Journal Pre-proof
Accelerated preclinical paths to support rapid development of COVID-19 therapeutics
Jay A. Grobler, Annaliesa S. Anderson, Prabhavathi Fernandes, Michael S. Diamond,
Christine M. Colvis, Joseph P. Menetski, Rosa M. Alvarez, John AT. Young, Kara L.
Carter, on behalf of the ACTIV Preclinical Working Group
PII:

S1931-3128(20)30522-9

DOI:

https://doi.org/10.1016/j.chom.2020.09.017

Reference:

CHOM 2402

To appear in:

Cell Host and Microbe

Please cite this article as: Grobler, J.A, Anderson, A.S, Fernandes, P., Diamond, M.S, Colvis, C.M,
Menetski, J.P, Alvarez, R.M, Young, J.A., Carter, K.L, on behalf of the ACTIV Preclinical Working Group,
Accelerated preclinical paths to support rapid development of COVID-19 therapeutics, Cell Host and
Microbe (2020), doi: https://doi.org/10.1016/j.chom.2020.09.017.
This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.
© 2020 Elsevier Inc.

Accelerated preclinical paths to support rapid development of COVID-19
therapeutics
Jay A Grobler1, Annaliesa S Anderson2, Prabhavathi Fernandes3, Michael S Diamond4, Christine M Colvis5,
Joseph P Menetski6, Rosa M Alvarez7, John AT Young8, Kara L Carter9*, on behalf of the ACTIV Preclinical
Working Group10
1

Merck & Co., Inc., Kenilworth, NJ, 07033, USA
Pfizer Vaccine Research and Development, Pearl River, NY 10965, USA
3
Global Antibiotic Research & Development Partnership (GARDP), Geneva, Switzerland
4
Departments of Medicine, Molecular Microbiology, Pathology & Immunology, Washington University
School of Medicine, St Louis MO 63110 USA
5
National Center for Advancing Translational Sciences, National Institutes of Health, Bethesda, MD
20892USA
6
Foundation for the National Institutes of Health, 11400 Rockville Pike, Suite 600, North Bethesda, MD,
20852, USA
7
Deloitte Consulting LLP, 200 Berkeley Street, Boston, MA 02116, USA
8
Roche Pharma Research & Early Development, Roche Innovation Center Basel, F. Hoffmann-La Roche
Ltd, Basel, Switzerland
9
Evotec ID Lyon, 40 Avenue Tony Garnier, 69007 Lyon, France
10
https://www.nih.gov/research-training/medical-research-initiatives/activ/preclinical-working-group

lP

re

-p

ro

of

2

na

*Corresponding author kara.carter@evotec.com

SUMMARY
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When SARS-CoV-2 emerged at the end of 2019, no approved therapeutics or vaccines
were available. An urgent need for countermeasures during this crisis challenges the current
paradigm of traditional drug discovery and development, which usually takes years from start
to finish. Approaches that accelerate this process need to be considered. Here we propose the
minimum data package required to move a compound into clinical development safely. We
further define the additional data that should be collected in parallel without impacting the
rapid path to clinical development. Accelerated paths for antivirals, immunomodulators,
anticoagulants and other agents have been developed and can serve as "roadmaps" to support
prioritization of compounds for clinical testing. These accelerated paths are fueled by a skewed
risk-benefit ratio and are necessary to advance therapeutic agents into human trials rapidly and
safely for COVID-19. Such paths are adaptable to other potential future pandemics.

INTRODUCTION
In late 2019, a cluster of severe respiratory disease cases occurred in Wuhan, China
(Hubei Daily (Reporter Yu Jinyi), 2019; World Health Organization, 2020c). By January 2020, a
novel coronavirus was sequenced, human-to-human transmission was clearly documented
(Centers for Disease Control and Prevention, 2020; Riou and Althaus, 2020), and additional

cases identified in other countries caused by the same virus now known as SARS-CoV-2,
resulting in the identification of a new disease syndrome, COVID-19 (Arshad Ali et al., 2020;
Munster et al., 2020; World Health Organization, 2020a, b). As the virus continued to spread,
resources were deployed rapidly to identify and develop prophylactic and therapeutic agents
for patients. However, these initial activities were uncoordinated leading to haphazard testing
of non-optimal or potentially harmful interventions. One reason for the lack of coordination
was the lack of an infrastructure and well vetted guidelines to facilitate optimized drug testing
during a global pandemic.
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Without access to approved therapeutics, repurposing of agents by physicians for use in
COVID-19 started soon after the initial virus outbreak. Drugs were chosen based on varying
criteria, but use was empirical in nature and based on limited or no data on effectiveness
against SARS-CoV-2 or COVID-19 disease sequelae. Agents such as hydroxychloroquine were
tested based on evidence of a positive effect in a single non-human cell line assay (Liu et al.,
2020). Additionally, antivirals used to treat other viral infections, such as HIV protease inhibitors
(ritonavir and lopinavir), were tested without strong rationale or evidence to support their use
against this new coronavirus (Musarrat et al., 2020; Wang, Z. et al., 2020; Yao et al., 2020). It is
now clear given results from randomized controlled clinical studies that the vast majority of
these approaches were not fruitful (Cao et al., 2020; Simsek Yavuz and Unal, 2020; Yao et al.,
2020). This highlights the need for a coordinated, systematic approach to identify the most
promising potential antiviral agents now and in the event of future pandemic threats.
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After the early hectic drug-testing period, well-controlled studies have focused on drugs
with a stronger rationale to support their use. Among antiviral therapies that have been
advanced for repurposing are the nucleos(t)ides remdesivir, favipiravir, galdesivir, AT-527 and
EIDD-2801, which exhibit broad antiviral activity against multiple RNA viruses (Good et al.,
2020; Jordan et al., 2018; Mulangu et al., 2019; Sheahan et al., 2017; Sheahan et al., 2020;
Taylor et al., 2016; Toots et al., 2019). All have shown potent antiviral activity against SARSCoV-2 in cell-based infection assays at drug levels either known or modeled to be achievable in
humans. Of these, remdesivir has received an emergency use authorization (EUA) for COVID-19
treatment (Bose et al., 2020). Additionally, immunomodulatory agents such as IL-6 receptor
antagonists (tocilizumab, sarilumab, olokizumab), IL-1 receptor antagonists (Anakinra [Kinaret]),
Janus kinase inhibitors (baricitinib [Olumiant]; ruxolitinib), and Bruton tyrosine kinase (BTK)
inhibitors (ibrutinib), all developed for other disease indications, are in clinical trials for COVID19 (Maes et al., 2020; Picchianti Diamanti et al., 2020; Roschewski et al., 2020; Yeleswaram et
al., 2020). Other immunomodulatory drugs such as dexamethasone, which has to date shown
the best efficacy in severe/critically ill patients, have been advanced (Ledford, 2020; The
Recovery Collaborative Group, 2020) as well as supportive therapies (e.g., complementtargeted therapeutics and anti-coagulants (Jodele and Kohl, 2020; Watson et al., 2020)).
Following this initial wave of agents entering the clinic, there is a clear need to continue
to accelerate identification of safe and more effective agents to expand the options for
treatment of COVID-19 during the different stages of disease pathogenesis. Discovery and
development of new drugs to treat or prevent infection typically takes many years. Timelines
for traditional approaches, predicated on an understanding of the disease and the lifecycle of
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the pathogen, exceed those required to address the urgency demanded by the current COVID19 pandemic. The severity of this pandemic from both global health and economic perspectives
has forced the field to re-imagine repurposing of approved or advanced agents for other
indications and to accelerate discovery and development of novel agents. Rapid and effective
repurposing of approved or advanced clinical agents are ideally coordinated across the
healthcare industry to progress those with the greatest potential to treat the disease. A
coordinated effort would provide a framework for prioritizing the most promising agents to
advance into clinical studies, maximize collection of key safety and efficacy data, and conserve
resources by focusing on those with the greatest likelihood of clinical benefit. Since repurposed
compounds were not optimized for treatment of COVID-19, a clearly defined and harmonized
set of criteria for preclinical biological activity from standard preclinical assays and models is
required to support prioritization for clinical studies.
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It was against this backdrop that the Accelerating COVID-19 Therapeutics Interventions
and Vaccines (ACTIV) public-private partnership was formed, focused on preclinical and clinical
therapeutics, vaccines, and clinical trial capacity (Collins and Stoffels, 2020). The ACTIV
preclinical working group has defined streamlined pathways and criteria for biological
evaluation in standard preclinical assays and models of repurposed molecules in “pandemic
response mode” to support their consideration for clinical development for COVID-19. Separate
pathways for antiviral, immunomodulatory, anti-coagulative, and anti-complement approaches
are presented here as a framework to help investigators, seeking rapid solutions for COVID-19
treatment, to prioritize compounds for limited preclinical and/or clinical resources.

na

Crisis Mode for Compound Identification and Development Versus Traditional Drug Discovery
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The urgency to make life-saving treatments for COVID-19 available precludes traditional
drug discovey paths given their typically protracted timelines. Traditional drug discovery is an
iterative, multi-step process to identify compounds with properties that support their potential
for clinical benefit (Figure 1). Target selection is based on an understanding of the underlying
biology and usually requires validation as well as a tractable means to modify the activity of the
target. In the case of drugs to treat viral infections including SARS-CoV-2, targets may include
virus or host targets with the potential to block virus infection, viral replication, or modulate the
host response to infection. Demonstration of potent activity against the target is usually a
starting point followed by lead compound optimization. This is an iterative process aimed at
maximizing selectivity (no off-target activity), improving pharmacokinetic and
pharmacodynamic (PK/PD) properties, minimizing potential safety and tolerability issues, and
improving physical properties and stability that enable appropriate formulation. Evaluation of
potency, PK, and safety are typically done sequentially – there is no reason to start resourceintensive PK studies on a compound until its potential to exert the desired biological effect is
demonstrated. Demonstration of potency in a preclinical pharmacology model gives further
confirmation of mechanism for antivirals and is critical to demonstrate efficacy for systemic
targets or pathways. A compound is advanced into early stage human clinical studies only
when it meets all the criteria for potency, PK/PD, safety, tolerability, and formulation.
Compounds can and do fail at all stages of lead optimization, and when they do, the process
regresses back to the next most advanced compound in this screening funnel.
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A more rapid approach than traditional drug discovery and development and one better
suited for a pandemic response is accelerated repurposing. For COVID-19 treatment, this
repurposing involves identification and clinical evaluation of an approved or advanced clinical
candidate for which there is a reason to believe it has potential for use in treatment and for
which there is experience demonstrating clinical PK/PD, safety, and tolerability to support its
testing. Such compounds include not only approved compounds but also those with completed
phase 1 trials (post-multi-dose phase) for another indication, those in late stages of clinical
development, and those that have not gained approval because of lack of efficacy in a
previously tested indication but which nevertheless have preclinical and clinical data supportive
of repurposing. The number of compounds that can effectively be repurposed is limited due to
the typically high selectivity of drugs for their intended targets. The most likely candidates are
those with activity against related targets as well as those that target a host response that
impacts disease. While limited in number, they are worth pursuing given the potential to
rapidly impact the course of the pandemic. Figure 1 outlines such an approach, whereby in
rapid repurposing for pandemic response, compounds that require only a demonstration of
disease relevant activity are examined prior to nomination for clinical development since PK
and minimum safety have already been established in humans, or at minimum in a preclinical
species. Additionally, for those agents already in or beyond clinical development, the existence
of an adequate clinical drug supply can again accelerate the timeline to testing in pandemic
disease clinical trials and ensure subsequent access for patients. There is significant time saved
from this rapid repurposing mode, requiring only months to generate the data necessary to
support clinical trial nomination rather than years as in the traditional drug discovery approach.
Remdesivir is an example of an agent that was identified in such a manner. Clinical data for PK
and safety already existed from clinical trials testing the compound against Ebola virus
(Mulangu et al., 2019; Warren et al., 2016). In vitro assessment of anti-SARS-CoV-2 activity was
generated rapidly and supported the immediate clinical studies for COVID-19 treatment (Wang,
M. et al., 2020; Wang, Y. et al., 2020). The time to test remdesivir activity in vitro against SARSCoV-2 to first emergency-use FDA approval for COVID-19 was only three months. However, it
must be noted that remdesivir activity had already been demonstrated against other
coronavirus family members prior to the emergence of SARS-CoV-2 (Sheahan et al., 2017),
which likely accelerated its testing and EUA approval (Bose et al., 2020).

COVID-19 Disease and Opportunities for Intervention
COVID-19 is characterized by four stages with distinct symptoms that increase in
severity as the disease progresses (Alsuliman et al., 2020; Cascella et al., 2020; Jin et al., 2020;
Wu and McGoogan, 2020) (Figure 2). The spectrum of clinical signs and symptoms observed
across the disease stages demonstrates the likely requirement for distinct interventions. The
earlier the intervention, the greater the impact will be on disease severity and outcomes. In
fact, stage 0, where there is no infection, is the ideal point of intervention with vaccines or
antiviral agents (e.g., neutralizing antibodies) administered prophylactically.
Early infection (stage 1) is characterized by fever, dry cough, gastrointestinal symptoms,
and headache that are similar to those manifested by many other viral infections (Alsuliman et

al., 2020; Cascella et al., 2020; Jin et al., 2020; Wu and McGoogan, 2020). Orally or
subcutaneously administered antiviral agents and symptomatic treatments likely will have the
greatest impact in early infection. Drugs that are ideally suited for this stage are those that can
be administered in an outpatient setting, as few patients in this group are hospitalized with
severe symptoms.
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Host inflammatory responses are a hallmark of severe infection that manifests in the
later stages of COVID-19 disease and are characterized by a massive production of cytokines
and damage to host tissues (Moore and June, 2020; Ye et al., 2020). Stage 2 is characterized by
lung inflammation that causes hypoxia and shortness of breath, which may or may not require
oxygen supplementation (Alsuliman et al., 2020; Cascella et al., 2020; Jin et al., 2020; Wu and
McGoogan, 2020). Stage 3, the most severe stage, is a hyperinflammatory state characterized
by acute respiratory distress syndrome (ARDS), systemic inflammatory response syndrome
(SIRS)/Shock, coagulation disorders, and cardiac failure (Alsuliman et al., 2020; Cascella et al.,
2020; Jin et al., 2020; Wu and McGoogan, 2020). Once this hyperinflammatory state is
triggered, it is unlikely that antiviral treatments alone will be sufficient to impact disease; thus,
immunomodulatory agents that target these responses are necessary. Selection of agents to
use in these later stages should be based on clear evidence implicating the target in one or
more of the later stages of COVID-19 disease. Patients in stages 2 and 3 likely require treatment
with agents that target the host inflammatory response and other disease processes such as
coagulation, in addition to antivirals.
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Considerations around pharmacological profile, route and frequency of administration,
and safety and tolerability of the interventions vary across disease stage and the nature of the
intervention. Antivirals for use broadly in prophylaxis or treatment of early infection should
ideally have a high barrier to the development of resistance, a simple regimen that maximizes
patient adherence, and acceptable safety and tolerability for otherwise healthy individuals. For
treatment of more severe infection in a hospital setting, there is considerably more flexibility
with regards to route of administration and frequency, as parenteral administration is viable
and reliance on the patient for adherence is less of an issue. For the sickest patients,
compounds with less than ideal safety and tolerability profiles may have a place if their
potential benefit outweighs possible liabilities.

Blueprints for pandemic response agents
Antivirals
Antiviral agents that target either a viral protein or a host protein required for viral
replication or pathology are effective against other viral pathogens (e.g., HIV, HCV, and Ebola).
Therefore, this approach will also likely play an essential role in the COVID-19 treatment tool
box. Viral targets provide the advantage of specificity and being readily validated in vitro, and
direct acting antiviral agents typically exhibit good correlation between in vitro activity and
clinical response if appropriate pharmacokinetic/safety levels are achieved, abrogating the
need for preclinical pharmacology model data to support advancement to clinical studies.

Selective drugs that target a viral protein also provide the potential to mitigate off-target
activities that can lead to tolerability or safety issues, as they do not target a host function. One
liability of direct acting antivirals, when used as monotherapies, is the potential development of
resistance that diminishes drug potency and which can emerge due to the inherent high viral
mutation rate and viral genome plasticity. Certainly, some direct acting antivirals have a high
barrier to resistance, but the propensity to generate resistance should be determined in parallel
with development activities during a pandemic response mode.
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SARS-CoV-2 expresses several proteins that would be amenable to targeting by small
molecule antivirals. These include the RNA-dependent RNA polymerase, proteases, helicase and
membrane proteins, such as the spike protein. Effective treatments that block viral replication
of other viral pathogens that act by inhibiting similar targets are obvious candidates for
evaluation as potential repurposed agents for use in COVID-19 treatment, so long as there is a
sufficient similarity to the target in SARS CoV-2. Host encoded proteins, such as proteases or
kinases used by SARS-CoV-2, also can be attractive antiviral targets (Bouhaddou et al., 2020;
Hoffmann et al., 2020a; Hoffmann et al., 2020b).
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The accelerated preclinical development plan for clinical agents repurposed as SARS
CoV-2 antivirals during the pandemic is shown in Figures 3 and S1. The premise of this
streamlined plan is that only some preclinical activities are required during pandemic response
mode, and other activities that are also normally required at this stage of traditional drug
development can be deferred and conducted in parallel with the clinical study. For COVID-19
repurposing of a clinical development stage or marketed compound, demonstration of its
antiviral activity against SARS CoV-2 in cell-based assays in vitro is an essential step. There are
multiple primary screening assays that differ in ways that may or may not impact the
measurement of potency including the form of the virus (e.g., full-length wild-type, reporter
viruses, or sub-genomic replicons, etc.) as well as the cell line used (e.g., Vero cells). It is
therefore essential that adequate control compounds with well-characterized antiviral activity
be included as comparators to assess relative potency. Currently, the recommended reference
compound is remdesivir, though the potency of this molecule depends on cellular enzymes to
phosphorylate the prodrug and thus potency values vary from cell line to cell line (Eastman et
al., 2020). Compounds that exhibit adequate potency in the primary assay, for example EC90 <10
µM, and an appropriate selectivity index, for example CC50/EC50 >100, should be tested in
orthogonal assays to evaluate impact of virus production. When cytopathic effect is the basis
for the primary screen, the orthogonal screen should demonstrate a direct activity on reducing
viral load with a potency at least 100-fold higher than cytotoxicity. Additionally, for host
targeting antivirals, at least one of the two required assays should be performed with human
cells, ideally primary human airway epithelial cells, stem cell derived organoids, or other
translationally relevant human cell system, to confirm that antiviral activity is maintained when
targeting human proteins in a relevant cell type.
Critical to moving antivirals forward to the clinic is demonstration of adequate exposure
of the compound in the target tissue (ie lungs) to achieve efficacy based on cell based or animal
model data. For antivirals in pandemic response mode, especially direct-acting antivirals,
preclinical efficacy data may not be needed to enter the clinic. Such data should only be gating

to human trials upon regulatory authority requirement or if there is a question of translatability
of host targeting antivirals from cellular to in vivo activity. In vivo efficacy data can also be
useful for prioritizing agents for advanced clinical trials.
Immunomodulators
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Stages 2 and 3 of COVID-19 are marked by increased host inflammatory response
culminating in a hyperinflammation state in stage 3 that is life-threatening (Alsuliman et al.,
2020; Jin et al., 2020). Indeed, hypercytokinemia is a hallmark of severe COVID-19 (Moore and
June, 2020; Ye et al., 2020). Interestingly, delayed type-I interferon responses also may
contribute to disease progression, as it can delay optimal induction of the adaptive immune
response (Hadjadj et al., 2020). The hypercytokinemia of stage 3 includes increased levels of
proinflammatory cytokines IL-1β, IL1 Ra, IL-6, TNF-α and sIL2-Ra, and often occurs despite
diminishing viral load in patients (Moore and June, 2020; Ye et al., 2020). Thus, a number of
potential targets for immunomodulation have the potential to impact COVID-19 disease
progression.
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The accelerated preclinical development plan for clinical agents repurposed as COVID-19
immunomodulators during the pandemic is shown in Figure 3 and S2. Unlike for antivirals, the
target or pathway validation to confirm that a specific immunomodulatory intervention will
have an impact on COVID-19 is much more challenging. Given the uncertain fidelity of
translational preclinical pharmacology models for human disease, the validation likely will come
from strong correlations in disease progression and outcome in humans. However, if such
validation is not available, activity in a non-human primate model of COVID-19 is warranted
prior to nomination for clinical development (Figure S2).
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Following target validation, activity of an agent in a translational model, whether it be in
vitro or in vivo, is critical to support nomination of clinical assessment in COVID-19. Most likely,
any current clinical stage or marketed compounds already will have such data, as it would have
been a critical component of the original data package supporting clinical investigation in the
originating disease indication. For this reason, some of the most advanced agents currently in
clinical trials for COVID-19 are immunomodulatory agents whose targets have strong clinical
association with COVID-19 disease progression such as those targeting IL-6 including sarilumab,
tocilizumab, siltuximab, clazakizumab, and sirukumab (Buonaguro et al., 2020; ClinicalTrials.gov,
2020; Fu et al., 2020; Guaraldi et al., 2020; Palanques-Pastor et al., 2020; Vaidya et al., 2020; Xu
et al., 2020).
Additional Therapeutic Profiles
In addition to antivirals and immunomodulators, there are other therapeutic profiles
that may be important to treat COVID-19. Notably, there is a marked increase in complement
activation in severe disease. An increase in coagulopathy as indicated by elevated titers of Ddimers, thrombocytopenia and blood clots in small vessels of all organs disseminated
intravascular coagulation has also been noted. As the understanding of the natural history of
COVID-19 disease increases, additional findings will highlight the need for alternate types of
therapeutic agents. The accelerated preclinical development plan for anti-complement and

anti-coagulant therapies repurposed for COVID-19 during the pandemic is shown in Figure S3.
Since many of these disease processes are associated with previously identified clinical
conditions, therapeutics to address them are either already in clinical development or are
marketed drugs. Thus, clinical trials to identify their efficacy for COVID-19 will be gated by the
validation of the biological condition promoting poor outcomes for COVID-19 patients and thus
supporting investigation of clinical intervention with these agents.

Conclusion
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The emergence of the COVID-19 global pandemic caused by SARS-CoV-2 is a crisis in
which response requires immediate action including adaptation of the drug discovery and
development process to speed quality agents into clinical trials. These new processes require
gating criteria to include only those sets of data absolutely required to ensure translational
activity with acceptable pharmacokinetics and safety via the intended route of administration.
Additional, non-gating data such as target identification, mechanism of action, and combination
evaluation for all agents, as well as resistance profiling and expanded antiviral profiling for
antiviral agents, will also be important to obtain. These assays should be done in parallel to the
gating criteria and in a less urgent manner. Assessment of resistance potential for antivirals,
while not gating and variable in risk from agent to agent, should be determined rapidly as these
agents move through clinical development. This will ensure not to prioritize an agent with high
resistance potential over others with less resistance potential. To provide the best therapeutic
options, multiple validated mechanisms should be pursued. The blueprints for defined
therapeutic agent assessment presented here outline the critical data needed to most rapidly
and efficiently evaluate and prioritize agents for clinical development for COVID-19.
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Hopefully, as therapeutic and prophylactic compounds and vaccines are approved for
COVID-19, there will be a continuing effort for pandemic preparedness, which will discover and
develop broadly active, potent therapeutics for many families of viruses with pandemic
potential. Should such efforts not provide approved agents for a future pandemic, the
principles described here could be adapted to generate blueprints for crisis mode drug
discovery to address that pandemic.
To determine the best agents to prioritize for clinical trials, data must be of high quality
and generated in standardized assays, or at minimum with robust and universally adopted
controls that allow accurate comparison of potency. Dose response assessment of all agents
should be determined, and the data sets and analyses presented for prioritization, not simply a
derived EC50 or EC90 number. The best practice is to include all known robust positive controls
for the assay with each run such that relative potency can be compared from assay to assay to
compensate for changes in protocol, cell adaptations, and other confounding variables from run
to run and laboratory to laboratory. For antivirals against SARS-CoV-2, at a minimum, inclusion
of remdesivir is recommended for in vitro assays. For best comparison, key assays should follow
standardized protocols published and accepted by the global community. Additionally, for
select profiles such as immunomodulators and in all cases requested by regulators, in vivo
efficacy data in an appropriate model (see accompanying article by Hewitt et al) is essential.

Indeed, though potentially unnecessary to start clinical assessment, such data is a selection
criteria for consideration by networks such as the ACTIV clinical trials prioritization group. All
data generated to support clinical development of agents should be made publicly available
during pandemic crises to facilitate optimal learning and advancement in the shortest
timeframe.
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Not addressed here, but critical to rapid response in a crisis mode, is availability of
clinical drug supply. Most likely, the first agents to move to the clinical prioritization during a
pandemic crisis will be molecules with sufficient potency, PK and safety to provide therapeutic
options until more potent compounds can be identified. There should also be sufficient amount
of clinical drug supply on hand to support clinical trials. If not, accelerated paths to produce this
clinical grade material is mandatory. Additionally, commercial scale manufacturing of any agent
entering clinical trials must be established in parallel to the execution of the clinical trials to
ensure adequate supplies are available to treat patients upon product approval even though
these efforts require a significant at-risk front-loaded investment in material that may not be
used for COVID-19 unless the product is approved.
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The COVID-19 pandemic is a public health crisis due to the lack of vaccines and
therapeutics developed ahead of time for preparedness. The problem has been compounded
by the need to define, coordinate, and execute an accelerated response in the face of a rapidly
spreading and deadly human pathogen. Use of the blueprints presented here can lead to
optimal compound prioritization of potential therapeutics to address all known stages of
COVID-19 as well as any other disease aspects that remain to be defined.
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Figure Legends

Figure 1. Comparison of the processes for traditional drug discovery and pandemic response
mode.
Figure 2. COVID-19: stages, symptoms, and potential treatments.
Figure 3. Blueprints for pandemic response mode for antivirals and immunomodulators for
COVID-19.
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The global COVID19 pandemic underscores the urgent need for an accelerated path for drug discovery
and development. In this Perspective, Grobler et al. outlines roadmaps to support prioritization of the
most promising therapeutic agents while ensuring clinical safety.

