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Although a SARS-CoV-2 vaccine will have the greatest 
impact on ending the COVID-19 pandemic, antiviral 
drugs are required to treat unvaccinated persons and 
vaccinated persons who do not develop protective 
immunity. Antiviral drugs for SARS-CoV-2 may also 
potentially be effective at treating severe endemic 
human coronavirus infections, MERS-CoV, and future 
pandemic coronaviruses. To prioritize licensed drugs 
and investigational compounds for COVID-19 clinical 
trials, it is necessary to compare their preclinical data 
and human pharmacokinetics. Compounds with little 
or no in vitro inhibitory activity will not be clinically 
efficacious while those with in vitro inhibitory activity 
may be clinically efficacious if their in vitro inhibition 
reflects physiologic conditions, sufficient inhibitory 
levels can be attained in vivo, and they are safe in 
humans. Regrettably, most clinical trials are studying 
drugs with minimal inhibitory in vitro activity or with 
a level of inhibitor activity unlikely to be attained with 
standard dosing. These include the chloroquine analogs, 
azithromycin, the HIV-1 protease inhibitors ritonavir-
boosted lopinavir and darunavir, the anti-influenza drugs 
favipiravir, oseltamivir, and umifenovir, the antiparasitic 
drugs ivermectin and nitazoxanide, and the hepatitis 
C virus inhibitor sofosbuvir. Although there are more 

than 100 clinical trials of convalescent plasma, few 
are randomized and/or sufficiently powered to yield 
meaningful quantitative results particularly as the levels 
of neutralizing antibodies in convalescent plasma are 
heterogeneous. 
	 We have created a database to facilitate comparisons 
between candidate anti-SARS-CoV-2 compounds to help 
clinical investigators, public health officials, and funding 
agencies prioritize the most promising candidate drugs 
and investigational compounds for further development 
(https://covdb.stanford.edu) (1). The database classifies 
compounds according to four broad mechanisms 
of action: i) virus enzyme inhibitors; ii) virus entry 
inhibitors, iii) interferons, and iv) compounds targeting 
host processes. In this editorial, I describe promising 
compounds for the treatment of SARS-CoV-2 according 
to three main criteria: i) they act by a validated direct 
or indirect antiviral mechanism; ii) they display sub-
micromolar inhibitor activity in vitro; and iii) they are 
likely to be safe and to have favorable pharmacokinetics 
in human subjects. Most of these compounds are being 
studied in clinical trials, although the numbers of trials 
for these compounds are far fewer than those for the 
less promising compounds described in the previous 
paragraph.
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Abstract: The COVID-19 pandemic has unleashed an unprecedented effort to identify efficacious treatments for 
persons infected with SARS-CoV-2. As of September 2020, more than 750 completed, ongoing, or planned clinical 
trials of drugs intended to inhibit SARS-CoV-2 replication have been registered on the ClinicalTrials.gov or WHO 
International Clinical Trials Platform websites. Most of the treatments studied in these trials are repurposed licensed or 
investigational drugs targeting viral proteins or cellular pathways required for virus replication. The use of repurposed 
compounds is understandable because with the exception of monoclonal antibodies, it will be several months before 
novel SARS-CoV-2-specific drugs will be available for human testing. This editorial describes those compounds 
that I believe should be prioritized for clinical testing: i) viral RNA polymerase inhibitors including GS-441524, its 
prodrug remdesivir, and EIDD-2801; ii) entry inhibitors including monoclonal antibodies, ACE2 molecular decoys, 
and peptide fusion inhibitors; iii) parenteral and inhalational preparations of interferon β and λ; and iv) inhibitors of 
host transmembrane protease serine 2 (TMPRSS2), endosomal trafficking, and pyrimidine synthesis. As SARS-CoV-2 
is pandemic and as its most severe consequences result from a dysregulated immunological response to infection, the 
ideal therapies should be inexpensive and should be able to be administered to non-hospitalized persons at the time of 
their initial diagnosis. 
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Viral polymerase inhibitors

Remdesivir is a delayed chain terminator phosphoramidate 
prodrug of a 1'-cyano-substituted adenine C-nucleoside 
analogue (GS-441524) with high nanomolar SARS-
CoV-2 inhibitory activity in vitro (2). It reduces viral 
replication and lung pathology in mice and rhesus 
macaques when administered shortly after infection 
(2,3). In placebo-controlled randomized clinical trial, its 
intravenous administration led to a significant reduction 
in time to recovery from 15 to 11 days (p < 0.001) and a 
non-statistically significant reduction in day 14 mortality 
of 11.9% vs. 7.1% (p = 0.06) (4). Ongoing trials are 
examining its safety and efficacy when administered 
subcutaneously or via inhalation. It has been suggested, 
however, that the parent compound GS-441524 may 
actually have multiple advantages over remdesivir 
including the ability to be administered orally, more 
favorable pharmacokinetics, and a less complicated 
synthesis (5). EIDD-2801 is a nucleoside analog viral 
mutagen, which like remdesivir has high nanomolar 
SARS-CoV-2 inhibitory activity (6). It reduces SARS-
CoV and MERS-CoV replication and lung pathology in 
a mouse model and is currently being evaluated in two 
Phase II clinical trials. 

Entry inhibitors (monoclonal antibodies [mAbs])

More than thirty research groups have identified 
mAbs that neutralize virus infection by binding to the 
SARS-CoV-2 spike protein. These studies characterize 
neutralizing mAbs according to one or more of the 
following properties: i) the mAb concentrations required 
for virus neutralization; ii) the mAb sequence; iii) the 
3-dimensional structure of the mAb bound to SARS-
CoV-2 spike; and iv) the level of protection in animal 
model challenge studies. One pair of mAbs identified 
in these studies, REGN10933 and REGN10987 possess 
sub-nanomolar inhibitor activity and bind to non-
overlapping ACE2-competing SARS-CoV-2 receptor 
binding domain epitopes (7,8). The combination also 
reduces virus replication and lung pathology in Syrian 
hamsters and rhesus macaques (9). The combination 
of REGN10933 plus REGN10987 and another mAb 
LY3819253 are in Phase III trials for the prevention and 
treatment of SARS-CoV-2 infection. Seven other mAbs 
are in Phase I trials including AZD7442, BRII-196, CT-
P59, JS016, SCTA01, STI-1499, and TY027. However, 
as of early September 2020, there are no publications 
describing LY3819253 or any of these other mAbs. 

Interferons

Interferon-α, interferon-β, and interferon-λ each 
inhibit SARS-CoV-2 by 90-99% at the relatively low 
concentrations of approximately 100 international units/
mL (10-13). Inhalational interferon-α and parenteral 

interferon-β have been associated with modest 
reductions in disease severity and/or virus levels in two 
small open-label randomized clinical trials (13,14). An 
inhaled formulation of interferon-β has been reported 
in the news to reduce the odds of developing severe 
disease or death in a blinded randomized control trial of 
220 patients, but the study has not yet been published 
(SNG016; https://www.isrctn.com/ISRCTN14241621). 
There are currently four planned or ongoing Phase II 
or III placebo-controlled trials of parenteral or inhaled 
interferon-β and four planned or ongoing Phase II 
placebo-controlled trials of parenteral interferon-λ. 

Host-acting compounds

Camostat and nafamostat are serine protease inhibitors 
that  inhibit  human transmembrane protease 2 
(TMPRSS2) which appears to be required to cleave the 
SARS-CoV-2 spike protein thus priming it for host cell 
fusion (15-18). Both drugs are used in Japan for the 
treatment of pancreatitis while nafamostat is also used as 
an anticoagulant and for the treatment of disseminated 
intravascular coagulation. Although nafamostat has > 
10-fold greater TMPRSS2 enzymatic and SARS-CoV-2 
antiviral inhibitory activity than camostat, it is thought 
to be associated with greater toxicity. Camostat is being 
studied in two blinded and two open label randomized 
controlled trials totaling about 900 patients. Nafamostat 
is being studied in three small randomized open label 
trials totaling about 200 patients. 
	 Apilimod has been found in several drug screens 
to inhibit SARS-CoV-2 with high selectivity at 
concentrations below 100 nm (19,20). It inhibits PIKfyve, 
an enzyme involved in the formation of a membrane 
protein required for the endosomal trafficking of SARS-
CoV-2 and other viruses (21,22). It has been studied in 
humans in several clinical trials and been found to be 
safe and well tolerated. A theoretical concern with the 
use of apilimod for treating viral infections, however, 
is that it may interfere with T cell antigen presentation 
(23). Apilimod is being studied for the treatment of mild 
SARS-CoV-2 infections in one randomized placebo-
controlled Phase II trial.
	 PTC299 i s  an  inhib i tor  of  d ihydroorota te 
dehydrogenase (DHODH), a rate limiting enzyme in 
the pyrimidine biosynthesis pathway (24). DHODH 
inhibitors are therapeutic targets for autoimmune 
diseases and viral infections (25,26). PTC299 has been 
found to be safe and have favorable pharmacokinetics 
in more than 300 human subjects. In one study, it 
demonstrated low nanomolar SARS-CoV-2 inhibitory 
activity and a high selectivity index (27). As both viral 
replication and cytokine overproduction depend on 
pyrimidine synthesis, DHODH inhibition may have a 
dual role in COVID-19 treatment. DHODH inhibitors 
are expected to be synergistic with viral polymerase 
inhibitors as both interfere with viral genomic copying 
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and transcription (26). There is one Phase II/III trial of 
PTC299 for patients with severe COVID-19. Three other 
DHODH inhibitors have been studied in vitro and/or 
are in COVID-19 clinical trials including leflunomide, 
brequinar, and IMU-838. 

Other compounds

Soluble recombinant human ACE2 has been studied 
as a treatment for acute respiratory distress syndrome 
(ARDS) in humans; it has also been reported to protect 
mice from developing SARS-CoV-1-associated ARDS 
(28,29). It inhibits SARS-CoV-2 spike binding at 
nanomolar concentrations in several cell lines (30,31). 
There are two ongoing Phase II trials of an intravenous 
commercial rhACE2 preparation. Recombinant ACE2-
IgG is also highly active in vitro but has not yet been 
studied in humans (31). Likewise, two highly potent 
lipopeptide fusion inhibitors have been described – 
HR2P-EK1C4 (32) and IPB03 (33) – but are not yet 
being studied clinically. 
	 Ciclesonide is an inhaled corticosteroid that may 
interfere with membrane trafficking by binding directly 
to nsp-3 or nsp-4 or indirectly through a host protein. It is 
one of the few compounds reported to exert evolutionary 
pressure on SARS-CoV-2 in that it selects for SARS-
CoV-2 mutations during in vitro passage (34). Although 
it inhibits SARS-CoV-2 at low micromolar levels, higher 
inhibitory levels may be attained clinically through 
the inhalational route. Niclosamide, a licensed anti-
parasitic drug with sub-micromolar activity but poor oral 
bioavailability, is being studied in a Phase I trial in which 
it will be administered intramuscularly (35). 

Conclusions

The current paradigm of drug development involves 
competing research laboratories and companies engaged 
in compound screening, drug optimization, preclinical 
studies, pharmacokinetics, and clinical trials. The process 
is vertically but not horizontally integrated. It is opaque 
to most stakeholders because it is often difficult to 
obtain the necessary data to compare different treatment 
approaches during their development. In this editorial, 
I've outlined those drugs and compounds that I believe 
should currently be prioritized pending the development 
of more targeted SARS-2-specific antivirals. The 
ability to horizontally integrate the development of new 
therapeutics is required to expedite their development 
during a pandemic.
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