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Evyoprotieg
H mapobvoa epyacio amotelel SIMAOUOTIKY €PYACI0 GTO TANIGLO TOV HETATTUYIOKOD

npoypaupatog «Bacwav Brotatpikov Emetnuovy tov tuiuoatog latpikng tov IHave-

motnuiov looavvivov.

[Ipwv v mapovcioon g epyoasiog aicOAVoLOL TNV VTOYPEWON VA ELYOPIGTICM OPl-
OUEVOLG OO TOLG avOpdTOVE TOL cuvepPYaoTnKa Hall Tovg Kot cuVEROALY GTNV OAO-

KAMpwon tg.

Apykd, o n0era va evyapiotiom tov emPrémovia kabnynt pov K. [anmd [TepucAn
vy v Pondetd Tov kot TV GLUPOAN Tov Kab® OAN TN JSLUPKELD TNG CLYYPAPNG TNG
dmlmpatikng pov gpyasiog. Eniong, O n0eha va evyaptotiom 1o dievbuvti tov pe-
TATTLYLOKOV TTPOYpdhupatoc «Bacwkomv Bloiatpikav Zmovddv» k. Ayyedion Xopdio-
umo, tnv veevBuvn tov petamntuylakoL K. BeCupaxn [Hotpdva Kot 6Aovg tovg kabnyn-

TEG TOV TTPOYPALLUATOS Y10 TIG TOAVTYLES YVDGELS TOV TOPELYOLV.

Téhog, BEA® va gVYAPLOTIO® TNV OIKOYEVELL LLOV KOl TO GUVIPOQPO OV Yo TV LTTO-
LoVY, TNV YOXoAOYIKY Kot NOKY] COUTOPAGTAGT] TTOL OV TPOGEPEPAY Y10, TV OAOKAN-

PMON NG LETATTVYLOKTG LOV EPYAGIOC.



IIporoyog

H mapovoa Simhopatikn epyacio avagépetar otny tpoceotn mavonuioc tov COVID-
19 Ko 6TIC KVPLOTEPES PUPUAKEVTIKEC TPOGEYYIGEIS TOL YPNCLUOTOWONKAY aTd TNV
évapén g €ng topa. Tig Tedevtaisg dekaetieg, dapopes véeg acBéveles, Tov opeilo-
vtol 6€ Tafoyovous HIKPOOPYOVIGHOUS £XOVV EUPAVIOTEL GE OLOPOPETIKES TTEPLOYES,
(1bg Ebola, 10¢ Zika kot Coronavirus (nCOVSs)). Tov AskéuPpro tov 2019, évag véog
TOmo¢ Aoluwéng epeaviotnke ot mOAN [ovydv g Kivag, n omoia opeideton oe éva
vé€o VTOTLTTO KOopovoiov, mov tpokarel T voco COVID-19. H vocog COVID-19 opi-
Ceton wg pio acBévela mov mpokarel To GoPapd cLVOPOUO 0EEOG AVATVELGTIKOD GL-
otuatoc (SARS-CoV-2) ka1 og cOYKpLomn LE TPOoNyoOUEVES achévELEC TOV TPOKAAOD-
vt and kopovoiovg (MERS-CoV kat SARS-CoV) , n COVID-19 givor 1 o petado-
Tkn. KAwvikoi and 6ho 1o k6GpHo avalntovv v katdAAnAn Bepaneia ylo v avtipe-
TOTION TG AcOEVELNG, YPNCYLOTOLDVTOG OVTITKOVS, 0vOsOoPPLOUIGTIKOVG KaBmS Kot -

VTIQAEYLOVDOES TOPAYOVTEG.

H dumhopoatikn epyacia amoteAel pio chHvoyn TV QOPUAKEVTIKOV TPOCEYYIGEWV Yia
™M vOG0 Ko yopileton o dVO BEUATIKEG EVOTNTEG, GTNV TPAOTN OVOPEPOVTAL EICAYWYIKL
otoyeia Yo T vOc0, 0TS 1 LOPPOAOYIO TOV 10V, TO KAVIKE GLUTTOMOTA, 1] TadoPV-
oloA0Yia TOV, EVA GTN OEVTEPT) EVOTNTA TTEPLYPAPOVTOL LE OEOOUEVA OO KAVIKES Lle-

AETEG Ol PUPLLOKEVTIKOT TOPAYOVTEG TOV EYOVV Y¥PNCILOTOMOEl ¢ TOPA.
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Introduction

This thesis is a literature review of the pharmacological approaches studied for the re-
cent COVID-19 pandemic. In recent decades, various new diseases caused by patho-
genic microorganisms have appeared in different regions (Ebola virus, Zika virus and
Coronavirus (nCoVs)). In December 2019, a new type of infection appeared in the city
of Yuhan, China, due to a new Coronavirus subtype, which causes COVID-19. COVID-
19 is defined as a disease caused by severe acute syndrome (SARS-CoV-2) and com-
pared to previous diseases caused by Coronavirus (MERS-CoV and SARS-CoV);
COVID-19 is the most contagious. Clinicians from around the word seeking the most
appropriate treatment for the disease, using antiviral, immunomodulatory and anti-in-

flammatory agents.

The thesis is a summary of the pharmaceutical approaches for the disease and is divided
into two thematic sections, the first indicates the morphology and the life cycle of the
virus, its pathophysiology, and its clinical symptoms, while the second section mentions
data from clinical studies that investigated the pharmaceutical agents that have been

used so far.
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Hepiinyn
Avayvootov Bacihk

Ddapuaxoroyko [pogidk twv Tpexovowv Dapuakevtikmv [Ipoceyyicewv yia ) Ogpa-

neio tov COVID-19

H movdnuio SARS-CoV-2 £yet mpokaiéoet pia Tp@TOQOVY TECT] GTO TAYKOGUIO GV-
omua vyeiag. Metd v e&dniwon g vésov COVID-19 kot mapd to avetnpd pétpa
v T dNpoca vyeia, N vocog £xel KoTaoTel pio Taykdoo kpion yio To cHGTNUA V-
vetoc. H Oepaneio tov acBevov ivor Kuplwg vToGTNPIKTIKY, KOl T GAPLUOKO TO OTTOi0
peret@vtor £govv eviédel Bondntucd poro. Eivar evpémg amodektd OtL 1 vépuetpn
QAEYLOVAONG KO VOGOAOYIKT AOKPLoT), KaOMG emiong kot o1 PAAPeG mov mpokhmTouy
oo 10 0V MTIKO 6TPeS dadpapatiovy onuavtikd poro ot taboyéveon g vOGoL
COVID-19. IIpoc avt ™ katevhuven mokilol QapUoKOAOYIKOTL TOPAyovTIES EXOVV
xpnooromOei.

[Mopdyovieg pe avTlikn dpacTnplOTNTA, OTMG 1 YA®POKivy Kot 1 vIpo&vYAwpokivn, 1
eapimpaPipn, n AomwvaPipn/prrovaBipn, n pepviesiPipn, n pumafipivn Kot 1 ovpiee-
voPipn, avocoppuBuieTiKol Tapdyovies, OTMG o1 VTePPEPOVES (0L Kat ), O AVOGTOAEIS
™ wrepievkivng 6 ( Tocilizumab kot Sarilumab), ot avactoAeic g wtepAevkivng 1
(Anakinra), kabng kot ot avactoreic Tov kivacov JAK kot BAK, anotelodv pepikd
Ao To EAPUOKa LE £vo dSUVNTIKO pOLo ot Bepameia Tng Aoipwéne. Alleg Bepamevti-
KEG eMAOYEG, OMWG To. 6TEPOEN (de&apedalovn), N KOA IKIvN Kot T0. LOVOKA®VIKE, o
VIIGOUATO, TEPTYPAPOVTOL MG SVVNTIKEG Oepameieg o TN TN HEAETT.

Evd, ov apywés peréreg €0e1&av Tig ypNnoels vopoELYA®POKIvNg Kot YAmpokiving o1
Oepaneia Tov acbevav pe COVID-19, dhheg peyddng kAILOKOG TUYOLOTOUEVES KAL-
ViKéG doKIEG emédetEav tia PLeElUEVT amdvinomn TV acfevdv ot Bepameia pe vOpo-
Euylmpoxkivn ko yAopoxkivn. H eafutipafipn kol n pepvieciBipn amoteAodv vmocyo-
Heveg eEMA0YEC TPOg TN Bepameio AALE TEPUTEP® PEAETES YPELALOVTOL TPOKELEVOL VL
anodeyfel N amoteleopotikoTnTd Tovg. H pepviesiBipn, amoteket Evav evoedetrypévo
and tov F.D.A. mapdyovta o¢ mpog ™ Aoipwén. Ocov apopd ™ prumafipivn, péxpt
TOpo. givor Stobéotpa Lovo in Vitro Tov va vrootnpilovy T dpacTIKOTNTA TOV AmEVAVTL
070 10 Ko To mhavd 0pehoc/kivouvo otn Bepameio Tng Tvevpoviag Tov TPoKaAEiTo
amd Tov 10 anoterel AVTIKEILEVO dlEPEVVNONG, EVD 1| OLLLPEVOPipN Oev Exel KaTtopODoEL
£€MC TOPQ VO, ETTOYEL GNUAVTIKY BerTioon oty ékPaon tov acbevav pe COVID-19.

AlAeg BepamevTIKES EMAOYES TEPIAAUPAVOLV THV EVOEYOLEVT YPNION TOV WVTEPPEPOVDV
ot Bepamneio TG vOcov, 1 omoia 6g YeVIKES Ypappég dgv vmootnpiletal and to Oepa-
TeVTIKO TAGvo TS vosov COVID-19, 10 omoio glvar evoedetypévo amd to ToyKOGHULO
wotitovto vyetog. H tooctmlovpdunn, évag avacstoréns Tng viepAevkivng 6, amotehet
£Va LOVOKA®VIKO ovTIcm A e Eva duvnTiko polo otr Oepameio tng Aoipnwéng amd tov
SARS-CoV-2. To Anakinra, évog avactohéag g wvtepievkivng 1, amoteAet £va vo-
oyouevo BepamevTikd Tapdyova, Ve ol avacToAeis Tov kivacov JAK kot BAK, glvat
Kavovpleg Tpochnkeg ot BepamevtiKng eapétTpa, pe EEMGGOUEVO TPOPIA ACPAAELNS.
[Two e1dwd,  xpnon g Papkitvipmng (avactoréag g JAK kivaonc) cvuotivetat amd
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10 BepamevVTIKO TAGVO TOV TOYKOGHIOU GUGTHIATOS VYEING GE GLVOLAGHO LE TNV pE-
uvtes1Bipn yo 1 Ogpomeio TG vOGOU G€ VOGNAEVLOUEVOUG LT SUCOANUEVOVS 0G0e-
VELG, 6tav o€ umopel va yivel 1 xpron KopTiKooTePoed®V. Nedtepeg OepamenTikéG emt-
Loyéc mepthapBdvouy tn ypron tov cuvdvacuov bamlanivimab pe etesevimab ko cari-
sivimab pe imdevimab og cuykekpluévovg acOeveic, To omoio amoTeA0VV LOVOKAMVIKA
avTicopoTo gykekpiuéva amd tov F.D.A. og papuaKa EKTAKTOL oVAYKNC.

Téhog, dAAeg EATTIOOPOPEG PAPUOKEVTIKEG EMAOYEC TEPIAAUPAVOLV TN XPNOT QOPUE-
KOV UE OVTIQAEYHOVAIN dpdior), OTtmg N de&apefaldvn kot n koAyikivn. Ot puéxpt mpo-
TvoG eVOEi&elg LITOGTNPILOVY TNV EMAEKTIKN YPNOT| TOV KOPTIKOGTEPOEOMV KO KUPIWG
g de&opedalovng, Kuplog oTic GoPapés TEPITTMOGELS TS VOGOU.
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Abstract
Anagnostou Vasiliki

Pharmacological profile of the current pharmaceutical approaches to the treatment of
COVID 19

The SARS-Cov-2 pandemic has put an unprecedented pressure on the global health
system. Since the SARS-CoV-2 outbreak and despite the strict public health measures,
COVID-19 has still become a global health crisis. The treatment of patients is still
mainly supportive, and the drugs studied were used compassionately. It is well known
that excessive inflammation and immune response as well as oxidative damage play a
crucial role in the pathogenesis of COVID-19. Several pharmaceutical agents have been
used so far.

Anti-viral agents including Chloroquine and Hydroxychloroquine, Favipiravir, Lop-
inavir/Ritonavir, Remdesivir, Ribavirin and Umifenovir, immunodulatory agents in-
cluding Interferons (Alpha and Beta), Interleukin-6 Inhibitors (Tocilizumab and Sari-
lumab), Interleukin-1 inhibitors (Anakinra) and JAK And BAK Kinase Inhibitors, are
some of the drugs with a potential role in the treatment of COVID-19 infection. Other
medications, such as steroids (Dexamethasone), Colchicine and monoclonal antibodies
are described as a potential therapy for COVID-19 patients in this review.

Initial studies demonstrated favorable results with the use of chloroquine or hy-
droxychloroquine in patients with COVID-19, but several large-scale randomized con-
trolled trials have demonstrated a lack of response to hydroxychloroquine and chloro-
quine in the treatment of COVID-19. Favipiravir and Remdesevir are promising drugs
for the treatment but further studies are needed to clarify the effectiveness, Remdesevir
is an FDA approved antiviral agent for the COVID-19 infection. As for ribavirin, only
in vitro data on its activity on SARS-CoV-2 are available so far and the possible benefit
and/or harm for treating of coronavirus-related pneumonia are still under investigation,
whereas Umifenovir failed to significantly improve the outcome of COVID-19 patients.

Other treatment options include the possible use of Interferons in the treatment of
COVID-19, which is generally not recommended by the COVID-19 Treatment Panel.
Tocilizumab, an IL-6 inhibitor, is a monoclonal antibody with a potential role in the
infection of SARS-CoV-2. Anakinra, an IL-1 inhibitor is also a promising agent,
whereas JAK and BAK Kinase inhibitors are relatively new drugs with evolving safety
profiles. Baricitinib is recommended by the panel in combination with remdesevir for
the treatment of the disease, in hospitalized non-intubated patients. Newest treatment,
which is FDA EUA approved, involves the use of bamlanivimab plus etesevimab and
carisivimab plus imdevimab in specific patients.

Finally, anti-inflammatory drugs, such as corticosteroids and colchicine have been used
to treat COVID-19 infection. The current evidence supports the selective use of dexa-
methasone, only in severe cases of COVID-19. Colchicine appears to be a promising
therapeutic agent against SARS-CoV-2.
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1. Introduction

In late 2019, there was a sudden surge in the number of individuals being admitted to
local hospitals of Wuhan, in the Hubei Province of China, with a pneumonia-like illness
of unknown etiology. World Health Organization (WHQ) was notified of the outbreak
by the Chinese authorities on December 31,2019. By January 7,2020, scientists had
isolated a novel coronavirus from the lower respiratory system tract samples of patients
who were admitted to a hospital in Wuhan.[4] The 2019 virus was identified as a novel
coronavirus (CoV) named SARS-CoV-2 which causes COVID-19.[3] SARS-CoV-2
has spread globally and on March 11, WHO declared COVID-19 as a pandemic. [1]
Global efforts have been directed towards containing and reducing further spread of the
virus. Despite the stringent public health measures, the outbreak has continued to at a
breakneck pace and has laid bare the glaring inadequacies of the present healthcare
systems around the world. [4]

1.1 Epidemiology

COVID-19 is a rapidly developing health crisis, which has wreaked havoc worldwide,
resulting in 55,828,041 confirmed cases and 1,342,080 deaths. The first case in Europe
was reported in France on January 25, 2020. Following this, the number of cases in-
creased drastically, in many European countries, particularly in United Kingdom, Spain
and Italy. [1] According to the National Organization of Public Health in Greece, the
total number of cases is 78825 of which 58,3% are men, the confirmed deaths are 1228,
until 17 November,2020. The overriding reasons for its exponential growth are the high
reproductive rate (Ro)-ranging from 2 to 6.47[6], the long incubation period of 2 to 14
days (median 5 days) and the serial interval (SI) of 5-7.5 days, which are indicative of
an infectious disease that has the potential of rapidly turning into a pandemic. The mor-
tality rate for COVID-19 ranges between 2 and 5% with ARDS (Acute Respiratory
Distress Syndrome) being the leading cause of death.[4]

2. Virology

In the past two decades, there have been two major coronavirus outbreaks, the SARS-
CoV (2002) and the MERS (2012).[7] Coronaviruses belong to a large family of viruses
called Coronaviridae. Coronaviruses belong to a family that comes under the order
“Nidovirales”. Nidovirales order includes the viruses that use a nested set of mRNAs
for their replication. Further, the coronavirus sub-family has four genera (alpha, beta,
gamma, and delta coronaviruses). The coronaviruses infecting humans (HCoVs) belong
to two of these genera (alpha coronaviruses and beta coronaviruses). [7]. The B-
coronavirus subfamily includes SARS-CoV which causes the severe acute respiratory
syndrome, SARS-CoV-2, which causes COVID-19, and MERS-CoV, which causes
Middle East respiratory syndrome (MERS). [3]

Coronaviruses primarily cause infections in birds and some mammals, but occasion-

ally can cross species barriers and infect humans as well. [3] Several members of this
family of viruses circulate among the human population and commonly target the up-
per-respiratory system, resulting into moderate symptoms, such as the common cold.
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Conversely, some coronaviruses are capable of causing more severe illness, which
may result in death.[1]

The highly pathogenic CoVs, including SARS-CoV (severe acute respiratory syn-
drome) and MERS-CoV (Middle East respiratory system) cause predominantly lower
airway disease, potentially including fatal pneumonia. This novel coronavirus, SARS-
CoV-2, was subsequently named 2019-nCoV by WHO. An alarming and unusual char-
acteristic of this virus is that it spreads from human to human.[3]

2.1 SARS-CoV-2 COMPOSITION

Coronaviruses appear crown-like structures under electron microscope hence named as
coronavirus.[7] They have positive-stranded RNA as their genomic material and have
an outer envelope. Coronaviruses have the largest RNA genomes (27 to 32 kb) among
the RNA viruses, with a diameter of 60 nm to 140 nm, and are widely dispersed in
nature. [4,7] Sequence similarity of the novel SARS-CoV-2 with a bat coronavirus sug-
gests that the novel coronavirus SARS-CoV-2 have originated in bats like SARS-CoV
and MERS-CoV.[7] It is still not confirmed whether COVID-19 is transmitted directly
from the bats or these are some other intermediate hosts. [7] Another study has dis-
played that bats and minks can serve as the potential hosts for the novel coronavirus
and minks can be intermediate host.[6]

The viral genome of SARS-CoV-2 is an enveloped, single-stranded-positive-sense
RNA approximately 30 kb in length and it shares high sequence homology with SARS-
CoV. [3,7] Upon the basis of its genome sequence, sensitive and specific clinical assays
could be developed using real time-RT-PCR to measure viral RNA. [3]

Coronaviruses are large, about 100-120 nm in diameter (Figure 1). The spike proteins
protruding from the envelope of the coronavirus. The B-coronaviruses SARS-CoV and
MERS-CoV share high sequence identify and similarity with SARS-CoV-2, and overall
gene organization is similar. All have a surface Spike glycoporotein (S), small envelope
(E), matrix protein (M) and nuclecapsid protein (N). SARS-CoV-2 also has sixteen non-
structural (nsp) accessory proteins including the leader protein (nspl), the papain-like
protease (PL-pro, nsp3), the 3-chymotrypsin, 3C-like protease (3CL-Pro, nsp5) the
RNA-directed RNA polymerase (RdRp, nspl12), the helicase (nsp13), the guanine N7-
methyltransferase (nspl4) the uridylate-specific endoribonuclease (nspl5), the 2’-O-
methyltransferase (nsp16) and the ORFa protein. [3] Several of these proteins currently
are targets for inhibitory drugs, and all are potential targets.
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Figure 1: Diagrammatic representation of the structure of Severe Acute Respiratory Syn-
drome Coronavirus 2 COVID-19 virus (SARS-CoV-2). [4]

2.2 SARS-CoV-2 life cycle

Understanding the events in the lifecycle of SARS-CoV-2 is essential to identify mech-
anism-based targets which can interfere with infection and propagation of the virus. In
the first step, SARS-CoV-2, targets cells through the viral structural spike (S) protein
that binds to the angiotensin-converting enzyme 2 (ACE2) receptor. [2] Following, pro-
teases on the host-cell membrane, such as serine protease TMPRSS2, modify the viral
spike protein. If this step is blocked, the virus cannot enter the cell. After host protease
modification, the envelope of the virus fuses with the host cell membrane initiating
endocytosis. Once the enveloped virus has entered the cell, an uncoating process occurs
and the viral RNA is released into the host cell. [3] Once the virus has entered the
human cell, it can hijack the host cell’s machinery to undergo viral replication.[1] The
viral RNA is translated into a large polyprotein containing the sequences of multiple
proteins. The polyprotein is then cleaved by viral proteases into individual, functional
peptides. The virally encoded RNA polymerase is assembled with the nucleocapsid N
and other viral proteins, and host cell membrane components provide the envelope of
the new virus particles. The next, obligate step in the life cycle is the release of the
newly formed virus particles by cleavage of glycoprotein bonds. [3]

These viral life cycle steps provide potential targets for drug therapy. Promising drug
targets include nonstructural proteins (e.g., 3-chymotrypsin-like protease, papain-like
protease, RNA-dependent RNA-polymerase) [2]. Researchers (Wu et.al.2020), have
discovered that the genome of SARS-CoV-2 is 76.6% similar to SARS-CoV. Although
similar, subtle genetic differences may translate to significant differences in infectivity
and severity.[8]
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Figure 2: The route towards host cell infection and propagation.[3]

2.3 RNA-dependent RNA polymerase

The RNA-dependent RNA polymerase (RdRp, also named nspl12) is the central com-
ponent of coronaviral replication/transcription machinery and appears to be a primary
target for the antivirals drugs, remdesivir, favipiravir and ribavirin. CoVs employ a
multi-subunit replication/transcription machinery. A set of non-structural proteins (nsp)
produced as cleavage products of the ORF1a and ORF1ab viral polyproteins (5) assem-
ble to facilitate viral replication and transcription. A key component, the RNA-depend-
ent RNA polymerase, catalyzes the synthesis of viral replication and thus plays a central
role in the replication and transcription cycle of COVID-19 virus, possibly with the
assistance of nsp7 and nsp8 as co-factors. Nsp12 is therefore considered a primary tar-
get for nucleotide analog antiviral inhibitors such as remdesevir, favipiravir and ribavi-
rin. [9]

3. Clinical presentation

3.1 Transmission and susceptibility

COVID-19 has the ability to spread through respiratory droplets during close contact
due to its predominance in the upper respiratory tract. Inhalation of respiratory system
droplets generated by symptomatic patient’s cough and sneeze is the main mode of
transmission of COVID-19. [1,4] Infected droplets can spread to distances of upto 2 m
and deposit on surfaces, which can act as potential fomites for transmission of the virus
to seemingly healthy individuals who touch their mouth, nose and eyes without proper
sanitization. [4] However, the faecal-oral route of transmission is also thought to serve
as another mode of transmission of SARS-CoV-2, but recent studies show no evidence
of viral nucleic acid in the faecal samples of pneumonia patients. Another possible way
of transmission is through the conjunctiva as the conjunctival epithelium can be easily
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contaminated. Although people from all age groups are vulnerable to infection by
SARS-CoV-2, it seems that the older adults with comorbidities are at higher risk [7].

3.2 Clinical Symptoms

Following, the initial exposure, it may take up to 14 days before an individual develops
symptoms. The median time from exposure to symptom onset has been reported to be
four to five days. Additionally, over 80% of infected individuals are asymptomatic or
have mild symptoms.[1] Asymptomatic and pre-symptomatic people can also spread
the infection. [4] The most clinical reported symptoms are fever, dry cough, headaches,
weakness, and shortness of breath. Other non-specific symptoms include sore throat,
dysgeusia, poor appetite, nasal congestion, and diarrhea. While symptoms of COVID-
19 are predominantly respiratory, direct or indirect involvement of other organs systems
is common, such as neurologic symptoms and cardiac damage.[1] In mild cases, SARS-
CoV-2 infection can cause fever, fatigue, and dry cough, while severe cases frequently
cause pneumonia, respiratory and kidney failure. Apart from respiratory and flu-like
symptoms, this infection may be complicated by lymphopenia and interstitial pneumo-
nia with high levels of pro-inflammatory cytokines such as IL-1, IL-2, IL-6, granulo-
cyte-colony stimulating factor (G-CSF), IP-10 (C-X-C motif chemokine 10; CXCL10)
and TNF-a. This condition leads to the so-called cytokine storm which, in turn, can
induce acute respiratory distress syndrome (ARDS), organ failure and sepsis, poten-
tially progressing to patient's death. [10] Furthermore, individuals with pre-existing
comorbidities like cardiovascular dysfunction, respiratory disease, or diabetes may ex-
perience more severe symptoms of COVID-19.

3.3 Prevention and hygiene measures

World Health Organization (WHO) stresses the need for strict implementation and ad-
herence to a number of individual hygiene and safety measures, in order to prevent the
public from getting sick and reduce, on the same way, the spread of COVID-19. These
measures include regular and thorough sanitation of the hands using an alcohol-based
hand rub or washing them with soap and water. In addition, touching of the eyes, nose,
and mouth should be avoided, considering that the hands can be easily contaminated
when getting in touch with many surfaces and transfer the virus to the nose, eyes, and
mouth. Thus, as it easily turns out, surfaces which are frequently touched, such as plas-
tic or stainless steel, door handles, faucets, phone screens, should be regularly cleaned
and disinfected. SARS-CoV-2 can remain viable on surfaces like plastic and stainless
steel for up to 72 h in favorable atmospheric conditions, but is susceptible to common
disinfectants like sodium hypochlorite, hydrogen peroxide, diethyl ether, 75% ethanol,
chloroform etc. Soap is found to be equally effective since it easily dissolves the lipid
bilayer of the virus. SARS-CoV-2 can also be inactivated by UV or when heated at
60°C for 30 min. [4]

Other measures include the covering of the mouth and nose with the elbow or a tissue
when coughing or sneezing to protect the people around from the viral respiratory drop-
lets and avoiding spaces that are closed, crowded or involve close contact, considering
that outbreaks have been reported in places like restaurants, night-clubs, choir practices,
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offices and places of worship, where people have gathered and talk loudly, shout, breath
heavily or sing. Since, as mentioned above, the risks of getting COVID-19 are higher
in crowded and inadequately ventilated spaces where people spend long periods to-
gether in close proximity, it is essential to meet others outside rather than indoors and
emphasize on maintaining at least one meter distance between others and wearing a
mask that covers both the nose, mouth and chin when being with other people around.
Before putting the mask on, as well as before and after taking it off, cleansing of the
hands is also important. In case that crowded or indoor settings cannot be avoided, pre-
cautions like opening the windows or using a good ventilation system is also of highest
importance.

3.4 Pathophysiology of the disease

Knowledges of pathophysiology of this new disease are still in development and hence
and interpretations. Although, the clinical and laboratory characteristics of COVID-19
patients have been well characterized, the pathophysiological mechanisms underlying
disease severity and progression remain unclear.

3.4.1 Physiological host immune response to SARS-CoV-2 infection

Following the initial invasion, a timely, localized, and well-coordinated immune re-
sponse presents the first line of physiological defense against SARS-CoV-2 infection
(figure 3). SARS-CoV-2 infection induces cellular death and injury in airway epithelial
cells through diverse processes such as pyroptosis. Viral-mediated cell death causes
release of various damage-associated molecular patterns (DAMPS) and pathogen asso-
ciated molecular patterns (PAMPs), which are believed to be recognized by pattern-
recognition receptors on alveolar macrophages and endothelial cells. For example, Toll-
like receptors (TLRs) recognize PAMPs in mostly the extracellular space, triggering
induction of proinflammatory cytokine transcription factors such as NF-«p, as well as
activating interferon regulatory factors that mediate the type | interferon-dependent an-
tiviral response. In contrast, nucleotide-binding domain leucine-rich repeat (NLR) pro-
teins recognize DAMPs expressed intracellularly, thus triggering activation of inflam-
masomes and conversion of prolL-1p to active IL-1f. Circulating levels of IL-1B in
COVID-19 suggests local inflammasome activation with no systemic manifestations.

In total, these processes foster an increased secretion of proinflammatory cytokines and
chemokines, such as IL-6, type Il interferon (INFy), monocyte chemoattractant protein
1 (MCP1), and interferon gamma-induced protein 10 (IP-10), as well as subsequent
pulmonary recruitment of immune cells, including macrophages and dendritic cells.
Direct viral infections of macrophages and/or dendritic cells is estimated to propagate
further cytokine and chemokine release, subsequently activating late-phase immune-
cell recruitment of antigen-specific T cells to destroy virally infected alveolar cells. In
addition to cytokine release and immune cell recruitment, another potential mechanism
that could contribute to successful viral clearance is antibody neutralization, as recent
reports using specialized laboratory-based neutralization assays have observed a
marked correlation between the levels of SARS-CoV-2 spike/receptor binding domain
(RBD) antibodies and the neutralization capacity of patient sera, suggesting its benefi-
cial role in clearance. [11]
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Figure 3: Physiological defense to SARS-CoV-2 infection. [11]

In most COVID-19 patients, the combined immune response of initial cytokine release
and activation of antiviral interferon response followed by immune-cell recruitment
should result in successful SARS-CoV-2 clearance from the lungs. However, as has
been reported extensively, viral infection can progress to severe disease due to dysreg-
ulated immune response (figure 4). [11]
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3.4.2 Induction of cytokine storm, prominent changes in hematology and coagu-
lation and multiorgan injury in COVID-19 patients

3.4.2.1 Cytokine storm induction

Several cohort studies have observed markedly elevated levels of circulating proinflam-
matory cytokines and chemokines, significantly correlating to disease severity and mor-
tality [11]. Hospitalized patients with severe COVID-19 show high levels of I1L-2, IL-
7, IL-10, granulocyte colony-stimulating factor (G-CSF), IP-10, MCP1, INFy, macro-
phage inflammatory protein 1a (MIP1a), CXCL10, and tumor necrosis factor (TNF) in
serum, suggesting that severe COVID-19 is dictated as a cytokine release syndrome
(CRS), which is a disorder induced by cytokine storms, combining T-helper type 1
(Th1) and Th2 cell response [11, 12]. Among the elevated levels of inflammatory me-
diators in COVID-19 patients, the blood levels of IL-6 are noticeably higher in non-
survivors compared to survivors and predict the need for mechanical ventilation [12].
In particular, IL-6 has emerged as a candidate treatment target due to its robust associ-
ation with disease progression (figure 5). A recent meta-analysis suggested serum IL-6
cut-offs of >55 pg/ml and >80 pg/ml to identify patients at high risk for severe COVID-
19 and mortality, respectively. [11]



23

Soluble forms
siL-6 (o]
SARS-CoV-2 ¢
1 Accumulated Angll /y > IL-6R/sIL-6

=€ Complex

’ 1y = E 8 % ! Y l
=

o g &= x e =
( / ‘\ X L é e
= - =~ 7 & a—

=

\\ // AT £ ) 2 \\ 1 \_
TR . &

‘\:: Target cell //’ \\ Various cell > / NF-kB STAT3
activation activation

\ Nonimmune cell/

N

Y
ILQS AyP

ARDS
Cytokine storm » + Multiorgan failure
+ Coagulation

Figure 5: IL-6-STATS3 signaling is a potential therapeutic target for COVID-19 mediated by
cytokine storm [12]

3.4.2.2 Changes in hematological profile

In addition to the observed maladaptive cytokine release, elevations in more traditional
biochemical markers of acute infection, including C-reactive protein (CRP) and ferritin
(both positive acute phase reactants), as well as continual decreases in lymphocytes and
significant elevations in neutrophils, are evident. As such, the neutrophil-to-lymphocyte
ratio appears to be a useful indicator of disease prognostication and management. The
mechanisms behind progressive lymphopenia in severe COVID-19 remain unclear, alt-
hough T-cell redistribution via pulmonary recruitment, exhaustion, as well as depletion
through TNF-a-mediated apoptosis or even direct cytopathic injury have been sug-
gested. [11]

3.4.2.3 Changes in coagulation

There have been reports of cytokine storm associated hyper-coagulopathy in patients
with severe COVID-19. Characteristic findings include increased D-dimer concentra-
tion, prolonged prothrombin time, increased fibrin degradation products, and thrombo-
cytopenia. Cohort studies have shown a 31% incidence of venous and arterial throm-
botic complications, with the most being potentially life-threatening pulmonary embo-
lisms [1]. In a more in-depth study of 183 patients by Tang et al., 71,4% of non-survi-
vors and 0,6% of recovered cases met the criteria for disseminated intravascular coag-
ulation during hospitalization. In addition to prolonged prothrombin time, studies in
other cohorts have reported high prevalence of lupus anticoagulant in the circulation.
Recent autopsy data from Italy also observed fibrin thrombi in pulmonary small arterial
vessels in 87% of fatal cases examined, suggesting the contribution of coagulation in
diffuse alveolar and endothelial damage. These data clearly suggest a state of hyperco-
agulability in severe COVID-19 [11]. Although the pathogenesis of COVID-19 associ-
ated hypercoagulability is still under research, systemic inflammation and hypoxia sec-
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ondary to COVID-19 may increase inflammatory cytokine levels and subsequent coag-
ulation pathway activation. As a result, it is estimated that prominent changes in blood
coagulation are tightly linked to inflammation and cytokine release [1, 11]. Specifically,
immunothrombosis is a phenomenon known to occur as a result of host defense against
various pathogens, including viral infection. For example, the activation of complement
pathways can lead to initiation of coagulation cascade. Given the correlation of I1L-6
levels with increased fibrinogen and D-dimer in severe COVID-19 patients, it is likely
that cytokine-mediated procoagulant changes are partially responsible for the specific
thrombosis profile in critically ill patients. Overall, the predominant mechanism seems
that encompassing SARS-CoV-2-induced endothelial damage fosters monocyte re-
cruitment and activation, along with tissue factor exposure which then activates blood
coagulation. Recruitment of neutrophils by activated endothelial cells can also synthe-
size and release multiple cytokines into the circulation, further accelerating this process.
Severe bleeding in COVID-19 patients is rare in comparison to other RNA-type viruses
with bleeding manifestations. [11]

3.4.2.4 Multiorgan injury

All those previous findings have led to the hypothesis that the main cause of death of
COVID-19 patients is ARDS with cytokine storms. Notably, intravascular coagulation
is one of the causes of multiorgan injury, which is mainly mediated by inflammatory
cytokines, in particular, IL-6. Patients exhibit multiorgan failure with coagulation ab-
normalities represented by lower platelets and increased D-dimer, which are increas-
ingly associated with poor prognosis and explain the microthrombi of the lungs, lower
limbs, hands, brain, heart, liver and kidneys. Another reason of multiorgan failure is
that SARS-CoV-2 infection in endothelial cells also causes cell death, which leads to
vascular leakage and induces a cytopathic effect on airway epithelial cells. [12]

Thus, it would seem that the disease severity or mortality comes from cytokine storms
including ARDS triggered by viral lung infection, which accounts for multiorgan fail-
ure across the body. These inflammatory mediators can also lead to vascular hype-per-
meability and stimulate endothelial cells that express ACE2 on arteries and veins that
together with viral particles cause systemic inflammation. [12]

4.Pharmacological treatment with potential use

In the months, since SARS-CoV-2 burst onto the scene, drug makers have scrambled
to put their best foot forward to thwart the pandemic. Some are taking cues from older
antivirals, while others are aiming to develop novel therapeutic agents to treat COVID-
19. However, no specific antiviral drugs have been approved for the treatment of
COVID-19 and there are no clinical trial data supporting any prophylactic therapy. Vac-
cine development, convalescent plasma therapy, cell-based therapies and monoclonal
antibodies, are some of the potential approaches being targeted by researches world-
wide. Drug development is an expensive and time-consuming endeavor with a high
attrition rate. Thus, there has been considerable interest in repurposing existing drugs.
The effective use of any medication involves an understanding of its pharmacokinetics,
safety and mechanism of action.
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4.1. Anti-virals agents

4.1.1. Chloroquine / Hydroxycloroquine (CQ/HCQ)

The first drugs ever with the potential role in the treatment of COVID-19 are chloro-
quine and hydroxychloroquine, two structurally related quinoline drugs. Chloroquine
(branded as Aralen) and hydroxychloroquine (branded as Planquenil) have been widely
adopted for prophylaxis, compassionate use, or clinical trials, worldwide. Hydroxyclo-
roquine was one of the first medicines identified in lab tests to have potential against
SARS-CoV-2, which causes COVID-19. [13] Early studies attracted widespread atten-
tion into the potential benefits of these pharmacological agents for treating COVID-19
patients, despite limited and inconclusive evidence. [1] The hydroxyl group found in
hydroxychloroquine results in less toxicity than chloroquine, while maintaining similar
anti-viral activity. (Wu et al.,2020). [8]

Chloroquine and hydroxychloroquine are 4-aminoquinoline medications used to treat
several diseases states. Hydroxychloroquine is a B-hydroxylate analogue of CQ. [14]
Chloroquine is approved by the Food and Drug Administration (FDA) for the treatment
and prevention of malaria. Hydroxychloroquine is approved by the FDA for the treat-
ment of malaria, systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA).
Most recently, CQ/HCQ was evolving to be deployed to treat several viral infections,
such as hepatitis A and AIDS. [13,14]

Figure 6: Chemical structure of chloroquine (a)
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Despite demonstrating antiviral activity in some in vitro system, hydroxychloroquine
with or without azithromycin did not reduce upper or lower respiratory tract viral loads
or demonstrate clinical efficacy in a rhesus macaque model. The safety and efficacy of
chloroquine and hydroxychloroquine with or without azithromycin have been evaluated
in randomized clinical trials, observational studies, and single-arm studies. Chloroquine
and hydroxychloroquine, with or without azithromycin have been studied in multiple
clinical trials for the treatment of COVID-19. [23]

In a large randomized controlled trial of hospitalized patients in United Kingdom, hy-
droxychloroquine did not decrease 28-day mortality when compared to the usual stand-
ard of care. Participants who were randomized to receive hydroxychloroquine had a
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longer median hospital stay than those who received the standard of care. Among pa-
tients who were not an invasive mechanical ventilation at the time of randomization,
those who received hydroxychloroquine were more likely to subsequently require intu-
bation or die during hospitalization than those who received the standard care. In an-
other randomized controlled trial that was conducted in Brazil, neither hydroxychloro-
quine alone nor hydroxychloroquine plus azithromycin improved clinical outcomes
among hospitalized patients with mild to moderate COVID-19. More adverse events
occurred among patients who received hydroxychloroquine or hydroxychloroquine
plus azithromycin than among those who received standard of care. Data from another
randomized study of hospitalized patients with severe COVID-19 do not support using
hydroxychloroquine plus azithromycin over hydroxychloroquine alone. [23]

4.1.1.1. Mechanism of action CQ/HCQ

A long-standing hypothesis suggests that CQ/HCQ may exhibit effects on coronavirus
through two different mechanisms: pH elevation of endosomes/lysosomes and immun-
ity modulation (figure 7A, B) The pH regulation may be a common mechanism for
malaria and COVID-19.[13] Upon the basis of viral life-cycle discussed above, follow-
ing engagement of the ACE2 receptor and protease cleavage of a portion of the spike
protein, the envelope of the virus begins to merge with the host cell membrane, initiat-
ing endocytosis. Further processing of the viral proteins must occur within the endo-
cytic vesicle, and such processing an acidic pH. The chloroquine changes the number,
size, and morphology of endosomes and endolysosomes, chloroquine and hydroxychlo-
roquine are 4-aminoquinolines that concentrate within the vesicles and increase the pH
due to their basic functional groups. [3,13] Acidification is important for endosome
maturation and function. Drug induced elevation oh pH blocks the intracellular
transport of the virus and release of new virus particles. (figure 6A).[13]

The immunity hypothesis was derived from the successful use of CQ/HCQ in rheuma-
toid arthritis and systemic lupus erythematosus to suppress inflammation by decreasing
proinflammatory cytokine production. In this scenario, CQ/HCQ may play a role in
COVID-19 as an immunomodulant to suppress fatal hyperinflammation. (Mehta et.
Al.,2020) [15] However, although suppression of the cytokine storm is beneficial in
severe COVID-19 case, this may also disrupt the ability to process antigen and the sub-
sequent immune response, which may have adverse consequences in combatting viral
infection. In addition, chloroquine might affect antigen-antibody interaction. (figure
6B). Therefore, the ultimate effects of CQ/HCQ remains to be determined. [13]
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Figure 7: Highlights of SARS-CoV-2 life cycle and proposed mechanisms of CQ/HCQ inter-
ruption of virulence: a) modulation of endosome or lysosome function by elevation of pH,
thereby interrupting virus entry, as acidic pH is required for glycosyltransferases to modify

glycoprotein. CQ/HCQ impairs viral spike proteins binding with ACE2 receptor, thereby
blocking virus-host cell fusion. b) Modulation of cytokine production and antigen presenta-
tion. The typical innate response to SARS-CoV-2 is marked by type 1 interferon. [13]

4.1.1.2 Pharmacokinetics of CQ/HCQ

Both drugs are racemic mixtures, consisting of equal amounts of R (-) and S (+)-enan-
tiomers. The pharmacokinetics of these two 4-aminoquinolines are similar and regulate
dosing of the drugs.[14] The optimal dosing of HCQ and CQ for treatment of COVID-
19 is unknown. Most of the published clinical studies had HCQ dosage of 400 mg/5
days or 800 mg on the first day and 400 mg for the next 4 days. The latest regimen was
supported by pharmacokinetic modelling, where an oral HCQ sulfate loading dose of
400 mg twice daily, followed by a maintenance dose of 200 mg twice daily for 4 days
was able to achieve treatment efficacy and a good safety profile. This regimen reached
three times the potency of CQ phosphate given 500 mg twice daily for 5 days. However,
more reliable information is required before it can be widely used to treat COVID-19.
[16]

Oral absorption of chloroquine and hydroxychloroquine in humans is efficient. Both
drugs have oral bioavailability of 0.7-0.8. Maximum blood concentrations (Cmax) for
the oral doses showed significant differences between subjects (range 135-42 ng/mL),
but not within subjects. Hydroxycloroquine has oral bioavailability of 67—74%.[17]

Oral chloroquine reaches Cmax faster than hydroxychloroquine. Time to reach the
maximum level (Tmax) for CQ was estimated at 30 minutes, while Tmax for HCQ was
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estimated 3.74 hours. Absorption of the R and S enantiomers was not significantly dif-
ferent. [19, 20, 21]

CQ and HCQ have multi compartment disposition in humans with wide distribution to
the body tissues. [14] Preclinical studies indicate it is widely distributed in the liver,
spleen, and lung, with concentrations several hundredfold above plasma concentrations.
[22]. In the blood, concentrations in erythrocytes were up to five times higher than in
plasma. Reported volumes of distribution were 44,000L and 65,000L for CQ and HCQ),
respectively. [14] Plasma protein binding of the drugs ranges between 50% and 60%.
CQ and HCQ are mostly bound to two plasma proteins, albumins, and alpha-1-acid
glycoproteins. Binding of both compounds to plasma proteins is stereoselective. (S)-
chloroquine binds more to plasma than (R)-chloroquine (67% vs 49%). [14,22] Chlo-
roquine is also reported to transfer via placenta and into milk. [22] Estimated protein
binding is between 30% and 50%, and hydroxychloroquine is reported to bind to both
albumin and alpha-1-acid glycoprotein. The findings reported by McLachlan et al. sug-
gest hydroxychloroquine demonstrates stereoselective protein binding, with (S)-hy-
droxychloroquine binding more to plasma (67%) than (R)-hydroxychloroquine (37%).
Hydroxychloroquine is also reported to transfer via placenta and into milk. [22]

Information of the metabolism and excretion of chloroquine is scarce in the literature,
including information on specific metabolism pathways. [22] Chloroquine and Hy-
droxychloroquine have long half-lives and low clearance. The long half-lives can be
attributed to extensive tissue uptake rather than decreased elimination. [14] The chlo-
roquine data from literature indicated that cytochrome P450 3A isozymes (CYP3AS) or
CYP2D6 are two enzymes affected or involved in chloroquine metabolism. [22] Chlo-
roquine is rapidly N-desethulated into two major metabolites: desethylchloroquine
(40%) and bisdesethylchloroquine (10%). [14] Another investigation of chloroquine
metabolism in human liver microsomes and recombinant human CYP450s that chloro-
quine would be metabolized into N- desethylchloroquine primarily via CYP2C8 and
CYP2D6. [22]

HCQ has similar pharmacokinetic to chloroquine biotransformation but breaks down
into more metabolites. [14] Hydroxychloroquine’s major metabolite is desethylhy-
droxychloroquine due to its metabolism by cytochrome P450 enzymes CYP2D6, 2C8,
3A4, and 3A5. Hydroxychloroquine is primarily eliminated through the kidneys. [22]

Urinary excretion is the main route of elimination for chloroquine and hydroxychloro-
quine. [14] Following multiple doses, chloroquine elimination half-line is reported to
range from 30 to 60 days and may be detected in urine months after a single dose.
[14,22] Renal clearance accounts for half of the total systemic clearance and increases
by acidification of the urine. 1V hydroxychloroquine has a half-life of 40 days. The
elimination half-life of both drugs is significantly longer in patients with chronic renal
disease. [14]
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4.1.1.3 Adverse effect of Chloroquine and Hydroxychloroquine

Chloroquine and hydroxychloroquine have a similar toxicity profile, although hy-
droxychloroquine is better tolerated and has a lower incidence of toxicity than chloro-
quine. [23] Chloroquine and hydroxychloroquine can mediate rhythmic activity of si-
noatrial cardiac myocytes and affects heart contractility. [13] Multiple studies have
demonstrated that contaminant use of chloroquine and hydroxychloroquine can prolong
the QT interval prolongation and a dangerously rapid heart rate called ventricular tach-
ycardia. [13, 23] The risk of QTc prolongation is greater for chloroquine than hy-
droxychloroquine. [23] The FDA has issued a safety warning regarding the use of chlo-
roquine and hydroxychloroquine for COVID-19, as there have been reports of serious
heart rhythm problems. These risks may increase when these medicines are combined
with other medicines known to prolong the QT interval, including the antibiotic azithro-
mycin, which is also being used in some COVID-19 patients. [24] Other adverse drug
reactions that have been reported are gastrointestinal disturbances (nausea, vomiting,
diarrhea), hypoglycemia, neuropsychiatric effects, retinopathy. [1, 23]

4.1.1.4 Drug interactions

Chloroquine and hydroxychloroquine are moderate inhibitors of cytochrome P450
(CYP) 2D6, and these drugs are also P-glycoproteins (P-gp) inhibitors. Use cautinon
when administering these drugs with medications that are metabolized by CYP2D6
(e.g., certain antipsychotics, beta-blockers, methadone) or transpoted by P-gp (e.g., dix-
oxin). Also, these drugs may increase the risk of QT prolongation with other QT pro-
longation agents. Chloroquine and hydroxychloroquine may decrease the antiviral ac-
tivity of remdesevir; coadministration of these drugs is not recommended. [1,23]

4.1.2. Favipiravir

Favipiravir (branded as Avigan) has been developed by Fujifilm Toyama Chemical in
2014 in Japan for the treatment of avian influentza or novel influentza resistant to neu-
ramiminidase and has been shown to be effective in the treatment of Ebola virus. [1,8]
Preliminary clinical results indicate that favipiravir shows significantly greater im-
provement in chest imaging in COVID-19 patients compared to an antiretroviral com-
bination therapy lopinavir/ritonavir. [1] Favipiravir is an RNA-dependent RNA poly-
merase (RdRp) inhibitor and is activated into its phosphoribosylated form (favipiravir-
RTP) in cells, which them inhibits viral RNA polymerase activity. This drug has shown
potential in-vitro activity against SARS-CoV-2. [4]

Early clinical studies from China have shown promising results in terms of reduction
in viral load as well as improvement in clinical and radiological outcomes. [26] Zarir
F. Udwadia et al., evaluated the potential clinical benefit of favipiravir in patients with
mild-to-moderate symptoms COVID-19 based on its oral administration, established
use for novel influentza viruses, ell-characterized safety profile activity against the
RdRp of SARS-CoV-2 and promising efficacy in treatment COVID-19 as reported
from other countries including China, Russia, and Japan. [25] In this study, the primary
endpoint of median time to RT-PCR negativity was 28.7% earlier for favipiravir plus
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standard supportive care when compared with supportive care alone (5 days vs 7 days),
consistent with median time to viral clearance of 4 days reported in an earlier favipiravir
study in moderate COVID-19 patients who also receiving intefferon-a, and with find-
ings from a recent study in patients with mild COVID-19 suggesting that early treat-
ment with favipiravir may be associated with more rapid viral clearance.[25] While a
statically significant difference in the primary endpoint was not achieved, statically sig-
nificant results were observed on the clinically meaningful secondary endpoint of time
to clinical cure. Moreover, there was a statistically significant difference in time to the
first use of oxygen, although this observation must be interpreted with utmost caution
because of the small number of patients who required supplemental oxygen support in
this population. In addition, when evaluated by COVID-19 severity, patients with mod-
erate COVID-19 showed a statistically significant benefit with respect to time to clini-
cal cure. [26] In COVID-19 patients receiving favipiravir, fever, cough, and respiratory
problems were reduced. It is important to note that this effect was not significant among
critically ill COVID-19 patients (C. Chen et al., 2020). [1]

An open-label control study in Chinese patients with mild to moderate COVID-19 was
conducted to examine the effects of favipiravir vs lopinarivir/ritonavir for the treatment
of COVID-19. Favorable results were obtained with favipiravir revealing shorter viral
clearance time (4 days vs 11 days). It also showed a significant improvement rate in
chest imaging (CT) and higher improvement rates of chest CT in the group of viral
clearance within 7 days of treatment were observed. Favipiravir was better tolerated
than lopinavir/ritonavir. Another prospective, randomized, controlled, open-label mu-
liticenter trial involving 240 adult patients with COVID-19 from China was conducted
to evaluate favipiravir vs. umifenovir for COVID-19. Around 90% patients had mod-
erate disease and and the clinical recovery rate on day 7 was significantly higher with
the favipiravir group (71,4%) than umifenovir (55,8%). Favipiravir significantly short-
ened the latency to relief for pyrexia and cough than unifenovir. [26]

The preliminary report of the favipiravir observational registry from Japan in 2158
COVID-19 cases reported the rates of clinical improvement at 7 days from the start of
favipiravir therapy as 73.8%, 66.6%, and 40.1% for mild, moderate, and severe disease,
respectively, while at 14 days it was 87.8%, 84.5%, and 60.3%, respectively. However,
the clinical improvement rate among patients less than 60 year at day 7 and day 14,
respectively. Approximately, 52.3% patients aged more than 60 years and around half
of the patients had at least one of the comorbidities (diabetes, cardiovascular diseases,
chronic lung diseases, and/or immunosuppression). Also, a recent retrospective obser-
vational study from Thailand, which included hospitalized patients with COVID-19,
who do not require oxygen supplementation demonstrated clinical improvement (day
7: 92.6%) by day 7 with favipiravir. [26]

Around 27 studies, including randomized clinical trials are ongoing in countries such
as China, Japan, Italy, USA, UK, Canada, Egypt, Thailand, France, and Iran in COVID-
19 patients with favipiravir. Clinical trials have been planned to explore its efficacy
over other drugs such as hydroxychloroquine, or with combination drugs such as hy-
droxychloroquine + azithromycin +zinc. Its prophylactic role in COVID-19 is currently
being explored in an ongoing clinical study in Canada and in USA. [26]
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Figure 8: Chemical structure of favipiravir [3]

4.1.2.1 Mechanism of action

Favipiravir is a purine nucleic acid analog ant potent RNA-dependent RNA polymerase
(RdRp) inhibitor. Is a pyrazine carboxamide derivative (6-fluoro-3-hydroxy-2-pyra-
zinecarboxamide), fvp is a prodrug that is ribosylated and phosphorylated intracellu-
larly to from the active metabolite favipiravir ibofuranosyl-5’-triphosphate (T-705-
RTP). T-705-RTP competes with purine nucleosides and interferes with viral replica-
tion by incorporation into the virus RNA ant thus, potentially inhibiting the RNA-de-
pendent RNA polymerase of RNA viruses. [28]

Extensively, within the tissue the molecule undergoes phosphoribosylation to favipi-
ravir-RTP, which is the activate form of this drug. It exerts its antiviral effect through
the following mechanisms:

a. This molecule acts as a substrate for the RNA-dependent RNA polymerase
(RdRp) enzyme, which is mistaken by the enzyme as a purine nucleotide, thus
inhibiting its activity leading to termination of viral protein synthesis.

b. It gets incorporated in the viral RNA strand, preventing further extension. This
mechanism of action, along with preservation of the catalytic domain of the
RdRp enzyme across various RNA viruses, explains the broad-spectrum pf ac-
tivity of this drug.

c. It has recently been shown that favipiravir induces lethal mutagenesis in vitro
during influentza virus infection, making it a virucidal drug. Whether a similar
activity is demonstrated against SARS-CoV-2 (figure 9). [27]
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Figure 9: Mechanism of action of favipiravir (T-705) against the virus. Favipiravir is in-
corporated into cells and converted to favipiravir ibofuranosyl-5’-triphosphate (T-705-
RTP) by host cells. The triphosphate form, favipiravir-RTP, inhibits the activity of RNA
dependent RNA polymerase (RdRp) of RNA viruses. AO: aldehyde oxidase, RMP: ribo-
syl monophosphate. [28]

An additional mechanism of action could be related to the instability of the nucleoside
analog which hydrolyzes in water with a half-life of 15 h at neutral pH. Hydrolysis after
incorporation could similarly inactivate the RNA chain. At higher concentration, favi-
piravir inhibits RNA elongation, however, at lower concentration noninfectious virus
particles are produced. [3]

4.1.2.2. Pharmacokinetics of favipiravir

Favipiravir is administered as a prodrug; it has an excellent bioavailability (94%) and a
low volume of distribution (15-20 L). [27] Favipiravir is 54% plasma protein bound. Of
this fraction, 65% is bound to serum albumin and 6.5% is bound to al-acid glycopro-
tein.[28] It reaches Cmax (5.15 pg/mL) within 2 hours after a single dose, studies from
healthy Japanese volunteers showed that the maximum plasma concentration of favipi-
ravir occurred at 2 hours after oral administration, and then decreased rapidly with a
short half-life of 2-5.5 hours. Both Tmax and half-life increase after multiple doses. It
exhibits a nonlinear pharmacokinetics. [26, 27,28] Favipiravir exhibits both dose-de-
pendent and time-dependent pharmacokinetics. [27]

The dosing regimen is an important part of successful antiviral therapy. [26] Various
dosing regimens have been proposed based on the type of infectious indication. Dosing
variation are likely due to the lower favipiravir ECso values described against influentza
compared with Ebola and SARS-CoV-2. [2] The approved favipiravir regimen for in-
fluentza in Japan includes a 3,200 mg oral loading dose (1,600 mg every 12 hours) on
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day 1, followed by 600 mg twice daily on days 2-5. Higher regimen is also adopted in
phase 111 (1,800 mg twice daily on day 1 followed by 800 mg twice thereafter). [26,28]
The JIKI trial conducted during the Ebola virus disease (EVD) outbreak demonstrated
an improved survival rate in patients with moderate to high viral load with the higher
dose of favipiravir (day 0: 6000 mg and from day 1 to day 9: 2400 mg/day). [26] In the
perspective of COVID-19 treatment, doses at the higher end of the dosing range should
be considered, since ECso of favipiravir is higher than that of influentza. [2] The current
recommended regimen of favipiravir for adults is 1,800 mg of loading dose on day 1
followed by 800 mg day 2 to maximum of day 14. [26] Another clinical study from
China showed that the regimen of 3,200 mg (1,600 mg twice daily) loading dose on day
1 followed by 1,200 mg maintenance dose (600 mg twice daily) on day 2 to day 14 is
effective. [28]

Favipiravir undergoes metabolic activation through ribosylation and phosphorylation
to form the activated metabolite favipiravir-RTP in the tissues. It is primarily metabo-
lized by hepatic enzyme aldehyde oxidase (AO) and partially by xanthine oxidase to an
inactive oxidative metabolite (T-705M1) that is excreted in the hydroxylated form by
the kidneys. [26] It is not metabolized by cytochrome P450 system, but inhibits one of
its components (CYP2C8), thus it needs to be used with caution when coadministered
with drugs metabolized by the CYP2C8 system. [27]

4.1.2.3 Adverse effects of favipiravir

Favipiravir has a good safety profile, the adverse effects include hyperurichemia and
gastrointestinal disturbances such as nausea, vomiting and diarrhea in 5% of the pa-
tients). Also, reduces neutrophil count and elevates transaminases. [1] One study
showed occurrence of psychiatric symptoms in association with favipiravir. Effect of
favipiravir in QTc prolongation is still uncertain. [27]

4.1.2.4 Drug Interactions

Multiple drug uses are inevitable in the treatment of COVID-19, especially for patients
with basic diseases (hypertension, diabetes, and cardiovascular disease) and complica-
tions (such as acute respiratory distress syndrome, shock, arrhythmia, and acute kidney
injury) commonly observed in the patients with COVID-19. [28]

Concomitant use of pyrazinamide with favipiravir increases level of uric acid. Regular
uric acid level monitoring is mandatory when these drugs are used together. In addition,
favipiravir inhibits the metabolism of repaglinide through the CYP2C8 pathway, thus
increasing its potential to cause toxicity (hypoglycemia, headache, increase incidence
of upper respiratory tract infections). Cautious concomitant use is recommended. The-
ophylline increases the blood levels of favipiravir and adverse reactions to favipiravir
may occur. Efficacy of famciclovir and sulindac may be reduced when coadministered
with favipiravir. Acyclovir may delay the conversation of favipiravir into the active
moiety, thus reducing its antiviral efficacy. [27]
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4.1.3 Lopinavir/Ritonavir

Lopinavir/ritonavir (branded as Kaletra), a US Food and Drug Administration approved
oral combination agent, is used as antiretroviral combination therapy to manage HIV
positive patients.

Figure 10: b) chemical structure of ritonavir

Figure 10: Chemical structure of lopinavir and ritonavir [47]

Due to its poor oral bioavailability and extensive biotransformation, lopinavir is co-
administered with ritonavir to prolong levels in the human body and enhance its expo-
sure. [1,2] Lopinavir is a HIV-1 protease inhibitor. Lopinavir is also an inhibitor of the
severe acute respiratory syndrome coronavirus (SARS-CoV) main protease, which is
critical for replication and appears to be highly conserved in SARS-CoV-2, and it has
in vitro inhibitory activity against SARS-CoV, SARS-CoV-2, and Middle East respir-
atory syndrome (MERS) coronavirus.

Lopinavir-ritonavir has been proposed as a treatment for COVID-19 patients on the
basis of its in vitro activity, preclinical studies, and observational studies.[29] In the
first retrospective single-center study describing the clinical characteristics of 98 hos-
pitalized COVID-19 patients in South Korea, 99% of the patients received LPV/r, as
well as 82% of the critically ill patients hospitalized in Brescia, Italy, testifying how
this antiviral drug has been widely used in critical practice, worldwide, to face this dra-
matic illness. [30]
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In patients with severe acute respiratory syndrome, a historically controlled study sug-
gested that addition of lopinavir-ritonavir to ribavirin reduced the risk of adverse clini-
cal outcomes and viral load. Although some observational studies in patients with
COVID-19 have reported that lopinavir-ritonavir is associated with a shorter duration
of viral shedding and fever, but other studies have reported no such effects.[29] Another
multicenter, prospective, open-label, phase 2 trial in adults with COVID-19 showed
that 86 hospitalized patients early assigned (within a median of five days) to a 14 day
triple combination of LPV/r 400/100 mg every 12 h, ribavirin 400 mg every 12 h, and
three doses of 8 million IU of interferon-p 1b on alternate days, had a significantly
shorter median time from start of treatment to negative nasopharyngeal swab as com-
pared with a control group of 41 patients treated only with LPV/r for 14 days. Triple
antiviral therapy with LPV/r, interferon beta-1b, and ribavirin were safe and superior
to LPV/r alone in shortening virus shedding, alleviating symptoms, and facilitating dis-
charge of patients with mild to moderate COVID-19. [30, 31]

Cao et al. specifically investigated the efficacy of LPV/r in their randomized controlled
open-label trial. A total of 199 patients with laboratory confirmed SARS-CoV-2 under-
went randomization: 99 patients were assigned to the LPV/r group, and 100 to the stand-
ard-care group. Treatment with lopinavir-ritonavir was not associated with a difference
from standard care in the time to clinical improvement. Mortality at 28 days was similar
in the lopinavir-ritonavir group and the standard-care group (19.2% vs 25%, but the
difference was not statistically significant). The duration of viral RNA detectability did
not differ between the two groups. Gastrointestinal adverse events were more common
in the lopinavir—ritonavir group, but serious adverse events were more common in the
standard-care group. Lopinavir—ritonavir treatment was stopped early in 13 patients
(13.8%) because of adverse events. Overall, no benefit was observed with lopinavir-
ritonavir treatment. [30,32]

After the publication of this RCT, many clinicians stopped using LPV/r, with some
scientific societies even recommending against its use. However, the trial was too small
to rule out the possibility of clinically relevant benefits and commentators recom-
mended larger randomized trials to confirm or refute the lack of effect. [29,30]

Recently, a randomized, controlled, open-label, platform trial called RECOVERY, re-
ported its results, assessing whether lopinavir-ritonavir improves outcomes in patients
admitted to hospital with COVID-19. The Randomized Evaluation of COVid-19 ther-
apy (RECOVERY) trial, which is underway at 176 hospitals in the UK, is the first large-
scale randomized clinical trial to report the effects of LPV/r in patients admitted with
COVID-19. Between 19 March and 29 June 2020, 1.616 patients in the RECOVERY
trial were randomized to receive LPV/r while 3.424 received usual care alone. Those
on lopinavir-ritonavir received 400 mg of lopinavir and 100 mg of ritonavir by mouth
every 12 hours for 10 days or until discharge, if sooner. The primary outcome was 28-
day all-cause mortality. Findings from this trial indicate that using lopinavir-ritonavir
to treat patients hospitalized with COVID-19 does not reduce deaths within 28 days of
treatment beginning: 23% (374/1.616 patients) who received lopinavir-ritonavir and
22% (767/3.424 patients) allocated to usual care died within 28 days. The authors also
found that LPV/r did not reduce the length of patients’ hospital stay, with 69%
(1.113/1.616 patients) in the lopinavir-ritonavir group leaving hospital within 28 days,



36

compared with 70% (2.382/3.424 patients) of those receiving usual care. Both groups
had a median stay of 11 days. No significant difference was observed in the risk of
needing to be placed on a ventilator, with 10% (152/1.556 patients) of those in the
LPV/r group needing ventilation, compared with 9% (279/3.280 patients) in those re-
ceiving usual care. Results were consistent across all patients subgroups (including sex,
age and ethnicity) with no evidence of any benefit from LPV/r treatment. The authors
note that few patients who had undergone intubation took part in the trial due to diffi-
culties in giving the treatment to patients who could not swallow, and so it is not pos-
sible to draw conclusions about the effectiveness of lopinavir-ritonavir for mechani-
cally ventilated patients. [29]

World Health Organization (WHO) expert groups recommended mortality trials of four
repurposed antiviral drugs —remdesivir, hydroxychloroquine, lopinavir, and interferon
beta-1b- in patients hospitalized with COVID-19. Solidarity is an international clinical
trial to help find an effective treatment for COVID-19, launched by the WHO and part-
ners. It is one of the largest international randomized trials for COVID-19: at 405 hos-
pitals in 30 countries, 11.330 adults underwent randomization. The Solidarity trial is
evaluating the effect of drugs on 3 important outcomes in COVID-19 patients: mortal-
ity, need for assisted ventilation and duration for hospital stay. It found that the main
outcomes of mortality, initiation of ventilation, and hospitalization duration were not
definitely reduced by any trial drug, either overall or in any particular subgroup. [33]

World Health Organization has halted lopinavir-ritonavir treatment groups involved in
its Solidarity trial, reporting that their interim results are in line with those presented in
the RECOVERY trial: lopinavir-ritonavir does not improve clinical outcomes for pa-
tients admitted to hospital with COVID-19. (RECOVERY)

4.1.3.1 Mechanism of action

The proteases encoded by most viruses play a crucial role in the viral life cycle. The
protease inhibitors (PIs) bind competitively to the substrate site of the viral protease.
This enzyme is responsible for the post-translational proteolysis of a polyprotein pre-
cursor and the release of functional viral proteins, allowing them to function correctly
and individually in replication/transcription and maturation. Inhibition results in the
production of immature virus particles. Coronavirus proteases, of which there are two
in SARS-CoV (a papain like cysteine proteinase (PLpro, nsp3) and a 3C-like proteinase
(3CLpro or Mpro, nsp5)) and three in several other coronaviruses, cleave the ORF-1
polypeptide as it is translated, enabling the formation of the viral replication complex.
The substrate-binding pockets are highly conserved among CoV 3CLpro, suggesting
the possibility for a wide-spectrum inhibitor design targeting this region in the 3CLpro
of all CoVs. It is postulated that the 3CL pro-inhibiting activity of lopinavir-ritonavir
contributes at least partially to its anti-CoV effects. (Figure 11) [34]

As LPVTr is a protease inhibitor, it may inhibit the action of 3CLpro, thereby disrupting
the process of viral replication and release from host cells. However, coronavirus pro-
teases, including 3CLpro, do not contain a C2-symmetric pocket, which is the target of
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HIV protease inhibitors, leading some to question the potential potency of HIV protease
inhibitors in treating these viruses. [35]
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Figure 11: Inhibition of viral infection by lopinavir/ritonavir [34]

4.1.3.2. Pharmacokinetics of lopinavir/ritonavir

As already mentioned, the combination of lopinavir with ritonavir is widely used as a
boosted protease inhibitor in the treatment of HIV infection. Because of low oral bioa-
vailability of lopinavir and its extensive metabolism by the CYP3A4 isoenzyme, lop-
inavir needs to be co-administered with ritonavir to achieve drug concentrations high
enough to inhibit viral replication. [34]

Schoorgenhofer et.al. reported the first pharmacokinetic data of lopinavir and ritonavir
in patients hospitalized with COVID-19. Patients were hospitalized and received 400
mg of lopinavir and 100 mg of ritonavir twice daily for 3 to 10 days before analysis,
which was done in the morning shortly before the next dose. Assuming a half-life of 4
to 6 hours for lopinavir, steady-state conditions may be assumed for all patients. In vitro
data also suggests antiviral activity of lopinavir against SARS-CoV-2, with an ECso of
16.4 pg/mL. Currently, more than 30 trials of lopinavir and ritonavir treatment of
COVID-19, are registered, and according to ClinicalTrials.gov, doses range from 200
to 400 mg of lopinavir and from 50 to 100 mf of ritonavir twice daily. Unfortunately,
lopinavir is almost completely bound by plasma proteins, and only 1% to 2% are free
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and active. It binds to both alpha-1-acid glycoprotein and albumin but exhibits a greater
affinity for alpha-1-acid glycoprotein. [37]

In conclusion, despite the approximately 2-fold higher lopinavir through concentrations
in their sample of patients with COVID-19 compared with patients with HIV, approxi-
mately 60- to 120-fold higher concentrations are required to reach the assumed EC50
at trough levels, making effective treatment of COVID-19 with lopinavir and ritonavir
at the currently used dose unlikely. [38]

In the study made by Jean Claude Alvarez et al, from 13 hospitalized patients (4 fe-
males, 9 males, age = 64 +/- 16) 70 lopinavir/ritonavir plasma were available for anal-
ysis. The researchers reported, despite the limited sample size and the sparse sampling
is some of them, that two main points appeared in their study: the high variability of
lopinavir concentrations observed in the COVID-19 patients and the median concen-
trations obtained at steady state which appeared to be near the estimated 50% effective
values of lopinavir concentration against SARS-CoV-2 virus in vitro in Vero E6 cells.
The high variability of lopinavir concentrations could be due in part to a poor intestinal
absorption in some patients and to the decrease clearance in others but did not seem to
be correlated with survival. Model-based simulations with the final parameter estimates
under a regimen lopinavir/ritonavir 400/100 mg b.i.d. showed a high variability with
median concentration between 20 and 30 mg/L (Cmin/Cmax) and the 90% prediction
intervals within the range 1-100 mg/L. According to the estimated MEC of lopinavir
against SARSCoV-2 virus in Vero E6 cells (16.7 mg/L), near 50% of patients did not
reach enough concentration in plasma and lung with a classical regimen lopinavir/ri-
tonavir 400/100 mg b.i.d.. [36]

In vitro experiments with human hepatic microsomes indicate that lopinavir primarily
undergoes oxidative metabolism. Lopinavir is extensively metabolized by the hepatic
cytochrome P450 system, almost exclusively by the CYP3A isozyme. Ritonavir is a
potent CYP3A inhibitor which inhibits the metabolism of lopinavir, and therefore in-
creases plasma levels of lopinavir. At least 13 lopinavir oxidative metabolites have been
identified in man. Ritonavir has been shown to induce metabolic enzymes, resulting in
the induction of its own metabolism. [37]

The volume of distribution of lopinavir following oral administration is approximately
16.9L. Lopinavir is primarily eliminated in the feces. Following oral administration,
approximately 10.4 + 2.3% of the administered dose is excreted in the urine and 82.6 +
2.5% is excreted in the feces.7 Unchanged parent drug accounted for 2.2% and 19.8%
of the administered dose in urine and feces, respectively. (Health Canada product mon-
ograph drugbank). The estimated apparent clearance following oral administration is
approximately 6-7 L/h. [37]

4.1.3.3. Adverse effects of lopinavir/ritonavir

The most frequent adverse events related to ritonavir-lopinavir were diarrhea, nausea
and vomiting. Cao et.al., observed that gastrointestinal adverse effects were common
in the lopinavir-ritonavir group, rather than the group receiving standard care alone.
Lopinavir-ritonavir is known to have gastrointestinal adverse effects, but in generally,
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it is well-tolerated. (Cao and lopinavir/ritonavir science direct) Other possible adverse
effects include elevation of transaminases, hyperlipidemia, hyperglycemia, QT prolon-
gation, insulin resistance, and possible risk of renal dysfunction. [1]

4.1.3.4 Drug interactions

Kaletra is an inhibitor of the P450 isoform CYP3A in vitro. Co-administration of
Kaletra and drugs primarily metabolized by CYP3A may result in increased plasma
concentrations of other drug, which could increase or prolong its therapeutic and ad-
verse effects. Kaletra is metabolized by CYP3A. Drugs that induce CYP3A activity
would be expected to increase the clearance of lopinavir, resulting the lowered plasma
concentrations of lopinavir. Although not noted with concurrent ketoconazole, coad-
ministration with Kaletra and other drugs that inhibit CYP3A may increase lopinavir
plasma concentrations. [37]

4.1.4 Remdesivir

Remdesivir is a broad spectrum anti-viral agent that acts as an inhibitor of RNA-de-
pendent RNA-polymerase, an enzyme needed, as mentioned, for viral replication. [1]
Till now February 11,2021 remdesivir is the only Food and Drug Administration-ap-
proved drug for the treatment of COVID-19.
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Figure 12: Chemical structure of remdesivir [47]

Remdesivir was reported to exhibit antiviral activity in vitro against Marburg virus,
Paramixoviridae (such as parainfluenza type 3 virus, Nipah virus, Hendra virus, and
measles and mumps viruses) and Pneumoviridae (such as respiratory syncytial virus).
[39] The agent was discovered amidst a screening process for antimicrobials with ac-
tivity against RNA viruses, such as Coronaviridae and Flaviviridae. Research and de-
velopment of the agent showed promise during the height of the Ebola virus outbreak
due to its low ECsp and the host polymerase selectivity against the Ebola virus. Cur-
rently, remdesivir is proposed as a potential therapy for COVID-19 patients due to its
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broad spectrum, potent in vitro activity against several nCoVs, including SARS-CoV-
2.[2]

The first case of COVID-19 in Washington, USA, was compassionately treated with
I.v. remdesivir for the progression of pneumonia on day 7 of hospitalization. Interest-
ingly, the patient’s condition improved, and no obvious adverse effects were observed.
Of note, real-time reverse transcription PCR testing for SARS-CoV-2 in nasopharyn-
geal and oropharyngeal swabs remained positive at 4 days after the administration of
remdesivir, but the authors noted a trend in the decline of viral load in nasopharyngeal
swabs. The oropharyngeal swab tested negative for SARS-CoV-2 one day later. Of
course, it was too early to conclude the direct antiviral effect of remdesivir on enhanced
clearing of viral loads in the respiratory tract, but it indeed suggested a promising ther-
apeutic effect of remdesivir. [39]

Later on, two phase 3, randomized, double-blind, placebo-controlled multicenter clini-
cal trials ongoing in China were submitted to ClinicalTrials.gov on 31 January 2020,
and were designed to evaluate the efficacy and safety of parenteral remdesivir in hos-
pitalized adults with mild-to-moderate and severe COVID-19, i.e. NCT04252664 and
NCT04257656 respectively. [39] Yeming Wang et al conducted a randomized, double-
blind, placebo controlled multicenter trial at ten hospitals in Hubei, China. 237 patients
were enrolled and randomly assigned to a treatment group (158 to remdesivir and 79 to
placebo, one of which withdrew). Patients were randomly assigned in a 2:1 ratio to
intravenous remdesivir (200 mg on day 1 followed by 100 mg on days 2—10 in single
daily infusions) or the same volume of placebo infusions for 10 days. Patients were
permitted concomitant use of lopinavir—ritonavir, interferons, and corticosteroids. The
primary endpoint was time to clinical improvement up to day 28, defined as the time
(in days) from randomisation to the point of a decline of two levels on a six-point ordi-
nal scale of clinical status (from 1=discharged to 6=death) or discharged alive from
hospital, whichever came first. In their study of adult patients admitted to hospital for
severe COVID-19 remdesivir was not associated with statistically significant clinical
benefits. However, the numerical reduction in time to clinical improvement in those
treated earlier required confirmation in larger studies. [40]

In another randomized, open-label, phase 3 trial involving hospitalized patients with
severe confirmed SARS-CoV-2 infection, 397 patients were randomly assigned ina 1:1
to receive intravenous remdesivir for either 5 days or 10 days (200 patients for 5 days
and 197 for 10 days). All patients received 200 mg of remdesivir on day 1 and 100 mg
once daily on subsequent days. The primary endpoint was clinical status on day 14,
assessed on a 7-point ordinal scale. The median duration of treatment was 5 days in the
5-day group and 9 days in the 10-day group. Patients randomly assigned to the 10-day
group had significantly worse clinical status than those assigned to the 5-day group. In
patients with severe COVID-19 not requiring mechanical ventilation, this trial did not
show a significant difference between a 5-day course and a 10-day course of remdesivir.
[41]

Christoph D. Spinner et al conducted a randomized, open-label clinical trial of hospi-
talized patients with confirmed SARS-CoV-2 infection and moderate COVID-19 pneu-
monia to determine the efficacy of 5 or 10 days of remdesivir treatment compared with
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standard care on clinical status on day 11 after initiation of treatment. Patients were
randomized ina 1:1:1 to receive a 10-day course of remdesivir (n=197), a 5-day course
of remdesivir (n=199), or standard care (n=200), and remdesivir was dosed intrave-
nously at 200 mg on day 1 followed by 100 mg/d. The primary endpoint was clinical
status on day 11 on a 7-point ordinal scale ranging from death (category 1) to discharged
(category 7). The study showed that among patients with moderate COVID-19, those
randomized to a 10-day course of remdesivir did not have a statistically significant dif-
ference in clinical status compared with standard care at 11 days after initiation of treat-
ment. Patients randomized to a 5-day course of the drug had a statistically significant
difference in status compared with standard care, but the difference was of uncertain
clinical importance. [42]

Subsequently, J. H. Beigel et al conducted a double-blind, randomized, placebo-con-
trolled trial of intravenous remdesivir in adults hospitalized with COVID-19 and lower
respiratory tract infection. A total of 1062 patients were randomly assigned to receive
either remdesivir (n=541) or placebo for up to 10 days (n=521). Remdesivir was dosed
at 200 mg on day 1, followed by 100 mg daily for up to 9 additional days. The primary
outcome was the time to recovery, defined by either discharge from the hospital or
hospitalization for infection-control purposes only. A preliminary version of this study
was published on May 22, 2020 at NEJM.org. Overall, the findings of the final report
were consistent with the findings of the preliminary report: a 10-day course of
remdesivir was superior to placebo in the treatment of hospitalized patients COVID-
19, as patients who received remdesivir had a shorter time to recovery (the primary
endpoint) than those who received placebo. [43]

In the SOLIDARITY trial, WHO expert groups recommended mortality trials of four
repurposed antiviral drugs: remdesivir, hydroxychloroquine, lopinavir, and interferon
beta-1a in patients hospitalized with COVID-19. At 405 hospitals in 30 countries,
11,330 adults underwent randomization; 2750 were assigned to receive remdesivir, 954
to hydroxychloroquine, 1411 to lopinavir (without interferon), 2063 to interferon (in-
cluding 651 to interferon plus lopinavir), and 4088 to no trial drug. Remdesivir, as well
hydroxychloroquine, lopinavir, and interferon regimens had little or no effect on hos-
pitalized patients with Covid-19, as indicated by overall mortality, initiation of ventila-
tion, and duration of hospital stay. [44]

Newest trials evaluate the administration of remdesivir in combination with modifiers
of immune response (e.g., the Janus kinase [JAK] inhibitor baricitinib in ACTT-2, and
interferon beta-1a in ACTT-3).[43] Specially, in ACTT-2 trial, a total of 1033 patients
underwent randomization (with 515 assigned to combination treatment and 518 to con-
trol). All the patients received remdesivir (for at least 10 days) and either baricitinib
(for at least 14 days) or placebo (control). The primary outcome was the time to recov-
ery. The key secondary outcome was clinical status at day 15. The trial showed that
baricitinib remdesivir was superior to remdesivir monotherapy in reducing recovering
time and accelerating improvement in clinical status among patients with COVID-19,
notably among those receiving high-flow oxygen or noninvasive ventilation. The com-
bination was also associated with fewer serious adverse effects. [45]
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For now, remdesivir is an important COVID-19 option only in selected patient groups.
WHO based on a meta-analysis with data from four RCTs (SOLIDARITY trial, ACTT-
1 trial, trial by Christoph D. Spinner et.al., trial by Yeming Wang et.al.), stated that
remdesivir has possibly no effect, need for mechanical ventilation, time to clinical im-
provement, and other patient important outcomes and recommended against the use of
remdesivir in hospitalized patients with COVID-19.[40, 42, WHQO] Remdesivir is ap-
proved by the Food and Drug Administration (FDA) for the treatment of COVID-19 in
hospitalized adult and pediatric patients (aged >12 years and weighing >40 kg). It is
also available through an FDA Emergency Use Authorization (EUA) for the treatment
of COVID-19 in hospitalized pediatric patients weighing 3.5 kg to <40 kg or aged <12
years and weighing >3.5 kg. Remdesivir should be administered in a hospital or a health
care setting that can provide a similar level of care to an inpatient hospital [23] while
the EMA recommends remdesivir in adults and adolescent patients (aged 12 years or
older) with COVID-19 who require supplemental oxygen. [46] WHO development
group recognized that more research is needed, especially to provide higher certainty
of evidence for specific groups of patients. They supported continued enrollment in
trials evaluating remdesivir. (WHO).

4.1.4.1 Mechanism of action

Remdesivir, formally known as GS-5734, is a monophosphate prodrug that undergoes
metabolism to an active C-adenosine nucleoside triphosphate analogue. [2]

Replication of SARS-CoV2 depends directly on the key enzyme RDRP. Being a nucle-
otide (adenosine) analog, remdesivir gets incorporated into the replicating genome of
the virus after being converted into its triphosphate form. The triphosphate forms com-
pete with adenosine triphosphate (ATP) to act as a substrate of RDRP and have been
found to cause signifcantly efcient incorporation as compared to ATP. Remdesivir adds
three more nucleotides before terminating the growing RNA chain. The extra three nu-
cleotides may protect the inhibitor from removal by the viral 3'-5’ exonuclease activity,
contributing to the lack of acquiring resistance. [47]

An in vitro study has demonstrated that nucleoside triphosphate works as an incorpo-
ration competitor with adenosine triphosphate, confuses viral RdRp, acts as a delayed
RNA chain terminator against Ebola virus, evades proofreading by viral exoribonucle-
ase, and causes a decrease in viral RNA production. Recently, the antiviral activity of
remdesivir was demonstrated at the stage after virus entry into Vero E6 cells, supporting
its antiviral mechanism as a nucleotide analogue. [39]

4.1.4.2 Pharmacokinetics of remdesivir

The safety and pharmacokinetics of remdesivir were evaluated in single and multiple
dose phase 1 clinical trials. Intravenous infusions between 3 mg and 225 mg were well
tolareted without any evidence of liver or kidney toxicity. Remdesivir demonstrated
linear pharmacokinetics within this dose range and an intracellular half-life of greater
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than 35 hours. Following multiple dose administrations, reversible aspartate ami-
notransferase and alanine transaminase elevations occurred. The current dose under in-
vestigation is a single 200 mg loading dose, followed by 100 mg daily infusion. No
hepatic or kidney adjustments are recommended at this time, but initiation in not rec-
ommended with an estimated GFR less than 30 mL/min. [2]

The pharmacokinetics, metabolism, and distribution of remdesivir have been studied in
non-human primates, previously. In rhesus monkeys, 10 mg/kg dose yields a half-life
(t1/2) of 0.39 h with fast systemic elimination. The active metabolite of remdesivir, 1'-
cyano-substituted adenine C-nucleoside ribose analogue (Nuc) then appears which pro-
duces antiviral activity. [47]

4.1.4.3 Adverse effects of remdesivir

Various clinical trials have reported serious adverse effects following administration of
remdesivir, such as hepatoxicity. Additionally, over 10% of patients experienced nau-
sea and acute respiratory failure in the Gilead clinical trial. [1]

In general, according to covid19treatmentguidelines.nih.gov, remdesivir can cause gas-
trointestinal symptoms (e.g., nausea), elevated transaminase levels, an increase in pro-
thrombin time, and hypersensitivity reactions. [23]

Liver function tests and prothrombin time should be obtained in all patients before
remdesivir is administered and during treatment as clinically indicated. Remdesivir
may need to be discontinued if alanine transaminase (ALT) levels increase to >10 times
the upper limit of normal and should be discontinued if an increase in ALT level and
signs or symptoms of liver inflammation are observed.

Because the remdesivir formulation contains renally cleared sulfobutylether-beta-cy-
clodextrin sodium, patients with an estimated glomerular filtration rate (eGFR) of <50
mL/minute were excluded from some clinical trials; other trials had an eGFR cutoff of
<30 mL/minute. Remdesivir is not recommended for patients with eGFR <30 mL/mi-
nute. Renal function should be monitored in patients before and during remdesivir treat-
ment as clinically indicated. [23]

4.1.4.4 Drug interactions of remdesivir

Clinical drug-drug interaction studies of remdesivir have not been conducted. In vitro,
remdesivir is a substrate of cytochrome P450 (CYP) 3A4 and of the drug transporters
organic anion-transporting polypeptide (OATP) 1B1 and P-glycoprotein. It is also an
inhibitor of CYP3A4, OATP1B1, OATP1B3, and MATEL.

Minimal to no reduction in remdesivir exposure is expected when remdesivir is coad-
ministered with dexamethasone, according to information provided by Gilead Sciences
(written communication, July 2020). Chloroquine or hydroxychloroquine may decrease
the antiviral activity of remdesivir; coadministration of these drugs is not recom-
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mended. Remdesivir is not expected to have any significant interactions with oseltami-
vir or baloxavir, according to information provided by Gilead Sciences (written com-
munications, August and September 2020). [23]

Remdesivir is a substrate of CYP 3A4, CYP 2D6, and CYP 2C8, and its metabolism is
mediated by hydrolase activity. The potential co-administration of inhibitors can lead
to a potential increase in its levels. As remdesivir is a substrate of CYP 3A4, caution
must be taken as it is co-administered with many drugs as CYP enzymes are involved
in the metabolism of a wide range of medications. However, the initial data coming out
shows no harmful effects of these drug-drug interactions, due to its rapid metabolism
by hydrolase and esterase. [48]

4.1.5. Ribavirin
Ribavirin, a broad-spectrum antiviral drug, is a guanosine analog, approved for treating
hepatitis C virus in combination, and respiratory syncytial virus as monotherapy.

Figure 13: Chemical structure of ribavirin [47]

Effect of this drug has been assessed in patients with SARS and MERS. [47] It was
thought that ribavirin might be useful for treating coronavirus infection because of its
broad-spectrum inhibition of RNA viruses. Several studies have shown that ribavirin
has useful activity against SARS-CoV in vitro and it makes it a candidate for COVID-
19 treatment. As a very mature drug, with significant pharmacological research behind
it, the pharmacokinetics and bioavailability data for ribavirin are available to inform
dosing both as a single agent and as a part of combination therapy. [2, 40, 49] However,
other studies have found that ribavirin did not inhibit the virus and did not promote the
recovery of patients infected with SARS-CoV. [49]

Ribavirin is a triazole-3-carboxamide ring connected to a ribofuranosyl sugar. Unlike
favipiravir, ribavirin can be directly converted to the corresponding phosphates by host
kinases. Ribavirin triphosphate (RTP) can be then incorporated into the growing RNA
chain, interfering with chain elongation. In influentza infected cells, ribavirin inhibits
the host enzyme, inosine monophosphate dehydrogenase (IMPDH), the rate limiting
enzyme for de novo purine synthesis. If the primary mechanism of ribavirin is inhibiton
of GTP synthesis, and favipiravir competes with GTP for incorporation into RNA, the
combination of ribavirin and favipiravir might be synregestic. [3]



45

Ribavirin has a well-established history of usage in emergency clinical management
plans for nCoV, in which the greatest benefit has been reported with early administra-
tion upon presentation with pneumonia and before sepsis or organ failure. This clinical
utility has been signaled in small research studies on the treatment of coronaviruses
during the SARS-CoV outbreaks in China and North America, and MERS-CoV out-
breaks in the Middle East and Asia; however, no definite clinical study has yet estab-
lished a therapeutic benefit of ribavirin with 2019-nCoV. The wide availability and low
cost of ribavirin support its potential to significantly impact the treatment of nCoV in-
fections. The challenges in the evaluation of ribavirin efficacy from 2003 during SARS
and the 2013 MERS outbreaks led to a summary evaluation of its utility as controversial
in the treatment of COVID-19 patients. [50]

Song Tong et. al. conducted a study in order to compare ribavirin therapy versus sup-
portive therapy only for patients with severe coronavirus disease 2019 (COVID-19). A
total of 115 patients with laboratory-confirmed COVID-19 were retrospectively ana-
lyzed. All patients received supportive care as well as regular laboratory and clinical
monitoring. The 115 patients comprised 44 patients who received intravenous ribavirin
(treatment group) and 71 who did not (control group). Baseline laboratory and clinical
characteristics were similar between the two groups. The negative conversion time for
severe acute respiratory syndrome coronavirus 2 RT-PCR in the ribavirin group was
12.84+4.1days compared with 14.1£3.5 days in the control group. Moreover, 7/41 pa-
tients in the ribavirin group died compared with 17/69 in the control group. Adverse
effects were similar between the two groups. In conclusion, in patients with severe
COVID-19, ribavirin is not associated with improved negative conversion time for
SARS-CoV-2 test and is not associated with an improved mortality rate. In this study,
treatment with ribavirin was well tolerated. Anemia is a common complication of rib-
avirin therapy and has been observed in previous study investigating the treatment of
MERS-CoV and SARS-CoV, there were no interruptions in treatment due to anemia.
[49]

The clinical studies in Hong Kong have shown that ribavirin could not improve clinical
outcome of patients with SARS-CoV. In 20 MERS-CoV infected patients, a combina-
tion treatment of ribavirin and IFN-a showed significantly improved survival at 14 days
but not at 28 days. Although ribavirin has shown a certain effect on MERS-CoV, it is
still controversial. In China, ribavirin was chosen for patients with COVID-19 in com-
bination with interferons or Lopinavir/ritonavir according to the clinical guidelines. The
adverse reaction of decreasing hemoglobin in infected patients reduces its potential an-
tiviral agent against COVID-19. [51] The National Health commission of China rec-
ommended ribavirin intravenous infusion (500mg per time, 2-3 times per day for <10
days, in combination with interferon or lopinavir/ritonavir) in the latest COVID-19 di-
agnosis and treatment plan. [52]

Yao-Kai Chen et.al., based on studies of severe acute respiratory system (SARS) and
Middle East respiratory system (MERS) and the Chinese guidelines for the diagnosis
and treatment of COVID-19, conducted a clinical trial with the objective of comparing
the effectiveness of three antiviral treatment regimens in patients with mild to moderate
COVID-19. This was a single-center, randomized, open-labeled, prospective clinical
trial. Eligible patients with mild to moderate COVID-19 were randomized intro tree
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groups: ribavirin (RBV) plus interferon-a (IFN-a), lopinavir/ritonavir (LPV/r) plus
IFN-a, and ribavirin plus IFN-a plus LPV/r at a 1:1:1 ratio. Each patient was invited to
participate in a 28-day follow-up after initiation of an antiviral regimen. The primary
outcome was the difference in median interval to SARS-CoV-2 nucleic acid negativity
among the three groups. The secondary outcomes were the differences between in the
rate of SARS-CoV-2 nucleic acid negativity at day 14 after antiviral treatment initia-
tion, the mortality rate for COVID-19 patients at day 28 after antiviral treatment initia-
tion, the rate of patients re-classified as severe cases during the study period, the adverse
events during the study period, and the rate of antiviral drug discontinuations due to
adverse events during the study period. [53]

Their results indicate that there is no significant differences among the three regimens
in terms of antiviral effectiveness in patients with mild to moderate COVID-19, which
therefore implies that the antiviral effectiveness of ribavirin (RBV) plus interferon-a
(IFN-a), lopinavir/ritonavir (LPV/r) plus IFN-a, and ribavirin plus IFN-a plus LPV/r
for SARS-CoV-2 in the treatment of COVID-19 is questionable, although the possibil-
ity of these three regimens have similar antiviral efficacy could not be definitely ex-
cluded. Furthermore, the combination of RBV and LPV/r is associated with a signifi-
cant increase in gastrointestinal adverse events, suggesting that RBV and LPV/r should
not be co-administered to COVID-19 patients simultaneously. [53]

A systematic review of clinical experience with ribavirin for the treatment of SARS
revealed inconclusive results in 26 to 39 studies reviewed, with 4 studies demonstrating
possible harm due to adverse effects including hematologic and liver toxicity. In the
treatment of MERS ribavirin, generally in combination with interferons, demonstrated
no discernible effect on clinical outcomes or viral clearance. A paucity of clinical data
with ribavirin for SARS-CoV-2 means its therapeutic role must be extrapolated from
other nCoV data. [2]

In vitro results have yielded inconclusive benefits, the half-maximal effective concen-
tration (ECso) of ribavirin was found to be significantly higher than remdesevir and
chloroquine (ECs50=109.50uM, ECs50=0.77uM and ECso= 1.13uM, respectively). [1]
The researches concluded a decreased in vitro potency of ribavirin compared to its com-
parative therapeutic agents. (Wang et.al., 2020).

The oral bioavailability of ribavirin is 52%, which is due to modest first-pass metabo-
lism in liver. Estimated half-life is 3.7 h. Ribavirin induced hemolytic anemia is a most
commonly reported adverse effect and frequently it requires dose reduction. Further,
close monitoring of renal impairment in terms of creatinine clearance during therapy is
required. Old age, decreased renal function, low body weight and female gender are
other risk factors to be considered during ribavirin therapy. Animal studies have shown
teratogenic potential of ribavirin. Therefore, exposure during pregnancy should be
avoided. Other less common yet pertinent adverse effects are bronchospasm and pul-
monary edema on inhalation Neutropenia, thrombocytopenia, skin rashes, anorexia and
depression are some minor adverse effects of ribavirin that need to be monitored in the
sensitive patients. [47]
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In conclusion, for COVID-19, only in vitro data on the activity of ribavirin on SARS-
CoV-2 are available so far. Till now, the possible benefit and/or harm of ribavirin for
treatment of coronavirus-related pneumonia are still inconclusive. [52]

4.1.6 Umifenovir

Umifenovir (also known as Arbidol) is an indole-derivative and a potent broad-spec-
trum antiviral agent. This drug has shown activity against a wide range of enveloped
and non-enveloped viruses. It is effective against numerous pathogenic respiratory vi-
ruses and relatively very safe to use. [47] Furthermore, it has demonstrated in vitro
broad-spectrum antiviral activity against the Ebola virus, hepatitis C virus, Lassa virus,
human herpesvirus 8, and poliovirus. [1]

Figure 14: Chemical structure of umifenovir [47]

This agent is currently approved in Russia and China for the treatment and prophylaxis
of influenza and has been one of the drugs with increasing interest for treating COVID-
19 based on in vitro data suggesting activity against SARS. The current dose of 200 mg
orally every 8 hours for influenza has been studied for COVID-19 treatment. As an
antiviral agent it inhibits membrane fusion of the viral envelope by targeting the inter-
action between viral S-proteins and ACE2 receptors. [2] Naveen Vankadari used mo-
lecular dynamics and structural analysis to show how Arbidol targets the SARS-CoV-
2 spike glycoprotein and impedes its trimerization, which is key for host cell adhesion
and hijacking, indicating the potential of Arbidol to treat COVID-19. According to the
author, blocking the trimerization of SARS-CoV-2 spike glycoprotein also leads to the
formation of naked or immature virus which is less infectious. [54]

A small retrospective cohort study included patients with confirmed COVID-19 and
were given oral arbidol and LPV/r in the combination group and oral LPV/r only in the
monotherapy group for 5-21 days. The primary endpoint was a negative conversion rate
of coronavirus from the date of COVID-19 diagnosis (day 7, day 14), and assessed
whether the pneumonia was progressing or improving by chest CT (day 7). The study
analyzed 16 patients who received oral arbidol and LPV/r in the combination group and
17 who oral LPV/r only in the monotherapy group, and both initiated after diagnosis.
Baseline clinical, laboratory, and chest CT characteristics were similar between groups.
At day 7 (day 14) in the combination group, SARS-CoV-2 nasopharyngeal specimens
became negative in 75% (94%), compared to 35% (53%) with lopinavir/r monotherapy.
Chest CT scans were improving for 69% versus 29%, respectively. [55]
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Another retrospective analysis evaluated the antiviral effects and safety of lopinavir/ri-
tonavir and arbidol in patients with the 2019-nCoV disease (COVID-19). Fifty patients
with laboratory-confirmed COVID-19 were divided into two groups: including lop-
inavir/ritonavir group (34 cases) and arbidol group (16 cases). Lopinavir/ritonavir
group received 400 mg/100mg of Lopinavir/ritonavir, twice a day for a week, while the
arbidol group was given 0.2 g arbidol, three times a day. On day 14 after the admission,
no viral load was detected in the arbidol group, but the viral load was found in 44.1%
of the patients treated with lopinavir/ritonavir. Furthermore, no apparent side effects
were found in both groups. However, a clear explanation for this remarkable benefit
was not provided. [56]

Favipiravir was compared to Arbidol for the treatment of COVID-19 disease in a pro-
spective, randomized, controlled, open-label multicenter clinical trial. 240 enrolled
COVID-19 patients were randomly assigned in a 1:1 ratio to receive conventional ther-
apy plus umifenovir or favipiravir for 10 days. The primary outcome was clinical re-
covery rate of Day 7. Latency to relief for pyrexia and cough, the rate of auxiliary ox-
ygen therapy (AOT) or noninvasive mechanical ventilation (NMV) were the secondary
outcomes. Safety data were collected for 17 days. The study indicated a weaker effect
of umifenovir compared to favipiravir. [57]

A retrospective study was performed by N. Lian et al in a non-invasive care unit (ICU)
ward in Jinyintan Hospital in China from 2 February 2020 to 20 March 2020 on patients
with confirmed COVID-19 infection. The confirmed patients were divided into the
umifenovir group and the control group according to the use of umifenovir. The main
outcomes were the rate of negative pharyngeal swab tests for SARS-CoV-2 within 1
week after admission and the time for the virus to turn negative. The negativity time of
SARS-CoV-2 was defined as the first day of a negative test if the nucleic acid of SARS-
CoV-2 was negative for two consecutive tests. A total of 81 COVID-19 patients were
included, with 45 in the umifenovir group and 36 in the control group. Baseline clinical
and laboratory characteristics were comparable between the two groups. In conclusion,
this study showed that umifenovir was not associated with improved prognosis or ac-
celeration of SARS-CoV-2 in non-ICU patients. [58]

A systemic review and meta-analysis evaluated the efficacy and safety of umifenovir
for COVID-19 disease. A total of 12 studies with 1052 patients were included in the
final studies. Accoding to this study there is no evidence to support the use of umifeno-
vir for improving patient-important outcomes in patients with COVID-19. [59]

In a retrospective case series, clinical features and efficacy of Arbidol in 220 nonemer-
gency COVID-19 patients from East-West-Lake Shelter Hospital in Wuhan were stud-
ied. Arbidol could accelerate fever recovery and viral clearance in respiratory speci-
mens, particularly in males. Arbidol also contributed to shorter hospital stay without
obvious adverse reactions. [60]

Prophylactic oral arbidol was associated with a lower incidence of SARS-CoV-2 infec-
tion but not hospitalization rate in a study investigating the effectiveness of Arbidol for
COVID-19 prevention in health professionals, providing a basis for the selection of
prophylactic drugs for high-risk populations. [61]
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In conclusion, the current data for umifenovir’s role in COVID-19 treatment is incon-
clusive. Prospective, multicenter studies with larger sample sizes are needed to better
determine its efficacy. [1]

4.2 Immunomodulatory Agents

COVID-19 induces the release of pro-inflammatory cytokines, primarily IL-1p and IL-
6, which mediate lung and tissue inflammation, fever, and fibrosis. Many inflammatory
diseases, including viral infections, have been shown to benefit from suppression of IL-
1B and IL-6. Recent studies have consistently found high levels of IL-6 and other pro-
inflammatory cytokines in COVID-19 patients. Furthermore, high levels of IL-6 were
found to be the main cause of cytokine storm. Suppression of these pro-inflammatory
cytokines may provide a therapeutic effect for treatment of cytokine storm induced by
COVID-19. [1]

4.2.1 Interferons (Alpha, Beta) as a potential treatment of COVID-19

Interferons are a family of cytokines with antiviral properties. Type 1 interferons (IFN-
1) designate a group of cytokines comprising the ubiquitous o and f subtypes, as well
as the €, o and « subtypes. [1,62] From an immunological point of view, IFN-Is have
three major functions: 1. To activate an antiviral state in infected and neighboring cells
that limits spread of infection. 2. Modulate innate immune responses, including antigen
presentation and natural killer cell functions while restraining pro-inflammatory path-
ways. 3. Activating the adaptive immune system for the development of high-affinity
antigen-specific T and B cell responses [63]

In the context of emerging viral infections, IFN-1 are often evaluated (usually in com-
bination with other drugs) before specific treatments are developed, due to their unspe-
cific antiviral effects. [62] They have been suggested as a potential treatment for
COVID-19 because of their in vitro and in vivo antiviral properties. [23] Interferons-a
(IFNa) and B-interferon (INFB) have been suggested as candidates in COVID-19 phar-
macotherapy. IFNo and IFNB are commonly investigated as combination therapy with
ribavirin and or lopinavir/ritonavir. [1]

Studies have shown no benefit of interferons in patients with other coronavirus infec-
tions (i.e., Middle East respiratory syndrome [MERS], severe acute respiratory syn-
drome [SARS]) who have severe or critical disease. In addition, interferons have sig-
nificant toxicities that outweigh the potential for benefit. Interferons may have antiviral
activity early in the course of infection. However, there is insufficient data to assess the
potential benefit of interferon use during early disease versus the toxicity risks. [65]

In a multicenter, prospective, opel-label, Phase 2 clinical trial 127 patients (median age
of 52 years) were recruited and randomized 2:1 to receive combination antiviral therapy
or lopinavir/ritonavir. In the combination antiviral therapy group, the treatment regimen
differed by time from symptom onset to hospital admission. Participants hospitalized
within 7 days of symptom onset (n = 76) were randomized to triple drug therapy (inter-
feron beta-1b 8 million units administered subcutaneously every other day for up to 7
days total, lopinavir/ritonavir, and ribavirin); those hospitalized >7 days after symptom
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onset (n = 51) were randomized to double therapy (lopinavir/ritonavir and ribavirin)
because of concerns regarding potential inflammatory effects of interferon. Patients in
the control group received lopinavir/ritonavir alone regardless of the time from symp-
tom onset to hospitalization. The study participants were patients in Hong Kong with
confirmed severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
who were hospitalized, regardless of disease severity, until they had two negatives na-
sopharyngeal (NP) swab tests. The primary endpoint was the time to providing a naso-
pharyngeal swab negative for severe acute respiratory syndrome coronavirus 2 RT-PCR
and was done in the intention-to-treat population. The time to a negative result on a
polymerase chain reaction SARS-CoV-2 test on an NP swab (the primary endpoint)
was shorter in the combination therapy group than in the control group (median of 7
days vs. 12 days; P = 0.001). The combination group had more rapid clinical improve-
ment as assessed by the National Early Warning Score (NEWS) 2 and Sequential Organ
Failure Assessment (SOFA) score and a shorter hospital stay (median of 9 days for the
combination group vs. 14.5 days for the control group; P = 0.016). There was no dif-
ference in oxygen use between the groups. The antiviral and clinical effect was more
pronounced in the patients hospitalized within 7 days of symptom onset, suggesting
that interferon beta-1b with or without ribavirin was the critical component of the com-
bination antiviral therapy. The study provides no information about the effect of inter-
feron beta-1b when administered >7 days after symptom onset. [31]

In a retrospective cohort study 77 adults hospitalized with confirmed moderate COVID-
19 in China were treated with either nebulized IFN-a2b (5 mU b.i.d.), arbidol (200 mg
t.i.d.) or a combination of IFN-02b plus arbidol. Serial SARS-CoV-2 testing along with
hematological measurements, including cell counts, blood biochemistry and serum cy-
tokine levels, and temperature and blood oxygen saturation levels, were recorded for
each patient during their hospital stay. Treatment with IFN-02b with or without arbidol
significantly reduced the duration of detectable virus in the upper respiratory tract and
in parallel reduced duration of elevated blood levels for the inflammatory markers IL-
6 and CRP. [64] However, the results of this study are difficult to interpret because
participants in the interferon alfa-2b with umifenovir group were substantially younger
than those in the umifenovir only group (mean age of 40 years in the interferon alfa-2b
with umifenovir group vs. 65 years in the umifenovir only group) and had fewer comor-
bidities (15% in the interferon alfa-2b with umifenovir group vs. 54% in the umifenovir
only group) at study entry. [65]

Among a randomized, open-label clinical trial at a single center in Iran, adult patients
(>18 years old) with severe COVID-19 were randomly assigned (1:1) to the IFN group
or the control group. Patients in the IFN group received IFN B-1b (250 mcg subcutane-
ously every other day for two consecutive weeks) along with the national protocol med-
ications while in the control group, patients received only the national protocol medi-
cations (lopinavir/ritonavir or atazanavir/ritonavir plus hydroxychloroquine for 7-10
days). The primary outcome was time to clinical improvement. Secondary outcomes
were in-hospital complications and 28-day-mortality. [66] There was no difference in
the primary outcome of time to clinical response between the interferon beta-1a group
(n =42) and the control group (n = 39), and there was no difference between the groups
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in overall length of hospital stay, length of intensive care unit stay, or duration of me-
chanical ventilation. The reported 28-day overall mortality was lower in the interferon
beta-1a group; however, four patients in the interferon beta-1a group who died before
receiving the fourth dose of interferon beta-1a were excluded from the analysis, which
makes it difficult to interpret these results. [65]

A randomized, double-blind, placebo-controlled, phase 2 pilot trial conducted in the
United Kingdom evaluated the efficacy and safety of nebulized interferon beta-la
(SNGO001, once daily for up to 14 days) for the treatment of patients admitted to hospital
with COVID-19. Adults aged 18 years or older and admitted to hospital with COVID-
19 symptoms, with a positive RT-PCR or point-of-care test, or both, were randomly
assigned (1:1) to receive SNGO001 (6 MIU) or placebo by inhalation via a mouthpiece
daily for 14 days. The primary outcome was the change in clinical condition on the
WHO Ordinal Scale for Clinical Improvement (OSCI) during the dosing period in the
intention-to-treat population (all randomised patients who received at least one dose of
the study drug). Compared to the patients receiving placebo (n = 50), the patients re-
ceiving inhaled interferon beta-1a (n = 48) were more likely to recover to ambulation
without restrictions (HR 2.19; 95% CI, 1.03-4.69; P = 0.04), had decreased odds of
developing severe disease (OR 0.21; 95% CI, 0.04-0.97; P = 0.046), and had less
breathlessness. Additional detail is required to fully evaluate these findings and their
implications. [65,67]

Based on the data and studies mentioned above, The COVID-19 Treatment Guidelines
Panel recommends against the use of interferons for the treatment of patients with se-
vere or critical COVID-19, except in a clinical trial (Alll). There are also insufficient
data to recommend either for or against the use of interferon beta for the treatment of
early (i.e., <7 days from symptom onset) mild and moderate COVID-19. [65]

SOLIDARITY trial launched by World Health Organization (WHO) and partners, is
evaluating the effect of drugs used for treatment of COVID-19 on 3 important out-
comes: mortality, need for assisted ventilation and duration of hospital stay. The Soli-
darity Trial published interim results on 15 October 2020. It found that all 4 treatments
evaluated (remdesivir, hydroxychloroquine, lopinavir/ritonavir and interferon) had lit-
tle or no effect on overall mortality, initiation of ventilation and duration of hospital
stay in hospitalized patients. (Available at World Health Organization)

4.2.1.1 Possible mechanism of interferon action in COVID-19

As already mentioned, type I interferons (IFN-1) designate a group of cytokines com-
prising the ubiquitous a and B subtypes, as well as the &, ® and « subtypes. They are
secreted by various cell types, notably plasmacytoid dendritic cells, upon recognition
of viral components by pattern recognition receptors (PRR). IFN-I are thus among the
first cytokines produced during a viral infection. They are recognized by the IFNAR
receptor present at the plasma membrane in most cell types. Interferon fixation on IF-
NAR induces the phosphorylation of transcriptional factors such as STAT1 and their
relocalization to the nucleus, where they activate interferon-stimulated genes (ISG).
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Most ISGs are involved in inflammation, signaling and immunomodulation. They in-
terfere with viral replication and spread by several mechanisms such as a slowdown of
cell metabolism or secretion of cytokines which promote the activation of the adaptive
immunity. ISGs include PRRs, which further sensitize the cell to pathogens, proteins
which decrease membrane fluidity, preventing viral egress or membrane fusion, and
antivirals that specifically inhibit one step of the viral cycle. IFN-I thus play a major
role in antiviral immunity. [62]

Clinical studies have reported lack of IFN response in SARS patients in spite of robust
cytokine and chemokine productions, consistent with in vitro observations that SARS-
CoV infection does not induce significant IFN-I production. Serum analysis of COVID-
19 patients showed a similar dynamic; pro-inflammatory cytokines and chemokines
were strongly elevated without detectable levels of type I and 11l IFNs. Other studies
suggest that rather than its complete absence, the IFN response may be delayed. Com-
parison of transcriptome of SARS-CoV-infected cells across multiple time points re-
vealed that expression of IFNs lags that of pro-inflammatory cytokines. In patients who
developed severe hypoxemia, high levels of IFN-induced chemokines and IFNAR1
persisted even after the resolution of acute illness. Similarly, IFN-a levels were more
frequently elevated in the severe MERS patient group than in the mild group and cor-
related with viral RNA copies. In a small COVID-19 patient cohort, levels of IFN-a
and 1SGs were associated with viral load as well as disease severity. These studies in-
dicate that severe infections lead to high IFN signatures but fail to bring down viral load
[68]

Low viral load High viral load (Older hosts)

IFN response

IFN response

Viral load

Viral load

Time Time

Early IFN response Delayed IFN response
Rapid viral clearance Viral persistence, inflammation
Mild disease Severe disease

Figure 15: Protective and pathogenic Roles
of Type | IFNs during Coronavirus Infec-
tion. Both viral and host factors can affect
the timing of IFN response. When the ini-
tial viral burden is low (left), IFNs can be
induced early and clear the infection effec-
tively. High viral load (right) may strongly
suppress the IFN response due to viral eva-
sion mechanisms, causing its delayed in-
duction. Alternatively, IFN induction may
be compromised in older hosts. When the
IFN response is insufficient to control ini-
tial viral replication, the onset IFN could
lead to inflammation and lung injury. [68]

4.2.1.2 Pharmacokinetics of interferon in COVID-19 patients

The administration by vapor inhalation currently performed in China offers the ad-
vantage of targeting specifically the respiratory tract; however, to the best of our
knowledge, the pharmacodynamics and pharmacokinetics of this mode of administra-
tion have never been assessed. On the contrary, the intravenous and subcutaneous
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modes of administration are well-described, have already proven safe in several clinical
trials, and have similar pharmacodynamics and pharmacokinetics [62]

Intravenously administered interferons pass directly from the bloodstream into the tis-
sues. In contrast, after subcutaneous administration, the commonly used route, they en-
ter the lymphatics and are slowly absorbed. [69]

The plasma half-life after intravenous administration is about 8 hours. After subcuta-
neous administration of 18 MIU, the maximum plasma concentration is 5 IU/L; slow
absorption limits the elimination rate, and the observed half-life is about 17 hours. [70]
From intravenous data the calculated clearance is about 350 mL/min and the apparent
volume of distribution about 250 L.

Only about a third of a dose of interferon is absorbed after subcutaneous administration.
Pegylated formulations are absorbed more completely (about 85%) [71]; the rate-lim-
ited terminal half-life after subcutaneous administration of pegylated IFN-02b was 43—
51 hours.

When interferons are given intramuscularly, antiviral activity is maximal at 5-10 hours
after administration [72] and the terminal half-life is 50-60 hours [73].

4.2.1.3 Adverse effects

The most frequent adverse effects of interferon alfa include flu-like symptoms, nausea,
fatigue, weight loss, hematological toxicities, elevated transaminases, and psychiatric
problems (e.g., depression and suicidal ideation). Interferon beta is better tolerated than
interferon alfa. [65]

4.2.1.4 Drug interactions

The most serious drug-drug interactions with interferons are the potential for added
toxicity with concomitant use of other immunomodulators and chemotherapeutic
agents. [65]

In 275 patients randomized to receive radiation and carmustine, either alone or with
IFN-a, for high-grade glioma, there was no significant improvement in the overall sur-
vival and time to disease progression in those given IFN-a, but a higher incidence of
adverse reactions, namely fever, chills, myalgia, lethargy, headache, and seizures [74]

An increased risk of severe and early but reversible neutropenia has been reported in
patients taking enalapril and captopril with IFN-a. [75]

Depending on the timing of exposure, IFN-o may adversely affect the pharmacokinetic
and haematological effects of cyclophosphamide. In 10 patients with multiple mye-
loma, IFN-a given 2 hours before cyclophosphamide infusion significantly reduced cy-
clophosphamide clearance and produced less exposure to its metabolite 4-hydroxycy-
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clophosphamide compared with interferon administration 24 hours after cyclophospha-
mide [76] This resulted in a significantly greater fall in white blood cell count in patients
who received IFN-a after cyclophosphamide.

Reduced efficacy of human erythropoietin, requiring increased erythropoietin dosages,
has been reported in several patients receiving IFN-o [77, 78] an effect that is probably
mediated by IFN-a-induced suppression of erythropoiesis.

The combination of IFN-a with 5-fluorouracil produced increased serum concentra-
tions of fluorouracil and a significantly higher incidence of severe adverse reactions
due to gastrointestinal and myelosuppressive adverse effects. [84,85]. IFN-a2b has
been associated with an 80% increase in fluorouracil AUC, partly by reducing its clear-
ance [79]

Two patients developed rapid and particularly severe anemia within 4 and 6 weeks of
combined treatment with IFN-a and ribavirin [80]. One required erythrocyte transfu-
sion and both recovered after withdrawal. The combination of pure red cell aplasia due
to IFN-a and hemolytic anemia due to ribavirin was suggested to have accounted for
this possible interaction. There was an increased incidence of adverse skin reactions,
mostly eczema, malar erythema, and lichenoid eruptions, in 33 patients who received
combination of IFN-o with ribavirin compared with 35 patients treated with IFN-a
alone. [81]

There have been two reports of increased prothrombin time when patients taking war-
farin or acenocoumarol were also given IFN-a [82,83]

4.2.2 Interleukin-6 Inhibitors: Tocilizumab and Sarilumab

The novel coronavirus SARS-CoV-2 that causes COVID-19 invokes a hyperinflamma-
tory state driven by multiple cells and mediators like interleukin (IL)-1, IL-6, IL-12,
and IL-18, tumor necrosis factor alpha (TNFa), etc. Considering the proven role of
cytokine dysregulation in causing this hyperinflammation in the lungs with IL-6 being
a key driver, particularly in seriously ill COVID-19 patients, it is crucial to further ex-
plore selective cytokine blockade with drugs like the IL-6 inhibitors tocilizumab, sari-
lumab, and siltuximab.

International guidelines do include IL-6 inhibitors as one of the options available for
severe or critically ill patients. IL-6 inhibitors are categorized under immune-based
therapies, separate from the antiviral therapies. [86]

There are two classes of Food and Drug administration (FDA)-approved IL-6 inhibi-
tors: anti-1L-6 receptor monoclonal antibodies (e.g., tocilizumab, sarilumab) or anti-IL-
6 monoclonal antibodies (siliximab). These classes of drugs have been evaluated for
the management of patients with COVID-19 who have systemic inflammation. [87]

Initial studies evaluating the use of IL-6 inhibitors for the treatment of COVID-19 pro-
duced conflicting results. Many trials evaluating tocilizumab were limited by low
power, heterogenous study populations with varying degrees of disease severity, and/or
low frequency of concomitant use of corticosteroids, which has become the standard of
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care for patients with severe or critical COVID-19. These trials failed to demonstrate a
reduction of mortality within 1 month of tocilizumab treatment. [86]

J.H. Stone et.al., performed a randomized, double-blind, placebo-controlled trial in-
volving patients with confirmed severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection, hyperinflammatory states, and at least two of the following
signs: fever (body temperature >38°C), pulmonary infiltrates, or the need for supple-
mental oxygen in order to maintain an oxygen saturation greater than 92%. Patients
were randomly assigned in a 2:1 ratio to receive standard care plus a single dose of
either tocilizumab (8 mg per kilogram of body weight) or placebo. The primary out-
come was intubation or death, assessed in a time-to-event analysis. The secondary ef-
ficacy outcomes were clinical worsening and discontinuation of supplemental oxygen
among patients who had been receiving it at baseline, both assessed in time-to-event
analyses.

They enrolled 243 patients; 141 (58%) were men, and 102 (42%) were women. The
median age was 59.8 years (range, 21.7 to 85.4), and 45% of the patients were Hispanic
or Latino. The hazard ratio for intubation or death in the tocilizumab group as compared
with the placebo group was 0.83 (95% confidence interval [CI], 0.38 to 1.81; P=0.64),
and the hazard ratio for disease worsening was 1.11 (95% CI, 0.59 to 2.10; P=0.73). At
14 days, 18.0% of the patients in the tocilizumab group and 14.9% of the patients in the
placebo group had had worsening of disease. The median time to discontinuation of
supplemental oxygen was 5.0 days (95% ClI, 3.8 to 7.6) in the tocilizumab group and
4.9 days (95% ClI, 3.8 to 7.8) in the placebo group (P=0.69). At 14 days, 24.6% of the
patients in the tocilizumab group and 21.2% of the patients in the placebo group were
still receiving supplemental oxygen. Patients who received tocilizumab had fewer seri-
ous infections than patients who received placebo.

Tocilizumab was not effective for preventing intubation or death in moderately ill hos-
pitalized patients with COVID-19. Some benefit or harm cannot be ruled out, however,
because the confidence intervals for efficacy comparisons were wide. [88]

Shruti Gupta et.al., tested whether tocilizumab decreases mortality in critically ill pa-
tients with coronavirus disease 2019 (COVID-19). The data from this study were de-
rived from a multicenter cohort study of 4485 adults with COVID-19 admitted to par-
ticipating intensive care units (ICUs) at 68 hospitals across the US from March 4 to
May 10, 2020. Critically ill adults with COVID-19 were categorized according to
whether they received or did not receive tocilizumab in the first 2 days of admission to
the ICU. Data were collected retrospectively until June 12, 2020.

Among the 3924 patients included in the analysis (2464 male [62.8%]; median age, 62
[interquartile range {IQR}, 52-71] years), 433 (11.0%) received tocilizumab in the first
2 days of ICU admission. Patients treated with tocilizumab were younger (median age,
58 [IQR, 48-65] vs 63 [IQR, 52-72] years) and had a higher prevalence of hypoxemia
on ICU admission (205 of 433 [47.3%] vs 1322 of 3491 [37.9%] with mechanical ven-
tilation and a ratio of partial pressure of arterial oxygen to fraction of inspired oxygen
of <200 mm Hg) than patients not treated with tocilizumab. After applying inverse
probability weighting, baseline and severity of illness characteristics were well bal-
anced between group. A total of 1544 patients (39.3%) died, including 125(28.9%)
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treated with tocilizumab and 1419 (40.6%) not treated with tocilizumab. In the primary
analysis, during a median follow-up of 27 (IQR 14-37) days, patients treated with to-
cilizumab had a lower risk of death compared with those not treated with tocilizumab.
The estimated 30-day mortality was 27.5% in the tocilizumab-treated patients and
37.1% in the non-tocilizumab—treated patients (risk difference). Among critically ill
patients with COVID-19 in this cohort study, the risk of in-hospital mortality in this
study was lower in patients treated with tocilizumab in the first 2 days of ICU admission
compared with patients whose treatment did not include early use of tocilizumab. How-
ever, the findings may be susceptible to unmeasured confounding, and further research
from randomized clinical trials is needed. [89]

Olivier Hermine et.al., conducted a cohort-embedded, investigator-initiated, multicen-
ter, open-label, bayesian randomized clinical trial investigating patients with COVID-
19 and moderate or severe pneumonia requiring at least 3 L/min of oxygen but without
ventilation or admission to the intensive care unit was conducted between March 31,
2020, to April 18, 2020, with follow-up through 28 days. Patients were recruited from
9 university hospitals in France. Analyses were performed on an intention-to-treat basis
with no correction for multiplicity for secondary outcomes. Patients were randomly
assigned to receive TCZ, 8 mg/kg, intravenously plus usual care on day 1 and on day 3
if clinically indicated (TCZ group) or to receive usual care alone (UC group). Usual
care included antibiotic agents, antiviral agents, corticosteroids, vasopressor support,
and anticoagulants.

Primary outcomes were scores higher than 5 on the World Health Organization 10-
point Clinical Progression Scale (WHO-CPS) on day 4 and survival without need of
ventilation (including noninvasive ventilation) at day 14. Secondary outcomes were
clinical status assessed with the WHO-CPS scores at day 7 and day 14, overall survival,
time to discharge, time to oxygen supply independency, biological factors such as C-
reactive protein level, and adverse events.

Of 131 patients, 64 patients were randomly assigned to the TCZ group and 67 to UC
group; 1 patient in the TCZ group withdrew consent and was not included in the anal-
ysis. Of the 130 patients, 42 were women (32%), and median (interquartile range) age
was 64 (57.1-74.3) years. In the TCZ group, 12 patients had a WHO-CPS score greater
than 5 at day 4 vs 19 in the UC group (median posterior absolute risk difference [ARD]
—9.0%; 90% credible interval [CrI], with a posterior probability of negative ARD of
89.0% not achieving the 95% predefined efficacy threshold. At day 14, 12% (95% ClI
—28% to 4%) fewer patients needed noninvasive ventilation (NIV) or mechanical ven-
tilation (MV) or died in the TCZ group than in the UC group (24% vs 36%, median
posterior hazard ratio [HR] 0.58; 90% Crl, 0.33-1.00), with a posterior probability of
HR less than 1 of 95.0%, achieving the predefined efficacy threshold. The HR for MV
or death was 0.58. At day 28, 7 patients had died in the TCZ group and 8 in the UC
group. Serious adverse events occurred in 20 (32%) patients in the TCZ group and 29
(43%) in the UC group.

In this randomized clinical trial of patients with COVID-19 and pneumonia requiring
oxygen support but not admitted to the intensive care unit, TCZ did not reduce WHO-
CPS scores lower than 5 at day 4 but might have reduced the risk of NIV, MV, or death
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by day 14. No difference on day 28 mortality was found. Further studies are necessary
for confirming these preliminary results. [90]

Ivan O. Rosas et al., conducted a randomized double-blinded clinical trial in which
patients hospitalized with severe COVID-19 pneumonia receiving standard care where
randomized to (2:1) intravenous tocilizumab 8mg/kg or placebo. Overall, 452 patients
were randomized; the modified-intention-to-treat population included 294 tocilizumab-
treated and 144 placebo-treated patients. The primary outcome of the study was clinical
status on a 7-category ordinal scale at day 28 (1, discharged/ready for discharge; 7,
death). In this randomized placebo-controlled trial in hospitalized COVID-19 pneumo-
nia patients, tocilizumab did not improve clinical status or mortality. The authors
pointed the need for more clinicals trials to investigate the potential benefits in time to
hospital discharge and duration of intensive care unit (ICU) stay. [91]

In the COVACTA trial, which released in press on 29, July 450 adults hospitalized with
severe COVID-19-related pneumonia were randomized to receive tocilizumab or pla-
cebo. The trial failed to meet its primary endpoint or several key secondary endpoints.
The primary outcome was improved clinical status, which was measured using a seven-
point ordinal scale to assess clinical status based on the need for intensive care and/or
ventilator use and the requirement for supplemental oxygen over a 4-week period. Key
secondary outcomes included 4-week mortality. Differences in the primary outcome
between the tocilizumab and placebo groups were not statistically significant. At Week
4, mortality rates did not differ between the tocilizumab and placebo groups. The dif-
ference in median number of ventilator-free days between the tocilizumab and placebo
groups did not reach statistical significance, (22 days for tocilizumab group vs. 16.5
days for placebo group). Infection rates at Week 4 were 38.3% in the tocilizumab group
and 40.6% in the placebo group; serious infection rates were 21.0% and 25.9% in the
tocilizumab and placebo groups, respectively. [92]

However, other trials found that tocilizumab treatment lowered the incidence or dura-
tion of intensive care unit (ICU) and hospital stays (A Study to Evaluate the Safety and
Efficacy of Tocilizumab in Patients with Severe COVID-19 Pneumonia [COVACTA])
or lowered the composite rate of mechanical ventilation or death (Evaluating Minority
Patients with Actemra [EMPACTA]). [93]

In the latest update, on February 3,2021 the COVACTA trial showed that patients who
received tocilizumab had a shorter time to hospital stay. The COVACTA trial enrolled
452 patients with COVID-19; 69% of the participants required noninvasive or invasive
mechanical ventilation.4 The participants were randomized 2:1 to tocilizumab or pla-
cebo. There was no difference between the arms in the primary outcome, clinical status
(based on a seven-point ordinal scale) at Day 28, or overall mortality. However, results
for secondary outcome measures indicated that patients who received tocilizumab had
a shorter time to hospital discharge than those who received placebo (20 days in the
tocilizumab arm vs. 28 days in the placebo arm; and a shorter ICU stay (9.8 days in the
tocilizumab arm vs. 15.5 days in the placebo arm). [92]

In another study (EMPACTA) a total of 389 patients hospitalized with Covid-19 pneu-
monia who were not receiving mechanical ventilation were randomly assigned (ina 2:1
ratio) to receive standard care plus one or two doses of either tocilizumab (8 mg per
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kilogram of body weight intravenously) or placebo. Site selection was focused on the
inclusion of sites enrolling high-risk and minority populations. The primary outcome
was mechanical ventilation or death by day 28. The modified intention-to-treat popula-
tion included 249 patients in the tocilizumab group and 128 patients in the placebo
group. The cumulative percentage of patients who had received mechanical ventilation
or who had died by day 28 was 12.0% (95% confidence interval [CI], 8.5 to 16.9) in
the tocilizumab group and 19.3% (95% CI, 13.3 to 27.4) in the placebo group (hazard
ratio for mechanical ventilation or death, 0.56; 95% CI, 0.33 to 0.97; P=0.04 by the log-
rank test). Clinical failure as assessed in a time-to-event analysis favored tocilizumab
over placebo (hazard ratio, 0.55; 95% ClI, 0.33 to 0.93). Death from any cause by day
28 occurred in 10.4% of the patients in the tocilizumab group and 8.6% of those in the
placebo group (weighted difference, 2.0 percentage points: 95% CI, -5.2 to 7.8). In the
safety population, serious adverse events occurred in 38 of 250 patients (15.2%) in the
tocilizumab group and 25 of 127 patients (19.7%) in the placebo group. Overall, tocil-
izumab reduced the likelihood of progression to the composite outcome of mechanical
ventilation or death, but it did not improve survival. No new safety signals were iden-
tified. [91]

The Randomized, Embedded, Multifactorial Adaptive Platform Trial for Community-
Acquired Pneumonia (REMAP-CAP) enrolled critically ill patients requiring respira-
tory support who were admitted to an ICU. Adult patients with Covid-19, within 24
hours of commencing organ support in an intensive care unit, were randomized to re-
ceive either tocilizumab (8mg/kg) or sarilumab (400mg) or standard care (control). The
primary outcome was an ordinal scale combining in-hospital mortality (assigned -1)
and days free of organ support to day 21. The trial uses a Bayesian statistical model
with pre-defined triggers to declare superiority, efficacy, equivalence, or futility. Pa-
tients were randomized within 24 hours of ICU admission, and within a median of 1.2
days (IQR 0.8-2.8) of hospitalization. The preliminary report of the REMAP-CAP trial
noted that, compared to placebo, the use of either tocilizumab or sarilumab reduced
both mortality and time to ICU discharge, and increased the number of organ support-
free days. [94]

Giovani Guaraldi et.al., conducted a retrospective, observational cohort study, which
included adults (>18 years) with severe COVID-19 pneumonia. These patients admitted
to a tertiary care centers in Bologna and Regio Emilia, Italy, between February 21 and
March 24, 2020, and a tertiary care center in Moderna Italy between February 21 and
April 30, 2020. All patients were treated with the standard of care (i.e., supplemental
oxygen, hydroxychloroquine, azithromycin, antiretrovirals, and low molecular weight
heparin), and a non-randomly selected subset of patients also received tocilizumab. To-
cilizumab was given either intravenously at 8 mg/kg bodyweight (up to a maximum of
800 mg) in two infusions, 12 h apart, or subcutaneously at 162 mg administered in two
simultaneous doses, one in each thigh (i.e., 324 mg in total), when the intravenous for-
mulation was unavailable.

Of 1351 patients admitted, 544 (40%) had severe COVID-19 pneumonia and were in-
cluded in the study. 57 (16%) of 365 patients in the standard care group needed me-
chanical ventilation, compared with 33 (18%) of 179 patients treated with tocilizumab
of 88 patients treated intravenously and 17 [19%] of 91 patients treated subcutaneously.
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73 (20%) patients in the standard care group died compared with 13 patients treated
with tocilizumab (six treated with intravenously and seven treated subcutaneously. Af-
ter adjustment for sex, age, recruiting center, duration of symptoms, tocilizumab treat-
ment was associated with a reduced risk of invasive mechanical ventilation or death 24
(13%) of 179 patients treated with tocilizumab were diagnosed with new infections,
versus 14 (4%) of 365 patients treated with standard of care alone. They found that
treatment with tocilizumab, whether administered intravenously or subcutaneously,
might reduce the risk of invasive mechanical ventilation or death in patients with severe
COVID-19 pneumonia. [95]

4.2.2.1 Role of IL-6 in COVID-19

IL-6 is produced in response to tissue injuries and various types of infections and con-
tributes to host defense through activation of immune responses and stimulation of
acute phase reactions. It is produced by monocytes and macrophages stimulated by
Toll-like receptors, which in turn stimulate various cell populations. IL-1f and TNFa.

are the main activators of I1L-6 expression. 1L-6 works through different signal trans-
duction pathways. In the classical pathway, it binds to both transmembrane and soluble
form of its receptor IL-6R; the complex binds to the membrane protein gp130 and
downstream signaling and gene expression are triggered. In the trans pathway, the com-
plex of sIL-6 with the receptor binds to gp130, and intracellular signal transduction is
initiated. In the next step, the JAK-STAT, RAS-RAF and other pathways are activated,
promoting cellular proliferation, differentiation, oxidative stress, and immune regula-
tion. The classical IL-6 signal is limited to the cells (macrophages, neutrophils, T cells,
etc.) that express IL-6R. But when IL-6 levels increase, which is what happens in sub-
sets of patients with COVID-19, the signal is widely expressed due to the ubiquitous
nature of gp130. Drugs like tocilizumab bind with cell-related and the soluble IL-6R,
thus inhibiting both classical and trans signals. [86]

This virus primarily attacks airway and alveolar epithelial cells, vascular endothelial
cells, and macrophages in the lung, which express the angiotensin-converting enzyme
2 (ACE2), which is the host target receptor for SARS-CoV-2. The ACE2 expression in
the lung cells is downregulated, which causes acute lung injury and dysfunction of the
reninangiotensin system (RAS). Further, there is pyroptosis (inflammatory programed
cell death seen with cytopathic viruses) which, in association with vascular leakage,
triggers subsequent local inflammatory response. This involves increased secretion of
the pro-inflammatory cytokines and chemokines IL-1, IL-6, interferon gamma (IFNy),
monocyte chemoattractant protein 1 (MCP1), IFNy induced protein 10 (IP-10), etc. into
the blood. In most cases, this inflammatory reaction ameliorates the pulmonary infec-
tion and the patient recovers. Unfortunately, a dysfunctional immune response occurs
in some cases, referred to as Cytokine Release Syndrome (CRS). Cytokine Release
Syndrome or CRS is a phenomenon thought to be implicated in serious COVID-19 as
evidenced by multiple studies, there is an uncontrolled release of cytokines like IL-1,
IL-6, IL-12, and IL-18, TNFa, IFNy, and other inflammatory mediators. [86]
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4.2.2.1.1 Tocilizumab (TCZ); a treatment of COVID-19 infection

Tocilizumab known as traditional Actemra and Atlizumab is an immunosuppressive
humanized monoclonal antibody drug. This drug is mainly used for the treatment of
rheumatoid arthritis (RA) and systemic juvenile idiopathic arthritis. Tocilizumab selec-
tively binds to soluble expressing the IL-6 receptor (IL-6) and then blocking the signal-
ing caused by IL- 6. [96]

Tocilizumab is a genetically engineered monoclonal antibody humanized from a mouse
antihuman IL-6R antibody. Tocilizumab recognizes the I1L-6 binding site of the human
IL-6R and inhibits IL-6 signaling through competitive blockade of the IL-6 binding
site. It can bind to both sIL-6R and mIL-R®6, thus inhibiting both classic signaling and
trans-signaling in cells that express mIL-6R or gp130, respectively. Tocilizumab rec-
ognizes IL-6R and inhibits binding of IL-6 to its receptors while not blocking the sig-
naling of other IL-6 family cytokines. It blocks the action of IL-6 without increasing its
half-life. Despite being an IgG1 antibody, in human’s tocilizumab causes no antibody-
dependent cellular cytotoxicity or complement-dependent cytotoxicity in cells that ex-
press IL-6R. [97]

4.2.2.1.2 Pharmacokinetics of Tocilizumab

The absolute bioavailability of tocilizumab following subcutaneous administration was
estimated to be 79.5%. Tocilizumab is eliminated from the body in a concentration
dependent manner and its elimination is relatively slow. Elimination of TCZ depends
on the serum concentration of the drug and is associated with the degree of I1L-6 receptor
saturation. The non-linear pathway is prominent at low serum concentrations. At high
concentrations, after the receptors are completely saturated, the non-specific linear
elimination pathway will predominate. [98] Therefore, its half-life is directly propor-
tional to its serum concentration. At higher serum concentration, it shows linear elimi-
nation and has the terminal half-life of 21.5 days. In a review study of Sheppard and
colleagues (2017), effects of gender, age, ethnicity, mild renal failure, and treatment
with methotrexate, NSAIDs or corticosteroids on the pharmacokinetics of Tocilizumab
were unclear. [96]

The FDA-recommended dose of tocilizumab for cytokine release syndrome is a person
at or above a weight of 30 kg: a single intravenous dose of 8 mg/kg given over 1 hour;
the dose should not exceed 800 mg.

A person weighing less than 30 kg: a single intravenous dose of 12 mg/kg given over 1
hour; the dose should not exceed 800 mg.

In a major ongoing U.S. clinical trial (COVACTA: NCT04320615) involving tocili-
zumab as a treatment for persons with severe COVID-19 pneumonia, the tocilizumab
dose is 1 intravenous dose of 8 mg/kg (maximum dose 800 mg), with the option to give
1 additional dose if clinical symptoms worsen or show no improvement.

In a separate ongoing U.S. clinical trial (COVIDOSE: NCT04331795) involving tocil-
izumab as a treatment for persons with noncritical hospitalized COVID-19 pneumon-
itis, lower doses of intravenous tocilizumab are being used: 1-2 doses of 200 mg in
group A (with risk factors for decompensation) and 1-2 doses of 80 mg in group B
(without risk factors for decompensation). (Available at NIH)


https://clinicaltrials.gov/ct2/show/NCT04320615
http://clinicaltrials.gov/ct2/show/NCT04331795
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4.2.2.1.3 Adverse effects

The primary laboratory abnormalities reported with tocilizumab treatment are elevated
liver enzyme levels that appear to be dose dependent. Neutropenia or thrombocytopenia
are uncommon. Additional adverse effects, such as risk for serious infections (e.g., TB,
bacterial or fungal infections) and bowel perforation, have been reported only in the
context of continuous dosing of tocilizumab. [87]

The notable adverse effect of tocilizumab is liver toxicity. Steatosis, steatohepatitis, and
focal hepatocellular necrosis were seen in this drug-induced hepatotoxicity. Other com-
mon adverse reactions observed were skin and soft tissue infections, dyslipidemia, tran-
sient neutropenia, headache, nausea, and flu-like symptoms. Therefore, a full assess-
ment for liver injury and dose adjustment is required in patients administered with to-
cilizumab. [47]

4.2.2.1.4 Drug interactions

In vitro studies explain that TCZ inhibits the downregulation of CYP (CYP3A4,
CYP2C9, CYP2C19, and CYP1A2) enzymes by IL-6, which may interact with medi-
cations that are a substrate for these enzymes. Therefore, when taken concomitantly
with medicines that have a narrow therapeutic window such as warfarin, preprohor-
mone, theophylline, cyclosporine, and phenytoin should be considered particular care.
Tocilizumab may reduce the effects of theophylline and phenytoin by affecting the
CYP450 enzymes metabolism and may reduce the effect of cyclosporin. Also, a com-
bination of cyclosporin with tocilizumab increases the risk of infection. Another study
reported three cases of mesenteric arterial thrombosis associated with the application
of TCZ in patients who were under previous anticoagulant therapy. The use of TCZ
may stimulate the metabolism of anticoagulants by reducing the inhibitory effects of
IL-6 on CYP450 enzymes. Rivaroxaban is a substrate of CYP3A4 and P-glycoprotein,
and warfarin is a substrate of the CYP2B6, CYP3A4, CYP2C19, and CYP2C9 enzymes
which used simultaneously with TCZ reduces the plasma concentration of these anti-
coagulants. So, this can lead to thrombosis. Also, the combination of TCZ with TNF-a
inhibitors such as adalimumab, due to their synergistic effect on modulating the im-
mune responses, concerns about serious infections and injection site reactions in-
creases. [98]

4.2.2.2 Sarilumab

Sarilumab (or Kevzara) belongs in the same category with tocilizumab. Sarilumab is a
recombinant humanized anti-IL-6 receptor monoclonal antibody that is approved by the
FDA for use in patients with rheumatoid arthritis. It is available as a subcutaneous (SQ)
formulation and is not approved for the treatment of cytokine release syndrome (CRS).
A placebo-controlled clinical trial is evaluating the use of an intravenous (IV) formula-
tion of sarilumab administered as a single dose for COVID-19. [87]

Regeneron Pharmaceuticals and Sanofi evaluated the efficacy and safety of sarilumab
400 mg IV and sarilumab 200 mg IV versus placebo in patients hospitalized with
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COVID-19 in an adaptive Phase 2 and 3, randomized (2:2:1), double-blind, placebo-
controlled trial (ClinicalTrials.gov Identifier NCT04315298). Randomization was strat-
ified by severity of illness (i.e., severe, critical, multisystem organ dysfunction) and use
of systemic corticosteroids for COVID-19. The Phase 2 component of the trial verified
that sarilumab (at either dose) reduced CRP levels. The primary outcome for Phase 3
of the trial was change on a seven-point ordinal scale, and this phase was modified to
focus on the dose of sarilumab 400 mg among the patients in the critically ill group.
During the conduct of the trial, there were numerous amendments that increased the
sample size and modified the dosing strategies being studied, and multiple interim anal-
yses were performed. Ultimately, the trial findings to date do not support a clinical
benefit of sarilumab for any of the disease severity subgroups or dosing strategies stud-
ied. Additional detail is required to fully evaluate the implications of these study find-
ings. [99]

Emanuel Dell-Torre et.al., assessed the safety and efficacy of interleukin (IL)- 6 block-
ade with sarilumab in patients with severe COVID-19 pneumonia and systemic hyper-

inflammation. They carried out a an open-label study of sarilumab in severe COVID-
19 pneumonia with hyperinflammation (elevated inflammatory markers and serum IL-6 lev-
els). Sarilumab 400mg was administered intravenously in addition to standard of care
and results were compared with contemporary matched patients treated with standard
of care alone. Clinical improvement, mortality, safety, and predictors of response were
assessed at 28 days. Twenty-eight patients were treated with sarilumab and 28 contem-
porary patients receiving standard of care alone were used as controls. At day 28 of
follow-up, 61% of patients treated with sarilumab experienced clinical improvement
and 7% died. These findings were not significantly different from the comparison
group. Median time to clinical improvement in patients with lung consolidation was
shorter after sarilumab (10 days) than after standard treatment. The rate of infection and
pulmonary thrombosis was similar between the two groups.

At day 28, overall clinical improvement and mortality in patients with severe COVID-
19 were not significantly different between sarilumab and standard of care. Sarilumab
was associated with faster recovery in a subset of patients showing minor lung consol-
idation. [100]

Rafael Leon Lopez et al., conducted a Phase 1l, open-label, randomized, multicenter,
controlled clinical trial to study the efficacy and safety of the administration of two
doses of sarilumab (200 and 400mg) plus best available therapy (BAT) in hospitalized
adults with COVID-19 presenting cytokine release syndrome. That strategy compared
with a BAT control group. The efficacy and safety will be monitored up to 28 days post
administration. A total of 120 patients recruited (40 patients in each arm). They pro-
posed that the early use of sarilumab, in addition to standard therapy, can attenuate the
detrimental host immune response in patients with elevated markers of inflammation
by reducing the development of severe respiratory failure and other organ damages.
[101]

Elisa Gremese et.al., described the outcomes of off-label intravenous use of Sarilumab
in severe SARS-CoV-2 related pneumonia. 53 patients with SARS-CoV-2 severe pneu-
monia received intravenous Sarilumab; pulmonary function improvement or Intensive
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Care Unit (ICU) admission rate in medical wards, live discharge rate in ICU treated
patients and safety profile were recorded. Sarilumab 400 mg was administered intrave-
nously on day 1, with eventual additional infusion based on clinical judgement, and
patients were followed for at least 14 days, unless previously discharged or dead. Of
the 53 SARS-CoV-2 positive patients receiving Sarilumab, 39(73.6%) were treated in
medical wards [66.7% with a single infusion] while 14 (26.4%) in ICU [92.6% with a
second infusion]. Within the medical wards, 7(17.9%) required ICU admission, 4 of
whom were re-admitted to the ward within 58 days. At 19 days median follow-up,
89.7% of medical inpatients significantly improved (46.1% after 24 hours, 61.5% after
3 days), 70.6% were discharged from the hospital and 85.7% no longer needed oxygen
therapy.

In conclusion, IL-6R inhibition leads to good clinical outcome in patients with severe
SARS-CoV-2 pneumonia and Sarilumab is a valid and safe alternative in the COVID-
19. [102]

4.2.2.1. Mechanism of action

Sarilumab is a human recombinant IgG1 antibody that binds to both forms of interleu-
kin 6 receptors (IL-6R), thus inhibiting the IL-6-mediated signaling. IL-6 is known to
be a pleiotropic cytokine that activates immune cells (T and B cells), as well as hepato-
cytes for the release of acute phase proteins like CRP, serum amyloid A and fibrinogen
which are biomarkers of RA activity. IL-6 is also found in synovial fluid and plays a
major role in the pathological inflammation and joint destruction features of RA. Thus,
it is used for the treatment of RA due to its ability to inhibit intra-articular and systemic
IL-6 signaling. [103]

4.2.2.2. Pharmacokinetics

Absorption: The pharmacokinetics of sarilumab were characterized by population phar-
macokinetic analysis in 1770 patients with RA treated with sarilumab which included
631 patients treated with 150 mg and 682 patients treated with 200 mg doses every two
weeks for up to 52 weeks. The median tmax was observed in 2 to 4 days. At steady
state, exposure over the dosing interval measured by area under curve (AUC) increased
2-fold with an increase in dose from 150 to 200 mg every two weeks. Steady state was
reached in 14 to 16 weeks with a 2- to 3-fold accumulation compared to single-dose
exposure. For the 150-mg every two weeks dose regimen, the estimated mean (+ SD)
steady-state AUC, Cmin and Cmax of sarilumab were 202 + 120 mg-day/L, 6.35 + 7.54
mg/L, and 20.0 + 9.20 mg/L, respectively. For the 200-mg every two weeks dose regi-
men, the estimated mean (+ SD) steady-state AUC, Cmin and Cmax of sarilumab were
395 + 207 mg-day/L, 16.5 = 14.1 mg/L, and 35.6 + 15.2 mg/L, respectively. Distribu-
tion: In patients with RA, the apparent volume of distribution at steady state was 7.3 L.

Metabolism: The metabolic pathway of sarilumab has not been characterized. As a
monoclonal antibody sarilumab is expected to be degraded into small peptides and
amino acids via catabolic pathways in the same manner as endogenous IgG.
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Elimination: Sarilumab is eliminated by parallel linear and non-linear pathways, de-
pending on concentrations: at higher concentrations, the elimination is predominantly
through the linear, non-saturable proteolytic pathway, while at lower concentrations,
non-linear saturable target-mediated elimination predominates. These parallel elimina-
tion pathways result in an initial half-life of 8 to 10 days and a terminal concentration-
dependent half-life of 2 to 4 days. After the last steady state dose of 150 mg and 200
mg sarilumab, the median times to nondetectable concentration are 28 and 43 days,
respectively. Monoclonal antibodies are not eliminated via renal or hepatic pathways.
Population pharmacokinetic analyses in patients with RA revealed that there was a
trend toward Page 21 of 48 higher apparent clearance of sarilumab in the presence of
anti-sarilumab antibodies. No dose adjustment is recommended. [103]

4.2.2.3 Adverse Effects

The most common side effects are respiratory tract infections, neutropenia, hypercho-
lesterolemia, and mild hepatotoxicity. The most serious side effects are gastrointestinal
infections and perforations. [101]

4.2.2.4. Drug interactions

When used for treatment of rheumatoid arthritis, Sarilumab exposure was not affected
when coadministered with methotrexate (MTX). KEVZARA (sarilumab) has not been
investigated in combination with Janus kinase (JAK) inhibitors or biological DMARDs
such as Tumor Necrosis Factor (TNF) antagonists.

Various in vitro and limited in vivo human studies have shown that cytokines and cy-
tokine modulators can influence the expression and activity of specific cytochrome
P450 (CYP) enzymes and therefore have the potential to alter the pharmacokinetics of
concomitantly administered medication that are substrates of these enzymes. Elevated
interleukin-6 (IL-6) concentration may down-regulate CYP activity in patients with RA
and hence increase drug levels compared to subjects without RA. Blockade of IL-6
signaling by IL-6Ra antagonists such as sarilumab might reverse the inhibitory effect
of IL-6 and restore CYP activity, leading to altered drug concentrations.

The modulation of IL-6 effect on CYP enzymes by sarilumab may be clinically relevant
for CYP substrates with a narrow therapeutic index, where the dose is individually ad-
justed. Upon initiation or discontinuation of KEVZARA, in patients being treated with
CYP substrate medicinal products, perform therapeutic monitoring of effect (e.g., war-
farin) or drug concentration (e.g., theophylline) and adjust the individual dose of the
medicinal product as needed.

Simvastatin isa CYP3A4 substrate. In 17 patients with RA, one week following a single
200-mg SC administration of sarilumab, exposure of simvastatin and simvastatin acid
decreased by 45% and 36%, respectively.

Caution should be exercised when KEVZARA is co-administered with CYP3A4 sub-
strates (e.g., oral contraceptives or statins) as there may be a reduction in exposure
which may reduce the activity of the CYP3A4 substrate.
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Concurrent use of live vaccines during treatment with KEVZARA should also be
avoided. [103]

4.2.3. Interleukin-1 inhibitors (Anakinra)

Anakinra is a recombinant human IL-1 receptor antagonist. It is approved by the Food
and Drug Administration (FDA) to treat rheumatoid arthritis and cryopyrin-associated
periodic syndromes, specifically neonatal-onset multisystem inflammatory disease.
[104] It is also used off-label for severe chimeric antigen receptor T cell (CAR T-cell)-
mediated cytokine release syndrome (CRS) and macrophage activation syndrome
(MAS)/secondary hemophagocytic lymph histiocytosis. [65]

The rationale for use of IL-1 inhibitors is based on the fact that endogenous IL-1 is
elevated in patients with COVID-19 and other conditions, such as severe CAR T-cell-
mediated CRS. [65] Case reports and case series have described favorable responses to
anakinra in patients with these syndromes, including a survival benefit in patients with
sepsis and reversal of cytokine storm after tocilizumab failure in adults with MAS.
[105,106]

Achille Aouba et al investigated the targeting of the inflammatory cascade with ana-
kinra in moderate to severe pneumonia in their proof-of-concept study with empirical
doses in COVID-19 patients and reported small case series of anakinra use for the treat-
ment of COVID-19 and anecdotal evidence of improvement in outcomes. [107]

A single-center, retrospective cohort study compared outcomes in 29 patients following
open-label use of anakinra to outcomes in 16 historical controls enrolled at the same
medical center in Italy. All patients had COVID-19 with moderate to severe acute res-
piratory distress syndrome (ARDS) that required non-invasive ventilation and evidence
of hyperinflammation (CRP >100 mg/L and/ or ferritin >900 ng/mL). High-dose intra-
venous anakinra 5 mg/kg twice daily was administered for a median of 9 days, followed
by SQ administration of anakinra 100 mg twice daily for 3 days to avoid inflammatory
relapses. Patients in both the anakinra and control groups received hydroxychloroquine
and lopinavir/ritonavir. In the anakinra group, reductions in CRP levels were noted over
several days following anakinra initiation, and the 21-day survival rate was higher than
in the control group (90% vs. 56%, respectively; P = 0.009). However, the patients in
the anakinra group were younger than those in the control group (median age 62 years
vs. 70 years, respectively), and fewer patients in the anakinra group had chronic kidney
disease. High-dose anakinra was discontinued in seven patients (24%) because of ad-
verse events (four patients developed bacteremia and three patients had elevated liver
enzymes); however, retrospective assessment showed that these events occurred with
similar frequency in the control group. An additional group of seven patients received
low-dose SQ anakinra 100 mg twice daily; however, treatment in this group was
stopped after 7 days because of lack of clinical or anti-inflammatory effects. [108]

Another case report by Giovanni Filocamo et al studied the use of anakinra in severe
COVID-19. An otherwise healthy 50-year old man with confirmed COVID-19 infec-
tion was initially treated with lopinavir/ritonavir, and hydroxychloroquine and was put
on non-invasive ventilation. At day 3, his condition worsened requiring ICU admission
for invasive mechanical ventilation and hemodynamic support. At day 10, considering
the patient's critical condition (PaO2/FiO2 85, volume control ventilation PEEP 14
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FiO2 50%) use of off-label anakinra was considered and started with the following
dosage schedule: 200 mg intravenously followed by 100 mg every 6 h subcutaneously.
Lopinavir/ritonavir and hydroxychloroquine were interrupted and no other immuno-
suppressive or immunomodulatory drug, including glucocorticoids or immunoglobu-
lins, was started. A sharp reduction of inflammatory markers and ferritin, an increase
in lymphocyte count and a significant reduction of liver enzymes were observed and
respiratory parameters improved by day 13 followed by a favourable radiographic evo-
lution. At day 18 the patient was discharged from the ICU. In the following days, res-
piratory function progressively improved. On day 21, 4 days after ICU discharge, the
patient became febrile with increase in C-reactive protein levels and no alteration in
ferritin levels. Considering the persistent improvement in respiratory function and on
suspicion of central venous catheter-related bacteremia, anakinra was stopped. To the
authors’ knowledge, this was the first report of a critical case of COVID-19 effectively
treated with anakinra. [109]

A case-control study compared outcomes in 52 consecutive patients with COVID-19
treated with anakinra and 44 historical controls. The patients in both groups were all
admitted to the same hospital in Paris, France. Case patients were consecutive admis-
sions from March 24 to April 6, 2020, with laboratory-confirmed severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) infection or lung infiltrates on chest im-
aging typical of COVID-19, and either significant hypoxia (SpO2 <93% with >6L/min
02 ) or worsening hypoxia (SpO2 <93% with >3L/min O2 and a loss of >3% of O2
saturation on room air in the previous 24 hours). The historic controls were patients
who fulfilled the same eligibility criteria and admitted to the hospital during the same
period. As standard of care for both groups, some patients received hydroxychloro-
quine, azithromycin, or parenteral beta-lactam antibiotics. Anakinra was dosed as 100
mg subcutaneous (SQ) twice daily for 72 hours, followed by anakinra 100 mg SQ daily
for 7 days. Clinical characteristics were similar between the groups, except that the
cases had a lower mean body mass index than the controls (25.5 kg/m2 vs. 29.0 kg/m2
, respectively), longer duration of symptoms (mean of 8.4 days for cases vs. 6.2 days
for controls), and a higher frequency of hydroxychloroquine use (90% for cases vs.
61% for controls) and azithromycin use (49% for cases vs. 34% for controls). The pri-
mary outcome of admission to the intensive care unit for mechanical ventilation or
death occurred among 13 case patients (25%) and 32 control patients (73%) (hazard
ratio 0.22; 95% confidence interval, 0.11 to 0.41). However, within the first 2 days of
follow up, in the control group, six patients (14%) had died, and 19 patients (43%) had
reached the composite primary outcome, which further limited intragroup comparisons
and specifically analyses of time to event. C-reactive protein (CRP) levels decreased
by Day 4 among those receiving anakinra. Thromboembolic events occurred in 10 pa-
tients (19%) who received anakinra and in five control patients (11%). However, stud-
ied comparators were not matched for co-administered medication such as azithromy-
cin and hydroxychlogoquine. [110]

Another case report by Priyanka Nemchand et al investigated the correlation between
cytokine storm and use of anakinra in a patient with COVID-19. A 50-year-old man
with COVID-19 infection and acute respiratory distress syndrome as a result of a cyto-
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kine storm due to confirmed SARS-CoV-2 infection was admitted 7 days after symp-
tom onset of sore throat, 5 days of fever and cough and 2 days of difficulty in breathing.
On day 9, there was no clinical improvement, and he was deemed to be in a cytokine
storm (ferritin 85789ug/L, and CRP 338mg/L) and was commenced on a 7-day course
of intravenous anakinra (150mg two times per day). Following commencement of an-
akinra, there was reduction in the cytokine storm evidenced by a reduction in ferritin
(5690ug/L), CRP (125mg/L), fever and WCC after 2 days of anakinra. After 7 days,
there was a significant reduction in oxygen requirement from 55% to 25% and an im-
provement in chest imaging with the consideration of extubation. However, he fatally
suffered from sagittal sinus thrombosis that resulted in brainstem injury and death,
probably due to thrombotic complications correlated with COVID-19 pneumonia. [111]

In an open-label prospective trial called SAVE trial (SUPAR-guided Anakinra treatment
for Validation of the risk and Early management of severe respiratory failure by
COVID-19) Evdoxia Kyriazopoulou et. al. investigated if early SUPAR (soluble uroki-
nase plasminogen activator receptor)-guided anakinra treatment could prevent COVID-
19-assocated SRF (severe respiratory failure). In this trial, 130 patients admitted with
SARS-CoV-2 pneumonia and suPAR levels >6 pug/l were assigned to subcutaneous an-
akinra 100mg once daily for 10 days. The primary outcome was the incidence of SRF
at day 14. Secondary outcomes were 30-day mortality, changes in sequential organ fail-
ure assessment (SOFA) score, of cytokine-stimulation pattern and of circulating inflam-
matory mediators. The incidence of SRF was 22.3% (95% CI, 16.0-30.2%) among an-
akinra treated patients and 59.2% (95% CI, 50.6-67.3%; P: 4.6 x 10-8) among SOC
(standard-of care) comparators (hazard ratio, 0.30; 95%CI, 0.20-0.46). 30-day mortality
was 11.5% (95% ClI, 7.1-18.2%) and 22.3% (95% CI, 16.0-30.2%) respectively (hazard
ratio 0.49; 95% C1 0.25-0.97%; P: 0.041). Treatment with anakinra was also associated
with decrease in SOFA score and in circulating interleukin (IL)-6, sCD163 and sIL2-
R; the serum IL-10/IL-6 ratio on day 7 was inversely associated with the change in
SOFA score. Duration of stay at the intensive care unit and at hospital was shortened
compared to the SOC group. [112]

A prospective, open-label, interventional study in adults hospitalized with severe
COVID-19 pneumonia was conducted by A. Balkhair et al in order to evaluate the ef-
ficacy of anakinra in patients who were admitted to hospital for severe COVID-19
pneumonia requiring oxygen therapy. A total of 69 patients were included: 45 treated
with anakinra and 24 historical controls. Patients in the interventional arm received
subcutaneous anakinra (100 mg twice daily for 3 days, followed by 100 mg daily for 7
days) in addition to standard treatment. Main outcomes were the need for mechanical
ventilation and in-hospital death. Secondary outcomes included successful weaning
from supplemental oxygen and change in inflammatory biomarkers. Outcomes were
compared with those of historical controls who had received standard treatment and
supportive care. A need for mechanical ventilation occurred in 14 (31%) of the ana-
kinra-treated group and 18 (75%) of the historical cohort (p < 0.001). In-hospital death
occurred in 13 (29%) of the anakinra-treated group and 11 (46%) of the historical cohort
(p = 0.082). Successful weaning from supplemental oxygen to ambient air was attained
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in 25 (63%) of the anakinra-treated group compared with 6 (27%) of the historical co-
hort (p = 0.008). Patients who received anakinra also showed a significant reduction in
inflammatory biomarkers. [113]

In another observational cohort study anakinra was combined with methylprednisolone
in patients with severe COVID-19 pneumonia and hyperinflammation. Giorgio Bozzi
et al carried out a secondary analysis of prospective observational cohort studies.
COVID-19 patients consecutively hospitalized (February 25, 2020, to March 30, 2020)
with hyperinflammation and respiratory failure (oxygen therapy from 0.4 FiO2 Venturi
mask to invasive mechanical ventilation) were evaluated to investigate the effect of
high-dose anakinra plus methylprednisolone on survival. Crude and adjusted risks were
calculated. In this cohort study, a total of 120 COVID-19 patients with hyperinflamma-
tion were evaluated. Of these, 65 were treated with anakinra and methylprednisolone
and 55 were untreated historical controls. At 28 days, mortality was 13.9% in treated
patients and 35.6% in controls (Kaplan-Meier plots, P 5 .005). Unadjusted and adjusted
risk of death was significantly lower for treated patients compared with controls (hazard
ratio, 0.33, 95% ClI, 0.15-0.74, P 5 .007, and HR, 0.18, 95% CI, 0.07-0.50, P 5 .001,
respectively). No significant differences in bloodstream infections or laboratory altera-
tions were registered. [114]

Emma J. Kooistra et al conducted a prospective cohort study in which 21 critically ill
COVID-19 patients treated with anakinra were compared to a group of standard care,
in order to investigate the effects of anakinra on inflammatory parameters and clinical
outcomes in critically ill, mechanically ventilated COVID19 patients with clinical fea-
tures of hyperinflammation. In spite the fact that this study had several limitations (for
example inclusion criteria were applied to start treatment with anakinra and these cri-
teria were not present in the control group. As a result, bias by indication was clearly
present. This difference is likely of importance for the prognosis of the patients, so as
a consequence, no direct link can be deducted between the use of anakinra and the
clinical results) the researchers pointed that anakinra reduces clinical inflammatory pa-
rameters in severe COVID-19 patients with features of hyperinflammation, but the re-
sults of this study, including three sensitivity analyses, do not indicate efficacy of ana-
kinra on clinical outcome parameters. [115]

Recently, a multicentre, open-label, Bayesian randomized clinical trial (CORIMUNO-
ANA-1), nested within the CORIMUNO-19 cohort, aimed to determine whether ana-
kinra could improve outcomes in patients in hospital with mild-to-moderate COVID-
19 pneumonia. In this study, patients from 16 University hospitals in France with mild-
to-moderate COVID-19 pneumonia, severe acute respiratory syndrome coronavirus 2
infection confirmed by real-time RT-PCR, requiring at least 3 L/min of oxygen by mask
or nasal cannula but without ventilation assistance, a score of 5 on the WHO Clinical
Progression Scale (WHO-CPS), and a C-reactive protein serum concentration of more
than 25 mg/L not requiring admission to the intensive care unit at admission to hospital
were recruited. Eligible patients were randomly assigned (1:1) using a web-based se-
cure centralised system, stratified by centre and blocked with varying block sizes (ran-
domly of size two or four), to either usual care plus anakinra (200 mg twice a day on
days 1-3, 100 mg twice on day 4, 100 mg once on day 5) or usual care alone. Usual
care was provided at the discretion of the site clinicians. The two coprimary outcomes
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were the proportion of patients who had died or needed non-invasive or mechanical
ventilation by day 4 and survival without need for mechanical or non-invasive ventila-
tion (including high-flow oxygen) at day 14.

153 patients were screened and, finally, 116 patients were recruited: 59 were assigned
to the anakinra group, and 57 were assigned to the usual care group. Two patients in
the usual care group withdrew. In the anakinra group, 21 (36%) of 59 patients had a
WHO-CPS score of more than 5 at day 4 versus 21 (38%) of 55 in the usual care group
(median posterior absolute risk difference [ARD] —2-5%, 90% credible interval [CrI] —
17-1 to 12-0), with a posterior probability of ARD of less than O (ie, anakinra better
than usual care) of 61:2%. At day 14, 28 (47%; 95% CI 33 to 59) patients in the ana-
kinra group and 28 (51%; 95% CI 36 to 62) in the usual care group needed ventilation
or died, with a posterior probability of any efficacy of anakinra (hazard ratio [HR] being
less than 1) of 54-5% (median posterior HR 0-97; 90% Crl 0-62 to 1-52). At day 90, 16
(27%) patients in the anakinra group and 15 (27%) in the usual care group had died.
Serious adverse events occurred in 27 (46%) patients in the anakinra group and 21
(38%) in the usual care group (p=0-45).

Overall, anakinra failed to improve outcomes in patients with mild-to-moderate
COVID-19 pneumonia. [116]

Anakinra seems to be a drug with a potential role in the treatment of patients with severe
COVID-19 disease. In this patients, endogenous IL-1 is highly elevated and due to its
early release from the lung epithelial cells that are infected by the virus, it stimulates
further cytokine production from alveolar macrophages, which progressively leads to
SRF.

4.2.3.1 Mechanism of action

Anakinra is a bioengineered form of the naturally occurring IL-1 receptor antagonist
(IL-1ra), which blocks the biological activity of the proinflammatory cytokines IL-1a
and IL-1 and is approved for the treatment of a wide variety of diseases. Its safety pro-
file, combined with the utility of IL-1 antagonism in conditions that share many immu-
nological and clinical features with the hyperinflammatory phase of COVID-19, war-
ranted assessing anakinra as a potential therapeutic agent in severe COVID-19 pneu-
monia with associated hyperinflammation. [117]

Severe infection by the novel coronavirus SARS-CoV-2 is associated with complex
immune dysregulation of the host and it is usually accompanied by unfavourable out-
come. When severe respiratory failure (SRF) necessitating mechanical ventilation
(MV) emerges, two separate immune phenomena predominate in the infected host; i)
macrophage activation syndrome; or ii) complex immune dysregulation with down-
regulation of the human leukocyte antigen DR on circulating monocytes, lymphopenia
and over-production of interleukin (IL)-6 by monocytes. It is hypothesized that these
immune reactions start early in patients with lower respiratory tract infection (LRTI)
by SARS-CoV-2 and are progressively enhanced so as to lead to SRF. This has been
suggested to be due to the early release of IL-1 from the lung epithelial cells that are



70

infected by the virus; IL-1 stimulates further cytokine production from alveolar macro-
phages. As a consequence, it is assumed that early start of anti-IL-1 anti-inflammatory
treatment may prevent SRF. [112]

Similarly, to other types or coronaviruses, the pathogenesis of SARS-CoV-2 infection
includes hyperinflammation that resembles cytokine storm syndromes (eg, secondary
haemophagocytic lymphohistiocytosis or macrophage activation syndrome), involving
pro-inflammatory interleukins (IL-1f and IL-6) and tumour necrosis factor. As men-
tioned above, SARS-CoV-2 is thought to bind to toll-like receptors, which activate the
inflammasome and the cleavage of pro-IL-1p by caspase-1, followed by the production
of active mature IL-1p, a mediator of fever, lung inflammation, and fibrosis. Corona-
viruses encode viroporins, which facilitate viral dissemination through their interaction
with cellular ion channels. Additionally, the viroporins E and open reading frame 3a
can induce transcription of the gene encoding pro-1L-1p and secretion of IL-1 by ac-
tivation of the NLRP3 inflammasome.

Anakinra is a 17 kD recombinant, non-glycosylated human IL-1 receptor antagonist
with a short half-life of about 3—4 h and good safety profile. After the approval of the
subcutaneous formulation to treat patients with rheumatoid arthritis, anakinra was
found to have some beneficial effects in severe sepsis, but only in the subgroup of pa-
tients with multiple organ dysfunction syndrome, in which the inflammasome pathway
is also involved. Similar positive results were reported in paediatric patients with sec-
ondary haemophagocytic lymphohistiocytosis or macrophage activation syndrome, in-
cluding cases triggered by viral infection.

These data led to hypothesise that anakinra could represent an efficient treatment for
severe forms of COVID-19, predominantly involving the inflammasome pathway.
[110]

4.2.3.2 Pharmacokinetics of Anakinra

The absolute bioavailability of anakinra after a 70 mg SC bolus injection in healthy
subjects (n = 11) is 95%. In subjects with RA, maximum plasma concentrations of Ki-
neret[] occurred 3 to 7 hours after SC administration of anakinra (Kineret) at clinically
relevant doses (1 to 2 mg/kg; n = 18); the terminal half-life ranged from 4 to 6 hours.
In RA patients, no unexpected accumulation of Kineret was observed after daily SC
doses for up to 24 weeks.

The influence of demographic covariates on the pharmacokinetics of Kineret was stud-
ied using population pharmacokinetic analysis encompassing 341 patients receiving
daily SC injection of Kineret at doses of 30, 75, and 150 mg for up to 24 weeks. The
estimated Kineret clearance increased with increasing creatinine clearance and body
weight. After adjusting for creatinine clearance and body weight, gender and age were
not significant factors for mean plasma clearance.

In patients with renal impairment the mean plasma clearance of Kineret decreased 70-
75% in normal subjects with severe or end stage renal disease (defined as creatinine
clearance less than 30 mL/minute, as estimated from serum creatinine levels). [118]
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4.2.3.3 Adverse effects of anakinra

The most common adverse reaction with Kineret is injection-site reactions. These re-
actions were the most common reason for withdrawing from studies.

Allergic reactions, including anaphylactic reactions and angioedema have been re-
ported uncommonly. The majority of these reactions were maculopapular or urticarial
rashes. If a severe allergic reaction occurs, administration of Kineret should be discon-
tinued and appropriate treatment initiated.

In clinical studies transient elevations of liver enzymes have been seen. These eleva-
tions have not been associated with signs or symptoms of hepatocellular damage, ex-
cept for one patient with SJIA that developed a serious hepatitis in connection with a
cytomegalovirus infection.

Kineret has been associated with an increased incidence of serious infections (1.8%)
vs. placebo (0.7%) in RA patients. For a small number of patients with asthma, the
incidence of serious infection was higher in Kineret-treated patients (4.5%) vs. placebo-
treated patients (0%), these infections were mainly related to the respiratory tract. The
safety and efficacy of Kineret treatment in patients with chronic and serious infections
have not been evaluated. Kineret treatment should not be initiated in patients with active
infections. Kineret treatment should be discontinued in RA patients if a serious infec-
tion develops.

The safety of Kineret in individuals with latent tuberculosis is unknown. There have
been reports of tuberculosis in patients receiving several biological anti-inflammatory
treatment regimens. Patients should be screened for latent tuberculosis prior to initiating
Kineret.

Kineret is eliminated by glomerular filtration and subsequent tubular metabolism. Con-
sequently, plasma clearance of Kineret decreases with decreasing renal function. No
dose adjustment is needed for patients with mild renal impairment (CLcr 60 to 89
ml/min). Kineret should be used with caution in patients with moderate renal impair-
ment (CLcr 30 to 59 ml/min). In patients with severe renal impairment (CLcr <30
ml/min) or end stage renal disease, including dialysis, administration of the prescribed
dose of Kineret every other day should be considered.

Kineret was commonly associated with neutropenia (ANC < 1.5 x 10%1) in placebo-
controlled studies in RA and cases of neutropenia have been observed in patients with
CAPS and Still’s disease. Kineret treatment should not be initiated in patients with neu-
tropenia (ANC < 1.5 x 10%1). It is recommended that neutrophil counts be assessed
prior to initiating Kineret treatment, and while receiving Kineret, monthly during the
first 6 months of treatment and quarterly hereafter. In patients who become neutropenic
(ANC < 1.5 x 10%/1) the ANC should be monitored closely and Kineret treatment should
be discontinued. The safety and efficacy of Kineret in patients with neutropenia have
not been evaluated.

In clinical studies in RA patients, thrombocytopenia has been reported in 1.9% of
treated patients compared to 0.3% in the placebo group. The thrombocytopenias have
been mild, i.e. platelet counts have been > 75 x109/1 . Mild thrombocytopenia has also
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been observed in CAPS patients. During post-marketing use of Kineret, thrombocyto-
penia has been reported, including occasional case reports indicating severe thrombo-
cytopenia (i.e. platelet counts <10 x10%/1).

During post-marketing use events of interstitial lung disease, pulmonary alveolar pro-
teinosis and pulmonary hypertension have been reported mainly in pediatric patients
with Still’s disease treated with IL-6 and IL-1 inhibitors, including Kineret. Patients
with trisomy 21 seem to be overrepresented. A causal relationship with Kineret has not
been established.

The impact of treatment with Kineret on pre-existing malignancy has not been studied.
Therefore, the use of Kineret in patients with pre-existing malignancy is not recom-
mended. RA patients may be at a higher risk (on average 2-3 fold) for the development
of lymphoma. In clinical trials, whilst patients treated with Kineret had a higher inci-
dence of lymphoma than the expected rate in the general population, this rate is con-
sistent with rates reported in general for RA patients. In clinical trials, the crude inci-
dence rate of malignancy was the same in the Kineret-treated patients and the placebo-
treated patients and did not differ from that in the general population. Furthermore, the
overall incidence of malignancies was not increased during 3 years of patient exposure
to Kineret. [119]

The table below present the cases of adverse effects and serious adverse effects, as
depicted in the study conducted by Evdoxia Kyriazopoulou et al...

At least one SAE by day 14, n (%) 63 (60.6) 32(29.4) 0.27 (0.15-0.48) 5.0x10%
Extended hospitalization, n (%) 63 (60.6) 32 (29.4) 0.27 (0.15-0.48) 5.0 x 10°¢
Death, n (%) 16 (12.3) 6(4.6) 0.35(0.13-0.91)  0.043
Shock, n (%) 56 (43.1) 27 (20.8) 0.34(0.20-0.59) 1.6x10%
Acute kidney injury, n (%) 37(28.5) 15 (11.5) 0.30 (0.15-0.58) 7.0 x10*
Any bacterial infection, n (%) 30(23.1) 9(6.9) 0.22(0.10-0.49) 3.3x10°
Thromboembolic event, n (%) 5(4.8) 2(1.6) 0.33(0.06-1.73)  0.252
Pulmonary edema, n (%) 0(0) 1(0) NA 1.00

At least one AE by day 14, n (%) 89 (85.6) 85(78.7) 0.62(0.31-1.27) 0.213
Gastrointestinal disturbances, n (%) 9(6.9) 15 (11.5) 1.74 (0.74-4.17)  0.284
Electrolyte derrangements, n (%) 41(31.5) 35(26.9) 0.80 (0.47-1.37)  0.496
Elevated liver function tests, n (%) 51(39.2) 40 (30.8) 0.69(0.41-1.15  0.193

Anemia, n (%) 26 (20.0) 22 (16.9) 0.82(0.44-1.53) 0.632
Leukopenia, n (%) 3(2.3) 11 (8.5) 3.91(1.07-14.37) 0.051
Thrombopenia, n (%) 7(5.4) 9(6.9) 1.31(0.47-3.62) 0.797
Headache, (%) 2(1.5) 4(3.1) 2.03(0.37-11.29) 0.684
Allergic reaction, n (%) 7(5.4) 4(3.1) 0.56 (0.16-1.95)  0.540
Any heart arrhythmia, n (%) 22 (16.9) 9(6.9) 0.37 (0.16-0.83)  0.020

Table 1: Adverse effects and serious adverse effects [112]
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MedDRA Organ System

Frequency

Undesirable Effect

Infections and infestations

Commeon (= 1/100 to < 1/10)

Serious infections

Blood and lymphatic system
disorders

Commeon (= 1/100 to < 1/10)

Neutropenia
Thrombocytopenia

Immune system disorders

Nervous system disorders

Uncommon (= 1/1,000 to < 1/100)

Very common (2 1/10)

Allergic reactions meluding
anaphylactic reactions.
angioedema, urticaria and
pruritus

Headache

Hepatobiliary disorders

Uncommon (= 1/1,000 to < 1/100)

Hepatic enzyme increased

Not known
(cannot be estimated from the
available data)

Non-infectious hepatitis

Skin and subcutaneous tissue
disorders

Very common (= 1/10)
Uncommon (2 1/1,000 to < 1/100)

Injection site reaction
Rash

Investigations

Very common (= 1/10)

Blood cholesterol increased

Table 2: Adverse Effects of Anakirna [119]

4.2.3.4 Drug Interactions

Interactions between Kineret and other medicinal products have not been investigated
in formal studies. In clinical trials, interactions between Kineret and other medicinal
products (including nonsteroidal anti-inflammatory medicinal products, glucocorti-
coids, and DMARDSs) have not been observed.

In a clinical trial with RA patients receiving background methotrexate, patients treated
with Kineret and etanercept were observed to have a higher rate of serious infections
(7%) and neutropenia than patients treated with etanercept alone and higher than ob-
served in previous trials where Kineret was used alone. Concurrent Kineret and etaner-
cept treatment has not demonstrated increased clinical benefit. The concurrent use of
Kineret with etanercept or any other TNF-a antagonist is not recommended.

The formation of CYP450 enzymes is suppressed by increased levels of cytokines (e.g.,
IL-1) during chronic inflammation. Thus, it may be expected that for an I1L-1 receptor
antagonist, such as anakinra, the formation of CYP450 enzymes could be normalized
during treatment. This would be clinically relevant for CYP450 substrates with a nar-
row therapeutic index (e.g., warfarin and phenytoin). Upon start or end of Kineret treat-
ment in patients on these types of medicinal products, it may be relevant to consider
therapeutic monitoring of the effect or concentration of these products and the individ-
ual dose of the medicinal product may need to be adjusted. [119]

4.2.3 JAK And BAK Kinase Inhibitors
4.2.3.1 JAK Kinase Inhibitors — Baricitinib

The Kkinase inhibitors are proposed as treatments for COVID-19 because they can pre-
vent phosphorylation of key proteins involved in the signal transduction that leads to
immune activation and inflammation (e.g., the cellular response to proinflammatory
cytokines such as interleukin [IL]-6).1 Janus kinase (JAK) inhibitors interfere with
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phosphorylation of signal transducer and activator of transcription (STAT) proteins that
are involved in vital cellular functions, including signaling, growth, and survival.

Immunosuppression induced by this class of drugs could potentially reduce the inflam-
mation and associated immunopathologies observed in patients with COVID-19. Ad-
ditionally, JAK inhibitors, particularly baricitinib, have theoretical direct antiviral ac-
tivity through interference with viral endocytosis, potentially preventing entry into and
infection of susceptible cells.

Baricitinib is an oral JAK inhibitor that is selective for JAK1 and JAK2 and FDA ap-
proved for the treatment of rheumatoid arthritis. Baricitinib can modulate downstream
inflammatory responses via JAK1/JAK2 inhibition and has exhibited dose-dependent
inhibition of IL-6-induced STAT3 phosphorylation. Baricitinib has postulated antiviral
effects by blocking severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
from entering and infecting lung cells. [65]

Richardson et al proposed baricitinib as potential treatment for pneumonia during
COVID-19 because it would be able to reduce the ability of the virus to infect lung
cells. The lung is particularly prone to SARS-CoV-2 infection probably because of the
presence of the alveolar type 11 cell. This cell expresses on its surface the protein angi-
otensin converting enzyme 2, a receptor used by the virus to invade the host. One of the
known regulators of endocytosis is the AP2-associated protein kinase 1 (AAK1). Dis-
ruption of AAK1 might, in turn, interrupt the passage of the virus into cells and also the
intracellular assembly of virus particles. Baricitinib on therapeutic dosing is reported to
be able to inhibit AAK1 functions and to bind the cyclin G-associated kinase, another
regulator of endocytosis of virus. [120,121]

The figure below demonstrates the BenevolentAI’s knowledge graph as developed by
Richardson et al for approved drugs that could help, focusing on those that might block
the viral infection process in COVID-19 disease.
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Figure 16[120]
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According to the COVID-19 Treatment Guidelines Panel, there are insufficient data to
recommend either for or against the use of baricitinib in combination with remdesivir
for the treatment of COVID-19 in hospitalized patients, when corticosteroids can be
used. In the rare circumstance when corticosteroids cannot be used, the Panel recom-
mends baricitinib in combination with remdesivir for the treatment of COVID-19 in
hospitalized, non-intubated patients who require oxygen supplementation. There are
insufficient data for the Panel to recommend either for or against the use of baricitinib
in combination with corticosteroids for the treatment of COVID-19. Because both bar-
icitinib and corticosteroids are potent immunosuppressants, there is potential for an ad-
ditive risk of infection. The Panel recommends against the use of JAK inhibitors other
than baricitinib for the treatment of COVID-19 and against the use of baricitinib with-
out remdesivir, except in a clinical trial. [65]

The Panel’s recommendations for the use of baricitinib are based on data from the
Adaptive COVID-19 Treatment Trial 2 (ACTT-2), a multinational, randomized, pla-
cebo-controlled trial of baricitinib use in hospitalized patients with COVID-19 pneu-
monia.

This study compared (1:1 allocation) oral baricitinib 4 mg daily versus placebo, both
given in combination with IV remdesivir. The primary endpoint was time to recovery,
which was defined as reaching Category 1 (not hospitalized, no limitations), Category
2 (not hospitalized, with limitations), or Category 3 (hospitalized, no active medical
problems) on an eight-category ordinal scale within 28 days of treatment initiation. Pa-
tients who were using a medication off-label as a specific treatment for COVID-19,
including corticosteroids, at study entry were excluded from the trial. Participants (n =
1,033) were randomized 1:1 to oral baricitinib 4 mg or placebo, for up to 14 days, in
combination with intravenous (V) remdesivir, for up to 10 days. Participants who re-
ceived baricitinib had a shorter time to clinical recovery than those who received pla-
cebo (median recovery time of 7 vs. 8 days, respectively and rate ratio for recovery
1.16; 95% ClI, 1.01-1.32; P = 0.03). This treatment effect was most pronounced among
those who required high-flow oxygen or non-invasive ventilation but were not on inva-
sive mechanical ventilation (10 vs. 18 days for the baricitinib and placebo recipients,
respectively; rate ratio for recovery 1.51; 95% ClI, 1.10-2.08). Mortality by 28 days was
lower in the baricitinib arm than in the placebo arm, but the difference was not statisti-
cally significant (OR 0.65; 95% CI, 0.39-1.09). There was no evidence that the risk of
serious adverse events or new infections was higher in the baricitinib arm than in the
placebo arm (16% vs. 20% for adverse events and 6% vs. 11% for new infections in the
baricitinib and placebo arms, respectively). [122]

Even though the use of corticosteroids for the treatment of COVID-19 was prohibited
at study entry, the protocol allowed for the adjunctive use of corticosteroids at the dis-
cretion of the treating provider for the treatment of standard medical indications (e.g.,
asthma exacerbation, acute respiratory distress syndrome, chronic obstructive pulmo-
nary disease). During the study, 10.9% of the patients in the baricitinib group and 12.9%
in the placebo group were prescribed corticosteroids. Overall, the incidence of serious
or non-serious infections was lower in the baricitinib group (30 patients [6%]) than in
the placebo group (57 patients [11%]) (RD -5; 95% ClI, -9 to -2). There were no statis-
tically significant differences between the baricitinib and placebo arms in the frequency
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of pulmonary embolism (5 vs. 2 patients, respectively) or deep vein thrombosis (11 vs.
9 patients, respectively). Preliminary results of this study suggest that baricitinib im-
proves time to recovery in patients who require supplemental oxygen but not invasive
mechanical ventilation. However, a key limitation of the study is the inability to evalu-
ate the treatment effect of baricitinib in addition to, or in comparison to, corticosteroids
used as standard treatment for severe or critical COVID-19 pneumonia. [65]

On November 19, 2020, the Food and Drug Administration (FDA), based on this ran-
domized, double-blind, placebo-controlled clinical trial, issued an Emergency Use Au-
thorization (EUA) for the use of baricitinib in combination with remdesivir in hospital-
ized adults and children aged >2 years with COVID-19 who require supplemental ox-
ygen, invasive mechanical ventilation, or extracorporeal membrane oxygenation
(ECMO). [65, 123]

Lucas Walz et al conducted a systematic review and meta-analysis of JAK-inhibitor
and type | interferon ability to produce favorable clinical outcomes in COVID-19 pa-
tients. Of 733 searched studies, four randomized and eleven non-randomized trials were
included. Five of the studies were unpublished. Regarding JAK-inhibitors, patients who
received Janus kinase-inhibitor had significantly reduced odds of mortality (OR, 0.12;
95% ClI, 0.03-0.39, p< 0.001) and ICU admission (OR, 0.05; 95% CI, 0.01-0.26, p<
0.001), and had significantly increased odds of hospital discharge (OR, 22.76; 95% ClI,
10.68-48.54, p< 0.00001) when compared to standard treatment group.[124]

Most of the data on adverse effects of JAK inhibitors refer to chronic use of the agents.
Adverse effects include infections (typically respiratory and urinary tract infections)
and the reactivation of herpes viruses. Additional toxicities include myelosuppression
and transaminase elevations. In addition, there may be a slightly higher risk of throm-
botic events and gastrointestinal perforation in patients who receive JAK inhibitors.

Complete blood count with differential, liver function tests, and kidney function tests
should be obtained in all patients before baricitinib is administered and during treatment
as clinically indicated. Screening for viral hepatitis and tuberculosis should be consid-
ered. Considering its immunosuppressive effects, all patients receiving baricitinib
should also be monitored for new infections.

The ACTT-2 study evaluated oral baricitinib 4 mg once daily, however, the standard
dosage of baricitinib for FDA-approved indications is 2 mg once daily. Baricitinib use
is not recommended in patients with impaired hepatic or renal function (estimated GFR
<60 ml/min/1.73 m?). [65]

Although a significantly increased incidence of thrombotic events (DVT and PE) was
reported with bariticitinb in RA trials, this has not been observed in extension studies
and recent trials in atopic dermatitis. JAK represent significant therapeutic advances
but are relatively new drugs with evolving safety profiles. Potential prothrombotic risk
may be a class effect of JAK, which is concerning given evidence of hypercoagulability
with severe COVID-19. [125]
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4.2.3.2 BAK Kinase Inhibitors-Acabrutinib

Bruton’s tyrosine kinase (BTK) is a signaling molecule of the B-cell antigen receptor
and cytokine receptor pathways. [65]

In macrophages, Toll-like receptors (TLRS) recognize single-stranded RNA from vi-
ruses such as SARS-CoV-2 and initiate signaling through BTK-dependent activation of
NF-«kB, triggering the production of multiple inflammatory cytokines and chemokines
as well as phagocytosis. In addition, BTK plays a key role in the activation of the
NLRP3 inflammasome, resulting in maturation and secretion of IL-13. Moreover, in a
mouse influenza model, BTK inhibition decreased inflammatory mediators and rescued
mice from lethal acute lung injury, suggesting that it may mitigate virally-induced lung
damage driven by excessive inflammation. Based on these considerations, Mark
Roschewski et al hypothesized that dysregulated BTK-dependent macrophage signal-
ing is central to the exaggerated inflammatory responses and pulmonary sequelae of
infection with SARS-CoV-2 and potentially other single-stranded RNA viruses and
thus, administration of acalabrutinib, could improve clinical outcomes of patients with
severe COVID-19 disease. [126]
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Figure 17: Model of BTK-dependent hyper-inflammation in severe COVID-19 [126]

Acalabrutinib is a second-generation, oral BTK inhibitor that is FDA approved to treat
B-cell malignancies (i.e., chronic lymphocytic leukemia/small lymphocytic lymphoma,
mantle cell lymphoma). It has a better toxicity profile than first-generation BTK inhib-
itors (e.g., ibrutinib) because of less off-target activity for other kinases. Acalabrutinib
is proposed for use in patients with COVID-19 because it can modulate signaling that
promotes inflammation.
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The COVID-19 Treatment Guidelines Panel recommends against the use of BTK in-
hibitors for the treatment of COVID-19, except in a clinical trial. [65]

In this clinical trial, acalabrutinib was administered off-label to 19 patients hospitalized
with severe COVID-19 (11 on supplemental oxygen; 8 on mechanical ventilation), 18
of whom had increasing oxygen requirements at baseline. Over a 10-14 day treatment
course, acalabrutinib improved oxygenation in a majority of patients, often within 1-3
days, and had no discernable toxicity. Measures of inflammation — C-reactive protein
and IL-6 — normalized quickly in most patients, as did lymphopenia, in correlation with
improved oxygenation. At the end of acalabrutinib treatment, 8/11 (72.7%) patients in
the supplemental oxygen cohort had been discharged on room air, and 4/8 (50%) pa-
tients in the mechanical ventilation cohort had been successfully extubated, with 2/8
(25%) discharged on room air. Ex vivo analysis revealed significantly elevated BTK
activity, as evidenced by autophosphorylation, and increased IL-6 production in blood
monocytes from patients with severe COVID-19 compared with blood monocytes from
healthy volunteers. [126]

These results could suggest that targeting excessive host inflammation with a BTK in-
hibitor is a therapeutic strategy in severe COVID-19, but according to the Panel’s rec-
ommendations, evaluation of the data to discern any clinical benefit is limited by the
study’s small sample size and lack of a control group. [65]

The trial, called CALAVI, is based on early clinical data with Calquence demonstrating
that a decrease in inflammation caused by BTK inhibition appears to reduce the severity
of COVID-19-induced respiratory distress. The goal of the trial is to evaluate the effi-
cacy and safety of adding Calquence to best supportive care (BSC) to reduce mortality
and the need for assisted ventilation in patients with life-threatening COVID-19 symp-
toms.

CALAVI is a large, randomised, open-label, multicentre, global, two-part trial evaluat-
ing the efficacy and safety of Calquence with BSC versus BSC alone in patients hospi-
talised with respiratory complications of COVID-19. Part one is randomised (2:1) and
evaluates the addition of Calquence to current BSC in patients who are hospitalised but
not on assisted ventilation and not in the ICU. Part two evaluates the addition of
Calquence to BSC in a cohort of patients in the ICU with more severe respiratory com-
plications. The trial is being conducted in multiple sites around the world. The primary
endpoint measures the use of assisted ventilation or death. [127]

The CALAVI Phase Il trials for Calquence (acalabrutinib) in patients hospitalised with
respiratory symptoms of COVID-19 did not meet the primary efficacy endpoint. The
addition of Calquence to best supportive care (BSC) did not increase the proportion of
patients who remained alive and free of respiratory failure. No new safety signal for
Calquence was observed in the trials. [128]
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4.3 Steroids- Dexamethazone
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Chemical structure of dexamethasone [132]

Coronavirus disease 2019 (COVID-19) is associated with diffuse lung damage. Gluco-
corticoids may modulate inflammation-mediated lung injury and thereby reduce pro-
gression to respiratory failure and death. [129] Multiple studies showed higher levels
of proinflammatory cytokines in patients with severe SARS-CoV-2 compared with pa-
tients with mild to moderate illness, both in the serum and in the respiratory specimens.
Given the significant role of the immune response in the pathogenesis of SARS-CoV-
2, it became clear that immune modulation will be essential in its management. A tar-
geted approach focusing on some of the cytokines involved in the pathogenesis of the
hyperinflammatory, status like granulocytemacrophage colony-stimulating factor, IL-
6, or complement, is currently under investigation. Corticosteroids were the main im-
munomodulatory agent used for the clinical management of SARS; both benefits and
poor outcomes have been reported as a result of their use. [130]

Corticosteroids, such as hydrocortisone and dexamethasone, have anti-inflammatory,
antifibrotic, and vasoconstrictive effects, which intensivists have been trying to lever-
age for decades to improve outcomes in patients with acute respiratory distress syn-
drome (ARDS) and septic shock. [131] Dexamethasone exerts a good inhibitory effect
on inflammatory factors and is predominantly used as an auxiliary treatment for viral
pneumonia. The action of dexamethasone mimics the action of the compounds the body
produces to quell inflammation, naturally. It is about 25 times more active than other
corticosteroid compounds, and this higher potency might be one of the reasons as to
why dexamethasone has been shown to be effective in treating SARS-CoV-2 patients.
[132]

Dexamethasone has been found to improve survival in hospitalized patients who re-
quire supplemental oxygen, with the greatest effect observed in patients who require
mechanical ventilation. Therefore, the use of dexamethasone is strongly recommended
in this setting. [133] Preliminary clinical trial data from a large, randomized, open-label
trial suggest that dexamethasone reduces mortality in hospitalized patients with
COVID-19 who require mechanical ventilation or supplemental oxygen. The recom-
mendations for using corticosteroids in patients with COVID-19 depend on the severity
of illness. [134]

The impressive results of the RECOVERY trial established that a moderate dose of
dexamethasone (6 mg daily for 10 days) reduced mortality in hospitalized patients with
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COVID-19 and respiratory failure who required therapy with supplemental oxygen or
mechanical ventilation. The data also indicated that dexamethasone might increase
mortality in hospitalized patients who were not receiving oxygen. This landmark trial
and the subsequent practice guidelines from several academic and health organizations
recommending dexamethasone use in patients with severe COVID-19 have changed
clinical practice for hospitalized patients on supplemental oxygen or mechanical venti-
lation. [135]

RECOVERY is a controlled, open-label trial which compared a range of possible treat-
ments in patients who were hospitalized with Covid-19, and randomly assigned patients
to receive oral or intravenous dexamethasone (at a dose of 6 mg once daily) for up to
10 days or to receive usual care alone. The primary outcome was 28-day mortality.

A total of 2104 patients were assigned to receive dexamethasone and 4321 to receive
usual care. Overall, 482 patients (22.9%) in the dexamethasone group and 1110 patients
(25.7%) in the usual care group died within 28 days after randomization (age-adjusted
rate ratio, 0.83; 95% confidence interval [Cl1], 0.75 to 0.93; P<0.001). The proportional
and absolute between-group differences in mortality varied considerably according to
the level of respiratory support that the patients were receiving at the time of randomi-
zation. In the dexamethasone group, the incidence of death was lower than that in the
usual care group among patients receiving invasive mechanical ventilation (29.3% vs.
41.4%; rate ratio, 0.64; 95% ClI, 0.51 to 0.81) and among those receiving oxygen with-
out invasive mechanical ventilation (23.3% vs. 26.2%; rate ratio, 0.82; 95% CI, 0.72 to
0.94) but not among those who were receiving no respiratory support at randomization
(17.8% vs. 14.0%; rate ratio, 1.19; 95% CI, 0.92 to 1.55).

In patients hospitalized with COVID-19, the use of dexamethasone resulted in lower
28-day mortality among those who were receiving either invasive mechanical ventila-
tion or oxygen alone at randomization but not among those receiving no respiratory
support. The RECOVERY trial provides evidence that treatment with dexamethasone
at a dose of 6 mg once daily for up to 10 days reduces 28-day mortality in patients with
COVID-19 who are receiving respiratory support. They found no benefit (and the pos-
sibility of harm) among patients who did not require oxygen. Before the completion of
the trial, many COVID-19 treatment guidelines stated that the use of glucocorticoids
was either contraindicated or not recommended.18 Dexamethasone is on the list of es-
sential medicines of the World Health Organization and is readily available worldwide
at low cost. [129]

The CODEX trial randomized 299 patients in 41 ICUs in Brazil with moderate or severe
ARDS and COVID-19 to open-label high-dose dexamethasone (20 mg/d for 5 days
intravenously, then 10 mg/d for 5 days or until ICU discharge) vs usual care alone. The
primary outcome was ventilator-free days during the first 28 days, defined as being
alive and free from mechanical ventilation. Secondary outcomes were all-cause mor-
tality at 28 days, clinical status of patients at day 15 using a 6-point ordinal scale (rang-
ing from 1, not hospitalized to 6, death), ICU-free days during the first 28 days, me-
chanical ventilation duration at 28 days, and Sequential Organ Failure Assessment
(SOFA) scores (range, 0-24, with higher scores indicating greater organ dysfunction)
at 48 hours, 72 hours, and 7 days. A total of 299 patients (mean [SD] age, 61 [14] years;
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37% women) were enrolled and all completed follow-up. Patients randomized to the
dexamethasone group had a mean 6.6 ventilator-free days (95% ClI, 5.0-8.2) during the
first 28 days vs 4.0 ventilator-free days (95% CI, 2.9-5.4) in the standard care group
(difference, 2.26; 95% CI, 0.2-4.38; P = .04). At 7 days, patients in the dexamethasone
group had a mean SOFA score of 6.1 (95% ClI, 5.5-6.7) vs 7.5 (95% ClI, 6.9-8.1) in the
standard care group (difference, —1.16; 95% CI, —1.94 to —0.38; P =.004). There was
no significant difference in the prespecified secondary outcomes of all-cause mortality
at 28 days, ICU-free days during the first 28 days, mechanical ventilation duration at
28 days, or the 6-point ordinal scale at 15 days. Thirty-three patients (21.9%) in the
dexamethasone group vs 43 (29.1%) in the standard care group experienced secondary
infections, 47 (31.1%) vs 42 (28.3%) needed insulin for glucose control, and 5 (3.3%)
vs 9 (6.1%) experienced other serious adverse events. Among patients with COVID-19
and moderate or severe ARDS, use of intravenous dexamethasone plus standard care
compared with standard care alone resulted in a statistically significant increase in the
number of ventilator-free days (days alive and free of mechanical ventilation) over 28
days. [136]

4.3.1 Mechanism of action

The mechanism of action of dexamethasone depends on the dose used: the genomic (in
the case of low doses) and non-genomic mechanisms (with high doses of dexame-
thasone). Most effects of dexamethasone are via the genomic mechanism which require
a longer period, whereas dexamethasone effects through the non-genomic mechanism
occur more rapidly, at the risk of more side effects. First genomic mechanisms: being
small, lipophilic substances, dexamethasone can easily pass through the cell membrane
by diffusion and enter the cytoplasm of the target cells and proceed by binding to glu-
cocorticoid receptors in the cytoplasm. Dexamethasone binds to the glucocorticoid re-
ceptor (GR) on the cell membrane, and the formation of this complex leads to translo-
cation of the corticosteroid into the cell, where it travels to the nucleus. Here, it revers-
ibly binds to several specific DNA sites resulting in stimulation (transactivation) and
suppression (trans repression) of a large variety of gene transcription. It can inhibit the
production of pro-inflammatory cytokines such as interleukin IL-1, IL-2, IL-6, IL-8,
TNF, IFN-gamma, VEGF, and prostaglandins. Importantly, five of these are linked to
SARS-CoV-2 severity. At the same time, it can also induce the synthesis of glucocor-
ticoid response element resulting in the activation of anti-inflammatory cytokine syn-
thesis, notably I1L-10 and lipocortin-1. Second non-genomic mechanisms at high doses
of the medication, dexamethasone binds to the membrane-associated GR on cells, such
as T lymphocytes, resulting in the impairment of receptor signaling and a T lympho-
cyte—mediated immune response. The glucocorticoid receptor combines to integrins,
leading to the activation of FAK (focal adhesion kinase). As well as that, a high dose
of dexamethasone also interacts with the movement of Ca*? and Na*! across the cell
membrane, resulting in a rapid decrease in inflammation. [132]



82

4.3.2. Adverse Effects and Drug Interactions

Clinicians should closely monitor patients with COVID-19 who are receiving dexame-
thasone for adverse effects (e.g., hyperglycemia, secondary infections, psychiatric ef-
fects, avascular necrosis). Dexamethasone is generally safe. Prolonged use of systemic
corticosteroids may increase the risk of reactivation of latent infections (e.g., hepatitis
B virus [HBV], herpesvirus infections, strongyloidiasis, tuberculosis). The risk of reac-
tivation of latent infections for a 10-day course of dexamethasone (6 mg once daily) is
not well-defined. Also, prolonged use (l.e., used for more than two weeks) may be as-
sociated with adverse events such as glaucoma, cataract, fluid retention, hypertension,
psychological effects (e.g., mood swings, memory issues, confusion, or irritation),
weight gain, or increased risk of infections and osteoporosis. All these adverse events
are not associated with short term use (with the exception of hyperglycaemia that can
worsen diabetes). [65, 137]

Dexamethasone is a moderate cytochrome P450 (CYP) 3A4 inducer. As such, it may
reduce the concentration and potential efficacy of concomitant medications that are
CYP3A4 substrates. Clinicians should review a patient’s medication regimen to assess
potential interactions. Coadministration of remdesivir and dexamethasone has not been
formally studied, but a clinically significant pharmacokinetic interaction is not pre-
dicted. Dexamethasone should be continued for up to 10 days or until hospital dis-
charge, whichever comes first. [65]

4.4. Colchicine

For decades, colchicine has been successfully used for the treatment and prevention of
crystal-induced arthritis, for example, gout. Systemic autoinflammatory diseases such
as familial Mediterranean fever and Behget’s disease are conditions in which colchicine
use may be necessary continuously. [138]

Its mechanism of action is through the inhibition of tubulin polymerization, with effects
on the inflammasome, cellular adhesion molecules and inflammatory chemokines. In
an experimental model of acute respiratory distress syndrome, colchicine was shown to
reduce inflammatory lung injury and respiratory failure by interfering with leukocyte
activation and recruitment. [139]

Many observational studies underlined the effectiveness of blocking the COVID-19-
mediated cytokine storm by targeting interleukin (IL)-1 and IL-6 in patients with hy-
perinflammatory syndrome. Therefore, the management of COVID-19 should aim at
early identification and treatment of hyperinflammation in order to prevent the cytokine
storm. In this view, colchicine may be a drug with potential effects in the early phase
of COVID19-mediated inflammation. In fact, colchicine can prevent and treat the flares
of many autoinflammatory diseases characterized by aberrant IL-1/IL-6 pathway acti-
vation. [140]

The GRECCO-19 clinical trial investigated the effect of colchicine versus standard care
on cardiac and inflammatory biomarkers and clinical outcomes in patients hospitalized
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with COVID-19. In this prospective, open-label, randomized clinical trial 105 patients
hospitalized with COVID-19 were randomized in a 1:1 allocation from April 3 to April
27, 2020, to either standard medical treatment or colchicine with standard medical treat-
ment in 16 tertiary hospitals in Greece. Colchicine was administered at a 1.5-mg load-
ing dose followed by 0.5 mg after 60 min and at a maintenance doses of 0.5 mg twice
daily with standard medical treatment for as long as 3 weeks.

Primary end points were (1) maximum high-sensitivity cardiac troponin level; (2) time
for C-reactive protein to reach more than 3 times the upper reference limit; and (3) time
to deterioration by 2 points on a 7-grade clinical status scale, ranging from able to re-
sume normal activities to death. Secondary end points were (1) the percentage of par-
ticipants requiring mechanical ventilation, (2) all-cause mortality, and (3) number, type,
severity, and seriousness of adverse events. The primary efficacy analysis was per-
formed on an intention to-treat basis.

A total of 105 patients were evaluated with 50 (47.6%) randomized to the control group
and 55 (52.4%) to the colchicine group. Median (interquartile range) peak high-sensi-
tivity cardiac troponin values were 0.0112 (0.0043-0.0093) ng/mL in the control group
and 0.008 (0.004-0.0135) ng/mL in the colchicine group (P = .34). Median (interquar-
tile range) maximum C-reactive protein levels were 4.5 (1.4-8.9) mg/dL vs 3.1 (0.8-
9.8) mg/dL (P = .73), respectively. The clinical primary end point rate was 14.0% in
the control group (7 of 50 patients) and 1.8% in the colchicine group (1 of 55 patients)
(odds ratio, 0.11; 95% CI, 0.01-0.96; P = .02). Mean (SD) event-free survival time was
18.6 (0.83) days the in the control group vs 20.7 (0.31) in the colchicine group (log rank
P =.03). Adverse events were similar in the 2 groups, except for diarrhea, which was
more frequent with colchicine group than the control group (25 patients [45.5%] vs 9
patients [18.0%]; P = .003).

Overall, participants who received colchicine had statistically significantly improved
time to clinical deterioration. There were no significant differences in high-sensitivity
cardiac troponin or C-reactive protein levels. [141]

A retrospective single-centre study of 87 ICU patients with COVID-19 demonstrated a
lower risk of death in patients on colchicine (adjusted HR 0.41, 95% CI 0.17 to 0.98).
[142]

Another single-center cohort that took place in the public hospital of Esine, northern
Italy, studied the association between treatment with colchicine and improved survival
of adult hospitalized patients with COVID-19 pneumonia and acute respiratory dis-
tress syndrome. In this study, 140 consecutive inpatients, with virologically and radio-
graphically confirmed COVID-19 admitted in the period 5-19 March 2020, were
treated with ’SoC’ (hydroxychloroquine and/or intravenous dexamethasone; and/or
lopinavir/ritonavir) and compared with 122 consecutive inpatients, admitted between
19 March and 5 April 2020, treated with colchicine (1mg/day) and SoC (antiviral drugs
were stopped before colchicine, due to potential interaction).

Patients treated with colchicine had a better survival rate as compared with SoC at 21
days of follow-up (84.2% (SE=3.3%) vs 63.6% (SE=4.1%), p=0.001). Cox proportional
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hazards regression survival analysis showed that a lower risk of death was inde-
pendently associated with colchicine treatment (HR=0.151 (95% CI 0.062 to 0.368),
whereas older age, worse PaO2/FiO2, and higher serum levels of ferritin at entry were
associated with a higher risk. According to the authors, these data may support the ra-
tionale of use of colchicine for the treatment of COVID-19. [143]

Luigi Brunetti et al performed a single-center propensity score matched cohort study to
investigate the use of colchicine to weather the cytokine storm in hospitalized patients
with COVID-19. All consecutive COVID-19 patients admitted to a community hospital
between 1 March 2020 and 30 May 2020 were stratified according to the receipt of
colchicine. The primary endpoint was defined as in-hospital death within 28-days fol-
low-up. Secondary endpoints included favorable change in the Ordinal Scale for Clin-
ical Improvement on days 14 and 28 versus baseline, proportion of patients not requir-
ing supplemental oxygen on days 14 and 28, and proportion of patients discharged by
day 28.

At the end of the 28-day follow-up, patients receiving colchicine were approximately
five times more likely to be discharged (odds ratio, 5.0; 95% confidence interval, 1.25—
20.1; p = 0.023) and when comparing mortality, there were 3 deaths (9.1%) in patients
receiving colchicine versus 11 deaths (33.3%) in the groups receiving standard of care
(odds ratio, 0.20; 95% confidence interval, 0.05-0.80; p = 0.023). [144]

A randomized, double-blinded, placebo-controlled clinical trial conducted by Maria Is-
abel Lopes et al evaluated whether the addition of colchicine to standard treatment for
COVID-19 resulted in better outcomes for moderate to severe disease. 75 patients allo-
cated 1:1 from 11 April to 30 August 2020. Colchicine regimen was 0.5mg thrice daily
for 5days, then 0.5mg twice daily for 5days. The primary endpoints were the need for
supplemental oxygen, time of hospitalisation, need for admission and length of stay in
intensive care unit and death rate. Colchicine reduced the length of both, supplemental
oxygen therapy [median (and IQR) time of need for supplemental oxygen was 4.0 (2.0—
6.0) days for the colchicine group and 6.5 (4.0-9.0) days for the placebo group
(p<0.001)] and hospitalization [median (IQR) time of hospitalisation was 7.0 (5.0-9.0)
days for the colchicine group and 9.0 (7.0-12.0) days for the placebo group (p=0.003)].
The drug was safe and well tolerated. Since death was an uncommon event, it was not
possible to ensure that colchicine reduced mortality of COVID-19. [138]

Jean-Claude Tardif et al performed a randomized, double-blind trial to evaluate the ef-
ficacy of colchicine in non-hospitalized patients with COVID-19 diagnosed by PCR or
clinical criteria. A total of 4488 patients were enrolled and randomly assigned to receive
colchicine (0.5 mg twice daily for 3 days and once daily thereafter) or placebo for 30
days. The primary efficacy endpoint was the composite of death or hospitalization for
COVID-19.

The primary endpoint occurred in 4.7% of the patients in the colchicine group and 5.8%
of those in the placebo group (odds ratio, 0.79; 95.1% confidence interval (Cl), 0.61 to
1.03; P=0.08). Among the 4159 patients with PCR-confirmed COVID-19, the primary
endpoint occurred in 4.6% and 6.0% of patients in the colchicine and placebo groups,
respectively (odds ratio, 0.75; 95% CI, 0.57 to 0.99; P=0.04). The authors concluded
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that among non-hospitalized patients with COVID-19, colchicine reduces the compo-
site rate of death or hospitalization. [139]

Dimitrios A. Vrachatis et al conducted a meta-analysis to investigate the impact of col-
chicine on mortality in patients with COVID-19. A total of six studies, four published
after peer-review and two preprints including 881 patients with confirmed COVID-19
were evaluated, 406 of whom were treated with colchicine in addition to standard-of-
care. The findings of the present meta-analysis suggested a definite signal of benefit of
mortality with the addition of colchicine in patients with COVID-19, but the authors
stressed the need for randomized controlled trials (RCTs) involving adequately num-
bered populations. Study limitations included the lack of patient-level data which did
not allow to assess or control for possible differences in baseline or procedural varia-
bles. [145]

A systematic review and meta-analysis evaluated the colchicine use in patients with
COVID-19 and six studies, reporting on 5,033 patients, were included. With six studies
reporting on 5033 patients in total, this meta-analysis had greater statistical power than
the meta-analysis of Vrachatis et al, which reported on six studies and 881 patients.
More specifically, this systematic review and meta-analysis differs from the meta-anal-
ysis by Vrachatis et al in three ways. First, this review included results of the recent
COLCORONA trial with 4488 patients and results of another recent observational
study of 87 patients. Second, it included only the results of RCTs and observational
studies with adjusted relative risk ratios, whereas Vrachatis et al included two observa-
tional studies that did not report adjusted OR which were excluded in this analysis.
Third, this review separated the overall mortality analysis by study design, colchicine
use before and after hospitalization, and ICU status.

Overall, across the six studies, COVID-19 patients who had colchicine had a lower risk
of mortality — HR of 0.25 (95% CI: 0.09, 0.66) and OR of 0.36 (95% CI: 0.17, 0.76).
Among the three observational studies, COVID-19 patients who received colchicine
had a lower risk of mortality — HR of 0.25 (95% CI: 0.09, 0.66) and OR of 0.21 (95%
ClI: 0.06, 0.71). Among three randomized controlled trials, the summary point estimate
suggests a direction toward benefit in mortality that is not statistically significant among
patients receiving colchicine versus placebo— OR of 0.49 (95% CI: 0.20, 1.24). The
authors came to the conclusion that colchicine may reduce the risk of mortality in indi-
viduals with COVID-19.

4.4.1 Mechanism of action

As mentioned above, the pathophysiology underlying severe COVID-19 pneumonia is
an exaggerated inflammatory response, with an overproduction of early response pro-
inflammatory cytokines, including tumor necrosis factor (TNF), IL-6 and IL-1p. In ad-
dition, severe acute respiratory syndrome coronavirus 1 (SARS-CoV-1), which is
closely related to SARS-CoV-2, has been shown to activate the NLRP3 inflammasome.
Thus, it has been hypothesized that therapies that present potent anti-inflammatory ac-
tion and target inflammasome action may be effective therapies. [146]
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Colchicine is routinely used in the treatment of inflammatory conditions such as gout,
rheumatic disease, and pericarditis. Its mechanism of action is through inhibition of
neutrophil chemotaxis and activity in response to vascular injury. Additionally, colchi-
cine inhibits inflammasome signaling and reduces the production of active IL-1p. [146]
In fact, colchicine can prevent and treat the flares of many autoinflammatory diseases
characterized by aberrant IL-1/IL-6 pathway activation. Notably, colchicine can block
the activation of NACHT-LRRPYD-containing protein 3 (NLRP3) inflammasome,
which was demonstrated to be directly induced by the viroporin-E of SARS-CoV. [140]
The mechanism(s) of colchicine’s action on the inflammasome remain an area of on-
going investigation. Colchicine’s interruption of inflammasome activation reduces IL-
1P production, which in turn prevents the induction of IL-6 and TNF and the recruit-
ment of additional neutrophils and macrophages.

Besides hyperinflammation, disseminated intravascular coagulation (DIC) and in-
creased occurrence of cardiovascular events are complications of COVID-19. These
might be justified by the presence of endothelial cell infection and endothelitis. Endo-
thelial cell damage can be found also in Behget’s disease (BD), an autoinflammatory
disease characterized by neutrophil activation, increased oxidative stress, and genera-
tion of a thrombophilic status. Colchicine is largely used in BD, in which it may be
useful also for inflammation-induced thrombosis. Furthermore, colchicine was able to
reduce the recurrence of secondary cardiovascular events after myocardial infarction,
thanks to the inhibition of oxidative stress on the endothelium due to inflammatory
cytokines. These studies provide a rationale for a possible role of colchicine in the pre-
vention of coagulation activation and thrombosis in COVID-19. [140]

4.4.2 Pharmacokinetics of colchicine

Colchicine is rapidly absorbed after oral administration from the gastrointestinal tract.
During a pharmacokinetic study, a mean Cmax of 2.5 ng/mL was achieved within 1-2
h (range 0.5 to three hours) after an orally administered dose of colchicine. The bioa-
vailability of colchicine is about 45%, according to the FDA label, however, another
reference indicates that the bioavailability is highly variable, ranging from 24 to 88%.
In a multiple-dose study of colchicine administration at a dose of 1 mg per day, steady-
state concentrations were achieved by 8 days following administration. [146]

According to the FDA label, the mean apparent volume of distribution in young and
healthy patients is calculated to be about 5-8 L/kg. It is known to cross the placenta and
to distribute into the breast milk. [148] Colchicine has been found to distribute to vari-
ous tissues but mainly into the bile, liver, and kidney tissues. Smaller amounts have
been detected in the heart, lungs, intestinal tissue, and stomach. [149]

The plasma protein binding for colchicine is low to moderate, at 39 + 5%, and it is
mainly bound to albumin. [147,148]

Colchicine is found to be metabolized in the liver and demethylated to major metabo-
lites, which include 2-O-demethylcolchicine and 3-O-demethylcolchicine, and one mi-
nor metabolite, 10-O-demethylcolchicine (colchicine). According to in vitro studies,
CYP3A4 metabolizes colchicine to 2- and 3-demethylcolchicine. [148,149]
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In a pharmacokinetic study of healthy research subjects (n=12), 40% to 65% of a 1 mg
oral colchicine dose was measured as unchanged drug in the urine. Both enterohepatic
recirculation and biliary excretion are routes which are involved with the excretion of
colchicine. [148, 150]

After several doses of 0.6 mg twice daily, the average elimination half-life of colchicine
ranges from 26.6 to 31.2 hours. [148] Another reference measures that the elimination
half-life ranges from 20 to 40 hours. [147]

The FDA label reports a clearance of and 0.0292 + 0.0071 to 0.0321 + 0.0091 mL/min
after a single oral dose of one 0.6 mg of colchicine. Patients with end-stage renal im-
pairment showed a 75% lower clearance of colchicine.[148] In a pharmacokinetic study
of patients with Familial Mediterranean Fever (FMF), the apparent mean clearance was
calculated at 0.726 + 0.110 L/h/kg. [151]

4.4.3 Adverse effects

According to Mirko Scarsi et al, the safety profile of colchicine was good, as no patient
had to stop the drug for severe adverse events. Diarrhea occurred in 7.4% of treated
patients, which is in line with data reported in the systematic review of the literature.
[143]

A meta-analysis of 35 randomized trials of colchicine versus placebo found that the
most common and significant adverse effect was diarrhea. The only other adverse effect
that occurred at a greater frequency than placebo was a set of pooled gastrointestinal
symptoms including nausea, vomiting, diarrhea, abdominal pain, loss of appetite, and
bloating. [152]

Maria Isabel Lopes et al pointed that the majority of adverse events was mild (exception
for pneumonia) and, to some extent, attributable to the viral infection itself or its com-
plications, not entailing patients withdrawal. It seems to be the case of aspartate ami-
notransferase and alanine aminotransferase transient elevations, under 3x the upper
limit of normal, with no difference between the groups (data not shown). New or wors-
ened diarrhea was more frequent in the intervention group (17% vs 6%). None of the
patients suffered dehydration, and the diarrhea was controlled with the prescription of
an antisecretory agent (e.g., racecadotril). Cardiac adverse events, undoubtedly the
main issue on the use of hydroxychloroquine and/or azithromycin for COVID-19, did
not have an augmented frequency by adding colchicine. No participant had QT interval
above 450 ms during the observational period (data not shown). No difference between
the groups on QT interval variation was observed from the value of day 0 to the highest
value. [138]

4.4.4 Drug interactions

Colchicine metabolism occurs primarily inside hepatocytes via the cytochrome P450
3A4 (CYP3A4). Medications that strongly inhibit CYP3A4 metabolism (e.qg., ritonavir,
ketoconazole, clarithromycin, cyclosporine, diltiazem, verapamil) pose a risk of drug-
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drug interactions. A small number of publications report cases of death after coadmin-
istration of clarithromycin and colchicine in patients with severe chronic renal disease.
Similar cases have been rarely reported in patients receiving atorvastatin, a statin that
is also processed by CYP-3A4, but not with statins that are not metabolized through
CYP3AA4. In a recent placebo-controlled randomized trial of 4745 patient with a recent
myocardial infarction, patients receiving daily colchicine experienced no adverse ef-
fects related to the coadministration of statins, including atorvastatin. In another recent
placebo-controlled randomized trial of 5522 patients with stable coronary artery dis-
ease, daily colchicine resulted in numerically higher rates of myalgia (HR 1.15, 95%
Cl11.01 to 1.31) and one case of rhabdomyolysis (the patient made a full recovery).

As a lipophilic molecule, colchicine is usually protein-bound in plasma, with P-glyco-
protein in the intestinal lining serving as the primary protein for gut excretion of col-
chicine. Cyclosporine and ranolazine compete for the ligand site on P-glycoprotein and
can therefore lead to delayed elimination. [152]

4.5 Monoclonal Antibodies

An antibody is a protein that is naturally produced by the immune system in response
to an infection. A monoclonal antibody is a molecule developed in a laboratory that is
designed to mimic or enhance the body’s natural immune system response against an
invader, such as cancer or an infection. Monoclonal antibodies have an advantage over
other types of treatment for infection because they are created to specifically target an
essential part of the infectious process. A monoclonal antibody is created by exposing
a white blood cell to a particular viral protein, which is then cloned to mass produce
antibodies to target that virus. Prior to COVID-19, monoclonal antibodies were devel-
oped to treat several viral infections, such as Ebola and rabies. [153]

Monoclonal antibodies are a new treatment for outpatients with COVID-19 who are at
risk of progression to severe disease.

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has a spike protein on
its surface that helps the virus attach and enter human cells. Several monoclonal anti-
bodies have been developed to bind to the spike protein of SARS-CoV-2 and block the
virus from invading human cells. Patients with COVID-19 may receive an intravenous
(V) infusion of a monoclonal antibody, usually in an emergency department, an infu-

sion center, or another outpatient setting (such as the patient’s home or a nursing home).
[153]
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Figure 18: Monoclonal antibody treatment for SARS-CoV-2. [153]

Bamlanivimab plus etesevimab

Bamlanivimab (also known as LY-CoV555 and LY3819253) is a neutralizing mono-
clonal antibody that targets the RBD of the spike protein of SARS-CoV-2. Bam-
lanivimab and etesevimab are neutralizing monoclonal antibodies that bind to different
but overlapping epitopes in the receptor-binding domain of the spike protein of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The bamlanivimab plus ete-
sevimab combination blocks SARS-CoV-2 entry into host cells and is being evaluated
for the treatment of COVID-19. [154]

On February 9, 2021, the Food and Drug Administration (FDA) issued an Emergency
Use Authorization (EUA) to make bamlanivimab 700 mg plus etesevimab 1,400 mg
available for the treatment of outpatients with mild to moderate COVID-19 who are at
high risk for progressing to severe disease and/ or hospitalization. The issuance of an
EUA does not constitute FDA approval of a product.

The FDA previously issued an EUA for bamlanivimab alone and another for the anti-
SARS-CoV-2 monoclonal antibody combination casirivimab plus imdevimab, both for
use in the same patient population as authorized for bamlanivimab plus etesevimab.
[154]

The FDA EUA allows for the use of bamlanivimab plus etesevimab for the treatment
of COVID-19 in non-hospitalized adults and children aged >12 years and weighing >40
kg who are at high risk for progressing to severe COVID-19 and/or hospitalization.

High-risk individuals as specified in the EUA are those who meet at least one of the
following criteria: BMI >35, Chronic kidney disease, Diabetes mellitus, Immunocom-
promising condition, Currently receiving immunosuppressive treatment, Aged >65
years, Aged >55 years and have: Cardiovascular disease; or, Hypertension; or, Chronic
obstructive pulmonary disease/other chronic respiratory disease, Aged 12 to 17 years
and have: BMI >85th percentile for their age and gender based on CDC growth charts
; or, Sickle cell disease; or, Congenital or acquired heart disease; or, Neurodevelopmen-
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tal disorders, for example, cerebral palsy; or, A medical-related technological depend-
ence, for example, tracheostomy, gastrostomy, or positive pressure ventilation (not re-
lated to COVID-19); or, Asthma or a reactive airway or other chronic respiratory dis-
ease that requires daily medication for control. [155]

Bamlanivimab plus etesevimab is not authorized for use in patients who are hospital-
ized due to COVID-19; or, who require oxygen therapy due to COVID-19; or, who
require an increase in baseline oxygen flow rate due to COVID-19 in those on chronic
oxygen therapy due to underlying non-COVID-19 related comorbidity. Treatment with
bamlanivimab and etesevimab has not been studied in patients hospitalized due to
COVID-19. Monoclonal antibodies, such as bamlanivimab and etesevimab, may be as-
sociated with worse clinical outcomes when administered to hospitalized patients with
COVID-19 requiring high flow oxygen or mechanical ventilation. [155]

The EUA for bamlanivimab plus etesevimab for the treatment of outpatients with mild
to moderate COVID-19 who are at high risk of progressing to severe COVID-19 and/or
hospitalization is based on data from several studies, including the Blocking Viral At-
tachment and Cell Entry With SARS-CoV-2 Neutralizing Antibodies (BLAZE)-1 and
BLAZE-4 trials. In particular, the supporting data is from BLAZE-1, a Phase 3 trial that
included more than 1,000 randomized high-risk participants with almost 50 primary
outcome clinical events (i.e, hospitalization or death). The number of clinical events
reported for this study supporting the EUA for bamlanivimab plus etesevimab is greater
than that currently reported for Phase 2 studies of bamlanivimab monotherapy or the
casirivimab plus imdevimab combination. Furthermore, the clinical events reported in
the bamlanivimab monotherapy and the casirivimab plus imdevimab studies included
emergency department visits, as well as hospitalizations and deaths. Based on the larger
sample size and greater number of clinical events in the BLAZE-1 Phase 3 trial, the
Panel has greater confidence in the currently available evidence for the clinical efficacy
of the bamlanivimab plus etesevimab combination than in the evidence for the other
monoclonal antibody options. For this reason, when available, bamlanivimab plus ete-
sevimab should be used for high-risk outpatients according to the EUA. [154]

BLAZE-1 is a double-blind, placebo-controlled, Phase 2 and 3 randomized trial to eval-
uate the safety and efficacy of bamlanivimab plus etesevimab for the treatment of mild
to moderate COVID-19 in an outpatient setting. Participants received a single intrave-
nous (IV) infusion of bamlanivimab, bamlanivimab plus etesevimab, or placebo within
3 days of having a positive result on a SARS-CoV-2 virologic test. Participants were
excluded if they had a saturation of oxygen (SpO2) <93% on room air, respiratory rate
>30 breaths/min, or heart rate >125 bpm. [154]

In Phase 3 of the study, all the participants met the criteria for being at high risk for
progressing to severe COVID-19 and/or hospitalization (i.e., as defined in the EUA). A
total of 1,035 participants were randomized to bamlanivimab 2,800 mg plus etesevimab
2,800 mg (n = 518) or placebo (n = 517). The median participant age at baseline was
56 years; 31% of the participants were aged >65 years. Across the arms, 52% of the
participants were female, 87% were White, 29% were Hispanic/ Latinx, and 8% were
Black or African American. The mean duration of symptoms was 4 days, and 77% of
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the participants had mild COVID-19. The primary endpoint was the proportion of par-
ticipants who had a COVID-19-related hospitalization (defined as >24 hours of acute
care) or who died from any cause by Day 29. Compared to the placebo-treated partici-
pants, the participants who received bamlanivimab plus etesevimab had a 5% absolute
reduction and a 70% relative reduction in COVID-19-related hospitalizations or death
from any cause (P < 0.001). Endpoint events occurred in 11 of 518 (2%) participants in
the bamlanivimab plus etesevimab arm and in 36 of 517 (7%) participants in the pla-
cebo arm. There were no deaths in the bamlanivimab plus etesevimab arm and 10 deaths
in the placebo arm (10 of 517 [2%] participants died; P < 0.001). Secondary virologic
endpoints included SARS-CoV-2 levels on nasopharyngeal swab assays at different
time points. Study participants who received bamlanivimab plus etesevimab had a
greater and more rapid virus level decline than those who received placebo. The pro-
portion of participants with persistently high viral loads, defined as SARS-CoV-2 level
>5.27 log10 copies/mL at Day 7, was 10% in the bamlanivimab plus etesevimab arm
and 29% in the placebo arm (P < 0.000001). [154,155]

The dose authorized in the EUA is bamlanivimab 700 mg plus etesevimab 1,400 mg
administered together in a single infusion, which is different from the dose (bam-
lanivimab 2,800 mg plus etesevimab 2,800 mg, also administered as a single infusion)
used in the BLAZE-1 Phase 3 study summarized above. The lower dose was authorized
by the FDA based on preliminary data from BLAZE-4, a double-blind, placebo-con-
trolled randomized Phase 2 trial for the treatment of adult outpatients with mild to mod-
erate COVID-19 (excluding patients aged >65 years or having a body mass index [BMI]
>35). The available data (according to the EUA) reportedly demonstrate that the anti-
viral activity of bamlanivimab 700 mg plus etesevimab 1,400 mg is similar to that of
bamlanivimab 2,800 mg plus etesevimab 2,800 mg. [154]

In the Phase 3 BLAZE-1 trial, adverse events occurred in 13% of subjects who received
2,800 mg of 18 bamlanivimab and 2,800 mg etesevimab together, and in 12% of pla-
cebo-treated subjects. The most common adverse events were nausea, dizziness, and
rash. These events each occurred in 1% of subjects treated with bamlanivimab and ete-
sevimab and in 1% of placebo subjects.

Across ongoing, blinded clinical trials, a case of anaphylaxis and other cases of serious
infusion-related reactions were reported with infusion of bamlanivimab with and with-
out etesevimab. The infusions were stopped. All reactions required treatment, one re-
quired epinephrine. All events resolved.

In the phase 2 portion of BLAZE-1, 2% of subjects treated with bamlanivimab and
etesevimab, and 1% of placebo-treated subjects experienced immediate hypersensitiv-
ity events. Reported events of pruritus, flushing and hypersensitivity were mild and one
case of face swelling was moderate. In the phase 3 portion of BLAZE-1, 1% of subjects
treated with bamlanivimab and etesevimab experienced immediate hypersensitivity
events, including 2 infusion-related reactions (moderate severity), 2 cases of rash (1
mild, 1 moderate), 1 infusion site rash (mild), and 1 mild case of pruritus. [154]



92

Casirivimab plus imdevimab

Casirivimab (previously REGN10933) and imdevimab (previously REGN10987) are
recombinant human monoclonal antibodies that bind to nonoverlapping epitopes of the
spike protein RBD of SARS-CoV-2. The combination of these two antibodies blocks
the binding of the RBD to the host cell. The monoclonal antibodies are administered
intravenously together as a combined one-time dose of casirivimab 1,200 mg and im-
devimab 1,200 mg. [156]

As mentioned before, in November 2020, the FDA issued two EUAS, one for bam-
lanivimab and one for the combination of casirivimab plus imdevimab. The EUAs al-
low for use of the drugs in nonhospitalized patients (aged >12 years and weighing >40
kg) with laboratory confirmed SARS-CoV-2 infection and mild to moderate COVID-
19 who are at high risk for progressing to severe disease and/or hospitalization. Admin-
istration of the drugs is recommended as soon as possible after a positive SARS-CoV-
2 test result and within 10 days of symptom onset. The issuance of an EUA does not
constitute FDA approval. [156]

The safety of casirivimab and imdevimab is based on analysis from one phase 1/2 trial
of 799 ambulatory (non-hospitalized) subjects with COVID-19. R10933-10987-COV-
2067 is a randomized, double-blind, placebo-controlled clinical trial in ambulatory
adults with mild to moderate COVID-19 symptoms who had a sample collected for the
first positive SARS-CoV-2 viral infection det/ermination within 3 days prior to the start
of the infusion. Subjects were treated with a single infusion of 2,400 mg (1,200 mg
casirivimab and 1,200 mg imdevimab) (N=258) or 8,000 mg (4,000 mg casirivimab
and 4,000 mg imdevimab) (N=260), or placebo (n=262). [157]

An interim analysis of this study suggested a potential clinical benefit of casirivimab
plus imdevimab for outpatients with mild to moderate COVID-19 who received an in-
fusion of the drug combination a median of 3 days after symptom onset. In a post hoc
analysis submitted to the FDA for the EUA application, eight of 434 participants (2%)
in the pooled casirivimab plus imdevimab arms versus 10 of 231 participants (4%) in
the placebo arm were hospitalized or had emergency department visits within 28 days
of treatment. Among the participants at higher risk for hospitalization (using the EUA
definition of high risk and thus approximating the population that would be recom-
mended for treatment), four of 151 participants (3%) in the pooled casirivimab plus
imdevimab arms versus seven of 78 participants (9%) in the placebo arm were hospi-
talized or had emergency department visits. [156]

A published interim analysis of a subset of 275 participants from the R10933-10987-
COV-2067 trial suggests that casirivimab plus imdevimab may have a greater effect in
participants who test negative for SARS-CoV-2 serum antibodies (endogenous anti-
bodies) at baseline. In this analysis, the proportion of participants who had at least one
COVID-19-related medical visit (including hospitalization or emergency department,
urgent care, or physician office/telemedicine visit) was lower in the casirivimab plus
imdevimab group (6 of 182 participants [3%] for the pooled doses) than in the placebo
group (6 of 93 participants [6%]). In the subgroup of participants who were serum an-
tibody negative at baseline, the intergroup difference in patients with medical visits was
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greater (5 of 80 participants [6%] in the pooled antibody group and 5 of 33 participants
[15%] in the placebo group). [156]

The adverse events collected were infusion-related reactions and hypersensitivity reac-
tions of moderate severity or higher through day 29, all serious adverse events (SAES);
and in phase 1 only, all grade 3 and 4 treatment-emergent adverse events. Serious ad-
verse events were reported in 4 subjects (1.6%) in the casirivimab and imdevimab 2,400
mg group, 2 subjects (0.8%) in the casirivimab and imdevimab 8,000 mg group, and 6
subjects (2.3%) in the placebo group. None of the SAEs were considered to be related
to study drug. SAEs that were reported as Grade 3 or 4 adverse events were pneumonia,
hyperglycemia, nausea and vomiting (2,400 mg casirivimab and imdevimab), intestinal
obstruction and dyspnea (8,000 mg casirivimab and imdevimab) and COVID-19, pneu-
monia and hypoxia (placebo). [157]

Bamlanivimab

The Blocking Viral Attachment and Cell Entry with SARS-CoV-2 Neutralizing Anti-
bodies (BLAZE-1) study is a randomized controlled Phase 2 trial comparing three doses
of bamlanivimab to placebo. An interim analysis of this study suggested a potential
clinical benefit of bamlanivimab for outpatients with mild to moderate COVID-19 who
received the antibody infusion a median of 4 days after symptom onset. In the pooled
bamlanivimab arms, five of 309 participants (1.6%) were hospitalized or had emer-
gency department visits versus nine of 143 participants (6.3%) in the placebo arm. In a
subset analysis of patients at high risk for hospitalization (using an expanded definition
that approximates the bamlanivimab EUA criteria for treatment), four of 136 partici-
pants (2.9%) in the pooled bamlanivimab arms versus seven of 69 participants (10.1%)
in the placebo arm were hospitalized or had emergency department visits. [156]

Based on these study results, the FDA issued EUAs for the use of these monoclonal
antibodies in non-hospitalized patients with mild to moderate COVID-19 who are at
high risk for progressing to severe disease and/or hospitalization.
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5. Conclusions

The SARS-Cov-2 pandemic has posed an unprecedented pressure on the global health
system. Since the SARS-CoV-2 outbreak and despite the strict public health measures,
COVID-19 has become a worldwide health crisis. In this point of view, the scientific
community has been working restlessly to find therapeutic approaches, in order to stop
the infection’s spread. COVID-19 infection is characterized by a pathophysiological
pattern, which involves a complicate immune response, with induction of several pro-
inflammatory cytokines, such as NF-«f, type | interferon-dependent antiviral response,
activation of inflammasomes and conversion of prolL-1 to active IL-1. All these pro-
cesses, followed by an increased secretion of proinflammatory cytokines and chemo-
kines, such as IL-6, type Il interferon (IFN), monocyte chemoattractant protein 1
(MCP1), and interferon gamma-induced protein 10 (IP-10), as well as subsequent pul-
monary recruitment of immune cells, including macrophages and dendritic cells, com-
pose a delicate inflammatory response and stress the need of use of several therapeutic
agents.

Anti-viral agents including Chloroquine and Hydroxychloroquine, Favipiravir, Lop-
inavir/Ritonavir, Remdesivir, Ribavirin and Umifenovir, immunodulatory agents in-
cluding Interferons (Alpha and Beta), Interleukin-6 Inhibitors (Tocilizumab and Sari-
lumab), Interleukin-1 inhibitors (Anakinra) and JAK And BAK Kinase Inhibitors, are
some of the drugs with a potential role in the treatment of COVID-19 infection. Other
medications, such as steroids (Dexamethasone), Colchicine and monoclonal antibodies
are described as a potential therapy for COVID-19 patients in this review.

Initial studies demonstrated favorable results with the use of chloroquine or hy-
droxychloroquine in patients with COVID-19, but several large-scale randomized con-
trolled trials have demonstrated a lack of response to hydroxychloroquine in the treat-
ment of COVID-19 that prompted discontinuation by the United States National Insti-
tute of Health and the WHO, respectively. On 15th June 2020, Food and drug admin-
istration (FDA) defined that Hydroxychloroquine and Chloroguine were not beneficial
for the treatment of covid-19. Favipiravir is a promising drug for treatment of COVID-
19 that might decrease the hospital stay and the need for mechanical ventilation,
whereas the use of lopinavir-ritonavir to treat patients with COVID-19 is not well sup-
ported by the current evidence and is falling out of favour owing to the lack of efficacy
and risk of adverse events observed in recent randomized controlled trials. Although
further studies are needed to clarify the effectiveness of remdesivir in the treatment of
COVID-19, the preliminary findings have been relatively favourable. For this reason,
on May 1, 2020, the FDA provided an Emergency Use Authorization (EUA) for
Remdesivir as the treatment of hospitalized COVID-19 patient. Remdesivir is the only
medication that has been approved for COVID-19 infection by the U.S. Food and Drug
Administration so far. As for ribavirin, only in vitro data on its activity on SARS-CoV-
2 are available so far and the possible benefit and/or harm for treating of coronavirus-
related pneumonia are still under investigation, whereas umifenovir failed to signifi-
cantly improve the outcome of COVID-19 patients. When compared to favipiravir,
umifenovir demonstrated a weaker effect in clinical recovery.

As mentioned above, other treatment options include the possible use of Interferons in
the treatment of COVID-19, which is generally not recommended by the COVID-19
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Treatment Panel. Regarding IL-6 inhibitors, overall and especially for Tocilizumab,
studies have suggested a potential role in the treatment of SARS-CoV-2, indicating that
the inhibition of IL-6 is crucial in the progression of severe COVID-19 pneumonia.
Anakinra, an IL-1 inhibitor, failed to improve outcomes in patients with mild-to-mod-
erate COVID-19 pneumonia, but it seems be a drug with a potential role in the treatment
of patients with severe COVID-19 disease, where endogenous IL-1 is highly elevated
due to the injure of lung epithelial cells caused by the infection. JAK and BAK Kinase
inhibitors (Baricitinib and Acalabrutinib respectively) represent significant therapeutic
advances but are relatively new drugs with evolving safety profiles. Especially, Bari-
citinib is recommended by the Panel in combination with remdesivir for the treatment
of COVID-19 in hospitalized, non-intubated patients who require oxygen supplemen-
tation, when administration of corticosteroids cannot be used.

Anti-inflammatory drugs, such as corticosteroids and colchicine have been used to treat
COVID-19 infection. Overall, the current evidence supports the selective use of corti-
costeroids and especially dexamethasone, only in severe cases of COVID-19, when pa-
tients are critically ill. Accordingly, the WHO recommends systemic corticosteroids be
considered only for critically ill patients with COVID-19 and advises against their use
in nonsevere cases. On the other hand, colchicine appears to be a promising option in
the treatment of COVID-19, as initial studies supported its therapeutic potential against
SARS-CoV-2.

Newest and potential treatment option includes the initiation of monoclonal antibodies.
The FDA EUA allows for the use of bamlanivimab plus etesevimab and casirivimab
plus imdevimab for the treatment of COVID-19 in non-hospitalized adults and children
aged >12 years and weighing >40 kg who are at high risk for progressing to severe
COVID-19 and/or hospitalization.
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