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Abstract

The coronavirus disease-19 (COVID-19) pandemic has become a global threat since

its first outbreak at the end of 2019. Several review articles have been published

recently, focusing on the aspects of target biology, drug repurposing, and mechanisms

of action (MOAs) for potential treatment. This review gathers all small molecules cur-

rently in active clinical trials, categorizes them into six sub-classes, and summarizes

their clinical progress. The aim is to provide the researchers from both pharmaceutical

industries and academic institutes with the handful information and dataset to accel-

erate their research programs in searching effective small molecule therapy for treat-

ment of COVID-19.
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1 | INTRODUCTION

Since its first large-scale outbreak in central China in December 2019,

the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

has caused the coronavirus disease-19 (COVID-19) pandemic globally

(Sahin et al., 2020; Wang, Hu, et al., 2020), and has led to severe dam-

age to human lives and the economy of more than 200 countries

worldwide. By the time this manuscript is submitted, 143,445,675

people have been infected by this virus, and the death toll mounts up

to 3,051,736 globally (World Health Organization website, n.d.).

Besides SARS-CoV-2, six more coronaviruses have been characterized

by now: human CoV229E (HCoV-229E, 1966), human CoV OC43

(HCoV-OC43, 1967), human CoV HKU1 (HCoV-HKU1, 2004), human

CoV NL63 (HCoV-NL63, 2004), severe acute respiratory syndrome

CoV (SARS-CoV, 2003), and Middle East respiratory syndrome CoV

(MERS-CoV, 2013). Chronological analysis of the commence time and

severity of these viruses suggests that the outbreak cycle of the cor-

onaviruses is getting shorter and shorter, and the impact of the

viruses is getting worse and worse. To treat current SARS-CoV-2

infection, and more importantly to prepare for unforeseeable new cor-

onaviruses in the future, scientists from the globe respond quickly in

attempt to identify suitable solutions such as small molecules for the

potential therapy or vaccines for the prevention.

SARS-CoV-2 belongs to a class of coronaviruses featured with

positive-sense, enveloped, single-stranded RNA (Zeidler &

Karpinski, 2020). The spike proteins (S proteins) on the viral envelope

include two subunits, S1 and S2, which are the key surface proteins

that participate in the interaction between the viruses and the host

cells, and eventually promote the virus to enter the host cell (Walls

et al., 2020).SARS-CoV-2 uses angiotensin-converting enzyme

2 (ACE2) receptors to enter the lung cells (Figure 1a). After the attach-

ment of the virus to the host cells, the S protein of the virus interacts

with protease enzymes from the host cells, enabling the virus fusing

to the host cell membrane (Cascella et al., 2021). This process relies

on transmembrane serine protease (TMPRSS2) activating S proteins

(Hoffmann et al., 2020; Valencia, 2020). After the genomic RNA

released into the cytoplasm and then translated to produce poly-

proteins, which is facilitated by virally encoded chymotrypsin-like pro-

tease (3CLpro) or main protease (Mpro) (Cascella et al., 2021).

Polyproteins cleavage affords non-structural proteins for the viral

RNA replicase-transcriptase complex. Viral nucleocapsids are assem-

bled with the structural proteins after the viral replication and tran-

scription. Upon encasing viral RNA, these nucleocapsids form the new

virions and are then released from the cells via exocytosis

(Valencia, 2020). Clinical studies indicate that several cytokines from

severe patients' tissue undergo extensive changes, which play a cru-

cial role in the COVID-19 pathogenesis (Liu, Zhang, Huang, Yang,

et al., 2020; Mehta, McAuley, et al., 2020; Wan et al., 2020). Hyper-

cytokinemia (also known as “cytokine storm”) may play as a pivotal

role in life-threatening pathological processes (Figure 1b) (Xu, Shi,

Li, & Zhou, 2020; Xu, Shi, Wang, et al., 2020). It has been proven that

CD4+ T cells are rapidly activated to secret inflammatory cytokines

upon the infection with SARS-CoV-2, which further lead to CD14+

CD16+ monocyte activation with high interleukin expression (such as

IL-1, IL-6 etc. see Figure 1b) (Zhou, Fu, et al., 2020). Thus, blocking

the IL-1 or the IL-6 receptors could potentially alleviate

F IGURE 1 (a) Schematic illustration of the replication cycle of SARS-CoV-2 and the biological targets for the potential treatment. (b) the

inhibition of excessive inflammatory response. (c) SARS-CoV-2 infects type II alveolar epithelial cells (type II AEC) via the interaction between its
S proteins and the ACE2 receptor by promoting internalization and degradation of ACE2 and pulmonary ACE/ACE2 imbalance. In turn, the
degradation of angiotensin II (AT II) into angiotensin 1–7 (AT-1-7) is prevented (dotted arrows), reducing anti-inflammatory signaling through the
mas receptor (MasR), and promoting pro-inflammatory AT II signaling through the angiotensin receptor type I (AT1R) in vascular endothelial cells.
Complex interactions involving the renin-angiotensin system, oxidative state, endothelial interaction, and immune activation lead to alveola
edema, lung inflammation, microvascular thrombosis, and acute respiratory distress syndrome. Potential targets have been identified as possible
pharmacotherapies for the prevention, treatment, or management of COVID-19
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immunopathology caused by SARS-CoV-2. The pulmonary renin-

angiotensin system (RAS) is composed by two pathways, whose bal-

ance is crucial for pulmonary homeostasis (Figure 1c). Angiotensin II

(Ang II), generated by endothelial ACE, acts on angiotensin II receptor

type 1 (AT1) to promote pro-inflammatory effects and vasoconstric-

tion, whereas epithelial ACE2 cleaves Ang II into Ang (1–7), which acts

on the MAS1 (MAS proto-oncogene) oncogene to exert anti-

inflammatory and vasodilatory effects. The ACE-dependent Ang II for-

mation is a vital pathophysiological mechanism in different forms of

acute respiratory distress syndrome (ARDS) (South et al., 2020).

SARS-CoV-2 interacts with ACE2, triggers ACE2 degradation and

the ratio of ACE/ACE2 imbalance, further drives Ang II-mediated vas-

cular inflammation and pulmonary injury which lead to severe

COVID-19 symptoms (Figure 1c) (South et al., 2020).

Global scientific communities and pharmaceutical industries have

been racing for success to cope with the COVID-19 pandemic in two

major approaches: vaccines for the prevention (Buchholz et al., 2004;

Cheng et al., 2020) and small molecule drugs for the potential treat-

ment (Clinical trial ID: NCT04252885, n.d.; Cava et al., 2020; Kadam

& Wilson, 2017; Lu, 2020; Pant et al., 2021; Sheahan, Sims, Leist,

et al., 2020; Wu et al., 2020; Zhou, Hou, et al., 2020). The vaccine

approach might ultimately be the most effective solution to the cur-

rent pandemic (Karpi�nski et al., 2021). However, the small molecule

approach is also pivotally important and desperately needed. Such

approach not only could treat the patients at high risk or in critical

condition in the current pandemic but also could prepare for diseases

caused by unforeseeable new coronaviruses in the future.

Since 2020, several review articles have been published regarding

the advances of coronavirus treatment in different aspects. For exam-

ple, Pillaiyar et al. (2020) reviewed the small molecule inhibitors for

the potential treatment of coronavirus by focusing on the drug

repurposing and drug discovery stage. Zhu et al. (2021), Zeng

et al. (2020) used the deep learning approach to identify 41 old drugs

potentially repurposable for treatment of COVID-19. Jean et al.

(2020) reviewed the treatment reality and challenges for COVID-19.

Zhang & Penninger et al. (2020) reviewed the ACE2 as a potential

therapeutic target for COVID-19. Ghosh et al. (2020) summarized the

drug development and medicinal chemistry aspect of COVID-19 ther-

apeutics. Naujokat et al.(2020) concisely summarized the candidate

drugs against COVID-19 by discussing some of the recent clinical

studies, but not in a comprehensive manner. Monpara et al. (2020)

focused on COVID-19 associated complications and biological targets

for potential treatment. Most recently, Alahari et al. reviewed the

mechanisms of action (MOAs) for repurposing drugs in the treatment

of COVID-19 (Yousefi et al., 2021). In addition to above reviews,

other approaches such as drug repurposing strategy (DRS) (Sahoo

et al., 2021), system biology (Jaiswal et al., 2020), and computation

practices (Ojha et al., 2021) were also reviewed recently.

Focusing on the small molecule approach, this article systemati-

cally summarizes those small molecules in current clinical trials for the

potential treatment of COVID-19 in a comprehensive manner. By the

time this review is submitted (April 22, 2021), there are 5441

COVID-19 related clinical studies listed on the NIH Clinical Trials

website (http://ClinicalTrials.gov), ranging from evaluation of small

molecule pharmacotherapies, mesenchymal stem cells or T-cell-based

therapies, convalescent plasma therapies, and immunoglobulins to

medical devices in the treatment of COVID-19. Most of the clinical

studies are in Phases II-IV stages. Drug repurposing, defined as finding

new indications for existing approved drugs (Tobinick, 2009), is of par-

ticular interest in the response to the COVID-19 pandemic emergency

and urgency. Historic data suggest that de novo drug development

typically takes 10 to 17 years and costs 800 million USD

(Tobinick, 2009). Therefore, de novo drugs approach for combating

COVID-19 might not turn out to be effective and satisfactory in

the current pandemic emergency. On the other hand, the drug

repurposing approach has been proven to be practical and successful

in several cases. This approach significantly shortens the development

time and reduces the cost. Repurposing existing drugs to treat

COVID-19 is biologically feasible as SARS-CoV-2 shares some similar-

ities with other coronaviruses, such as SARS-CoV and MERS-CoV

(Chen, Tian, et al., 2020), and there are many successful precedents in

repurposing antivirals for new virus targets (Mercorelli et al., 2018).

Indeed, most of the drugs currently in clinical trials for COVID-19 are

repurposed from approved antiviral drugs.

Data mining on more than four thousand clinical trials related to

COVID-19 provided us with a pretty large dataset related to small

molecules approach. To better discuss them, those small molecules

were categorized into six classes based on the clinical features of

COVID-19 and possible MOAs. The purpose of this review is to pro-

vide the researchers from both pharmaceutical industries and aca-

demic institutes with a comprehensive summary in this field so that to

save their time in drug discovery research and to accelerate the find-

ing of effective therapy for COVID-19.

2 | TYPES OF AGENTS IN CLINICAL TRAILS

To facilitate the interity of the review, we manually sorted out the

drugs currently in clinical trials by querying the drug database from

the FDA. Thus, for each identified small molecular drug, we

searched for clinical trials on NIH Clinical Trials website using the

name of drug plus “COVID-19” and screened thoroughly the results

obtained. As of April 22, 2021, there are 126 small molecule drugs

in at least 777 clinical trials with various stages for the potential

treatment of COVID-19. These agents are classified into six catego-

ries based on their probable MOAs (Figures 2–4): (1) blocking virus-

cell membrane fusion and entry (25 agents, accounting for 20%);

(2) inhibiting viral replication (29 agents, accounting for 23%);

(3) addressing cytokine storm syndrome (CSS) (51 agents, account-

ing for 40%); (4) modulating immune system (10 agents, accounting

for 8%); (5) anticoagulant therapy (7 agents, accounting for 6%); and

(6) antioxidant supplement (4 agents, accounting for 3%). On the

other hand, all clinical candidates are grouped into four small sub-

classes based on their clinical stages. Thus, there are 4 agents in

Phase I, 42 agents in Phase II, 46 agents in Phase III, and 34 agents

in Phase IV (Figures 2–4).
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2.1 | Blocking virus-cell membrane fusion and
entry

Mounting studies suggest that SARS-CoV-2 invades into the mem-

brane of the host cells mainly through the endocytosis after the S pro-

tein binding to ACE2 on the surface of the host cells (Yang &

Shen, 2020). Then the S protein with the altered configuration facili-

tates the viral envelope to fuse with the host cell membrane via the

endosome pathway. At present, agents such as bromhexine, camostat,

arbidol, linagliptin, chlorpromazine, etc. are being tested to block

endocytosiswhile hydroxychloroquine and chloroquine are being

investigated to block the viral genome released into the cytoplasm.

However, the data from clinical trials indicate that antimalarial drug

hydroxychloroquine neither helps COVID-19 patients improve the

recovery or reduce their symptoms nor prevents coronavirus infection

in healthy people (Self et al., 2020). Both the World Health Organiza-

tion (WHO) and NIH have suspended the clinical trials related to

chloroquine class of medicines. The ongoing clinical trials of potential

drugs targeting to block viral entry into the host cells are summarized

in Table 1.

2.2 | Inhibiting the virus replication

There are two mainly targets inhibiting virus replication: (1) the pro-

tease (3CLpro and PLpro); and (2) the RNA-dependent RNA polymer-

ase (RdRP). Anti-HIV agents (lopinavir or ritonavir) inhibit protease

3CLpro, thereby blocking the formation of non-structural proteins. In

July 2020, the WHO announced the suspension of the lopinavir/

ritonavir combination clinical trial, citing little or no effect in reduc-

ing the death rate of hospitalized COVID-19 patients in the branch

trial (News press from WHO website, 2021). PF-07321332 and PF-

07304814 are potent and orally active SARS-CoV 3C-like protease

(3CLpro) inhibitors currently in multiple clinical trials including Phase

F IGURE 2 All of the small molecules in COVID-19 clinical trials as of April 22, 2021: Categorizing these trials depending upon the clinical
features of COVID-19 and their probable MOAs. The hexagon contains small molecular compounds in different clinical trial stages: Phase I to
phase IV from the inside to the outside

HU ET AL. 19



III (Vandyck & Deval, 2021). On the other hand, RdRP inhibitors

such as remdesivir (Grein et al., 2020), sofosbuvir, and galidesivir

could block the replication of the viral genome and the formation of

structural proteins. Discovered by Gilead Sciences, remdesivir is the

first drug to receive emergency FDA approval as sympathy medica-

tion for COVID-19 patients and is currently under various forms of

approval in several countries. Especifically, molnupiravir (aka EIDD-

2801 and MK-4482) induced RNA mutagenesis by the viral RNA-

dependent RdRp. Molnupiravir showed an exciting experimental

results in phase 2 clinical trials, and was one of the most promising

small molecule anti-coronavirus drugs at present (Imran et al., 2021;

Kabinger & Stiller, 2021; Malone & Campbell, 2021). In October

2021, Merck Co. submitted an Emergency Use Authorization (EUA)

application to the US Food and Drug Administration (FDA) for mol-

nupiravir based on the promising results from the Phase

3 MOVeOUT clinical trial (Press releas, Merck Company website,

2021). If approved, molnupiravir will be the first oral drug to treat

COVID-19. Clinical trials for inhibiting virus replication are summa-

rized in Table 2.

2.3 | Addressing CSS

CSS refers to a group of related medical conditions in which the

immune system releases excess of inflammatory signals (interferons,

F IGURE 3 The distribution of different categories of small
molecules in COVID-19 clinical trials as of April 22, 2021. Sub-classes
are made based on the clinical features of COVID-19 and their
possible MOAs

F IGURE 4 Mechanisms of action of agents in phase I-IV
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interleukins, tumor necrosis factors (TNF), chemokines, and several

other mediators), resulting in a clinical presentation of unremitting

high fever, hyperferritinemia, hepatosplenomegaly, cytopaenia,

lymphadenopathy and central nervous system abnormalities, and, if

untreated, could lead to the organ failure and even the death

(Fajgenbaum & June, 2020; Gao et al., 2021). Abundant studies have

revealed that majority of COVID-19 patients are often have higher

levels of inflammatory mediators in blood. Those inflammatory media-

tors include cytokines and chemokines such as interleukin (IL)-1 IL-6,

IL-7, IL-10, IL-21, TNF, and monocyte chemoattractant protein-1

(MCP1, also known as CCL2) etc. (Chen, Wu, et al., 2020; Gorbalenya

et al., 2020; Hojyo et al., 2020; Tay et al., 2020). Therefore,

COVID-19 could be featured as a cytokine release syndrome (CRS)

and the fatality could be caused by the high mortality cytokine storm.

In fact, the approach on addressing the CSS for the potential treat-

ment of COVID-19 is currently investigated in clinics. For example,

physicians apply medicines such as corticosteroids (prednisone, meth-

ylprednisolone, and hydrocortisone), interleukin inhibitors (anakinra,

levamisole, and colchicine), and JAK–STAT inhibitors (ruxolitinib and

baricitinib) to patients to see whether these medicines could alleviate

the symptoms of COVID-19. Studies suggest that suppressing the

release of cytokine could probably improve the clinical outcomes

(L. Lu et al., 2020). However, the adverse consequences were also

observed in patients when corticosteroid therapy was applied during

COVID-19 infection. Thereby, it is important to strictly control the

time and dosage of glucocorticoids administration in the disease prog-

nosis (Sanders et al., 2020). Glucocorticoids are mainly used in severe

patients with CSS (Ye et al., 2020). The WHO currently does not rec-

ommend the routine use of corticosteroids in COVID-19 patients, due

to the potential delay in viral clearance. Hence, corticosteroids should

be given to patient with certain symptoms such as severe acute respi-

ratory distress syndrome or refractory septic shock (Mehta, Mazer-

Amirshahi, et al., 2020). Agents in clinical trials for potential inhibiting

cytokine storm in COVID-19 are summarized in Table 3.

2.4 | Modulating immune system

Special cells (such as white blood cells B- and T-lymphocytes), organs

(such as bone marrow, spleen, and thymus), and chemicals (antibodies)

mainly compose the immune system (Sompayrac, 2019). The well-

working immune system produces antibodies to kill pathogens and

protects the body against viruses and diseases. The immune system in

human body plays a fundamental role in maintaining health

(Chowdhury et al., 2020). After invasion into the human body, SARS-

CoV-2 will encounters a robust innate immune response when it

moves to the respiratory tract (Rokni et al., 2020; Tang et al., 2005).

The immune system plays a critical role in the body's defenses against

SARS-CoV-2 infection. Immune system modulation prevents tissue

damage resulting from an excessive response. Under some circum-

stances, drugs modulating immune system could be an efficient strat-

egy for fighting against COVID-19. Agents such as cyclosporine A,

isoprinosine, all-trans retinoic acid are in clinical trials aiming toT
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suppress the virus infection through modulation of the immune sys-

tem (Table 4).

2.5 | Anticoagulant therapy

SARS-CoV-2 can invade cells lining blood vessels and cause a series

of consequences related to cardiovascular diseases and thrombosis.

More specifically, the virus invasion could induce endothelial dysfunc-

tion which further leads to pulmonary thrombi (Carfora et al., 2021;

Poissy et al., 2020). Applying anticoagulant therapy in COVID

19 patients has scientific support and is in line with the COVID-19

global pandemic emergency. Agents such as rivaroxaban and apixaban

are in ongoing clinical trials to combat COVID-19 associated hyp-

ercoagulation (Figure 2 and Table 5). The efficacy and effectiveness of

using anticoagulant therapy for COVID-19 await clinical data.

2.6 | Antioxidant supplement

Antioxidant agents help prevent free radicals or reactive oxygen spe-

cies (ROS) from harming healthy cells in human body. The effects of

antioxidants on heart disease, cancer, and arthritis have been widely

studied. As a powerful antioxidant, vitamin-C might protect the

human body against SARS-CoV-2 infection through its important role

in enhancing human body immunity (Carr & Maggini, 2017). A high-

dose vitamin C in coping with the oxidative stress in COVID-19

patients is currently being studied (Colunga Biancatelli et al., 2020;

Hunt et al., 1994). In addition, vitamin D supplementation might lower

the odds of developing respiratory infections according to the data

from observational studies (Table 6) (Martineau et al., 2017;

McCartney & Byrne, 2020)

3 | AGENTS IN THE DRUG DEVELOPMENT PHASES

OF THE PIPELINE

Approved drugs or clinical candidates in COVID-19 clinical trials are

arranged and analyzed based on their highest stage of clinical trial. A

summary of the drug name, structure, class, original mechanism,

FDA-approved indication(s), possible mechanism for COVID-19 treat-

ment, the highest anti-COVID-19 phase (clinical trial ID) etc. are pres-

ented in this section (Figure 4 and Tables 1–6).

3.1 | Phase I/II clinical candidates

The primary goal of Phase I study is to assess the safety, the tolerabil-

ity, the pharmacokinetic parameters, and the pharmacodynamics

effects of a drug candidate in healthy volunteers. At the end of this

phase, the optimum dose and formulation will be determined. The

information obtained could be used for subsequent phases. There are

four agents in Phase I clinical trials (Figure 4). PF-07304814 is an

inhibitor of 3CLpro currently in several clinical stages including Phase

I. Galidesivir and GS-441524, RdRP inhibitors, are being tested in

Phase I for potential blocking viral replication. Progesterone, a steroid

hormone, aims to address the CSS. No small molecule in other catego-

ries is currently in phase I trials. It takes a long time to develop a new

drug from scratch, so researchers focus their main efforts on drug

repurposing.

A phase II trial is designed to obtain the therapeutic effects and

side effects of the drug candidate in patients with the disease. In con-

trast to only two trials in phase I, there are significantly more trials in

phase II. The drugs for phase II trials are all FDA-approved drugs for

indications other than COVID-19. In fact, there are 42 agents in

approximately 85 phase II trials (Figure 4).

There are 5 small molecules in phase II trials aiming to block

virus-cell membrane fusion and entry, 8 small molecules inhibiting the

viral replication, 23 small molecules addressing cytokine storm, 5 small

molecules modulating the immune system, and 1 small molecule used

as anticoagulant therapy. There is no small molecule phase II trial

using antioxidant supplement.

Of the drugs blocking virus-cell membrane fusion and entry, there

are three agents (ramipril and atovaquone and defibrotide) targeting

ACE, one agent (enzalutamide) acting as androgen receptor

(AR) antagonist aiming to block TMPRSS2, the other agent (maraviroc)

acting as CCR5 antagonist inhibiting cell fusion. Of the drugs targeting

viral replication, there were four Mpro protease inhibitors (ebselen,

disulfiram, tafenoquine and isoquercetin. Ebselen and disulfiram are

nonspecific promiscuous SARS-CoV-2 main protease inhibitors), one

3CLpro inhibitor (etoposide), two agents (, merimepodib and clevudine)

targeting RNA, one agent (selinexor) inhibiting virus assembly pro-

cesses. Of the drugs addressing CSS, there were three Bruton's tyro-

sine kinase (BTK) inhibitors (zanubrutinib, acalabrutinib, and ibrutinib),

one phosphatidylinositol 3-kinase (PI3K) inhibitor (duvelisib),

one mTOR inhibitor (sirolimus), one agent (enpatoran) blocking

the activation of Toll-like receptor 7 (TLR7) and TLR8, 8 agents

(artemiC, abivertinib, estradiol, pentoxifylline, aprepitant, prazosin,

PF-06650833 and ampion) mediating the release of inflammatory

cytokines, 9 agents (ibudilast, LAU-7b, naltrexone, piclidenoson,

clarithromycin, thalidomide, EC-18, APX-115 and cenicriviroc) are

anti-inflammatory drugs. Of the drugs modulating the innate immune

system, there are four agents: methotrexate, leflunomide, fingolimod,

and tamoxifen. There is only one agent (ketamine) used for symptom-

atic control.

3.2 | Phase III clinical candidates

Phase III clinical trials are the studies in the efficacy confirmatory

stage. Its goal is to further verify the therapeutic effectiveness and

the safety of a drug candidate on patients with specific indications,

and to assess the overall risk–benefit relationships. The results from this

stage trial will ultimately provide substantial ground for the new drug reg-

istration applications. In this stage of the trial, a larger array of trials and

more patients will be required and assessed than those tirals in phase II

32 HU ET AL.



T
A
B
L
E
3

A
dd

re
ss
in
g
th
e
cy
to
ki
ne

st
o
rm

sy
nd

ro
m
e

D
ru
g
na

m
e
an

d
st
ru
ct
ur
e

O
ri
gi
na

lm
ec

ha
ni
sm

FD
A
-a
pp

ro
ve

d
in
di
ca
ti
o
n(
s)

P
o
ss
ib
le

m
ec

ha
ni
sm

fo
r

an
ti
-C

O
V
ID

-1
9

C
lin

ic
al

tr
ia
ls
ID

(s
ta
ge

)

T
h
e
h
ig
h
es
t
an

ti
-C

O
V
ID

-
1
9
p
h
as
e/
ID

/s
ta
tu
s/

st
ar
t–
(e
st
im

at
ed

)e
n
d

d
at
es

R
ef
er
en

ce
s

P
ro
ge

st
er
o
n

St
er
o
id

ho
rm

o
ne

re
gu

la
ti
ng

m
en

st
ru
al

cy
cl
e

Su
ic
id
al
id
ea

ti
o
n,

in
fe
rt
ili
ty
,h

o
rm

o
ne

re
pl
ac
em

en
t,

co
nc

us
si
o
n

In
hi
bi
ti
ng

pr
o
-

in
fl
am

m
at
o
ry

cy
to
ki
ne

s

IL
-1
β
an

d
IL

1
2

N
C
T
0
4
3
6
5
1
2
7
(P
ha

se
1
)

P
h
as
e1

/N
C
T
0
4
3
6
5
1
2
7
/

co
m
p
le
te
d
/A

p
ri
l2

7
,

2
0
2
0
–A

u
gu

st
2
0
,2

0
2
0

(M
au

va
is
-J
ar
vi
s

et
al
.,
2
0
2
0
)

A
ca
la
br
ut
in
ib

B
T
K
in
hi
bi
to
r

N
o
t
ye

t
ap

pr
o
ve

d
B
T
K
in
hi
bi
to
r,
de

cr
ea

se
d

in
fl
am

m
at
o
ry

ce
ll

in
fi
lt
ra
ti
o
n
an

d

pr
o
in
fl
am

m
at
o
ry

cy
to
ki
ne

s

N
C
T
0
4
3
8
0
6
8
8
(P
ha

se
2
)

N
C
T
04

34
61

99
(P
ha
se

2)

N
C
T
04

49
79

48
(P
ha
se

1)

N
C
T
04

56
40

40
(P
ha
se

1)

P
h
as
e
2
/N

C
T
0
4
3
4
6
1
9
9
/

co
m
p
le
te
d
/J
u
n
e
1
2
,

2
0
2
0
–N

o
ve

m
b
er

1
7
,

2
0
2
0

(R
o
sc
h
ew

sk
i

et
al
.,
2
0
2
0
)

Ib
ru
ti
ni
b

Ir
re
ve

rs
ib
le

B
T
K
in
hi
bi
to
r

Ly
m
ph

o
cy
ti
c,

w
al
de

ns
tr
o
m

m
ac
ro
gl
o
bu

lin
em

ia
,

m
an

tl
e-
ce
ll,
B
-c
el
l,
et
c.

B
T
K
in
hi
bi
to
r,
de

cr
ea

si
ng

in
fl
am

m
at
o
ry

ce
ll

in
fi
lt
ra
ti
o
n
an

d

pr
o
in
fl
am

m
at
o
ry

cy
to
ki
ne

s

N
C
T
0
4
3
7
5
3
9
7
(P
ha

se
2
)

N
C
T0

46
65

11
5
(P
ha
se

2)

N
C
T0

44
39

00
6
(P
ha
se

2)

P
h
as
e
2
/N

C
T
0
4
4
3
9
0
0
6
/

re
cr
u
it
in
g/
Ju
ly

2
2
,

2
0
2
0
–D

ec
em

b
er

3
1
,

2
0
2
1

(T
re
o
n
et

al
.,
2
0
2
0
)

Z
an

ub
ru
ti
ni
b

Se
le
ct
iv
e
B
T
K
in
hi
bi
to
r

N
o
t
ap

pr
o
ve

d
ye

t
B
T
K
in
hi
bi
to
r,
de

cr
ea

se
d

in
fl
am

m
at
o
ry

ce
ll

in
fi
lt
ra
ti
o
n
an

d

pr
o
in
fl
am

m
at
o
ry

cy
to
ki
ne

s

N
C
T
0
4
3
8
2
5
8
6
(P
ha

se
2
)

P
h
as
e
2
/N

C
T
0
4
3
8
2
5
8
6
/

ac
ti
ve

,n
o
t
re
cr
u
it
in
g/

Ju
ly
6
,2

0
2
0
–F

eb
ru
ar
y

2
,2

0
2
1

(C
h
o
n
g
et

al
.,
2
0
2
0
)

D
uv

el
is
ib

Se
le
ct
iv
it
e
p1

0
0
δ

in
hi
bi
to
r

N
o
t
ap

pr
o
ve

d
ye

t
In
hi
bi
ti
ng

ph
o
sp
ha

ti
dy

lin
o
si
to
l

3
-k
in
as
e(
P
I3
K
)w

hi
ch

pl
ay
s
ac
ru
ci
al
ro
le

in

el
ic
it
in
g
im

m
un

e

re
sp
o
ns
e.

N
C
T
0
4
3
7
2
6
0
2
(P
ha

se
2
)

N
C
T0

44
87

88
6
(P
ha
se

2)

P
h
as
e
2
/N

C
T
0
4
3
7
2
6
0
2
/

re
cr
u
it
in
g/
O
ct
o
b
er

1
2
,

2
0
2
0
–N

o
ve

m
b
er

3
0
,

2
0
2
1

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
4
8
7
8
8
6
,n

.d
.)

Si
ro
lim

us
(r
ap

am
yc
in
)

m
T
O
R
in
hi
bi
to
r

K
id
ne

y
tr
an

sp
la
nt
at
io
n,

bl
ue

ru
bb

er
bl
eb

ne
vu

s

sy
nd

ro
m
e,

ve
no

us

m
al
fo
rm

at
io
n,

ki
dn

ey

tr
an

sp
la
nt
at
io
n,

ut
er
in
e

fi
br
o
id
s

A
lle
vi
at
in
g
cy
to
ki
ne

st
ro
m

an
d
T
-c
el
l

se
ne

sc
en

ce
,p

re
ve

nt
in
g

se
ve

re
C
O
V
ID

-1
9

pr
o
gr
es
si
o
n

A
pp

ro
xi
m
at
el
y
7

cl
in
ic
al
tr
ia
ls
,s
o
m
e
o
f
th
e

ex
am

pl
es

ar
e:

N
C
T
0
4
4
6
1
3
4
0
(P
ha

se
2
)

N
C
T
0
4
3
7
1
6
4
0
(P
ha

se
1
)

N
C
T
0
4
3
4
1
6
7
5
(P
ha

se
2
)

N
C
T
0
4
4
0
9
3
2
7
(P
ha

se
2
)

P
h
as
e
2
/N

C
T
0
4
3
4
1
6
7
5
/

re
cr
u
it
in
g/
A
p
ri
l2

4
,

2
0
2
0
–J
u
ly

2
0
2
0

(O
m
ar
je
e
et

al
.,
2
0
2
0
)

(C
o
nt
in
u
es
)

HU ET AL. 33



T
A
B
L
E
3

(C
o
nt
in
ue

d)

D
ru
g
na

m
e
an

d
st
ru
ct
ur
e

O
ri
gi
na

lm
ec

ha
ni
sm

FD
A
-a
pp

ro
ve

d
in
di
ca
ti
o
n(
s)

P
o
ss
ib
le

m
ec

ha
ni
sm

fo
r

an
ti
-C

O
V
ID

-1
9

C
lin

ic
al

tr
ia
ls
ID

(s
ta
ge

)

T
h
e
h
ig
h
es
t
an

ti
-C

O
V
ID

-
1
9
p
h
as
e/
ID

/s
ta
tu
s/

st
ar
t–
(e
st
im

at
ed

)e
n
d

d
at
es

R
ef
er
en

ce
s

A
rt
em

iC
(a
rt
em

is
in
in
,

cu
rc
um

in
,f
ra
nk

in
ce
ns
e
an

d

vi
ta
m
in

C
)

A
nt
i-
in
fl
am

m
at
io
n

N
o
t
cu

rr
en

tl
y
ap

pr
o
ve

d
D
im

in
is
hi
ng

ac
ti
vi
ty

o
f

T
N
F
-α

an
d
IL
-6

le
ve

ls

N
C
T
0
4
3
8
2
0
4
0
(P
ha

se
2
)

P
h
as
e
2
/N

C
T
0
4
3
8
2
0
4
0
/

co
m
p
le
te
d
/M

ay
8
,

2
0
2
0
–N

o
ve

m
b
er

2
0
2
0
/M

G
C

p
h
ar
m
ac
eu

ti
ca
ls
d
.o
.o
)

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
3
8
2
0
4
0
,n

.d
.)

A
bi
ve

rt
in
ib

T
yr
o
si
ne

ki
na

se
in
hi
bi
to
r

(T
K
I),

B
T
K
In
hi
bi
to
r,

th
ir
d-
ge

ne
ra
ti
o
n
E
G
F
R

ty
ro
si
ne

ki
na

se

in
hi
bi
to
r

N
o
t
ye

t
ap

pr
o
ve

d
In
hi
bi
ti
o
n
o
f
vi
ta
lp

ro
-

in
fl
am

m
at
o
ry

cy
to
ki
ne

pr
o
du

ct
io
n,

su
ch

as

IL
-6
,I
L-
1
β
an

d
T
N
F
-α

N
C
T
0
4
5
2
8
6
6
7
(P
ha

se
2
)

N
C
T0

44
40

00
7
(P
ha
se

2)

P
h
as
e
2
/N

C
T
0
4
5
2
8
6
6
7
/

re
cr
u
it
in
g/
Se

p
te
m
b
er

2
0
2
0
–M

ay
2
0
2
1

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
4
4
0
0
0
7
,n

.d
.;

So
rr
en

to

T
h
er
ap

eu
ti
cs

In
c,

N
ew

s
R
el
ea

se
,2

0
2
0
)

E
st
ra
di
o
l

E
nh

an
ci
ng

ex
pr
es
si
o
n
o
f

in
te
rl
eu

ki
n
6
vi
a
th
e

es
tr
o
ge

n
re
ce
pt
o
r
β

(E
R
β)

pa
th
w
ay

M
en

o
rr
ha

gi
a,
va
gi
na

l

at
ro
ph

y,
he

al
th
y,

su
ic
id
al
id
ea

ti
o
n

A
nt
i-
in
fl
am

m
at
o
ry

an
d

im
m
un

o
m
o
du

la
to
ry
,

bl
o
ck
in
g
th
e

pr
o
in
fl
am

m
at
o
ry

cy
to
ki
ne

s
pr
o
du

ct
io
n,

su
ch

as
IL
-6
,I
L-
1
β,

T
N
F
-α

an
d
ch

em
o
ki
ne

C
C
L2

N
C
T
0
4
3
5
9
3
2
9
(P
ha

se
2
)

P
h
as
e
2
/N

C
T
0
4
3
5
9
3
2
9
/

re
cr
u
it
in
g/
A
p
ri
l2

0
,

2
0
2
0
–N

o
ve

m
b
er

1
5
,

2
0
2
0

(M
au

va
is
-J
ar
vi
s

et
al
.,
2
0
2
0
)

P
en

to
xi
fy
lli
ne

C
o
m
pe

ti
ti
ve

no
ns
el
ec
ti
ve

ph
o
sp
ho

di
es
te
ra
se

in
hi
bi
to
r

T
yp

e
2
di
ab

et
es
,c
hr
o
ni
c

re
na

lf
ai
lu
re
,s
ev

er
e

al
co

ho
lic

he
pa

ti
ti
s,

lu
pu

s
ne

ph
ri
ti
s,
ir
ri
ta
bl
e

bo
w
el

sy
nd

ro
m
e,

di
ab

et
ic
ki
dn

ey
di
se
as
e

et
al
.

A
nt
i-
in
fl
am

m
at
o
ry
,

bl
o
ck
in
g
th
e

pr
o
in
fl
am

m
at
o
ry

cy
to
ki
ne

s
pr
o
du

ct
io
n,

su
ch

as
IL
-6
,I
L-
1
,T

N
F
-

α,
C
-r
ea

ct
iv
e
pr
o
te
in

an
d
o
th
er

im
m
un

o
re
gu

la
to
rs
.

N
C
T
0
4
4
3
3
9
8
8
(P
ha

se
2
)

N
C
T
0
4
5
7
0
2
5
4
(n
o
t

ap
pl
ic
ab

le
)

P
h
as
e
2
/N

C
T
0
4
4
3
3
9
8
8
/

n
o
t
ye

t
re
cr
u
it
in
g/

D
ec
em

b
er

1
3
,2

0
2
0
–

D
ec
em

b
er

3
0
,2

0
2
1

(A
ss
im

ak
o
p
o
u
lo
s

et
al
.,
2
0
2
0
;

G
o
n
zá
le
z-
P
ac
h
ec
o

et
al
.,
2
0
2
0
)

D
ef
er
o
xa
m
in
e

Ir
o
n
ch

el
at
o
r

Ir
o
n
o
ve

rl
o
ad

,d
ia
be

ti
c

fo
o
t
ul
ce
r,
ac
ut
e

is
ch

em
ic
st
ro
ke

,B
et
a-

T
ha

la
ss
em

ia
,

In
hi
bi
ti
ng

IL
-6

sy
nt
he

si
s
th
ro
ug

h

de
cr
ea

si
ng

N
F
-k
B
.

N
C
T
0
4
3
3
3
5
5
0
(P
ha

se
2
)

N
C
T
0
4
3
6
1
0
3
2
(P
ha

se
3
)

N
C
T
0
4
3
8
9
8
0
1
(P
ha

se
4
)

P
h
as
e
4
/N

C
T
0
4
3
8
9
8
0
1
/

N
o
t
ye

t
re
cr
u
it
in
g/
M
ay

1
5
,2

0
2
0
–S

ep
te
m
b
er

3
0
,2

0
2
0

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
3
8
9
8
0
1
,n

.d
.;

D
al
am

ag
a

et
al
.,
2
0
2
0
)

C
ef
di
to
re
n
(P
iv
o
xi
l,
M
E
1
2
0
7
)

N
ew

-t
hi
rd

ge
ne

ra
ti
o
n

ce
ph

al
o
sp
o
ri
n

an
ti
bi
o
ti
c,
br
o
ad

sp
ec
tr
um

o
f
ac
ti
vi
ty

ag
ai
ns
t
G
ra
m
-p
o
si
ti
ve

an
d
gr
am

-n
eg

at
iv
e

ba
ct
er
ia

R
hi
no

si
nu

si
ti
s,
C
O
V
ID

-1
9

pn
eu

m
o
ni
a,
ur
in
ar
y

tr
ac
t
in
fe
ct
io
ns

D
ec
re
as
e
IL
-6

le
ve

la
nd

o
th
er

pr
o
-i
nf
la
m
m
at
o
ry

cy
to
ki
ne

s

N
C
T
0
4
7
0
9
1
7
2
(P
ha

se
4
)

P
h
as
e
4
/N

C
T
0
4
7
0
9
1
7
2
/

re
cr
u
it
in
g/
Ja
n
u
ar
y
1
4
,

2
0
2
1
–A

p
ri
l5

,2
0
2
1

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
7
0
9
1
7
2
,n

.d
.)

34 HU ET AL.



T
A
B
L
E
3

(C
o
nt
in
ue

d)

D
ru
g
na

m
e
an

d
st
ru
ct
ur
e

O
ri
gi
na

lm
ec

ha
ni
sm

FD
A
-a
pp

ro
ve

d
in
di
ca
ti
o
n(
s)

P
o
ss
ib
le

m
ec

ha
ni
sm

fo
r

an
ti
-C

O
V
ID

-1
9

C
lin

ic
al

tr
ia
ls
ID

(s
ta
ge

)

T
h
e
h
ig
h
es
t
an

ti
-C

O
V
ID

-
1
9
p
h
as
e/
ID

/s
ta
tu
s/

st
ar
t–
(e
st
im

at
ed

)e
n
d

d
at
es

R
ef
er
en

ce
s

A
pr
ep

it
an

t
(c
in
va
nt
i)

N
eu

ro
ki
ni
n
1
re
ce
pt
o
r

an
ta
go

ni
st

P
o
st
o
pe

ra
ti
ve

na
us
ea

an
d

vo
m
it
in
g,
he

al
th
y

vo
lu
nt
ee

rs
,e

m
es
is
,

br
ea

st
ca
nc

er
,l
eu

ke
m
ia

A
nt
i-
in
fl
am

m
at
o
ry
,

bl
o
ck
in
g
in
fl
am

m
at
o
ry

cy
to
ki
ne

s
re
le
as
e

m
ed

ia
te
d
by

th
e

bi
nd

in
g
o
f
su
bs
ta
nc

e
P

to
N
K
1
re
ce
pt
o
rs

N
C
T
0
4
4
7
0
6
2
2
(P
ha

se
2
)

P
h
as
e
2
/N

C
T
0
4
4
7
0
6
2
2
/

re
cr
u
it
in
g/
Ju
ly

2
0
,

2
0
2
0
–J
u
n
e
2
0
2
1
/

H
er
o
n
T
h
er
ap

eu
ti
cs

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
4
7
0
6
2
2
,n

.d
.;

M
eh

b
o
o
b

et
al
.,
2
0
2
0
)

P
ra
zo

si
n

Se
le
ct
iv
e
al
ph

a

1
-a
dr
en

er
gi
c
bl
o
ck
in
g

ag
en

t.

P
T
SD

,p
an

ic
di
so
rd
er
,

hy
pe

rt
en

si
o
n
an

d

an
xi
et
y
an

d
an

xi
et
y

α-
1
ad

re
ne

rg
ic
re
ce
pt
o
r

an
ta
go

ni
st
,p

re
ve

nt

cy
to
ki
ne

st
o
rm

N
C
T
0
4
3
6
5
2
5
7
(P
ha

se
2
)

P
h
as
e
2
/N

C
T
0
4
3
6
5
2
5
7
/

re
cr
u
it
in
g/
M
ay

1
3
,

2
0
2
0
–J
u
n
e
3
0
,2

0
2
1

(K
o
n
ig

et
al
.,
2
0
2
0
)

A
m
pi
o
n
(D

A
-D

K
P
,a
sp
ar
ty
l-

al
an

yl
di
ke

to
pi
pe

ra
zi
ne

)

M
o
du

la
ti
ng

in
fl
am

m
at
o
ry

im
m
un

e
re
sp
o
ns
e
vi
a

m
o
le
cu

la
r
pa

th
w
ay
s

re
la
te
d
to

T

ly
m
ph

o
cy
te

en
er
gy

de
fi
ci
en

cy

In
fl
am

m
at
io
n
as
so
ci
at
ed

w
it
h
o
st
eo

ar
th
ri
ti
s

A
nt
i-
in
fl
am

m
at
o
ry
,

bl
o
ck
in
g
th
e

pr
o
in
fl
am

m
at
o
ry

cy
to
ki
ne

s
pr
o
du

ct
io
n

in
T
-c
el
ls

N
C
T
0
4
4
5
6
4
5
2
(P
ha

se
1
)

N
C
T0

48
39

96
5
(P
ha
se

2)

N
C
T0

46
06

78
4(
P
ha
se

1)

P
h
as
e2

/N
C
T
0
4
8
3
9
9
6
5
/

re
cr
u
it
in
g/
A
p
ri
l2

0
2
1
–

O
ct
o
b
er

2
0
2
1

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
4
1
4
6
1
8
,n

.d
.)

Ib
ud

ila
st

N
o
ns
el
ec
ti
ve

ph
o
sp
ho

di
es
te
ra
se

in
hi
bi
to
r

A
st
hm

a,
m
ul
ti
pl
e
sc
le
ro
si
s

A
nt
i-
in
fl
am

m
at
o
ry

N
C
T
0
4
4
2
9
5
5
5
(P
ha

se
2
)

P
h
as
e
2
/N

C
T
0
4
4
2
9
5
5
5
/

re
cr
u
it
in
g/
N
o
ve

m
b
er

2
0
2
0
–J
u
n
e
3
0
,2

0
2
1

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
4
2
9
5
5
5
,n

.d
.)

LA
U
-7
b
(f
en

re
ti
ni
de

[4
-H

P
R
])

R
et
in
o
ic
ac
id

re
ce
pt
o
rs

(R
A
R
)i
nh

ib
it
o
r

N
o
t
ap

pr
o
ve

d
ye

t
A
nt
i-
in
fl
am

m
at
o
ry

an
d

an
ti
vi
ra
la
ct
iv
it
ie
s

N
C
T
0
4
4
1
7
2
5
7
(P
ha

se
2
)

P
h
as
e
2
/N

C
T
0
4
4
1
7
2
5
7
/

re
cr
u
it
in
g/
Ju
n
e
2
9
,

2
0
2
0
–M

ay
1
5
,2

0
2
1

(O
ri
en

ti
et

al
.,
2
0
2
0
)

N
al
tr
ex

o
ne

B
lo
ck
ad

e
o
f
o
pi
o
id

re
ce
pt
o
rs
,κ
-o
pi
o
id

re
ce
pt
o
r
an

ta
go

ni
st

A
lc
o
ho

lis
m
,o

pi
o
id

us
e,

o
be

si
ty

In
te
rr
up

t
th
e

in
fl
am

m
at
io
n

N
C
T
0
4
3
6
5
9
8
5
(P
ha

se
2
)

N
C
T0

47
56

12
8
(P
ha
se

2)

N
C
T0

46
04

67
8
(P
ha
se

2)

N
C
T0

46
04

70
4
(P
ha
se

2)

N
C
T0

47
08

32
7
(P
ha
se

2)

P
h
as
e
2
/N

C
T
0
4
3
6
5
9
8
5
/

re
cr
u
it
in
g/
A
p
ri
l2

9
,

2
0
2
0
–M

ay
2
0
2
1

(C
h
o
u
b
ey

et
al
.,
2
0
2
0
)

P
ic
lid

en
o
so
n

A
de

no
si
ne

A
3
re
ce
pt
o
r

ag
o
ni
st

N
o
t
ap

pr
o
ve

d
ye

t
A
nt
i-
in
fl
am

m
at
o
ry

N
C
T
0
4
3
3
3
4
7
2
(P
ha

se
2
)

P
h
as
e
2
/N

C
T
0
4
3
3
3
4
7
2
/

re
cr
u
it
in
g/
Ja
n
u
ar
y
6
,

2
0
2
1
–M

ar
ch

6
,2

0
2
2

(D
av
id

&

Sh
w
et
a,
2
0
2
0
)

(C
o
nt
in
u
es
)

HU ET AL. 35



T
A
B
L
E
3

(C
o
nt
in
ue

d)

D
ru
g
na

m
e
an

d
st
ru
ct
ur
e

O
ri
gi
na

lm
ec

ha
ni
sm

FD
A
-a
pp

ro
ve

d
in
di
ca
ti
o
n(
s)

P
o
ss
ib
le

m
ec

ha
ni
sm

fo
r

an
ti
-C

O
V
ID

-1
9

C
lin

ic
al

tr
ia
ls
ID

(s
ta
ge

)

T
h
e
h
ig
h
es
t
an

ti
-C

O
V
ID

-
1
9
p
h
as
e/
ID

/s
ta
tu
s/

st
ar
t–
(e
st
im

at
ed

)e
n
d

d
at
es

R
ef
er
en

ce
s

C
la
ri
th
ro
m
yc
in

M
ac
ro
lid

e
an

ti
bi
o
ti
c
an

d

a
C
Y
P
3
A
4
in
hi
bi
to
r

A
nt
ib
io
ti
cs
-b
ac
te
ri
al

in
fe
ct
io
n,

no
nt
ub

er
cu

lo
us

m
yc
o
ba

ct
er
ia
,

m
yc
o
ba

ct
er
iu
m

av
iu
m

co
m
pl
ex

,c
ro
hn

's

di
se
as
e,

ul
ce
r,
pe

pt
ic

ul
ce
r,
pe

ri
o
do

nt
it
is

A
nt
i-
in
fl
am

m
at
o
ry

na
tu
re

an
d
en

ha
nc

e
th
e

im
m
un

it
y

N
C
T
0
4
3
9
8
0
0
4
(P
ha

se
2
)

N
C
T
0
4
6
2
2
8
9
1
(n
o
t

ap
pl
ic
ab

le
)

P
h
as
e
2
/N

C
T
0
4
3
9
8
0
0
4
/

co
m
p
le
te
d
/M

ay
6
,

2
0
2
0
–N

o
ve

m
b
er

3
0
,

2
0
2
0

(C
h
al
ic
h
em

et
al
.,
2
0
2
0
;

M
ill
án

-O
ñ
at
e

et
al
.,
2
0
2
0
)

T
ha

lid
o
m
id
e

C
er
eb

lo
n
(C
R
B
N
)

in
hi
bi
to
r,
se
da

ti
ve

,p
ar
t

o
f
th
e
cu

lli
n-
4
E
3

ub
iq
ui
ti
n
lig
as
e

co
m
pl
ex

C
U
L4

-R
B
X
1
-D

D
B
1

M
an

tl
e
ce
ll
ly
m
ph

o
m
a,

N
SC

LC
,c
o
ng

es
ti
ve

he
ar
t
fa
ilu

re
,m

ul
ti
pl
e

m
ye

lo
m
a,
ga
st
ri
c

ca
nc

er

A
nt
i-
in
fl
am

m
at
o
ry

an
d

an
ti
-f
ib
ro
si
s

N
C
T
0
4
2
7
3
5
8
1
(P
ha

se
2
)

N
C
T0

42
73

52
9
(P
ha
se

2)

P
h
as
e
2
/N

C
T
0
4
2
7
3
5
8
1
/

o
t
ye

t
re
cr
u
it
in
g/

F
eb

ru
ar
y
1
8
,2

0
2
0
–

A
p
ri
l3

0
,2

0
2
0

(K
h
al
il
et

al
.,
2
0
2
0
)

C
en

ic
ri
vi
ro
c

D
ua

lC
C
R
2
/C

C
R
5

an
ta
go

ni
st

N
o
t
ye

t
ap

pr
o
ve

d
A
nt
i-
in
fl
am

m
at
o
ry

an
d

im
m
un

o
m
o
du

la
to
ry

ef
fe
ct
s

N
C
T
0
4
5
0
0
4
1
8
(P
ha

se
2
)

P
h
as
e
2
/N

C
T
0
4
5
0
0
4
1
8
/

re
cr
u
it
in
g/
A
u
gu

st
2
5
,

2
0
2
0
–S

ep
te
m
b
er

3
0
,

2
0
2
1

(O
ka
m
o
to

et
al
.,
2
0
2
0
)

R
ux

o
lit
in
ib

Se
le
ct
iv
e
JA

K
1
/2

in
hi
bi
to
r

T
ha

la
ss
em

ia
m
aj
o
r,

sp
le
no

m
eg

al
y

In
hi
bi
t
th
e
do

w
ns
tr
ea

m

IF
N
g
pa

th
w
ay

ta
rg
et
in
g
JA

K
ki
na

se

re
ce
pt
o
r

A
pp

ro
xi
m
at
el
y
1
9

cl
in
ic
al
tr
ia
ls
,s
o
m
e
o
f
th
e

ex
am

pl
es

ar
e:

N
C
T
0
4
4
1
4
0
9
8
(P
ha

se
2
)

N
C
T
0
4
4
7
7
9
9
3
(P
ha

se
3
)

N
C
T
0
4
5
8
1
9
5
4
(P
ha

se
2
)

N
C
T
0
4
3
6
2
1
3
7
(P
ha

se
3
)

N
C
T
0
4
3
4
8
0
7
1
(P
ha

se
3
)

N
C
T
0
4
3
7
7
6
2
0
(P
ha

se
3
)

N
C
T
0
4
3
3
8
9
5
8
(P
ha

se
2
)

P
h
as
e
3
/N

C
T
0
4
3
6
2
1
3
7
/

co
m
p
le
te
d
/M

ay
2
,

2
0
2
0
–O

ct
o
b
er

1
7
,

2
0
2
0

(G
o
ke

r
B
ag
ca

&
B
ir
ay

A
vc
i,
2
0
2
0
;

N
eu

b
au

er

et
al
.,
2
0
2
0
)

B
ar
ic
it
in
ib

JA
K
1
an

d
JA

K
2
in
hi
bi
to
r

R
he

um
at
o
id

ar
th
ri
ti
s

JA
K
–S

T
A
T
si
gn

al

bl
o
ck
in
g

A
pp

ro
xi
m
at
el
y
1
1
cl
in
ic
al

tr
ia
ls
,s
o
m
e
o
f
th
e

ex
am

pl
es

ar
e:

N
C
T
0
4
3
5
8
6
1
4
(P
ha

se
3
)

N
C
T
0
4
3
2
0
2
7
7
(P
ha

se
3
)

N
C
T
0
4
3
4
0
2
3
2
(P
ha

se
3
)

N
C
T
0
4
3
7
3
0
4
4
(P
ha

se
2
)

N
C
T
0
4
4
2
1
0
2
7
(P
ha

se
3
)

N
C
T
0
4
3
4
6
1
4
7
(P
ha

se
2
)

N
C
T
0
4
8
3
2
8
8
0
(P
ha

se
3
)

P
h
as
e
3
/N

C
T
0
4
4
2
1
0
2
7
/

re
cr
u
it
in
g/
Ju
n
e
1
2
,

2
0
2
0
–M

ay
1
9
,2

0
2
1

(C
an

ti
n
ie

t
al
.,
2
0
2
0
;

F
av
al
li
et

al
.,
2
0
2
0
)

36 HU ET AL.



T
A
B
L
E
3

(C
o
nt
in
ue

d)

D
ru
g
na

m
e
an

d
st
ru
ct
ur
e

O
ri
gi
na

lm
ec

ha
ni
sm

FD
A
-a
pp

ro
ve

d
in
di
ca
ti
o
n(
s)

P
o
ss
ib
le

m
ec

ha
ni
sm

fo
r

an
ti
-C

O
V
ID

-1
9

C
lin

ic
al

tr
ia
ls
ID

(s
ta
ge

)

T
h
e
h
ig
h
es
t
an

ti
-C

O
V
ID

-
1
9
p
h
as
e/
ID

/s
ta
tu
s/

st
ar
t–
(e
st
im

at
ed

)e
n
d

d
at
es

R
ef
er
en

ce
s

N
ic
lo
sa
m
id
e

A
nt
i-
pa

ra
si
ti
c
dr
ug

,

ST
A
T
3
in
hi
bi
to
r,
D
N
A

re
pl
ic
at
io
n
in
hi
bi
to
r

N
o
t
ye

t
ap

pr
o
ve

d
B
lo
ck
in
g
si
gn

al
in
g

pa
th
w
ay
s
in
cl
ud

in
g

m
T
O
R
C
1
,

IL
-6
-J
A
K
1
-S
T
A
T
3

si
gn

al
in
g

A
pp

ro
xi
m
at
el
y
1
3
cl
in
ic
al

tr
ia
ls
,s
o
m
e
o
f
th
e

ex
am

pl
es

ar
e:

N
C
T
0
4
5
5
8
0
2
1
(P
ha

se
3
)

N
C
T
0
4
3
9
9
3
5
6
(P
ha

se
2
)

N
C
T
0
4
5
4
2
4
3
4
(P
ha

se
2
)

N
C
T
0
4
3
7
2
0
8
2
(P
ha

se
3
)

N
C
T
0
4
6
0
3
9
2
4
(P
ha

se
3
)

N
C
T
0
4
4
3
6
4
5
8
(P
ha

se
2
)

N
C
T
0
4
5
2
4
0
5
2
(P
ha

se
1
)

P
h
as
e
3
/N

C
T
0
4
5
5
8
0
2
1
/

re
cr
u
it
in
g/
O
ct
o
b
er

8
,

2
0
2
0
–J
an

u
ar
y
3
0
,

2
0
2
1

(P
in
d
ip
ro
lu

&

P
in
d
ip
ro
lu
,2

0
2
0
;X

u
,

Sh
i,
W

an
g,

et
al
.,
2
0
2
0
)

Le
va
m
is
o
le

A
nt
he

lm
in
ti
c
an

d

im
m
un

o
m
o
du

la
to
r

B
ro
ad

-s
pe

ct
ru
m

in
se
ct

re
pe

lle
nt

D
o
w
n
re
gu

la
ti
ng

th
e
le
ve

l

o
f
IL
-6

an
d
T
N
F
-α

N
C
T
0
4
3
6
0
1
2
2
(P
ha

se
3
)

N
C
T
0
4
3
8
3
7
1
7
(P
ha

se
3
)

N
C
T
0
4
3
3
1
4
7
0
(P
ha

se
3
)

P
h
as
e
3
/N

C
T
0
4
3
3
1
4
7
0
/

re
cr
u
it
in
g/
A
p
ri
l4

,

2
0
2
0
–A

p
ri
l2

0
,2

0
2
0

(U
ya
ro
� gl
u
et

al
.,
2
0
2
0
)

O
pa

ga
ni
b

Se
le
ct
iv
e,

co
m
pe

ti
ti
ve

sp
hi
ng

o
si
ne

ki
na

se
2

(S
K
2
)i
nh

ib
it
o
r

N
o
t
ye

t
ap

pr
o
ve

d
D
o
w
n
re
gu

la
ti
ng

th
e
le
ve

l

o
f
IL
-6

an
d
T
N
F
-α
,

in
hi
bi
ti
ng

vi
ra
l

re
pl
ic
at
io
n

N
C
T
0
4
4
1
4
6
1
8
(P
ha

se
2
)

N
C
T
0
4
4
6
7
8
4
0
(P
ha

se
3
)

N
C
T
0
4
5
0
2
0
6
9
(P
ha

se
2
)

P
h
as
e
3
/N

C
T
0
4
4
6
7
8
4
0
/

re
cr
u
it
in
g/
A
u
gu

st
2
1
,

2
0
2
0
–J
u
n
e
2
0
2
1

(K
u
rd

et
al
.,
2
0
2
0
)

A
na

ki
nr
a

In
te
rl
eu

ki
n-
1
re
ce
pt
o
r

(IL
-1
)a

nt
ag
o
ni
st

R
he

um
at
o
id

ar
th
ri
ti
s,

kn
ee

in
ju
ri
es

In
te
rl
eu

ki
n-
1
(IL

-1
)

bl
o
ck
ag
e

A
pp

ro
xi
m
at
el
y
1
7

cl
in
ic
al
tr
ia
ls
,s
o
m
e
o
f
th
e

ex
am

pl
es

ar
e:

N
C
T
0
4
8
2
6
5
8
8
(P
ha

se
3
)

N
C
T
0
4
3
6
4
0
0
9
(P
ha

se
3
)

N
C
T
0
4
4
4
3
8
8
1
(P
ha

se
3
)

N
C
T
0
4
6
0
3
7
4
2
(P
ha

se
2
)

N
C
T
0
4
3
5
7
3
6
6
(P
ha

se
2
)

N
C
T
0
4
3
3
9
7
1
2
(P
ha

se
2
)

N
C
T
0
4
4
1
2
2
9
1
(P
ha

se
2
)

P
h
as
e
3
/N

C
T
0
4
4
4
3
8
8
1
/

re
cr
u
it
in
g/
M
ay

8
,

2
0
2
0
–D

ec
em

b
er

2
0
2
0

(G
al
le
lli
et

al
.,
2
0
2
0
)

P
F
-0
6
6
5
0
8
3
3

In
te
rl
eu

ki
n-
1
re
ce
pt
o
r

as
so
ci
at
ed

ki
na

se
4

(IR
A
K
4
)i
nh

ib
it
o
r

R
he

um
at
o
id

ar
th
ri
ti
s,

lu
pu

s,
ly
m
ph

o
m
as

In
hi
bi
ti
o
n
o
f
in
te
rl
eu

ki
n-
1

re
ce
pt
o
r
as
so
ci
at
ed

ki
na

se
4
(IR

A
K
4
)i
n

am
el
io
ra
ti
ng

th
e

pr
o
in
fl
am

m
at
o
ry

st
at
e

an
d
im

pr
o
vi
ng

o
ut
co

m
es

in
se
ve

re

C
O
V
ID

-1
9
.

N
C
T
0
4
9
3
3
7
9
9
(P
ha

se
2
)

P
h
as
e
2
/N

C
T
0
4
9
3
3
7
9
9
/

re
cr
u
it
in
g/
Ju
n
e
2
2
,

2
0
2
1
–M

ar
ch

6
,2

0
2
2

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
9
3
3
7
9
9
,n

.d
.)

(C
o
nt
in
u
es
)

HU ET AL. 37



T
A
B
L
E
3

(C
o
nt
in
ue

d)

D
ru
g
na

m
e
an

d
st
ru
ct
ur
e

O
ri
gi
na

lm
ec

ha
ni
sm

FD
A
-a
pp

ro
ve

d
in
di
ca
ti
o
n(
s)

P
o
ss
ib
le

m
ec

ha
ni
sm

fo
r

an
ti
-C

O
V
ID

-1
9

C
lin

ic
al

tr
ia
ls
ID

(s
ta
ge

)

T
h
e
h
ig
h
es
t
an

ti
-C

O
V
ID

-
1
9
p
h
as
e/
ID

/s
ta
tu
s/

st
ar
t–
(e
st
im

at
ed

)e
n
d

d
at
es

R
ef
er
en

ce
s

A
to
rv
as
ta
ti
n

H
M
G
-C

o
A
re
du

ct
as
e

in
hi
bi
to
r

St
ab

le
an

gi
na

,a
cu

te

co
ro
na

ry
sy
nd

ro
m
e,

he
pa

to
ce
llu

la
r

ca
rc
in
o
m
a,

ca
rd
io
va
sc
ul
ar

di
se
as
e,

is
ch

em
ia
et

al
.

lo
w
er

le
ve

ls
o
f

in
fl
am

m
at
o
ry

cy
to
ki
ne

s

N
C
T
0
4
4
6
6
2
4
1
(P
ha

se
2
)

N
C
T
0
4
3
8
0
4
0
2
(P
ha

se
2
)

N
C
T
0
4
4
8
6
5
0
8
(P
ha

se
3
)

P
h
as
e
3
/N

C
T
0
4
4
8
6
5
0
8
/

ac
ti
ve

,n
o
t
re
cr
u
it
in
g/

Ju
ly
3
0
,2

0
2
0
–A

p
ri
l4

,

2
0
2
1

(G
h
at
ie

t
al
.,
2
0
2
0
;L

i,

2
0
2
0
;T

an
et

al
.

2
0
2
0
)

P
T
C
2
9
9

D
ih
yd

ro
o
ro
ta
te

de
hy

dr
o
ge

na
se

(D
H
O
D
H
)i
nh

ib
it
o
r

N
o
t
ye

t
ap

pr
o
ve

d
B
lo
ck
in
g
th
e

pr
o
in
fl
am

m
at
o
ry

cy
to
ki
ne

s
pr
o
du

ct
io
n

su
ch

as
IL
-6
,I
L-
1
7
,I
L-

1
7
F

N
C
T
0
4
4
3
9
0
7
1
(P
ha

se
3
)

P
h
as
e
3
/N

C
T
0
4
4
3
9
0
7
1
/

re
cr
u
it
in
g/
Ju
ly

9
,

2
0
2
0
–J
an

u
ar
y
3
0
,

2
0
2
1

(L
u
b
an

et
al
.,
2
0
2
1
)

A
m
io
da

ro
ne

A
T
P
-s
en

si
ti
ve

po
ta
ss
iu
m

ch
an

ne
li
nh

ib
it
o
r

A
tr
ia
lf
ib
ri
lla
ti
o
n,

at
ri
al

fi
br
ill
at
io
n,

ne
w

o
o
ns
et

at
ri
al
fi
br
ill
at
io
n,

pa
ro
xy
sm

al
at
ri
al

fi
br
ill
at
io
n,

ve
nt
ri
cu

la
r

T
ac
hy

ca
rd
ia

et
al
.

N
C
T
0
4
3
5
1
7
6
3
(P
ha

se
3
)

P
h
as
e
3
/N

C
T
0
4
3
5
1
7
6
3
/

re
cr
u
it
in
g/
A
p
ri
l2

7
,

2
0
2
0
–M

ar
ch

2
,2

0
2
1

(S
an

ch
is
-G

o
m
ar

et
al
.,
2
0
2
0
)

V
E
R
U
-1
1
1

O
ra
lly

bi
o
av
ai
la
bl
e
α
an

d

β
tu
bu

lin
in
hi
bi
to
r

M
et
as
ta
ti
c
ca
st
ra
ti
o
n

re
si
st
an

t
pr
o
st
at
e

ca
nc

er

A
nt
i-
in
fl
am

m
at
o
ry

ac
ti
o
n

ag
ai
ns
t
th
e
ke

y

cy
to
ki
ne

s
in
vo

lv
ed

in

th
e
cy
to
ki
ne

st
o
rm

N
C
T
0
4
3
8
8
8
2
6
(P
ha

se
2
)

N
C
T0

48
42

74
7
(P
ha
se

3)

P
h
as
e
3
/N

C
T
0
4
8
4
2
7
4
7
/

n
o
t
ye

t
re
cr
u
it
in
g/
A
p
ri
l

3
0
,2

0
2
1
–J
an

u
ar
y
5
,

2
0
2
2

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
3
8
8
8
2
6
,n

.d
.)

E
sc
in

V
as
o
pr
o
te
ct
iv
e
an

ti
-

in
fl
am

m
at
o
ry
,a
nt
i-

no
ci
ce
pt
iv
e
an

d
an

ti
-

ed
em

at
o
us

ag
en

t.

C
hr
o
ni
c
ve

no
us

in
su
ff
ic
ie
nc

y

V
as
o
pr
o
te
ct
iv
e
an

ti
-

in
fl
am

m
at
o
ry

N
C
T
0
4
3
2
2
3
4
4
(P
ha

se
2
)

P
h
as
e
3
/N

C
T
0
4
3
2
2
3
4
4
/

re
cr
u
it
in
g/
M
ar
ch

2
3
,

2
0
2
0
–J
u
n
e
3
0
,2

0
2
0

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
3
2
2
3
4
4
,n

.d
.;

G
al
le
lli
et

al
.,
2
0
2
0
)

Im
at
in
ib

T
yr
o
si
ne

ki
na

se
s
in
hi
bi
to
r

B
re
as
t
ca
nc

er
,

ga
st
ro
in
te
st
in
al
st
ro
m
al

tu
m
o
rs
,c
hr
o
ni
c

m
ye

lo
id

le
uk

em
ia

T
yr
o
si
ne

ki
na

se
in
hi
bi
to
rs

in
th
e
re
gu

la
ti
o
n
o
f

in
fl
am

m
at
io
n

N
C
T
0
4
7
9
4
0
8
8
(P
ha

se
2
)

N
C
T
0
4
4
2
2
6
7
8
(P
ha

se
3
)

N
C
T
0
4
3
9
4
4
1
6
(P
ha

se
3
)

N
C
T
0
4
3
5
7
6
1
3
(P
ha

se
2
)

N
C
T
0
4
3
4
6
1
4
7
(P
ha

se
2
)

P
h
as
e
3
/N

C
T
0
4
3
9
4
4
1
6
/

re
cr
u
it
in
g/
Ju
n
e
2
,

2
0
2
0
–J
u
n
e
1
,2

0
2
2

(S
is
k
et

al
.,
2
0
1
8
)

M
o
nt
el
uk

as
t

C
ys
te
in
yl

le
uk

o
tr
ie
ne

re
ce
pt
o
r
1
(C
ys
lt
r1
)

an
ta
go

ni
st

A
st
hm

a
an

d
liv
er

in
ju
ry
,

re
du

ce
ca
rd
ia
c
da

m
ag
e

A
nt
i-
in
fl
am

m
at
o
ry
,

re
du

ci
ng

pr
o
du

ct
io
n
o
f

cy
to
ki
ne

N
C
T
0
4
7
1
4
5
1
5
(P
ha

se
3
)

N
C
T
0
4
3
8
9
4
1
1
(P
ha

se
3
)

N
C
T
0
4
6
9
5
7
0
4
(P
ha

se
3
)

N
C
T
0
4
7
1
8
2
8
5
(P
ha

se
2
)

P
h
as
e
3
/N

C
T
0
4
7
1
4
5
1
5
/

co
m
p
le
te
d
/F

eb
ru
ar
y

2
0
,2

0
2
0
–M

ar
ch

3
0
,

2
0
2
0

(B
o
ze
k
&

W
in
te
rs
te
in
,2

0
2
0
;

F
id
an

&

A
yd

o
� gd

u
,2

0
2
0
)

38 HU ET AL.



T
A
B
L
E
3

(C
o
nt
in
ue

d)

D
ru
g
na

m
e
an

d
st
ru
ct
ur
e

O
ri
gi
na

lm
ec

ha
ni
sm

FD
A
-a
pp

ro
ve

d
in
di
ca
ti
o
n(
s)

P
o
ss
ib
le

m
ec

ha
ni
sm

fo
r

an
ti
-C

O
V
ID

-1
9

C
lin

ic
al

tr
ia
ls
ID

(s
ta
ge

)

T
h
e
h
ig
h
es
t
an

ti
-C

O
V
ID

-
1
9
p
h
as
e/
ID

/s
ta
tu
s/

st
ar
t–
(e
st
im

at
ed

)e
n
d

d
at
es

R
ef
er
en

ce
s

Lo
sm

ap
im

o
d

p3
8
M
A
P
K
in
hi
bi
to
r

N
o
t
ye

t
ap

pr
o
ve

d
R
ed

uc
e
th
e
ac
ut
e

ex
ag
ge

ra
te
d
pr
o
-

in
fl
am

m
at
o
ry

re
sp
o
ns
es

N
C
T
0
4
5
1
1
8
1
9
(P
ha

se
3
)

P
h
as
e
3
/N

C
T
0
4
5
1
1
8
1
9
/

ac
ti
ve

,n
o
t
re
cr
u
it
in
g/

A
u
gu

st
2
8
,2

0
2
0
–J
u
n
e

2
0
2
1

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
5
1
1
8
1
9
,n

.d
.)

T
ra
di
pi
ta
nt

N
eu

ro
ki
ni
n-
1
(N

K
-1
)

an
ta
go

ni
st

E
cz
em

a,
pr
ur
it
us
,

ga
st
ro
pa

re
si
s,
ch

ro
ni
c

pr
ur
it
us
,a
nd

at
o
pi
c

de
rm

at
it
is

N
K
-1

an
ta
go

ni
st

in
vo

lv
ed

in
ne

ur
o
in
fl
am

m
at
o
ry

pr
o
ce
ss
es

N
C
T
0
4
3
2
6
4
2
6
(P
ha

se
3
)

P
h
as
e
3
/N

C
T
0
4
3
2
6
4
2
6
/

en
ro
lli
n
g
b
y
in
vi
ta
ti
o
n
/

A
p
ri
l1

3
,2

0
2
0
–A

u
gu

st

1
,2

0
2
0

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
3
2
6
4
2
6
,n

.d
.)

If
en

pr
o
di
l(
N
P
-1
2
0
)

N
o
nc

o
m
pe

ti
ti
ve

N
-

m
et
hy

l-
d-
as
pa

rt
at
e

(N
M
D
A
)r
ec
ep

to
r

an
ta
go

ni
st

P
o
st
tr
au

m
at
ic
st
re
ss

di
so
rd
er
s

N
D
M
A
re
ce
pt
o
r-
ty
pe

su
bu

ni
t
2
B
an

ta
go

ni
st

an
d
th
e
su
bu

ni
t

re
ce
pt
o
r
m
ai
nl
y

ex
pr
es
se
d
o
n
T
ce
lls

an
d
ne

ut
ro
ph

ils

N
C
T
0
4
3
8
2
9
2
4
(P
ha

se
3
)

P
h
as
e
3
/N

C
T
0
4
3
8
2
9
2
4
/

ac
ti
ve

,n
o
t
re
cr
u
it
in
g/

A
u
gu

st
5
,2

0
2
0
–

Ja
n
u
ar
y
2
0
2
2

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
3
8
2
9
2
4
,n

.d
.)

P
re
dn

is
o
ne

Sy
nt
he

ti
c
co

rt
ic
o
st
er
o
id

ag
en

t,
up

re
gu

la
ti
ng

na
tr
iu
re
ti
c
pe

pt
id
e

re
ce
pt
o
r
ty
pe

A

C
o
m
pa

ra
ti
ve

st
ud

y,

im
m
un

o
su
pp

re
ss
iv
e

ag
en

ts
,i
nf
la
m
m
at
o
ry

bo
w
el

di
se
as
e,

m
ul
ti
pl
e

sc
le
ro
si
s

A
go

ni
st

o
f

gl
uc

o
co

rt
ic
o
st
er
o
id
,

bl
o
ck
in
g
in
fl
am

m
at
o
ry

an
d
im

m
un

e
re
sp
o
ns
es
.

N
C
T
0
4
5
3
4
4
7
8
(P
ha

se
4
)

N
C
T0

43
44

28
8
(P
ha
se

2)

P
h
as
e

4
/N

C
T
0
4
5
3
4
4
7
8
//
n
o
t

ye
t
re
cr
u
it
in
g/

Se
p
te
m
b
er

7
,2

0
2
0
–

M
ay

2
,2

0
2
1

(H
er
m
an

et
al
.,
2
0
2
0
)

H
yd

ro
co

rt
is
o
ne

H
um

an
en

do
ge

no
us

m
et
ab

o
lit
e,

st
er
o
id

ho
rm

o
ne

o
r

gl
uc

o
co

rt
ic
o
id

se
cr
et
ed

by
th
e
ad

re
na

lc
o
rt
ex

C
o
ro
na

ry
ar
te
ry

di
se
as
e,

he
al
th
y,
se
pt
ic
sh
o
ck
,

as
th
m
a

A
go

ni
st

o
f

gl
uc

o
co

rt
ic
o
st
er
o
id
,

bl
o
ck
in
g
in
fl
am

m
at
o
ry

an
d
im

m
un

e
re
sp
o
ns
es
.

N
C
T
0
4
3
4
8
3
0
5
(P
ha

se
3
)

N
C
T0

27
35

70
7
(P
ha
se

4)

N
C
T0

25
17

48
9
(P
ha
se

3)

N
C
T0

45
99

95
9
(n
ot

ap
pl
ic
ab
le
)

N
C
T0

45
63

67
6
(n
ot

ap
pl
ic
ab
le
)

P
h
as
e
4
/N

C
T
0
2
7
3
5
7
0
7
/

re
cr
u
it
in
g/
A
p
ri
l1

1
,

2
0
1
6
–D

ec
em

b
er

2
0
2
1

(C
o
p
in

et
al
.,
2
0
2
0
;

P
et
er
se
n
et

al
.,
2
0
2
0
)

D
ex

am
et
ha

so
ne

G
lu
co

co
rt
ic
o
id

re
ce
pt
o
r

ag
o
ni
st

C
er
vi
ca
lr
ad

ic
ul
o
pa

th
y,

ca
nc

er
,i
nf
la
m
m
at
o
ry

re
sp
o
ns
e,

hi
p
fr
ac
tu
re
,

pa
in

A
go

ni
st

o
f

gl
uc

o
co

rt
ic
o
st
er
o
id
,

re
du

ci
ng

C
D
1
1
b,

C
D
1
8
,a
nd

C
D
6
2
L

A
pp

ro
xi
m
at
el
y
3
1
cl
in
ic
al

tr
ia
ls
,s
o
m
e
o
f
th
e

ex
am

pl
es

ar
e:

N
C
T
0
4
8
3
4
3
7
5
(P
ha

se
4
)

N
C
T0

46
03

72
9
(P
ha
se

3)

N
C
T0

44
99

31
3
(P
ha
se

3)

N
C
T0

43
25

06
1
(P
ha
se

4)

N
C
T0

43
25

06
1
(P
ha
se

4)

N
C
T0

43
47

98
0
(P
ha
se

3)

N
C
T0

45
63

49
4
(P
ha
se

4)

N
C
T0

31
70

88
2
(P
ha
se

2)

P
h
as
e
4
/N

C
T
0
4
8
3
4
3
7
5
/

re
cr
u
it
in
g/
M
ar
ch

1
9
,

2
0
2
1
–M

ar
ch

1
9
,2

0
2
2

(H
o
rb
y
et

al
.,
2
0
2
1
)

(C
o
nt
in
u
es
)

HU ET AL. 39



T
A
B
L
E
3

(C
o
nt
in
ue

d)

D
ru
g
na

m
e
an

d
st
ru
ct
ur
e

O
ri
gi
na

lm
ec

ha
ni
sm

FD
A
-a
pp

ro
ve

d
in
di
ca
ti
o
n(
s)

P
o
ss
ib
le

m
ec

ha
ni
sm

fo
r

an
ti
-C

O
V
ID

-1
9

C
lin

ic
al

tr
ia
ls
ID

(s
ta
ge

)

T
h
e
h
ig
h
es
t
an

ti
-C

O
V
ID

-
1
9
p
h
as
e/
ID

/s
ta
tu
s/

st
ar
t–
(e
st
im

at
ed

)e
n
d

d
at
es

R
ef
er
en

ce
s

B
ud

es
o
ni
de

O
ra
lly

ac
ti
ve

gl
uc

o
co

rt
ic
o
id

re
ce
pt
o
r

ag
o
ni
st

A
st
hm

a
G
lu
co

co
rt
ic
o
id

re
ce
pt
o
r

ag
o
ni
st
,S

up
pr
es
s
th
e

im
m
un

e
re
ac
ti
o
n

lo
ca
lly

in
th
e

re
sp
ir
at
o
ry

sy
st
em

.

N
C
T
0
4
3
3
1
4
7
0
(P
ha

se
3
)

N
C
T0

43
74

47
4
(P
ha
se

4)

N
C
T0

43
61

47
4
(P
ha
se

3)

P
h
as
e
4
/N

C
T
0
4
3
7
4
4
7
4
/

ac
ti
ve

,n
o
t
re
cr
u
it
in
g/

M
ay

1
8
,2

0
2
0
–

N
o
ve

m
b
er

2
4
,2

0
2
0

(D
e
Le

� o
n
-R
en

d
� o
n

et
al
.,
2
0
2
0
)

F
am

o
ti
di
ne

C
o
m
pe

ti
ti
ve

hi
st
am

in
e

H
2
-r
ec
ep

to
r
an

ta
go

ni
st

P
ep

ti
c
ul
ce
r,
H
IV

in
fe
ct
io
ns
,a
sp
ir
in
,

dy
sp
ep

si
a,
st
o
m
ac
h

ul
ce
r,
he

ar
tb
ur
n

A
nt
i-
in
fl
am

m
at
o
ry

ac
ti
o
n

N
C
T
0
4
8
3
6
8
0
6
(P
ha

se
4
)

N
C
T0

45
04

24
0
(P
ha
se

3)

N
C
T0

45
45

00
8
(P
ha
se

1)

N
C
T0

45
65

39
2
(P
ha
se

4)

N
C
T0

47
24

72
0
(P
ha
se

2)

N
C
T0

43
70

26
2
(P
ha
se

3)

N
C
T0

43
89

56
7
(n
ot

ap
pl
ic
ab
le
)

P
h
as
e
4
/N

C
T
0
4
5
6
5
3
9
2
/

n
o
t
ye

t
re
cr
u
it
in
g/
M
ay

1
,2

0
2
1
–N

o
ve

m
b
er

1
,

2
0
2
1

(E
n
n
is
&
T
ili
ga
d
a,
2
0
2
1
)

N
it
az
o
xa
ni
de

A
nt
ip
ro
to
zo

al
ag
en

t
Ir
ri
ta
bl
e
bo

w
el

sy
nd

ro
m
e,

he
pa

ti
ti
s
C
,

di
ab

et
es

m
el
lit
us

ty
pe

2

C
o
nt
ro
le

xc
es
si
ve

in
fl
am

m
at
o
ry

im
m
un

e

re
sp
o
ns
es

A
pp

ro
xi
m
at
el
y
2
4
cl
in
ic
al

tr
ia
ls
,s
o
m
e
o
f
th
e

ex
am

pl
es

ar
e:

N
C
T
0
4
4
0
6
2
4
6
(P
ha

se
4
)

N
C
T
0
4
5
5
2
4
8
3
(P
ha

se
2
)

N
C
T
0
4
4
9
8
9
3
6
(P
ha

se
4
)

N
C
T
0
4
4
6
3
2
6
4
(P
ha

se
3
)

N
C
T
0
4
4
8
6
3
1
3
(P
ha

se
3
)

N
C
T
0
4
5
3
2
9
3
1
(P
ha

se
2
)

N
C
T
0
4
5
6
3
2
0
8
(P
ha

se
2
)

P
h
as
e
4
/N

C
T
0
4
4
9
8
9
3
6
/

co
m
p
le
te
d
/J
u
ly

1
5
,

2
0
2
0
–O

ct
o
b
er

3
0
,

2
0
2
0

(K
el
le
n
i,
2
0
2
0
;

M
ah

m
o
u
d

et
al
.,
2
0
2
0
;

P
ep

p
er
re
ll

et
al
.,
2
0
2
0
)

C
o
lc
hi
ci
ne

T
ub

ul
in

in
hi
bi
to
r
an

d

m
ic
ro
tu
bu

le
di
sr
up

ti
ng

ag
en

t

M
yo

ca
rd
ia
li
nf
ar
ct
io
n,

in
te
rc
ri
ti
ca
lg

o
ut

A
nt
i-
in
fl
am

m
at
o
ry

ef
fe
ct
s,
an

in
hi
bi
to
r
o
f

N
LR

P
3
in
fl
am

m
as
o
m
es

an
d
m
it
ig
at
in
g

in
te
rl
eu

ki
n
ac
ti
va
ti
o
n.

A
pp

ro
xi
m
at
el
y
2
7
cl
in
ic
al

tr
ia
ls
,s
o
m
e
o
f
th
e

ex
am

pl
es

ar
e:

N
C
T
0
4
8
1
8
4
8
9
(P
ha

se
4
)

N
C
T
0
4
3
9
2
1
4
1
(P
ha

se
2
)

N
C
T
0
4
4
1
6
3
3
4
(P
ha

se
3
)

N
C
T
0
4
4
7
2
6
1
1
(P
ha

se
3
)

N
C
T
0
4
3
2
2
5
6
5
(P
ha

se
2
)

N
C
T
0
4
7
2
4
6
2
9
(P
ha

se
3
)

N
C
T
0
4
4
9
2
3
5
8
(P
ha

se
3
)

P
h
as
e
4
/N

C
T
0
4
8
1
8
4
8
9
/

re
cr
u
it
in
g/
M
ar
ch

2
5
,

2
0
2
1
–M

ay
2
5
,2

0
2
1

(D
ef
te
re
o
s
et

al
.,
2
0
2
0
;

N
as
ir
ip
o
u
r
&

Z
am

an
i,
2
0
2
0
)

Si
ly
m
ar
in

p3
8
M
A
P
K
pa

th
w
ay

in
hi
bi
to
r

N
o
n-
al
co

ho
lic

fa
tt
y
liv
er

di
se
as
e,

m
et
as
ta
ti
c

co
lo
re
ct
al
ca
nc

er
,

he
pa

ti
ti
s

A
nt
i-
in
fl
am

m
at
o
ry

an
d

an
ti
-o
xi
da

nt
ef
fe
ct
s

N
C
T
0
4
3
9
4
2
0
8
(P
ha

se
3
)

N
C
T
0
4
8
1
6
6
8
2
(P
ha

se
4
)

P
h
as
e
4
/N

C
T
0
4
8
1
6
6
8
2
/

re
cr
u
it
in
g/
M
ar
ch

1
7
,

2
0
2
1
–J
u
n
e
3
0
,2

0
2
1

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
3
9
4
2
0
8
,n

.d
.)

M
et
hy

lp
re
dn

is
o
lo
ne

40 HU ET AL.



T
A
B
L
E
3

(C
o
nt
in
ue

d)

D
ru
g
na

m
e
an

d
st
ru
ct
ur
e

O
ri
gi
na

lm
ec

ha
ni
sm

FD
A
-a
pp

ro
ve

d
in
di
ca
ti
o
n(
s)

P
o
ss
ib
le

m
ec

ha
ni
sm

fo
r

an
ti
-C

O
V
ID

-1
9

C
lin

ic
al

tr
ia
ls
ID

(s
ta
ge

)

T
h
e
h
ig
h
es
t
an

ti
-C

O
V
ID

-
1
9
p
h
as
e/
ID

/s
ta
tu
s/

st
ar
t–
(e
st
im

at
ed

)e
n
d

d
at
es

R
ef
er
en

ce
s

Sy
nt
he

ti
c
co

rt
ic
o
st
er
o
id
,

an
ti
-i
nf
la
m
m
at
o
ry

an
d

im
m
un

o
m
o
du

la
ti
ng

pr
o
pe

rt
ie
s

C
O
P
D
,p

ur
pu

ra
,

sc
ho

en
le
in
-h
en

o
ch

,

po
st
o
pe

ra
ti
ve

pa
in
,

dr
ug

in
te
ra
ct
io
n

po
te
nt
ia
ti
o
n,

et
al
.

A
nt
i-
in
fl
am

m
at
o
ry
,

de
cr
ea

si
ng

le
ve

lo
f

IL
-6
,A

C
E
2
ac
ti
va
ti
o
n

A
pp

ro
xi
m
at
el
y
1
5
cl
in
ic
al

tr
ia
ls
,s
o
m
e
o
f
th
e

ex
am

pl
es

ar
e:

N
C
T
0
4
4
9
9
3
1
3
(P
ha

se
3
)

N
C
T
0
4
4
8
5
4
2
9
(P
ha

se
3
)

N
C
T
0
4
6
0
3
7
2
9
(P
ha

se
3
)

N
C
T
0
4
8
2
6
5
8
8
(P
ha

se
3
)

N
C
T
0
3
7
0
8
7
1
8
(P
ha

se
2
)

N
C
T
0
4
7
8
0
5
8
1
(P
ha

se
4
)

N
C
T
0
4
7
6
5
3
7
1
(P
ha

se
3
)

P
h
as
e
4
/N

C
T
0
4
7
8
0
5
8
1
/

re
cr
u
it
in
g/
F
eb

ru
ar
y
1
,

2
0
2
1
–D

ec
em

b
er

1
,

2
0
2
1

(E
d
al
at
if
ar
d

et
al
.,
2
0
2
0
;L

iu
,

Z
h
en

g,
H
u
an

g,

Sh
an

,&

H
u
an

g,
2
0
2
0
)

E
np

at
o
ra
n
(M

5
0
4
9
)

D
ua

lT
LR

7
/8

in
hi
bi
to
r

Sy
st
em

ic
lu
pu

s

er
yt
he

m
at
o
su
s,

C
o
ro
na

vi
ru
s
D
is
ea

se

2
0
1
9

B
lo
ck
s
th
e
ac
ti
va
ti
o
n
o
f

to
ll-
lik
e
re
ce
pt
o
r
(T
LR

)

7
an

d
T
LR

8
,r
ed

uc
ti
o
n

in
th
e
in
fl
am

m
at
o
ry

re
sp
o
ns
e

N
C
T
0
4
4
4
8
7
5
6
(P
ha

se
2
)

P
h
as
e
2
/N

C
T
0
4
4
4
8
7
5
6
/

A
ct
iv
e,

n
o
t
re
cr
u
it
in
g/

Ju
n
e
2
6
,2

0
2
0
–A

u
gu

st

2
2
,2

0
2
1

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
4
4
8
7
5
6
,n

.d
.)

E
C
-1
8

A
nt
i-
in
fl
am

m
at
io
n

St
o
m
at
it
is
,

ch
em

o
th
er
ap

y-
In
du

ce
d

ne
ut
ro
pe

ni
a,
fe
br
ile

ne
ut
ro
pe

ni
a

A
nt
i-
in
fl
am

m
at
o
ry
,

pr
ev

en
ti
o
n
o
f

C
O
V
ID

-1
9
in
fe
ct
io
n
to

se
ve

re
pn

eu
m
o
ne

a
o
r

A
R
D
S

N
C
T
0
4
5
0
0
1
3
2
(P
ha

se
2
)

N
C
T
0
4
5
6
9
2
2
7
(P
ha

se
2
)

P
h
as
e
2
/N

C
T
0
4
5
6
9
2
2
7
/

re
cr
u
it
in
g/
Se

p
te
m
b
er

2
9
,2

0
2
0
–S

ep
te
m
b
er

2
0
2
1

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
5
6
9
2
2
7
,n

.d
.)

A
P
X
-1
1
5
(E
w
ha

-1
8
,2
7
8
)

pa
n
N
A
D
P
H

o
xi
da

se

(N
o
x)

in
hi
bi
to
r

H
ea

lt
hy

,d
ia
be

ti
c

ne
ph

ro
pa

th
ie
s

N
A
D
P
H
-d
ep

en
de

nt

ge
ne

ra
ti
o
n
o
f

su
pe

ro
xi
de

an
d

se
co

nd
ar
y
re
ac
ti
ve

o
xy
ge

n
sp
ec
ie
s
(R
O
S)
.

R
O
S
ar
e
o
ft
en

ge
ne

ra
te
d

du
ri
ng

vi
ru
s
in
fe
ct
io
n,

th
us

pr
o
m
o
ti
ng

ap
o
pt
o
si
s,
lu
ng

in
ju
ry
,

an
d
in
fl
am

m
at
io
n/

al
le
rg
y.

N
C
T
0
4
8
8
0
1
0
9
(P
ha

se
2
)

P
h
as
e
2
/N

C
T
0
4
8
8
0
1
0
9
/

n
o
t
ye

t
re
cr
u
it
in
g/
M
ay

1
0
,2

0
2
1
–F

eb
ru
ar
y

2
0
2
2

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
8
8
0
1
0
9
,n

.d
.)

HU ET AL. 41



T
A
B
L
E
4

M
o
du

la
ti
ng

im
m
un

e
sy
st
em

D
ru
g
na

m
e
an

d
st
ru
ct
ur
e

O
ri
gi
na

lm
ec

ha
ni
sm

FD
A
-a
p
pr
o
ve

d
in
di
ca
ti
o
n(
s)

P
o
ss
ib
le

m
ec

ha
ni
sm

fo
r

an
ti
-C

O
V
ID

-1
9

C
lin

ic
al

tr
ia
ls
ID

(s
ta
ge

)

T
h
e
h
ig
h
es
t
an

ti
-

C
O
V
ID

-1
9
p
h
as
e/
ID

/
st
at
u
s/
st
ar
t–
(e
st
im

at
ed

)
en

d
d
at
es

R
ef
er
en

ce
s

M
et
ho

tr
ex

at
e

E
nz
ym

e
di
hy

dr
o
fo
la
te

re
du

ct
as
e
in
hi
bi
to
r,
an

im
m
un

o
su
pp

re
ss
an

t

an
d
an

ti
ne

o
pl
as
ti
c

ag
en

t

R
he

um
at
o
id

ar
th
ri
ti
s,

o
ph

th
al
m
o
pa

th
y,

th
yr
o
id
-a
ss
o
ci
at
ed

,

p
so
ri
at
ic
ar
th
ri
ti
s

Im
m
un

o
m
o
du

la
to
ry

ag
en

t,
pr
ev

en
ti
ng

ex
ce
ss
iv
e

im
m
un

er
ea

ct
io
n

N
C
T
0
4
3
5
2
4
6
5
(P
ha

se
2
)

N
C
T0

46
10

56
7
(P
ha
se

2)

P
h
as
e
2
/N

C
T
0
4
6
1
0
5
6
7
/

re
cr
u
it
in
g/
O
ct
o
b
er

2
7
,

2
0
2
0
–M

ar
ch

1
5
,2

0
2
1

(A
b
u
o
-R
ah

m
a

et
al
.,
2
0
2
0
)

Le
fl
un

o
m
id
e

D
ih
yd

ro
o
ro
ta
te

de
hy

dr
o
ge

na
se

in
hi
bi
to
r

R
he

um
at
o
id

ar
th
ri
ti
s,

p
so
ri
at
ic
ar
th
ri
ti
s,

im
m
u
no

gl
o
bu

lin
G
4

re
la
te
d
sc
le
ro
si
ng

d
is
ea

se
,j
uv

en
ile

id
io
pa

th
ic
ar
th
ri
ti
s

Im
m
un

o
m
o
du

la
to
ry

ag
en

t,
pr
ev

en
ti
ng

ex
ce
ss
iv
e

im
m
un

er
ea

ct
io
n

N
C
T
0
4
5
3
2
3
7
2
(P
ha

se
2
)

N
C
T0

43
61

21
4
(P
ha
se

1)

P
h
as
e
2
/N

C
T
0
4
5
3
2
3
7
2
/

re
cr
u
it
in
g/
Ja
n
u
ar
y
7
,

2
0
2
1
–S

ep
te
m
b
er

1
8
,

2
0
2
2

(A
b
u
o
-R
ah

m
a

et
al
.,
2
0
2
0
)

F
in
go

lim
o
d

Sp
hi
ng

o
si
ne

1
-p
ho

sp
ha

te

(S
1
P
)a

nt
ag
o
ni
st
,p

ak
1

ac
ti
va
to
r,
a

im
m
un

o
su
pp

re
ss
an

t

M
ul
ti
pl
e
sc
le
ro
si
s,

re
la
p
si
ng

–r
em

it
ti
ng

Im
m
un

e
m
o
du

la
to
r,
S1

P
1

re
ce
pt
o
rs

an
ta
go

ni
st

N
C
T
0
4
2
8
0
5
8
8
(P
ha

se
2
)

P
h
as
e
2
/N

C
T
0
4
2
8
0
5
8
8
/

w
it
h
d
ra
w
n
(n
o

p
ar
ti
ci
p
an

ts
en

ro
lle
d
)/

F
eb

ru
ar
y
2
2
,2

0
2
0
–

Ju
ly

1
,2

0
2
0

(B
ar
ze
ga
r
et

al
.,
2
0
2
0
;

P
el
le
ti
er

&

H
af
le
r,
2
0
1
2
)

T
am

o
xi
fe
n

Se
le
ct
iv
e
es
tr
o
ge

n

re
ce
pt
o
r
m
o
du

la
to
r

(S
E
R
M
),
H
sp
9
0

ac
ti
va
to
r

B
re
as
t
ca
nc

er
,i
nf
er
ti
lit
y,

m
en

o
rr
ha

gi
a,

en
do

m
et
ri
um

M
o
du

la
ti
o
n
o
f
N
K
ce
lls

ac
ti
vi
ty

an
d
re
du

ce

vi
ra
lr
ep

lic
at
io
n,

th
ro
ug

h
re
du

ci
ng

P
G
E
2

pr
o
du

ct
io
n

N
C
T
0
4
3
8
9
5
8
0
(P
ha

se
2
)

N
C
T0

45
68

09
6
(P
ha
se

2)

P
h
as
e
2
/N

C
T
0
4
5
6
8
0
9
6
/

n
o
t
ye

t
re
cr
u
it
in
g/

N
o
ve

m
b
er

2
0
2
0
–

D
ec
em

b
er

2
0
2
0

(A
lm

o
sa
w
ey

et
al
.,
2
0
2
0
;

H
am

o
u
d
a

E
lg
ar
h
y,
2
0
2
0
)

Is
o
pr
in
o
si
ne

Im
m
un

o
st
im

ul
an

t
Im

m
un

o
st
im

ul
an

t
Im

m
un

o
st
im

ul
an

t
N
C
T
0
4
3
6
0
1
2
2
(P
ha

se
3
)

N
C
T0

43
83

71
7
(P
ha
se

3)

P
h
as
e
3
/N

C
T
0
4
3
6
0
1
2
2
/

n
o
t
ye

t
re
cr
u
it
in
g/
M
ay

2
0
,2

0
2
0
–N

o
ve

m
b
er

1
,

2
0
2
0

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
3
6
0
1
2
2
,n

.d
.;

K
u
m
ar

et
al
.,
2
0
2
0
)

IM
U
-8
3
8
(v
id
o
fl
ud

im
us

ca
lc
iu
m
)

Im
m
un

o
m
o
du

la
to
ry

ag
en

t,

D
H
O
D
H

in
hi
bi
to
r,

in
hi
bi
ti
ng

IL
-1
7

se
cr
et
in
g

N
o
t
ye

t
ap

pr
o
ve

d
Se

le
ct
iv
e

im
m
un

o
m
o
du

la
to
ry

ef
fe
ct

ag
ai
ns
t
hi
gh

ly

ac
ti
va
te
d
im

m
un

e
ce
lls

N
C
T
0
4
5
1
6
9
1
5
(P
ha

se
2
)

N
C
T0

43
79

27
1
(P
ha
se

3)

P
h
as
e
3
/N

C
T
0
4
3
7
9
2
7
1
/

re
cr
u
it
in
g/
Ju
n
e
1
1
,

2
0
2
0
–S

ep
te
m
b
er

2
0
2
0

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
3
7
9
2
7
1
,n

.d
.;

Im
m
u
n
ic

T
h
er
ap

eu
ti
cs

w
eb

si
te
)

A
ll-
tr
an

s
re
ti
no

ic
ac
id

N
eu

tr
o
ph

il
el
as
ta
se

in
hi
bi
to
r,
R
A
R
nu

cl
ea

r

re
ce
pt
o
r
ag
o
ni
st

A
cu

te
pr
o
m
ye

lo
cy
ti
c

le
uk

em
ia

E
nh

an
ce

ne
ut
ra
liz
in
g

an
ti
bo

di
es

N
C
T
0
4
3
9
6
0
6
7
(P
ha

se
2
)

N
C
T
0
4
5
6
8
0
9
6
(P
ha

se
2
)

N
C
T
0
4
7
3
0
8
9
5
(P
ha

se
2
)

N
C
T
0
4
5
7
8
2
3
6
(P
ha

se
2
)

N
C
T
0
4
3
5
3
1
8
0
(P
ha

se
3
)

P
h
as
e
3
/N

C
T
0
4
3
5
3
1
8
0
/

n
o
t
ye

t
re
cr
u
it
in
g/
A
p
ri
l

2
0
2
1
–J
u
n
e
2
0
2
1

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
3
9
6
0
6
7
,n

.d
.)

42 HU ET AL.



T
A
B
L
E
4

(C
o
nt
in
ue

d)

D
ru
g
na

m
e
an

d
st
ru
ct
ur
e

O
ri
gi
na

lm
ec

ha
ni
sm

FD
A
-a
p
pr
o
ve

d
in
di
ca
ti
o
n(
s)

P
o
ss
ib
le

m
ec

ha
ni
sm

fo
r

an
ti
-C

O
V
ID

-1
9

C
lin

ic
al

tr
ia
ls
ID

(s
ta
ge

)

T
h
e
h
ig
h
es
t
an

ti
-

C
O
V
ID

-1
9
p
h
as
e/
ID

/
st
at
u
s/
st
ar
t–
(e
st
im

at
ed

)
en

d
d
at
es

R
ef
er
en

ce
s

M
el
at
o
ni
n

Se
le
ct
iv
e
A
T
F
-6

in
hi
bi
to
r

P
ar
ki
n
so
n'
s
di
se
as
e,

in
fe
rt
ili
ty
,i
m
m
ed

ia
te

de
nt
al
im

pl
an

t,

im
m
ed

ia
te

de
nt
al

im
pl
an

t,
po

st
o
pe

ra
ti
ve

pa
in
,a
nx

ie
ty
,a
cu

te

is
ch

em
ic
st
ro
ke

M
o
du

la
te

th
e
im

m
un

e

re
sp
o
ns
e
an

d

ne
ur
o
in
fl
am

m
at
io
n

A
pp

ro
xi
m
at
el
y
8
cl
in
ic
al

tr
ia
ls
,s
o
m
e
o
f
th
e

ex
am

pl
es

ar
e:

N
C
T
0
4
4
7
4
4
8
3
(P
ha

se
2
)

N
C
T
0
4
4
7
0
2
9
7
(P
ha

se
2
)

N
C
T
0
4
5
6
8
8
6
3
(P
ha

se
2
)

N
C
T
0
4
3
5
3
1
2
8
(P
ha

se
3
)

N
C
T
0
4
4
0
9
5
2
2
(n
o
t

ap
pl
ic
ab

le
)

N
C
T
0
4
5
3
1
7
4
8
(P
ha

se
2
)

N
C
T
0
4
5
3
0
5
3
9
(n
o
t

ap
pl
ic
ab

le
)

P
h
as
e
3
/N

C
T
0
4
3
5
3
1
2
8
/

re
cr
u
it
in
g/
A
p
ri
l2

0
,

2
0
2
0
–O

ct
o
b
er

2
0
2
0

(B
ah

ra
m
p
o
u
r
Ju
yb

ar
i

et
al
.,
2
0
2
0
)

C
yc
lo
sp
o
ri
ne

a

(S
yn

o
ny

m
s:

cy
cl
o
sp
o
ri
ne

;

C
ic
lo
sp
o
ri
n)

Im
m
un

o
su
pp

re
ss
an

t,

in
hi
bi
ti
ng

C
D
1
1
a/

C
D
1
8
ad

he
si
o
n

E
nd

-s
ta
ge

re
na

ld
is
ea

se
,

re
na

lf
un

ct
io
n
an

d

ch
ro
ni
c
al
lo
gr
af
t

va
sc
ul
o
pa

th
y,
ki
dn

ey

tr
an

sp
la
nt
at
io
n,

et
c

Im
m
un

o
m
o
du

la
to
ry

ag
en

t
ac
ti
ng

o
n
T
ce
lls

N
C
T
0
4
5
4
0
9
2
6
(P
ha

se
2
)

N
C
T0

44
12

78
5
(P
ha
se

1)

N
C
T0

44
92

89
1
(P
ha
se

2)

N
C
T0

43
92

53
1
(P
ha
se

4)

N
C
T0

44
51

23
9
(n
ot

ap
pl
ic
ab
le
)

P
h
as
e
4
/N

C
T
0
4
3
9
2
5
3
1
/

re
cr
u
it
in
g/
A
p
ri
l1

6
,

2
0
2
0
–M

ar
ch

2
0
2
1

(R
u
d
n
ic
ka

et
al
.,
2
0
2
0
;

T
ia
n
et

al
.,
2
0
2
0
)

A
Z
D
1
6
5
6

G
lu
co

ki
na

se
ac
ti
va
to
r

T
yp

e
II
di
ab

et
es

A
ct
iv
at
e
th
e
m
ig
ra
ti
o
n
o
f

T
re
gu

la
to
ry

ce
lls

to

si
te
s
o
f
in
fl
am

m
at
io
n

N
C
T
0
4
5
1
6
7
5
9
(P
ha

se
2
)

P
h
as
e
2
/N

C
T
0
4
5
1
6
7
5
9
/

co
m
p
le
te
d
/A

u
gu

st
1
8
,

2
0
2
0
–A

p
ri
l2

5
,2

0
2
1

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
5
1
6
7
5
9
,n

.d
.)

HU ET AL. 43



T
A
B
L
E
5

A
nt
ic
o
ag
ul
an

t
th
er
ap

y

D
ru
g
na

m
e
an

d
st
ru
ct
ur
e

O
ri
gi
na

lm
ec

ha
ni
sm

FD
A
-a
pp

ro
ve

d
in
di
ca
ti
o
n(
s)

P
o
ss
ib
le

m
ec

ha
ni
sm

fo
r

an
ti
-C

O
V
ID

-1
9

C
lin

ic
al

tr
ia
ls
ID

(s
ta
ge

)

T
h
e
h
ig
h
es
t
an

ti
-

C
O
V
ID

-1
9
p
h
as
e/
ID

/
st
at
u
s/
st
ar
t–
(e
st
im

at
ed

)
en

d
d
at
es

R
ef
er
en

ce
s

K
et
am

in
e

A
nt
ag
o
ni
st

o
f
N
-m

et
hy

l

D
-a
sp
ar
ta
te

re
ce
pt
o
r

A
n
es
th
es
ia
,p

ai
n
re
lie
f,

se
da

ti
o
n,

an
d
m
em

o
ry

lo
ss

A
ne

st
he

si
a,
pa

in
re
lie
f

N
C
T
0
4
3
6
5
9
8
5
(P
ha

se
2
)

P
h
as
e
2
/N

C
T
0
4
3
6
5
9
8
5
/

re
cr
u
it
in
g/
A
p
ri
l2

9
,

2
0
2
0
–M

ay
2
0
2
1

(S
u
ri
&
Si
n
d
w
an

i,
2
0
2
0
)

A
sp
ir
in

N
o
n-
se
le
ct
iv
e
an

d

ir
re
ve

rs
ib
le

C
O
X
-1

an
d

C
O
X
-2

in
hi
bi
to
r

C
o
m
m
o
n
co

ld
,h

ea
lt
hy

,

ac
ut
e
co

ro
na

ry

sy
nd

ro
m
e,

et
al
.

In
te
rf
er
in
g
w
it
h
no

rm
al

pl
at
el
et

ag
gr
eg

at
io
n,

C
O
X
-1

in
hi
bi
to
r

N
C
T
0
4
3
6
5
3
0
9
(P
ha

se
3
)

N
C
T0

43
63

84
0
(P
ha
se

2)

N
C
T0

43
43

00
1
(P
ha
se

3)

N
C
T0

44
10

32
8
(P
ha
se

3)

N
C
T0

43
24

46
3
(P
ha
se

3)

N
C
T0

48
08

89
5
(P
ha
se

3)

P
h
as
e
3
/N

C
T
0
4
4
1
0
3
2
8
/

re
cr
u
it
in
g/
O
ct
o
b
er

2
1
,

2
0
2
0
–M

ar
ch

1
5
,2

0
2
1

(C
lin

ic
al
tr
ia
lI
D
:

N
C
T
0
4
3
6
5
3
0
9
,n

.d
.;

B
ia
n
co

n
ie

t
al
.,
2
0
2
0
)

R
iv
ar
o
xa
ba

n
Se

le
ct
iv
e
an

d
di
re
ct

F
ac
to
r
X
a
(F
X
a)

in
hi
bi
to
r

A
th
er
o
sc
le
ro
si
s,
m
it
ra
l

va
lv
e
st
en

o
si
s|
at
ri
al

fi
br
ill
at
io
n

A
de

qu
at
e
an

ti
th
ro
m
bo

ti
c

th
er
ap

y

N
C
T
0
4
5
0
4
0
3
2
(P
ha

se
2
)

N
C
T0

45
08

02
3
(P
ha
se

3)

N
C
T0

44
16

04
(P
ha
se

3)

N
C
T0

43
24

46
3
(P
ha
se

3)

P
h
as
e
3
/N

C
T
0
4
3
2
4
4
6
3
/

re
cr
u
it
in
g/
A
p
ri
l2

1
,

2
0
2
0
–D

ec
em

b
er

3
1
,

2
0
2
0

(D
iT

an
o
et

al
.,
2
0
2
0
)

E
no

xa
pa

ri
n

A
nt
ic
o
ag
ul
an

t
m
ed

ic
at
io
n

P
u
lm

o
na

ry
em

bo
lis
m

(P
E
),
de

ep
ve

in

th
ro
m
bo

si
s
(D

V
T
)

A
de

qu
at
e
an

ti
th
ro
m
bo

ti
c

th
er
ap

y

A
pp

ro
xi
m
at
el
y
8
cl
in
ic
al

tr
ia
ls
,s
o
m
e
o
f
th
e

ex
am

pl
es

ar
e:

N
C
T
0
4
4
2
7
0
9
8
(P
ha

se
2
)

N
C
T0

43
66

96
0
(P
ha
se

3)

N
C
T0

44
00

79
9
(P
ha
se

3)

N
C
T0

45
40

92
6
(P
ha
se

2)

N
C
T0

44
92

25
4
(P
ha
se

3)

N
C
T0

44
08

23
5
(P
ha
se

3)

N
C
T0

46
40

18
1
(P
ha
se

2)

P
h
as
e
3
/N

C
T
0
4
4
0
0
7
9
9
/

re
cr
u
it
in
g/
Ju
n
e
1
5
,

2
0
2
0
–M

ar
ch

1
4
,2

0
2
1

(D
ra
go

et
al
.,
2
0
2
0
)

T
ra
ne

xa
m
ic
ac
id

A
nt
if
ib
ri
no

ly
ti
c
ag
en

t,

bl
o
ck
in
g
ly
si
ne

-b
in
di
ng

si
te
s
o
f
pl
as
m
in

an
d

el
as
ta
se
-d
er
iv
ed

pl
as
m
in
o
ge

n
fr
ag
m
en

ts

P
re
ve

nt
bl
o
o
d
lo
ss

in

su
rg
ic
al
pr
o
ce
du

re

A
nt
if
ib
ri
no

ly
ti
c
ag
en

t,

th
at

co
m
pe

ti
ti
ve

ly

in
hi
bi
ts

ac
ti
va
ti
o
n
o
f

pl
as
m
in
o
ge

n
to

pl
as
m
in
,a
n
en

zy
m
e

th
at

de
gr
ad

es
fi
br
in

cl
o
ts
.

N
C
T
0
4
3
3
8
1
2
6
(P
ha

se
2
)

N
C
T0

45
50

33
8
(P
ha
se

3)

N
C
T0

43
38

07
4
(P
ha
se

2)

P
h
as
e
3
/N

C
T
0
4
5
5
0
3
3
8
/

n
o
t
ye

t
re
cr
u
it
in
g/

D
ec
em

b
er

1
,2

0
2
0
–

D
ec
em

b
er

3
1
,2

0
2
2

(O
ga
w
a
&

A
sa
ku

ra
,2

0
2
0
)

44 HU ET AL.



or phase I. There are 46 agents in approximately 294 trials in total

(Figure 4). Among them, 10 agents aim at blocking virus-cell membrane

fusion and entry, 11 small molecules inhibit viral replication, 16 small mol-

ecules address CSS, four small molecules modulate the innate immune

system, four small molecules are used as anticoagulant therapy, and one

small molecule is from the category of antioxidant supplement.

Of the drugs blocking virus-cell membrane fusion and entry, there

are four agents (losartan, isotretinoin, lactoferrin, and propranolol)

interacting with ACE2, one agent (linagliptin) inhibiting DPP4, two

compounds (verapamil, chlorpromazine) targeting on ion channel, one

agent (dapagliflozin) reducing the viral load, and two agents

(nafamostat and bicalutamide) blocking TMPRSS2. Of the drugs

targeting virus replication, there are two reverse transcriptase inhibi-

tors (emtricitabine and tenofovir alafenamide), five RNA-targeting

agents (remdesivir, ciclesonide, EIDD-2801, AT-527 and ribavirin), one

phosphodiesterase inhibitor (dipyridamole), one Impα/β1-mediated

nuclear import inhibitor (ivermectin), one Mpro inhibitor (rosuvastatin)

and one 3CLpro inhibitor (PF-07321332). In the category of the drugs

addressing CSS, there are three JAK inhibitors (ruxolitinib, baricitinib,

and niclosamide), five interleukin modulators (levamisole, opaganib,

anakinra, atorvastatin, and PTC299), two modulators targeting inflam-

matory cytokines release (amiodarone, and VERU-111), one inflamma-

tory inhibitor (escin), one tyrosine kinase inhibitor (imatinib), one

cysteinyl leukotriene (cysLT) receptor antagonist (montelukast), one

p38 MAPK pathway inhibitors (losmapimod), one neurokinin-1 (NK-1)

antagonist (tradipitant), and one N-methyl-d-aspartate (NMDA) recep-

tor antagonist (ifenprodil). There are four agents (isoprinosine, IMU-

838, all-trans retinoic acid, and melatonin) modulating the innate

immune system and four agents (aspirin, enoxaparin, tranexamic acid,

and edoxaban) used as anticoagulant therapy. There is only one agent

(N-acetylcysteine) belonging to antioxidant supplement sub-class.

Dipyridamole does not inhibit the SARS-CoV-2 main protease. Its ant-

iviral activity might involve other mechanisms (Ma & Wang, 2021).

3.3 | Phase IV clinical candidates

Phase IV clinical trial is conducted by the applicant after the new drug

has already been approved by FDA. The main objective in this phase

is to assess the long-term benefits and risks of using the drug in gen-

eral population groups or in special population groups. In category,

there are 34 agents in approximately 386 trials (Figure 4). Among

them, 10 agents aim at blocking virus-cell membrane fusion and entry,

7 small molecules inhibit viral replication, 11 small molecules address

CSS, 1 small molecule modulates immune system. In addition, there

are currently 2 agents used as anticoagulant therapy and 3 agents

identified as antioxidant supplements.

Of those drugs blocking virus-cell membrane fusion and entry,

three agents are TMPRSS2 inhibitors (bromhexine, camostat, and spi-

ronolactone), three agents (valsartan, arbidol and canrenoate potas-

sium) interact with ACE2, one agent (azithromycin) interfers with S

protein/CD147 interaction, one agent (tetrandrine) inhibits voltage-

gated Ca2+ current (ICa) and Ca2+-activated K+ current, one agentT
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(doxycycline) inhibits the E2 envelope glycoprotein involved in virus

entry, and one binder of surface proteins of enveloped viruses

(povidone-iodine). Of those drugs targeting virus replication, two

agents (ritonavir and lopinavir) inhibit the coronaviral 3CLpro protease,

one compound (oseltamivir) blocks virus-release, three agents

(favipiravir, ledipasvir, and sofosbuvir) target RdRp, and 1 agent

(darunavir) inhibits HIV protease. Of those drugs addressing CSS,

there are four glucocorticosteroid agonists (prednisone, hydrocorti-

sone, dexamethasone, and budesonide), one competitive histamine

H2-receptor antagonist (famotidine), 1 antiprotozoal agent

(nitazoxanide), four interleukin modulators (colchicine, methylprednis-

olone, deferoxamine and cefditoren), one mTOR inhibitor (sirolimus),

and one p38 MAPK pathway inhibitor (silymarin). In addition, there is

1 immunosuppressive drug (cyclosporine A) which could modulate the

immune system. Apixaban and rivaroxaban belong to anticoagulant

therapy. vitamin C, vitamin D3, and quercetin are used as antioxidant

supplements.

4 | CONCLUSIONS AND OUTLOOK

At present, several COVID-19 vaccines have been approved for clini-

cal use in many countries worldwide. The vaccine approach aims at

the preventive management, which will increase antibody level against

the virus and reduce the probability for viral infection in a certain

extend. However, the vaccine approach is not suitable for those peo-

ple already infected with the virus. As SARS-CoV-2 continues to

worsen global health conditions and economic situations, the number

of people infected with this virus continues climbing. Therefore, seek-

ing effective medicines to treat COVID-19 is urgently needed. This

review gathers all small molecules currently in active clinical trials, cat-

egorizes them into six sub-classes, and analyzes possible therapeutical

treatments and their underlying mechanisms against COVID-19.

Among all of the clinical trials, the antioxidant supplement sub-class

accounts for the smallest percentile, while addressing CSS sub-class

accounts for the largest percentile. Blocking virus-cell membrane

fusion/entry and inhibiting virus replication are two sub-classes next

to addressing CSS sub-class, and together these two sub-classes

account for 42% of all clinical agents. The agents from the above two

sub-classes are all belonged to repurposing drugs. Some preliminary

results from the studies using repurposing antiviral drugs in clinic have

demonstrated the efficacy in blocking virus-cell membrane fusion and

entry or inhibiting virus replication. In addition, given the hyper-

inflammatory response mediated by addressing CSS agents or modu-

lating immune system agents are expected to work in preventing

body deterioration. Finally, Anticoagulant therapy and antioxidant

supplement are also playing important roles in combating COVID-19.

However, their effectiveness, safety/side-effects remain to be

watched. In summary, repurposing antiviral and anticancer drugs for

treatment of COVID-19 show promising. The races of small molecules

for the treatment of COVID-19 are intense, and is likely to show some

promise in the future.
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