canakinumab in adult subjects with COVID-19. In total, IL-1 antagonist administration did not result in
a significant effect on the risk for acute kidney injury or acute renal failure (RR = 0.71, 95% CI; 0.38 —
1.34, 12 = 0%, p = 0.3), as depicted in figure 11.

IL-1 antagonist Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
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Figure 9. Effect of IL-1 antagonists compared to control on the risk for thrombocytopenia in patients with COVID-19.
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Figure 10. Effect of I1L-1 antagonists compared to control on the risk for transaminasemia in patients with COVID-19.

36

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 20:42:40 EEST - 3.129.69.149



IL-1 antagonist Control Risk Ratio Risk Ratio
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Figure 11. Effect of IL-1 antagonists compared to control on the risk for acute kidney injury or acute renal failure in
patients with COVID-19.

Publication bias

Inspection of the corresponding funnel plot (figure 12) did not reveal any asymmetry, therefore
there is no evidence of significant publication bias. Since we included less than ten RCTs in our meta-
analysis, we did not apply the formal Egger’s test for the assessment of publication bias.

Risk of bias assessment

We implemented the RoB2 tool for the assessment of risk of bias across the eligible RCTs,

included in the present meta-analysis. As shown in table 2, overall risk of bias is considered to be low.
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Figure 12. Funnel plot for the visual assessment of publication bias in the present meta-analysis
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Table 2. Risk of bias across the trials included in the systematic review and meta-analysis

Study Randomization Deviations Missing Measurement of  Selection of Overall

process fromintended  outcome the outcome the reported
interventions data result

CORIMUNO- Low Low Low Low Low Low

ANA-19 (2021)

Carrichio et al. Low Low Low Low Low Low

(2021)

Cremer et al. Low Low Low Low Low Low

(2021)

Declerq et al. Low Low Low Low Low Low

(2022)

Derde et al. Low Low Low Low Low Low

(2021)

Kharazmi et al. Some concerns Low Low Low Low Low

(2022)

Kyriazopoulou et Low Low Low Low Low Low

al. (2021)

DISCUSSION

In the present updated meta-analysis of relevant RCTs we demonstrated that IL-1 antagonists
do not exert any significant effect on “hard” outcomes in COVID-19, such as in-hospital mortality, need
for invasive mechanical ventilation and requirement for non-invasive mechanical ventilation. Of note,
neither anakinra nor canakinumab provide any significant effect on the above-mentioned surrogate
endpoints. However, utilization of IL-1 antagonists in hospitalized patients with severe COVID-19
seems to be relatively safe, across a number of safety endpoints, including bacterial sepsis and septic
shock, cytopenia, acute Kidney injury and transaminasemia.

The results of our meta-analysis are opposite to those of relevant meta-analyses of observational
studies, strongly supporting the use of anakinra in patients with severe COVID-19 % 1371 |n specific,
Kyriazopoulou et al. ¥ have formerly shown that anakinra led to an impressive reduction in the odds
for COVID-19 related death by 68% (OR = 0.32, 95% CI; 0.20-0.51), regardless of comorbidities,
ferritin concentrations, or the baseline PaO2/FiO2 ratio. Of note, authors documented that anakinra
resulted in a significant decrease in the odds for COVID-19 related death by 64% for patients with
ferritin levels > 1000 ng/mL (OR = 0.36, 95% CI; 0.19-0.69), while the corresponding odds reduction
for patients with ferritin levels lower than 1000 ng/mL was 33% (OR = 0.67, 95% CI; 0.32-1.42),
confirming the catalytic role of anakinra in the suppression of hyper-inflammation %!, In addition,

Kyriazopoulou et al. [*¢1 showed a significant decrease in the odds for COVID-19 death in patients with
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severe ARDS (pO2:FiO2 ratio <100), equal to 75% (OR = 0.25, 95% CI; 0.13-0.48). However, authors
also documented the synergistic effect of anakinra and dexamethasone on mortality benefit, while no
significant effect was shown when anakinra was administered without dexamethasone 361,

Similar results were generated by Barkas et al. *71 who showed in their meta-analysis of
observational studies that anakinra decreased the odds for mortality by 68% (OR = 0.32, 95% ClI; 0.23—
0.45) and the odds for invasive mechanical ventilation by 62% (OR= 0.38, 95% CI; 0.17-0.85),
compared to standard of care, while no significant increase in the odds for major adverse events, such
as secondary bacteremia (OR= 1.07, 95% ClI; 0.42-2.73) or liver dysfunction (OR=0.75, 95% CI; 0.48—
1.16), was documented. What is more, authors found a significant decrease in the odds for invasive
mechanical ventilation by 62% (OR = 0.38, 95% CI; 0.17-0.85) 137,

Another meta-analysis of non-randomized cohort studies by Pasin et al. %! showed an
outstanding reduction in the risk for COVID-19 death by 74% with anakinra compared to control (RR
= 0.26, 95% CI; 0.14-0.48). Need for invasive mechanical ventilation was found to be significantly
decreased by 55% in patients treated with anakinra compared to control (RR = 0.45, 95% ClI; 0.25-0.82),
whereas no significant increase in the risk for transaminasemia, secondary bacterial infections, or venous
thromboembolism was shown [,

Regarding canakinumab, a former mixed meta-analysis of both RCTs and observational studies
by Ao et al. '3 demonstrated that canakinumab may exert a favorable effect on COVID-19 related
death, by decreasing the corresponding odds by 44% (OR=0.56, 95%ClI; 0.35 - 0.90). However, these
results seem to be mainly driven by the relevant observational studies, whereas quantitative synthesis of
RCTs confirms a non-significant effect of canakinumab on COVID-19 related death 139,

In addition, a recently published meta-analysis by Naveed and colleagues ™% showed that
anakinra treatment in patients with COVID-19 produces a large and significant decrease in inflammatory
biomarkers, namely C-reactive protein and ferritin levels, and in d-dimmer levels, another significant
prognostic marker in COVID-19, confirm the anti-inflammatory effect of this agent in patients with
COVID-19.

Of course, all the above-mentioned meta-analyses of observational studies were preliminary,
prior to the publication of the relevant RCTs, whose results were rather contradictory, both for anakinra
and canakinumab, suppressing the initial enthusiasm about the use of IL-1 blockers for severe COVID-
19. In another preliminary pooled analysis of 3 non-randomized studies, it was shown that anakinra
might provide a significant risk reduction for COVID-19 death compared to tocilizumab, an IL-6
targeting monoclonal antibody 41, However, recent evidence retrieved from high-quality RCTs showed
that IL-6 inhibitors compared to standard of care result in a significant decrease in the risk for COVID-
19 death by 15% (HR = 0.85, 95% ClI; 0.77-0.93) 142,
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Despite the promising role of 1L-1 blockers for severe COVID-19, based on the crucial role of
IL-1 in the cytokine storm mediating major complications of the disease % 441 current evidence does
not support the hypothesis that their addition to standard of care in patients hospitalized with severe
COVID-19 can produce any significant treatment benefit, although it is a rather safe treatment option.
Previous trials have found that IL-1 receptor blockage may produce an impressive reduction in the risk
for death for patients with sepsis induced multiorgan dysfunction syndrome, with concurrent
hepatobiliary dysfunction or disseminated intravascular coagulation as features of macrophage
activation syndrome (MAS) 141, Therefore, since COVID-19 is also associated with the development
of MAS [ anakinra might be an efficacious treatment option for patients with severe COVID-19
complicated by MAS. However, present meta-analysis cannot answer this interesting research question,
due to the absence of individual participant data across the eligible RCTSs.

We consider as major strengths of our meta-analysis the fact that included only RCTs, which
are considered as the highest level of evidence, after a thorough and meticulous searching in medical
databases and grey literature sources. However, we recognize as main limitation of the present meta-
analysis the lack of access to individual participant data, which could permit us to conduct subgroup
analyses for the assessed outcomes, according to baseline characteristics of specific interest, such as co-
morbidities, pharmacotherapy, or status of prior vaccination. In addition, the results of the present meta-

analysis cannot be generalized to newer SARS-CoV-2 variants, such as the omicron variant.

CONCLUSION

In the present updated meta-analysis of relevant RCTs, we failed to document any treatment
benefit with IL-1 blockers in hospitalized patients with COVID-19, as added to standard of care, despite
being a safe treatment option. Current evidence does not support their administration in patients with
severe COVID-19. Other treatment options, such as IL-6 inhibitors, seem to provide better results in
terms of morbidity and mortality in patients with COVID-19. National treatment algorithms for
COVID-19 should be amended accordingly. However, there might be specific indications for the use
of IL-1 blockers for patients with COVID-19, such as the rare complication of MAS. Of course, their
safety and efficacy against newer SARS-CoV-2 variants should also be tested in future, well-designed
RCTs.

40

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 20:42:40 EEST - 3.129.69.149



REFERENCES

1. Drosten C, et al. Identification of a novel coronavirus in patients with severe acute respiratory
syndrome. N Engl J Med. 2003;348(20):1967-1976. doi:10.1056/NEJM0a030747. PMID:
12690091.

2. Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus ADME, Fouchier RAM. Isolation of a novel
coronavirus from a man with pneumonia in Saudi Arabia. N Engl J Med. 2013 Jul 25;369(4):394.
doi:10.1056/NEJMo0al1211721. PMID: 23075143.

3. HuB, Guo H, Zhou P, Shi ZL. Characteristics of SARS-CoV-2 and COVID-19. Nat Rev Microbiol.
2022 May;20(5):315. d0i:10.1038/s41579-020-00459-7. PMID: 33024307.

4. LuR, etal. Genomic characterisation and epidemiology of 2019 novel coronavirus: implications for
virus origins and receptor binding. Lancet. 2020;395:565-574. doi:10.1016/S0140-6736(20)30251-
8. PMID: 32007145.

5. Letko M, Marzi A, Munster V. Functional assessment of cell entry and receptor usage for SARS-
CoV-2 and other lineage B betacoronaviruses. Nat Microbiol. 2020;5(4):562-569. doi:10.1038/
s41564-020-0688-y. PMID: 32094589.

6. Wu Z, McGoogan JM. Characteristics of and important lessons from the coronavirus disease 2019
(COVID-19) outbreak in China: summary of a report of 72314 cases from the Chinese Center for
Disease Control and Prevention. JAMA. 2020; 323:1239-1242. doi:10.1001/jama.2020.2648.
PMID: 32091533.

7. Cucinotta D, Vanelli M. WHO Declares COVID-19 a Pandemic. Acta Biomed. 2020 Mar
19;91(1):157-160. doi:10.23750/abm.v91i1.9397. PMID: 32191675.

8. Verity R, Okell LC, et al. Estimates of the severity of coronavirus disease 2019: a model-based
analysis. Lancet Infect Dis. 2020 Jun;20(6):669-677. doi:10.1016/S1473-3099(20)30243-7. PMID:
32240634.

9. Osuchowski MF, Winkler MS, et al. The COVID-19 puzzle: deciphering pathophysiology and
phenotypes of a new disease entity. Lancet Respir Med. 2021 Jun;9(6):622-642. doi:10.1016/S2213-
2600(21)00218-6. PMID: 33965003.

10. Kyriakoulis KG, Kollias A, Poulakou G, Kyriakoulis IG, Trontzas IP, Charpidou A, Syrigos K. The
Effect of Anakinra in Hospitalized Patients with COVID-19: An Updated Systematic Review and
Meta-Analysis. J Clin Med. 2021 Sep 28;10(19):4462. doi: 10.3390/jcm10194462. PMID:
34640480.

11. Peeling RW, Heymann DL, Teo Y, Garcia PJ. Diagnostics for COVID-19: moving from pandemic
response to control. Lancet. 2022 Feb 19;399(10326):757-768. doi:10.1016/S0140-6736(21)02346-
1. PMID: 34942102.

41

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 20:42:40 EEST - 3.129.69.149



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Valsamatzi-Panagiotou A, Penchovsky R. Environmental factors influencing the transmission of the
coronavirus 2019: a review. Environ Chem Lett. 2022 Feb 21:1-8. d0i:10.1007/s10311-022-01418-
9. PMID: 35221835.

Meyerowitz EA, Richterman A, Gandhi RT, Sax PE. Transmission of SARS-CoV-2: A Review of
Viral, Host, and Environmental Factors. Ann Intern Med. 2021 Jan;174(1):69-79. doi:10.7326/M20-
5008. PMID: 32941052.

Salzberger B, Buder F, Lampl B, Ehrenstein B, Hitzenbichler F, Holzmann T, Schmidt B, Hanses
F. Epidemiology of SARS-CoV-2. Infection. 2021 Apr;49(2):233-239. doi:10.1007/s15010-020-
01531-3. PMID: 33034020.

Rod JE, Oviedo-Trespalacios O, Cortes-Ramirez J. A brief-review of the risk factors for covid-19
severity. Rev Saude Publica. 2020; 54:60. doi:10.11606/s1518-8787.2020054002481. PMID:
32491116.

Pietrobon AJ, Teixeira FME, Sato MN. Immunosenescence and Inflammaging: Risk Factors of
Severe COVID-19 in Older People. Front Immunol. 2020 Oct 27;11:579220.
d0i:10.3389/fimmu.2020.579220. PMID: 33193377.

Yesudhas D, Srivastava A, Gromiha MM. COVID-19 outbreak: history, mechanism, transmission,
structural studies and therapeutics. Infection. 2021 Apr;49(2):199-213. doi:10.1007/s15010-020-
01516-2. PMID: 32886331.

Carsana L, Sonzogni A, Nasr A. Pulmonary post-mortem findings in a series of COVID-19 cases
from northern Italy: a two-centre descriptive study. Lancet Infect Dis. 2020;20:1135-1140. PMID:
32526193.

Smits S.L., de Lang A., van den Brand J.M.A., Leijten L.M., van ljcken W.F., Eijkemans M.J.C.
Exacerbated innate host response to SARS-CoV in aged non-human primates. PLoS Pathogens.
2010;6(2) €1000756. doi:10.1371/journal.ppat.1000756. PMID: 20140198.

Herold S., Steinmueller M., von Wulffen W., Cakarova L., Pinto R., Pleschka S. Lung epithelial
apoptosis in influenza virus pneumonia: the role of macrophage-expressed TNF-related apoptosis-
inducing ligand. J Exper Med. 2008;205(13):3065-3077. doi:10.1084/jem.20080201. PMID:
19064696.

Merad M, Blish CA, Sallusto F, lwasaki A. The immunology and immunopathology of COVID-19.
Science. 2022;375(6585):1122-1127. doi:10.1126/science.abm8108. PMID: 35271343

Kallet R.H., Kallet R.H. A comprehensive review of prone position in ARDS. Respir Care.
2015;60(11):1660-1687. doi:10.4187/respcare.04271. PMID: 26493592

Swenson KE, Swenson ER. Pathophysiology of Acute Respiratory Distress Syndrome and COVID-
19 Lung Injury. Crit Care Clin. 2021 Oct;37(4):749-776. doi:10.1016/j.ccc.2021.05.003. PMID:
34548132.

42

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 20:42:40 EEST - 3.129.69.149



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

McElvaney OJ et al. Characterization of the Inflammatory Response to Severe COVID-19 IlIness.
Am J Respir Crit Care Med. 2020 Sep 15;202(6):812-821. doi:10.1164/rccm.202005-15830C.
PMID: 32584597.

Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019 novel coronavirus in
Wuhan, China. Lancet. 2020;395(10223):497-506. doi:10.1016/S0140-6736(20)30183-5. PMID:
32007144,

Shimabukuro-Vornhagen A, Godel P, Subklewe M, Stemmler HJ, Schloler HA, Schlaak M,
Kochanek M, Boll B, von Bergwelt-Baildon MS. Cytokine release syndrome. J Immunother Cancer.
2018 Jun 15;6(1):56. doi:10.1186/s40425-018-0343-9. PMID: 29907163.

Mélo Silva Junior ML, Souza LMA, Dutra REMC, Valente RGM, Melo TS. Review on therapeutic
targets for COVID-19: insights from cytokine storm. Postgrad Med J. 2021;97(1148):391-398.
doi:10.1136/postgradmedj-2020-138791. PMID: 33008960.

Ye Q, Wang B, Mao J. The pathogenesis and treatment of the "Cytokine Storm' in COVID-19. J
Infect. 2020 Jun;80(6):607-613. doi:10.1016/j.jinf.2020.03.037. PMID: 32283152.

Conti P, Caraffa A, Gallenga CE, et al. Coronavirus-19 (SARS-CoV-2) induces acute severe lung
inflammation via IL-1 causing cytokine storm in COVID-19: a promising inhibitory strategy. J Biol
Regul Homeost Agents. 2020;34(6):1971-1975. doi:10.23812/20-1-E. PMID: 33016027.

Knight JS, Caricchio R, Casanova JL, et al. The intersection of COVID-19 and autoimmunity. J
Clin Invest. 2021;131(24):154886. d0i:10.1172/JC1154886. PMID: 34710063.

Henry BM, Vikse J, Benoit S, Favaloro EJ, Lippi G. Hyperinflammation and derangement of renin-
angiotensin-aldosterone system in COVID-19: A novel hypothesis for clinically suspected
hypercoagulopathy and microvascular immunothrombosis. Clin Chim Acta. 2020;507:167-173.
d0i:10.1016/j.cca.2020.04.027. PMID: 32348783.

Hameed I, Masoodi SR, Mir SA, Nabi M, Ghazanfar K, Ganai BA. Type 2 diabetes mellitus: from
a metabolic disorder to an inflammatory condition. World J Diabetes. 2015;6:598-612.
doi:10.4239/wjd.v6.i4.598. PMID: 25987957.

Batabyal R, Freishtat N, Hill E, Rehman M, Freishtat R, Koutroulis I. Metabolic dysfunction and
immunometabolism in COVID-19 pathophysiology and therapeutics. Int J Obes (Lond). 2021
Jun;45(6):1163-1169. doi:10.1038/s41366-021-00804-7. PMID: 33727631.

Yin J, Wang S, Liu Y, Chen J, Li D, Xu T. Coronary microvascular dysfunction pathophysiology
in COVID-19. Microcirculation. 2021 Oct;28(7):e12718. doi:10.1111/micc.12718. PMID:
34013612.

Yazdanpanah N, Rezaei N. Autoimmune complications of COVID-19. J Med Virol. 2022
Jan;94(1):54-62. doi: 10.1002/jmv.27292. PMID: 34427929.

43

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 20:42:40 EEST - 3.129.69.149



36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

Rochwerg B., Agarwal A., Siemieniuk R.A., Agoritsas T., Lamontagne F., Askie L., et al. A living
WHO guideline on drugs for covid-19. BMJ. 2020;370:m3379. doi:10.1136/bmj.m3379. PMID:
32887691

Long B, Carius BM, Chavez S, Liang SY, Brady WJ, Koyfman A, Gottlieb M. Clinical update on
COVID-19 for the emergency clinician: Presentation and evaluation. Am J Emerg Med. 2022
Apr;54:46-57. doi:10.1016/j.ajem.2022.01.028. PMID: 35121478.

Levin AT, Hanage WP, Owusu-Boaitey N, Cochran KB, Walsh SP, Meyerowitz-Katz G. Assessing
the age specificity of infection fatality rates for COVID-19: systematic review, meta-analysis, and
public policy implications. Eur J Epidemiol. 2020 Dec;35(12):1123-1138. doi: 10.1007/s10654-
020-00698-1. PMID: 33289900.

Guan WJ, Ni ZY, Hu Y, et al. China Medical Treatment Expert Group for Covid-19. Clinical
Characteristics of Coronavirus Disease 2019 in China. N Engl J Med. 2020 Apr 30;382(18):1708-
1720. doi: 10.1056/NEJM0a2002032. PMID: 32109013.

Krishnan A, Hamilton JP, Algahtani SA, A Woreta T. A narrative review of coronavirus disease
2019 (COVID-19): clinical, epidemiological characteristics, and systemic manifestations. Intern
Emerg Med. 2021 Jun;16(4):815-830. doi: 10.1007/s11739-020-02616-5. PMID: 33453010.
Waller JV, Kaur P, Tucker A, et al. Diagnostic Tools for Coronavirus Disease (COVID-19):
Comparing CT and RT-PCR Viral Nucleic Acid Testing. AJR Am J Roentgenol. 2020;215(4):834-
838. d0i:10.2214/AJR.20.23418 PMID: 32412790

Pascarella G, Strumia A, Piliego C, Bruno F, Del Buono R, Costa F, Scarlata S, Agro FE. COVID-
19 diagnosis and management: a comprehensive review. J Intern Med. 2020 Aug;288(2):192-206.
d0i:10.1111/joim.13091. PMID: 32348588.

Udugama B, Kadhiresan P, Kozlowski HN, Malekjahani A, Osborne M, Li VYC, Chen H,
Mubareka S, Gubbay JB, Chan WCW. Diagnosing COVID-19: The Disease and Tools for
Detection. ACS Nano. 2020 Apr 28;14(4):3822-3835. doi:10.1021/acsnano.0c02624. PMID:
32223179.

Williamson EJ, Walker AJ, Bhaskaran K, et al. Factors associated with COVID-19-related death
using OpenSAFELY. Nature. 2020 Aug;584(7821):430-436. do0i:10.1038/s41586-020-2521-4.
PMID: 32640463.

Mele D, Flamigni F, Rapezzi C, Ferrari R. Myocarditis in COVID-19 patients: current problems.
Intern Emerg Med. 2021 Aug;16(5):1123-1129. doi: 10.1007/s11739-021-02635-w. PMID:
33484452.

Castiello T, Georgiopoulos G, Finocchiaro G, Claudia M, Gianatti A, Delialis D, Aimo A, Prasad
S. COVID-19 and myocarditis: a systematic review and overview of current challenges. Heart Fail
Rev. 2022 Jan;27(1):251-261. doi: 10.1007/s10741-021-10087-9. PMID: 33761041.

44

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 20:42:40 EEST - 3.129.69.149



47,

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

Touyz RM, Boyd MOE, Guzik T, Padmanabhan S, McCallum L, Delles C, Mark PB, Petrie JR,
Rios F, Montezano AC, Sykes R, Berry C. Cardiovascular and Renal Risk Factors and
Complications Associated With COVID-19. CJC Open. 2021 Oct;3(10):1257-1272. doi:
10.1016/j.¢jco.2021.05.020. PMID: 34151246.

Tiwari NR, Phatak S, Sharma VR, Agarwal SK. COVID-19 and thrombotic microangiopathies.
Thromb Res. 2021 Jun;202:191-198. doi: 10.1016/j.thromres.2021.04.012. PMID: 33894421.
Mohamadi Yarijani Z, Najafi H. Kidney injury in COVID-19 patients, drug development and their
renal complications: Review study. Biomed Pharmacother.2021;142:111966.
doi:10.1016/j.biopha.2021.111966. PMID: 34333286.

Spearman CW, Aghemo A, Valenti L, Sonderup MW. COVID-19 and the liver: A 2021 update.
Liver Int. 2021;41(9):1988-1998. d0i:10.1111/liv.14984. PMID: 34152690.

Harapan BN, Yoo HJ. Neurological symptoms, manifestations, and complications associated with
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and coronavirus disease 19
(COVID-19). J Neurol. 2021 Sep;268(9):3059-3071. doi: 10.1007/s00415-021-10406-y. PMID:
33486564.

Ahmed S, Zimba O, Gasparyan AY. COVID-19 and the clinical course of rheumatic manifestations.
Clin Rheumatol. 2021 Jul;40(7):2611-2619. doi: 10.1007/s10067-021-05691-x. PMID: 33733315.
Higgins V, Sohaei D, Diamandis EP, Prassas I. COVID-19: from an acute to chronic disease?
Potential long-term health consequences. Crit Rev Clin Lab Sci. 2021;58(5):297-310.
d0i:10.1080/10408363.2020.1860895. PMID: 33347790.

Akbarialiabad H, Taghrir MH, Abdollahi A, Ghahramani N, Kumar M, Paydar S, Razani B, Mwangi
J, Asadi-Pooya AA, Malekmakan L, Bastani B. Long COVID, a comprehensive systematic scoping
review. Infection. 2021 Dec;49(6):1163-1186. doi: 10.1007/s15010-021-01666-x. PMID:
34319569.

Montani D, Savale L, Noel N, Meyrignac O, Colle R, Gasnier M, Corruble E, Beurnier A, Jutant
EM, Pham T, Lecoq AL, Papon JF, Figueiredo S, Harrois A, Humbert M, Monnet X; COMEBAC
Study Group. Post-acute COVID-19 syndrome. Eur Respir Rev. 2022 Mar 9;31(163):210185. doi:
10.1183/16000617.0185-2021. PMID: 35264409.

Ni YN, Luo J, Yu H, Liu D, Ni Z, Cheng J, Liang BM, Liang ZA. Can High-flow Nasal Cannula
Reduce the Rate of Endotracheal Intubation in Adult Patients With Acute Respiratory Failure
Compared With Conventional Oxygen Therapy and Noninvasive Positive Pressure Ventilation? A
Systematic  Review and  Meta-analysis. Chest. 2017  Apr;151(4):764-775.  doi:
10.1016/j.chest.2017.01.004. PMID: 28089816.

Cammarota G, Esposito T, Azzolina D, Cosentini R, Menzella F, Aliberti S, Coppadoro A, Bellani
G, Foti G, Grasselli G, Cecconi M, Pesenti A, Vitacca M, Lawton T, Ranieri VM, Di Domenico SL,

45

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 20:42:40 EEST - 3.129.69.149



58.

59.

60.

61.

62.

63.

64.

65.

66.

Resta O, Gidaro A, Potalivo A, Nardi G, Brusasco C, Tesoro S, Navalesi P, Vaschetto R, De
Robertis E. Noninvasive respiratory support outside the intensive care unit for acute respiratory
failure related to coronavirus-19 disease: a systematic review and meta-analysis. Crit Care. 2021 Jul
30;25(1):268. doi: 10.1186/s13054-021-03697-0. PMID: 34330320.

Lewis SR, Baker PE, Parker R, Smith AF. High-flow nasal cannulae for respiratory support in adult
intensive care patients. Cochrane Database Syst Rev. 2021 Mar 4;3(3):CD010172. doi:
10.1002/14651858.CD010172.pub3. PMID: 33661521.

He Y, Liu N, Zhuang X, Wang X, Ma W. High-flow nasal cannula versus noninvasive ventilation
in patients with COVID-19: a systematic review and meta-analysis. Ther Adv Respir Dis. 2022 Jan-
Dec;16:17534666221087847. doi: 10.1177/17534666221087847. PMID: 35318888.

Chang R, Elhusseiny KM, Yeh YC, Sun WZ. COVID-19 ICU and mechanical ventilation patient
characteristics and outcomes-A systematic review and meta-analysis. PLoS One. 2021 Feb
11;16(2):e0246318. doi: 10.1371/journal.pone.0246318. PMID: 33571301.

Papoutsi E, Giannakoulis VG, Xourgia E, Routsi C, Kotanidou A, Siempos Il. Effect of timing of
intubation on clinical outcomes of critically ill patients with COVID-19: a systematic review and
meta-analysis of non-randomized cohort studies. Crit Care. 2021 Mar 25;25(1):121. doi:
10.1186/513054-021-03540-6. PMID: 33766109.

Ramanathan K, Shekar K, Ling RR, Barbaro RP, Wong SN, Tan CS, Rochwerg B, Fernando SM,
Takeda S, MacLaren G, Fan E, Brodie D. Extracorporeal membrane oxygenation for COVID-19: a
systematic review and meta-analysis. Crit Care. 2021 Jun 14;25(1):211. doi: 10.1186/s13054-021-
03634-1. Erratum in: Crit Care. 2021 Oct 27;25(1):375. PMID: 34127027.

Chong WH, Saha BK, Medarov BI. Clinical Characteristics Between Survivors and Nonsurvivors
of COVID-19 Patients Requiring Extracorporeal Membrane Oxygenation (ECMO) Support: A
Systematic Review and Meta-Analysis. J Intensive Care Med. 2022 Mar;37(3):304-318. doi:
10.1177/08850666211045632. PMID: 34636697.

Ponnapa Reddy M, Subramaniam A, Afroz A, Billah B, Lim ZJ, Zubarev A, Blecher G, Tiruvoipati
R, Ramanathan K, Wong SN, Brodie D, Fan E, Shekar K. Prone Positioning of Nonintubated
Patients With Coronavirus Disease 2019-A Systematic Review and Meta-Analysis. Crit Care Med.
2021 Oct 1;49(10):e1001-e1014. doi: 10.1097/CCM.0000000000005086. PMID: 33927120.
Fazzini B, Page A, Pearse R, Puthucheary Z. Prone positioning for non-intubated spontaneously
breathing patients with acute hypoxaemic respiratory failure: a systematic review and meta-analysis.
Br J Anaesth. 2022 Feb;128(2):352-362. doi: 10.1016/j.bja.2021.09.031. PMID: 34774295.
Prescott HC, Rice TW. Corticosteroids in COVID-19 ARDS: Evidence and Hope During the
Pandemic. JAMA. 2020 Oct 6;324(13):1292-1295. doi: 10.1001/jama.2020.16747. PMID:
32876693.

46

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 20:42:40 EEST - 3.129.69.149



67. Annane D, Pastores SM, Rochwerg B, Arlt W, Balk RA, Beishuizen A, Briegel J, Carcillo J, Christ-
Crain M, Cooper MS, Marik PE, Umberto Meduri G, Olsen KM, Rodgers SC, Russell JA, Van den
Berghe G. Guidelines for the Diagnosis and Management of Critical Iliness-Related Corticosteroid
Insufficiency (CIRCI) in Critically Il Patients (Part I): Society of Critical Care Medicine (SCCM)
and European Society of Intensive Care Medicine (ESICM) 2017. Crit Care Med. 2017
Dec;45(12):2078-2088. doi: 10.1097/CCM.0000000000002737. PMID: 28938253.

68. Chaudhuri D, Sasaki K, Karkar A, Sharif S, Lewis K, Mammen MJ, Alexander P, Ye Z, Lozano
LEC, Munch MW, Perner A, Du B, Mbuagbaw L, Alhazzani W, Pastores SM, Marshall J,
Lamontagne F, Annane D, Meduri GU, Rochwerg B. Corticosteroids in COVID-19 and non-
COVID-19 ARDS: a systematic review and meta-analysis. Intensive Care Med. 2021
May;47(5):521-537. doi: 10.1007/s00134-021-06394-2. PMID: 33876268.

69. Villar J, Ferrando C, Martinez D, Ambros A, Muioz T, Soler JA, Aguilar G, Alba F, Gonzalez-
Higueras E, Conesa LA, Martin-Rodriguez C, Diaz-Dominguez FJ, Serna-Grande P, Rivas R,
Ferreres J, Belda J, Capilla L, Tallet A, Afion JM, Fernandez RL, Gonzalez-Martin JM;
dexamethasone in ARDS network. Dexamethasone treatment for the acute respiratory distress
syndrome: a multicentre, randomised controlled trial. Lancet Respir Med. 2020 Mar;8(3):267-276.
doi: 10.1016/S2213-2600(19)30417-5. PMID: 32043986.

70. RECOVERY Collaborative Group, Horby P, Lim WS, Emberson JR, Mafham M, Bell JL, Linsell
L, Staplin N, Brightling C, Ustianowski A, Elmahi E, Prudon B, Green C, Felton T, Chadwick D,
Rege K, Fegan C, Chappell LC, Faust SN, Jaki T, Jeffery K, Montgomery A, Rowan K, Juszczak
E, Baillie JK, Haynes R, Landray MJ. Dexamethasone in Hospitalized Patients with Covid-19. N
Engl J Med. 2021 Feb 25;384(8):693-704. doi: 10.1056/NEJM0a2021436. PMID: 32678530.

71. WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT) Working Group, Sterne JAC,
Murthy S, Diaz JV, Slutsky AS, Villar J, Angus DC, Annane D, Azevedo LCP, Berwanger O,
Cavalcanti AB, Dequin PF, Du B, Emberson J, Fisher D, Giraudeau B, Gordon AC, Granholm A,
Green C, Haynes R, Heming N, Higgins JPT, Horby P, Jiini P, Landray MJ, Le Gouge A, Leclerc
M, Lim WS, Machado FR, McArthur C, Meziani F, Mgller MH, Perner A, Petersen MW, Savovic
J, Tomazini B, Veiga VC, Webb S, Marshall JC. Association Between Administration of Systemic
Corticosteroids and Mortality Among Critically Il Patients With COVID-19: A Meta-analysis.
JAMA. 2020 Oct 6;324(13):1330-1341. doi: 10.1001/jama.2020.17023. PMID: 32876694.

72. Ebrahimi Chaharom F, Pourafkari L, Ebrahimi Chaharom AA, Nader ND. Effects of corticosteroids
on Covid-19 patients: A systematic review and meta-analysis on clinical outcomes. Pulm Pharmacol
Ther. 2022 Feb;72:102107. doi: 10.1016/j.pupt.2021.102107. PMID: 34933068.

73. Mangin D, Howard M. The use of inhaled corticosteroids in early-stage COVID-19. Lancet. 2021
Sep 4;398(10303):818-819. doi: 10.1016/S0140-6736(21)01809-2. PMID: 34388397.

47

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 20:42:40 EEST - 3.129.69.149



74.

75.

76.

77.

78.

79.

80.

81.

82.

Clemency BM, Varughese R, Gonzalez-Rojas Y, Morse CG, Phipatanakul W, Koster DJ, Blaiss
MS. Efficacy of Inhaled Ciclesonide for Outpatient Treatment of Adolescents and Adults With
Symptomatic COVID-19: A Randomized Clinical Trial. JAMA Intern Med. 2022 Jan 1;182(1):42-
49. doi: 10.1001/jamainternmed.2021.6759. PMID: 34807241.

Lee TC, Bortolussi-Courval E, Belga S, Daneman N, Chan AK, Hanula R, Ezer N, McDonald EG.
Inhaled corticosteroids for outpatients with COVID-19: a meta-analysis. Eur Respir J. 2022 May
5;59(5):2102921. doi: 10.1183/13993003.02921-2021. PMID: 35144994,

PRINCIPLE Trial Collaborative Group. Azithromycin for community treatment of suspected
COVID-19 in people at increased risk of an adverse clinical course in the UK (PRINCIPLE): a
randomised, controlled, open-label, adaptive platform trial. Lancet. 2021 Mar 20;397(10279):1063-
1074. doi: 10.1016/S0140-6736(21)00461-X. PMID: 33676597.

Hinks TSC, Cureton L, Knight R, Wang A, Cane JL, Barber VS, Black J, Dutton SJ, Melhorn J,
Jabeen M, Moss P, Garlapati R, Baron T, Johnson G, Cantle F, Clarke D, Elkhodair S, Underwood
J, Lasserson D, Pavord ID, Morgan S, Richards D. Azithromycin versus standard care in patients
with mild-to-moderate COVID-19 (ATOMIC2): an open-label, randomised trial. Lancet Respir
Med. 2021 Oct;9(10):1130-1140. doi: 10.1016/S2213-2600(21)00263-0. PMID: 34252378.
Ayerbe L, Risco-Risco C, Forgnone I, Pérez-Pinar M, Ayis S. Azithromycin in patients with
COVID-19: a systematic review and meta-analysis. J Antimicrob Chemother. 2022 Feb
2;77(2):303-309. doi: 10.1093/jac/dkab404. PMID: 34791330.

Crichton ML, Goeminne PC, Tuand K, Vandendriessche T, Tonia T, Roche N, Chalmers JD;
European Respiratory Society COVID-19 Task Force. The impact of therapeutics on mortality in
hospitalised patients with COVID-19: systematic review and meta-analyses informing the European
Respiratory Society living guideline. Eur Respir Rev. 2021 Dec 15;30(162):210171. doi:
10.1183/16000617.0171-2021. PMID: 34911695.

Yasmin F, Najeeb H, Moeed A, Hassan W, Khatri M, Asghar MS, Naveed AK, Ullah W, Surani S.
Safety and efficacy of colchicine in COVID-19 patients: A systematic review and meta-analysis of
randomized  control  trials. PLoS One. 2022 Apr  5;17(4):e0266245.  doi:
10.1371/journal.pone.0266245. PMID: 35381033.

Kow CS, Lee LH, Ramachandram DS, Hasan SS, Ming LC, Goh HP. The effect of colchicine on
mortality outcome and duration of hospital stay in patients with COVID-19: A meta-analysis of
randomized trials. Immun Inflamm Dis. 2022 Feb;10(2):255-264. doi: 10.1002/iid3.562. PMID:
34970856.

Chi G, Memar Montazerin S, Lee JJ, Kazmi SHA, Shojaei F, Fitzgerald C, Gibson CM. Effect of

azithromycin and hydroxychloroquine in patients hospitalized with COVID-19: Network meta-

48

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 20:42:40 EEST - 3.129.69.149



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

analysis of randomized controlled trials. J Med Virol. 2021 Dec;93(12):6737-6749. doi:
10.1002/jmv.27259. PMID: 34370328.

Ferner RE, Aronson JK. Chloroquine and hydroxychloroquine in covid-19. BMJ. 2020 Apr
8;369:m1432. doi: 10.1136/bmj.m1432. PMID: 32269046.

U.S. Food and Drug Administration. FDA's approval of Veklury (remdesivir) for the treatment of
COVID-19—the science of safety and effectiveness. Accessed at www.fda.gov/drugs/news-events-
human-drugs/fdas-approval-veklury-remdesivir-treatment-covid-19-science-safety-and-
effectiveness on 14 November 2021

Angamo MT, Mohammed MA, Peterson GM. Efficacy and safety of remdesivir in hospitalised
COVID-19 patients: a systematic review and meta-analysis. Infection. 2022 Feb;50(1):27-41. doi:
10.1007/s15010-021-01671-0. PMID: 34331674.

Kaka AS, MacDonald R, Linskens EJ, Langsetmo L, Vela K, Duan-Porter W, Wilt TJ. Major
Update 2: Remdesivir for Adults With COVID-19: A Living Systematic Review and Meta-analysis
for the American College of Physicians Practice Points. Ann Intern Med. 2022 May;175(5):701-
709. doi: 10.7326/M21-4784. PMID: 35226522.

WHO Solidarity Trial Consortium. Remdesivir and three other drugs for hospitalised patients with
COVID-19: final results of the WHO Solidarity randomised trial and updated meta-analyses.
Lancet. 2022 May 2;399(10339):1941-53. doi: 10.1016/S0140-6736(22)00519-0. PMID:
35512728.

Wen W, Chen C, Tang J, Wang C, Zhou M, Cheng Y, Zhou X, Wu Q, Zhang X, Feng Z, Wang M,
Mao Q. Efficacy and safety of three new oral antiviral treatment (molnupiravir, fluvoxamine and
Paxlovid) for COVID-19 : a meta-analysis. Ann Med. 2022 Dec;54(1):516-523. doi:
10.1080/07853890.2022.2034936. PMID: 35118917.

Mahase E. Covid-19: Molnupiravir reduces risk of hospital admission or death by 50% in patients
at risk, MSD reports. BMJ. 2021 Oct 4;375:n2422. doi: 10.1136/bmj.n2422. PMID: 34607801.
Chu CM, Cheng VC, Hung IF, Wong MM, Chan KH, Chan KS, et al. Role of lopinavir/ritonavir in
the treatment of SARS: Initial virological and clinical findings. Thorax. 2004;59:252-6. doi:
10.1136/thorax.2003.012658. PMID: 14985565.

Bhattacharyya A, Kumar S, Sarma P, Kaur H, Prajapat M, Shekhar N, Bansal S, Avti P, Hazarika
M, Sharma S, Mahendru D, Prakash A, Medhi B. Safety and efficacy of lopinavir/ritonavir
combination in COVID-19: A systematic review, meta-analysis, and meta-regression analysis.
Indian J Pharmacol. 2020 Jul-Aug;52(4):313-323. doi: 10.4103/ijp.1JP_627_20. PMID: 33078733.
Okoli GN, Rabbani R, Al-Juboori A, Copstein L, Askin N, Abou-Setta AM. Antiviral drugs for

coronavirus disease 2019 (COVID-19): a systematic review with network meta-analysis. Expert

49

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 20:42:40 EEST - 3.129.69.149



93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Rev Anti Infect Ther. 2022 Feb;20(2):267-278. doi: 10.1080/14787210.2021.1961579. PMID:
34323632.

McDonald EG, Lee TC. Nirmatrelvir-ritonavir for COVID-19. CMAJ. 2022 Feb 14;194(6):E218.
doi: 10.1503/cmaj.220081. PMID: 35115376.

Popp M, Stegemann M, Metzendorf MI, Gould S, Kranke P, Meybohm P, Skoetz N, Weibel S.
Ivermectin for preventing and treating COVID-19. Cochrane Database Syst Rev. 2021 Jul
28;7(7):CD015017. doi: 10.1002/14651858.CD015017.pub2. PMID: 34318930.

Deng J, Zhou F, Ali S, Heybati K, Hou W, Huang E, Wong CY. Efficacy and safety of ivermectin
for the treatment of COVID-19: a systematic review and meta-analysis. QJM. 2021 Dec
20;114(10):721-732. doi: 10.1093/gjmed/hcab247. PMID: 34570241.

Nguyen AA, Habiballah SB, Platt CD, Geha RS, Chou JS, McDonald DR. Immunoglobulins in the
treatment of COVID-19 infection: Proceed with caution! Clin Immunol. 2020 Jul;216:108459. doi:
10.1016/j.clim.2020.108459. PMID: 32418917.

Huang C, Fei L, Li W, Xu W, Xie X, Li Q, Chen L. Efficacy evaluation of intravenous
immunoglobulin in non-severe patients with COVID-19: A retrospective cohort study based on
propensity score matching. Int J Infect Dis. 2021 Apr;105:525-531. doi: 10.1016/j.ijid.2021.01.0009.
PMID: 33434674.

Xiang HR, Cheng X, Li Y, Luo WW, Zhang QZ, Peng WX. Efficacy of IVIG (intravenous
immunoglobulin) for corona virus disease 2019 (COVID-19): A meta-analysis. Int
Immunopharmacol. 2021 Jul;96:107732. doi: 10.1016/j.intimp.2021.107732. PMID: 34162133.
Jorda A, Kussmann M, Kolenchery N, Siller-Matula JM, Zeitlinger M, Jilma B, Gelbenegger G.
Convalescent Plasma Treatment in Patients with Covid-19: A Systematic Review and Meta-
Analysis. Front Immunol. 2022 Feb 7;13:817829. doi: 10.3389/fimmu.2022.817829. PMID:
35197981.

Axfors C et al. Association between convalescent plasma treatment and mortality in COVID-
19: a collaborative systematic review and meta-analysis of randomized clinical trials. BMC Infect
Dis. 2021 Nov 20;21(1):1170. doi: 10.1186/s12879-021-06829-7. PMID: 34800996.

Troxel AB et al. Association of Convalescent Plasma Treatment With Clinical Status in Patients
Hospitalized With COVID-19: A Meta-analysis. JAMA Netw Open. 2022 Jan 4;5(1):e2147331.
doi: 10.1001/jamanetworkopen.2021.47331. PMID: 35076699.

Millat-Martinez P, Gharbharan A, Alemany A et al. CoV-Early study group; COnV-ert study
group. Prospective individual patient data meta-analysis of two randomized trials on convalescent
plasma for COVID-19 outpatients. Nat Commun. 2022 May 11;13(1):2583. doi: 10.1038/s41467-
022-29911-3. PMID: 35546145.

50

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 20:42:40 EEST - 3.129.69.149



103. Libster R, Pérez Marc G, Wappner D, et al. Fundacion INFANT-COVID-19 Group. Early
High-Titer Plasma Therapy to Prevent Severe Covid-19 in Older Adults. N Engl J Med. 2021 Feb
18;384(7):610-618. doi: 10.1056/NEJM0a2033700. PMID: 33406353.

104. Lin Z, NiuJ, XuY, Qin L, Ding J, Zhou L. Clinical efficacy and adverse events of baricitinib
treatment for coronavirus disease-2019 (COVID-19): A systematic review and meta-analysis. J Med
Virol. 2022 Apr;94(4):1523-1534. doi: 10.1002/jmv.27482. PMID: 34846766

105. Kalil AC, Patterson TF, Mehta AK, et al. ACTT-2 Study Group Members. Baricitinib plus
Remdesivir for Hospitalized Adults with Covid-19. N Engl J Med. 2021 Mar 4;384(9):795-807. doi:
10.1056/NEJM0a2031994. PMID: 33306283.

106.  Patoulias D, Doumas M, Papadopoulos C, Karagiannis A. Janus kinase inhibitors and major
COVID-19 outcomes: time to forget the two faces of Janus! A meta-analysis of randomized
controlled trials. Clin Rheumatol. 2021 Nov;40(11):4671-4674. doi: 10.1007/s10067-021-05884-4.
PMID: 34431004.

107.  Chen CY, Chen WC, Hsu CK, Chao CM, Lai CC. Clinical efficacy and safety of Janus kinase
inhibitors for COVID-19: A systematic review and meta-analysis of randomized controlled trials.
Int Immunopharmacol. 2021 Oct;99:108027. doi: 10.1016/j.intimp.2021.108027. PMID: 34343937.

108.  Lin WT, Hung SH, Lai CC, Wang CY, Chen CH. The impact of neutralizing monoclonal
antibodies on the outcomes of COVID-19 outpatients: A systematic review and meta-analysis of
randomized controlled trials. J Med Virol. 2022 May;94(5):2222-2229. doi: 10.1002/jmv.27623.
PMID: 35088444.

109. Kow CS, Ramachandram DS, Hasan SS. The use of neutralizing monoclonal antibodies and
risk of hospital admission and mortality in patients with COVID-19: a systematic review and meta-
analysis of randomized trials. Immunopharmacol Immunotoxicol. 2022 Feb;44(1):28-34. doi:
10.1080/08923973.2021.1993894. PMID: 34762561.

110.  Kyriazopoulou E, Poulakou G, Milionis H, et al. Early treatment of COVID-19 with anakinra
guided by soluble urokinase plasminogen receptor plasma levels: a double-blind, randomized
controlled phase 3 trial. Nat Med. 2021 Oct;27(10):1752-1760. doi: 10.1038/s41591-021-01499-z.
PMID: 34480127.

111.  Khan FA, Stewart I, Fabbri L, Moss S, Robinson K, Smyth AR, Jenkins G. Systematic review
and meta-analysis of anakinra, sarilumab, siltuximab and tocilizumab for COVID-19. Thorax. 2021
Sep;76(9):907-919. doi: 10.1136/thoraxjnl-2020-215266. PMID: 33579777.

112. Peng J, Fu M, Mei H, Zheng H, Liang G, She X, Wang Q, Liu W. Efficacy and secondary
infection risk of tocilizumab, sarilumab and anakinra in COVID-19 patients: A systematic review
and meta-analysis. Rev Med Virol. 2022 May;32(3):e2295. doi: 10.1002/rmv.2295. PMID:
34558756.

51

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 20:42:40 EEST - 3.129.69.149



113.  Davidson M, Menon S, Chaimani A, Evrenoglou T, Ghosn L, Grana C, Henschke N, Cogo E,
Villanueva G, Ferrand G, Riveros C, Bonnet H, Kapp P, Moran C, Devane D, Meerpohl JJ, Rada
G, Hrobjartsson A, Grasselli G, Tovey D, Ravaud P, Boutron I. Interleukin-1 blocking agents for
treating COVID-19. Cochrane Database Syst Rev. 2022 Jan 26;1(1):CD015308. doi:
10.1002/14651858.CD015308. PMID: 35080773.

114. WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT) Working Group, Shankar-
Hari M et al. Association Between Administration of IL-6 Antagonists and Mortality Among
Patients Hospitalized for COVID-19: A Meta-analysis. JAMA. 2021 Aug 10;326(6):499-518. doi:
10.1001/jama.2021.11330. PMID: 34228774.

115.  Yu SY, Koh DH, Choi M, Ryoo S, Huh K, Yeom JS, Yoon YK. Clinical efficacy and safety of
interleukin-6 receptor antagonists (tocilizumab and sarilumab) in patients with COVID-19: a
systematic review and meta-analysis. Emerg Microbes Infect. 2022 Dec;11(1):1154-1165. doi:
10.1080/22221751.2022.2059405. PMID: 35343397.

116.  Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, Perez JL, Pérez Marc G,
Moreira ED, Zerbini C, Bailey R, Swanson KA, Roychoudhury S, Koury K, Li P, Kalina WV,
Cooper D, Frenck RW Jr, Hammitt LL, Tiireci O, Nell H, Schaefer A, Unal S, Tresnan DB, Mather
S, Dormitzer PR, Sahin U, Jansen KU, Gruber WC; C4591001 Clinical Trial Group. Safety and
Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N Engl J Med. 2020 Dec 31;383(27):2603-
2615. doi: 10.1056/NEJM0a2034577. PMID: 33301246.

117.  World Health Organization [WHQO]. COVID-19 vaccine tracker and landscape. 2022. Accessed
May 24, 2022. https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-
vaccines

118.  Statistics and research: coronavirus (COVID-19) vaccinations [database on the Internet]. 2022.
Accessed May 26, 2022. https://ourworldindata.org/coronavirus

119.  LiangLL, Kuo HS, Ho HJ, Wu CY. COVID-19 vaccinations are associated with reduced fatality
rates: Evidence from cross-county quasi-experiments. J Glob Health. 2021 Jul 17;11:05019. doi:
10.7189/jogh.11.05019. PMID: 34326999.

120. Huang YZ, Kuan CC. Vaccination to reduce severe COVID-19 and mortality in COVID-19
patients: a systematic review and meta-analysis. Eur Rev Med Pharmacol Sci. 2022
Mar;26(5):1770-1776. doi: 10.26355/eurrev_202203_28248. PMID: 35302230.

121. Xu W, Tang J, Chen C, Wang C, Wen W, Cheng Y, Zhou M, Wu Q, Zhang X, Feng Z, Wang
M. Safety and efficacy of the COVID-19 vaccine in children and/or adolescents:A meta-analysis. J
Infect. 2022 May;84(5):722-746. doi: 10.1016/j.jinf.2022.01.032. PMID: 35108601.

122.  Le Bert N, Tan AT, Kunasegaran K, Tham CYL, Hafezi M, Chia A, Chng MHY, Lin M, Tan
N, Linster M, Chia WN, Chen MI, Wang LF, Ooi EE, Kalimuddin S, Tambyah PA, Low JG, Tan

52

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 20:42:40 EEST - 3.129.69.149



YJ, Bertoletti A. SARS-CoV-2-specific T cell immunity in cases of COVID-19 and SARS, and
uninfected controls. Nature. 2020 Aug;584(7821):457-462. doi: 10.1038/s41586-020-2550-z.
PMID: 32668444.

123.  Ssentongo P, Ssentongo AE, Voleti N, Groff D, Sun A, Ba DM, Nunez J, Parent LJ, Chinchilli
VM, Paules Cl. SARS-CoV-2 vaccine effectiveness against infection, symptomatic and severe
COVID-19: a systematic review and meta-analysis. BMC Infect Dis. 2022 May 7;22(1):439. doi:
10.1186/512879-022-07418-y. PMID: 35525973.

124.  Feikin DR, Higdon MM, Abu-Raddad LJ, Andrews N, Araos R, Goldberg Y, Groome MJ,
Huppert A, O'Brien KL, Smith PG, Wilder-Smith A, Zeger S, Deloria Knoll M, Patel MK. Duration
of effectiveness of vaccines against SARS-CoV-2 infection and COVID-19 disease: results of a
systematic review and meta-regression. Lancet. 2022 Mar 5;399(10328):924-944. doi:
10.1016/S0140-6736(22)00152-0. PMID: 35202601.

125. Lee ARYB, Wong SY, Chai LYA, Lee SC, Lee MX, Muthiah MD, Tay SH, Teo CB, Tan BKJ,
Chan YH, Sundar R, Soon YY. Efficacy of covid-19 vaccines in immunocompromised patients:
systematic review and meta-analysis. BMJ. 2022 Mar 2;376:€068632. doi: 10.1136/bmj-2021-
068632. PMID: 35236664.

126. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, Shamseer L,
Tetzlaff JM, Akl EA, Brennan SE, Chou R, Glanville J, Grimshaw JM, Hrobjartsson A, Lalu MM,
Li T, Loder EW, Mayo-Wilson E, McDonald S, McGuinness LA, Stewart LA, Thomas J, Tricco
AC, Welch VA, Whiting P, Moher D. The PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. BMJ 2021;372:n71. doi:10.1136/bmj.n71. PMID: 33782057.

127.  Deeks JJ, Higgins JPT, Altman DG (2011) Chapter 9: Analyzing data and undertaking meta-
analyses. In: Higgins JPT, Green S (eds) Cochrane handbook for systematic reviews of interventions
version 5.1.0 [updated March 2011], The Cochrane Collaboration.

128. Review Manager (RevMan) [Computer program] Version [5.3] Copenhagen: The Nordic
Cochrane Centre TCC; 2014.

129.  Higgins JPT, Sterne JAC, Savovi¢ J, Page MJ, Hrobjartsson A, Boutron I, Reeves B, Eldridge
S. A revised tool for assessing risk of bias in randomized trials. Cochrane Database Syst Rev
2016;10:29-31.

130.  Caricchio R, Abbate A, Gordeev I, Meng J, Hsue PY, Neogi T, Arduino R, Fomina D, Bogdanov
R, Stepanenko T, Ruiz-Seco P, Génzalez-Garcia A, Chen Y, Li Y, Whelan S, Noviello S; CAN-
COVID Investigators. Effect of Canakinumab vs Placebo on Survival Without Invasive Mechanical
Ventilation in Patients Hospitalized With Severe COVID-19: A Randomized Clinical Trial. JAMA
2021;326(3):230-239. doi:10.1001/jama.2021.9508. PMID: 34283183.

53

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 20:42:40 EEST - 3.129.69.149



131.  Cremer PC, Sheng CC, Sahoo D, Dugar S, Prada RA, Wang KM, et al. the Three C study group.
Double-blind randomized proof of-concept trial of canakinumab in patients with COVID-19
associated cardiac injury and heightened inflammation. European Heart Journal Open
2021;43(10):1055-1063. doi:10.1002/clc.2345. PMID: 32830894.

132. CORIMUNO-19 Collaborative group. Effect of anakinra versus usual care in adults in hospital
with COVID-19 and mild-to-moderate pneumonia (CORIMUNO-ANA-1): a randomised controlled
trial. Lancet Respir Med 2021;9(3):295-304. do0i:10.1016/S2213-2600(20)30556-7. PMID:
33493450.

133.  Declercq J, Van Damme KFA, De Leeuw E, Maes B, Bosteels C, Tavernier SJ, De Buyser S,
Colman R, Hites M, Verschelden G, Fivez T, Moerman F, Demedts IK, Dauby N, De Schryver N,
Govaerts E, Vandecasteele SJ, Van Laethem J, Anguille S, van der Hilst J, Misset B, Slabbynck H,
Wittebole X, Liénart F, Legrand C, Buyse M, Stevens D, Bauters F, Seys LIM, Aegerter H, Smole
U, Bosteels V, Hoste L, Naesens L, Haerynck F, Vandekerckhove L, Depuydt P, van Braeckel E,
Rottey S, Peene I, Van Der Straeten C, Hulstaert F, Lambrecht BN. Effect of anti-interleukin drugs
in patients with COVID-19 and signs of cytokine release syndrome (COV-AID): a factorial,
randomised, controlled trial. Lancet Respir Med 2021;9(12):1427-1438. d0i:10.1016/S2213-
2600(21)00377-5. PMID: 34756178.

134.  Kharazmi AB, Moradi O, Haghighi M, Kouchek M, Manafi-Rasi A, Raoufi M, Shoaei SD,
Hadavand F, Nabavi M, Miri MM, Salarian S, Shojaei S, Khalili S, Sistanizad M, Sadeghi S,
Karagah A, Asgari S, Jaffaraghaei M, Araghi S. A randomized controlled clinical trial on efficacy
and safety of anakinra in patients with severe COVID-19. Immun Inflamm Dis 2022;10(2):201-208.
d0i:10.1002/iid3.563. PMID: 34762351.

135. Derde LP, The REMAP-CAP Investigators. Effectiveness of tocilizumab, sarilumab, and
anakinra for critically ill patients with COVID-19. The REMAP-CAP COVID-19 immune
modulation therapy domain randomized clinical trial. medRXxiv 2021.
d0i:10.1101/2021.06.18.21259133

136.  Kyriazopoulou E, Huet T, Cavalli G, Gori A, Kyprianou M, Pickkers P, et al. Effect of anakinra
on mortality in patients with COVID-19: a systematic review and patient-level meta-analysis.
Lancet Rheumatol. 2021;3:€690-e697. doi:10.1016/S2665-9913(21)00216-2. PMID: 34396156.

137.  BarkasF, Filippas-Ntekouan S, Kosmidou M, Liberopoulos E, Liontos A, Milionis H. Anakinra
in hospitalized non-intubated patients with coronavirus disease 2019: a Systematic review and meta-
analysis. Rheumatology (Oxford). 2021;60:5527-5537. doi:10.1093/rheumatology/keab447.
PMID: 33999135.

138.  Pasin L, Cavalli G, Navalesi P, Sella N, Landoni G, Yavorovskiy AG, Likhvantsev VV,
Zangrillo A, Dagna L, Monti G. Anakinra for patients with COVID-19: a meta-analysis of non-

54

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 20:42:40 EEST - 3.129.69.149



randomized cohort studies. Eur J Intern Med. 2021;86:34-40. doi:10.1016/j.ejim.2021.01.016.
PMID: 33581979.

139. Ao G,Wang Y, Li A, Tran C, Yang Q. The effect of canakinumab on clinical outcomes in
patients with COVID-19: A meta-analysis. J Infect. 2022:50163-4453(22)00137-2. doi:
10.1016/j.jinf.2022.03.011. PMID: 35301014.

140. Naveed Z, Sarwar M, Ali Z, Saeed D, Choudhry K, Sarfraz A, Sarfraz Z, Felix M, Cherrez-
Ojeda I. Anakinra treatment efficacy in reduction of inflammatory biomarkers in COVID-19
patients: A meta-analysis. J Clin Lab Anal. 2022:e24434. doi:10.1002/jcla.24434. PMID:
35435272.

141,  Patoulias D, Dimosiari A, Michailidis T. Anakinra or tocilizumab for prevention of COVID-19
death? A big dilemma. Eur J Intern Med. 2021;90:107-108. doi:10.1016/j.ejim.2021.05.039. PMID:
34158235.

142.  Tasoudis PT, Arvaniti CK, Adamou AT, Belios I, Stone JH, Horick N, et al. Interleukin-6
inhibitors reduce mortality in coronavirus disease-2019: An individual patient data meta-analysis
from randomized controlled trials. Eur J Intern Med. 2022 Apr 7:5S0953-6205(22)00140-6. doi:
10.1016/j.€jim.2022.04.004. PMID: 35422374.

143.  Calabrese LH, Calabrese C. Cytokine release syndrome and the prospects for immunotherapy
with  COVID-19. Part 2: The role of interleukin 1. Cleve Clin J Med.
2020;10.3949/ccjm.87a.ccc044. doi:10.3949/ccjm.87a.ccc044. PMID: 32646930.

144,  Geng J, Wang F, Huang Z, Chen X, Wang Y. Perspectives on anti-IL-1 inhibitors as potential
therapeutic  interventions  for  severe  COVID-19.  Cytokine.  2021;143:155544.
d0i:10.1016/j.cyt0.2021.155544. PMID: 33926774.

145.  Shakoory B, Carcillo JA, Chatham WW, Amdur RL, Zhao H, Dinarello CA, et al. Interleukin-
1 Receptor Blockade Is Associated With Reduced Mortality in Sepsis Patients With Features of
Macrophage Activation Syndrome: Reanalysis of a Prior Phase Il Trial. Crit Care Med.
2016;44(2):275-81. doi: 10.1097/CCM.0000000000001402. PMID: 26584195.

146. Retamozo S, Brito-Zer6n P, Siso-Almirall A, Flores-Chavez A, Soto-Cardenas MJ, Ramos-
Casals M. Haemophagocytic syndrome and COVID-19. Clin Rheumatol. 2021;40(4):1233-1244.
doi: 10.1007/s10067-020-05569-4. PMID: 33389315.

55

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 20:42:40 EEST - 3.129.69.149



SUPPLEMENTARY APPENDIX

Supplementary table 1. PubMed search strategy.
MEDLINE (January 1966 to April 2022)

Search Query Items found
#1 Search anakinra 6804
#2 Search kineret 6818
#3 Search canakinumab 939

#4 Search ilaris 940

#5 Search interleukin-1 receptor antagonist 6979
#6 Search IL-1RA antagonist 7448
#7 Search anti-1L-1f3 monoclonal antibody 130

#8 Search #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 9794
#9 Search COVID19 [MeSH] 148834
#10 Search SARS-CoV-2[MeSH Terms] 118838
#11 Search severe acute respiratory distress syndrome coronavirus 2 2944
#12 Search #9 OR #10 OR #11 151461
#13 Search #8 AND #12 215

Supplementary table 2. Baseline demographic characteristics of enrolled subjects across eligible

randomized controlled trials.

Year of 2021 2021 2021 2021 2022 2021 2021
publication

Inpatient Inpatient Inpatient Inpatient Inpatient Inpatient Inpatient
Number of [zt 45 114 779 30 594 118
analyzed
subjects
IL-1 Canakinumab  Canakinumab ~ Anakinra Anakinra Anakinra Anakinra Anakinra

antagonist

CANA: 59 CANA 300 Anakinra: Anakinra: Anakinra: Anakinra: Anakinra:

(49, 69) mg: 70.7 67.0 (555, 59.8(11.9) 49.3(19.1) 62 (11.4) 65 (54, 70)
(64.7, 74.6) 74.3)

Age (years)

CANA 600
mg: 66.4
(63.5, 72.9)
Placebo: 57 Placebo: Placebo: Placebo: Placebo: 59 Placebo: Placebo: 63
(50, 68) 68.2 (56.1, 64.9 (59.5, 61.1(12.9) (1.8) 61.9 (12.1) (56, 73)
83.3) 78.3)
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CANA:
135/92

Placebo:
132/95
CANA:
29.9 (26.5,
34.8)

Placebo:
30.8
34.7)
CANA:
53%

(27,

Placebo:
59%
CANA:
35%

Placebo:
37%
CANA:
21%
Placebo:
19%
CANA:
10%

Placebo:
7.5%
CANA:
8.8%

Placebo:
5.7%
CANA:
7.9%
Placebo:
7.5%
CANA:
180.1
(112.3,
261.9)

CANA 300
mg: 9/5

CANA 600
mg: 11/4
Placebo:
13/3
CANA 300
mg: 283
(25.8, 32.0)

CANA 600
mg: 29.2
(28.0, 46.4)
Placebo:
29.2 (24.0,
42.9)
CANA 300
mg: 64.3%

CANA 600
mg: 73.3%
Placebo:
5%
CANA 300
mg: 28.6%

CANA 600
mg: 66.7%
Placebo:

43.8%
NR

shown
CAD,
stroke)
CANA 300
mg: 14.3%

(data
for

CANA 600
mg: 40%
Placebo:
43.8%
CANA 300
mg: 21.4%

CANA 600
mg: 20%
Placebo:
12.5%

NR

CANA 300
mg: 160 (77,
246)

Anakinra:
43/16

Placebo:
37/18
Anakinra:
27.4 (24.9,
32)

Placebo:
26.8 (24.7,
31.5)

NR

Anakinra:
32%

Placebo:
27%
Anakinra:
37%
Placebo:
25%
Anakinra:
8%

Placebo: 5%

Anakinra:
10%

Placebo: 5%

NR

NR

Anakinra:
269/104

Placebo:
285/121
Anakinra:
29.7 (26.3,
35.3)

Placebo:
309 (27.1,
34.9)

NR

Anakinra:
33.8%

Placebo:
37.4%
Anakinra:
11.2%
Placebo:
11.7%
Anakinra:
1.1%

Placebo:
2.1%
Reported as
combined
COPD/Asth
ma

Reported as
combined
COPD/Asth
ma
Anakinra:
106 (84,
148)
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Anakinra:
8/7

Placebo:
11/4
Anakinra:
28.2 (3.6)

Placebo: 28
(4.9)

Anakinra:
13.3%

Placebo:
53.3%
Anakinra:
20%

Placebo:
53.3%
NR

NR

NR

NR

NR

Anakinra:
235/169

Placebo:
108/81
Anakinra:
29.4 (5.5)

Placebo:
29.8 (5.6)

NR

Anakinra:
16.3%

Placebo:
14.8%
NR  (data
shown for
CAD, HF)

Anakinra:
2.2%

Placebo:
0.5%
Anakinra:
3.7%

Placebo:
4.8%
NR

Anakinra;
239 (18,
302)

Anakinra:
37/6

Placebo:
53/19
Anakinra:
29 (27, 32)

Placebo: 28
(25, 31)

Anakinra:
37%

Placebo:
42%
Anakinra:
35%

Placebo:
29%
Anakinra:
26%
Placebo:
18%
Anakinra:
14%

Placebo: 8%

NR

NR

Anakinra:
114 (80,
243)
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CANA 600

mg: 148 (73,

203)
Placebo: Placebo: Placebo: Placebo: Placebo:
179.6 117 (66, 118 (89, 223 (168, 149 (95,
(127.5, 210) 169.5) 297) 254)
268.8)
CANA: 89 CANA 300 Anakinra: Anakinra: Anakinra: Anakinra: Anakinra:
(47, 153) mg: 122 (64, 121 (77, 112 (70, 123.7 (49) 50.5 (25.2, 150 (96,

153) 198) 189) 100.2) 215)

CANA 600

mg: 127

(108, 197)
Placebo: 77 Placebo: Placebo: Placebo: Placebo: Placebo: Placebo:
(42, 136) 176 (150, 120 (87, 129 (71, 105.1(51) 51.4 (25.2, 120 (77,

199) 192) 208) 98.5) 190)
CANA: 681 CANA 300 Anakinra: NR Anakinra: Anakinra: Anakinra:
(304, 1271) mg: 998 1479 (444, 780.5 558.9 1886 (1294,

(857, 1626) 2334) (311.9) (294.1, 2544)

1047)

CANA 600

mg: 740

(448, 1969)
Placebo: Placebo: Placebo: Placebo: Placebo: Placebo:
631 (305, 1246 (768, 1151 (847, 599.5 628.6 1606 (1205,
1160) 2355) 2530) (365.4) (293.5, 2730)

1062.3)

CANA: CANA 300 Anakinra: Anakinra: Anakinra: Anakinra: Anakinra:
41% mg: 21.4%  12% 85.9% 73.3% 84.4% 67%

CANA 600

mg: 53.3%
Placebo: Placebo: Placebo: Placebo: Placebo: Placebo: Placebo:
32% 62.5% 15% 65.9% 53.3% 88.9% 60%
CANA: CANA 300 NR Anakinra: Anakinra: Anakinra: Anakinra:
22% mg: 35.7% 29.5% 13.3% 73.6% 7%

CANA 600

mg: 66.7%
Placebo: Placebo: Placebo: Placebo: Placebo: Placebo: 4%
20% 37.5% 26.1% 26.6% 74.6%
NR NR Anakinra: NR Anakinra: NR NR

2% 60%
Placebo: 4% Placebo:
80%

CANA: NR Anakinra: NR NR Anakinra: NR
37% 19% 18.8%
Placebo: Placebo: Placebo:
37% 25% 18.5%

*Data is presented as mean (standard deviation), median (interquartile range), absolute numbers or relative
frequency (%), unless otherwise stated.

**CANA: canakinumab, CAD: coronary artery disease, HF: heart failure, NR: not reported
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