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The coronavirus disease 19 (COVID-19) pandemic poses a serious threat to the

sustainability of healthcare systems and is currently having a significant effect on living

conditions worldwide. No therapeutic agent has yet proven to be effective for the

treatment of COVID-19. The management of this disease currently relies on supportive

care and the off-label and compassionate use of antivirals and immunomodulators.

Nevertheless, there has been a great worldwide effort to progress research and test the

efficacy and safety/tolerability profiles of numerous candidate agents that may positively

affect the various clinical syndromes associated with COVID-19. In parallel, vaccination

and chemoprophylaxis strategies are being investigated. This article provides a summary

of interventional studies targeting COVID-19 during the emergency phase of the outbreak

to broadly inform clinicians and researchers on what happened and what they can

expect in upcoming months. The clinicaltrials.gov database and the European Union (EU)

Clinical Trials Register were investigated on March 31, 2020, to identify all ongoing phase

1–4 research protocols testing pharmacological interventions targeting SARS-CoV-2

infection and/or clinical syndromes associated with COVID-19. Overall, six phase 1, four

phase 1-2, 14 phase 2, ten phase 2-3, 19 phase 3, and nine phase 4 studies were

identified, and the features of these studies are described in the present review. We

also provide an updated overview of the change overtime in the pipeline following this

emergency phase and based on the current epidemiology of the COVID-19 pandemic.
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FIGURE 2 | Geographic location of the selected protocols.

COVID-19 worldwide, and some of these trials will publish the
results as early as in the next few weeks/months. This emerging
evidence will largely be concerned with hard outcomes such as
mortality (adopted as the primary endpoint in ten studies), access
to intensive care units, clinical remission, and will therefore have
profound clinical implications.

This review provides an overview of studies in the emergency
phase of the outbreak, utilizing the two most common open
access protocol registries in the US and Europe, with the aim of
informing clinicians and researchers on what they can expect in
the upcoming months. Of note, is the fact that we restricted our
focus to only two clinical trial registries and we are aware that
this might potentially underestimate the current situation. When
a broader search is conducted by including most of the existing
national and international databases, the number of ongoing
studies is much higher and needs to be constantly updated (13).
Accordingly, coalitions/networks have recently been launched
to provide frequently updated resources (e.g., living systematic
reviews) summarizing the characteristics of research protocols
targeting COVID-19 (7, 13). These initiatives are particularly
welcomed, as they potentially allow for the coordination of a
multinational research effort and better allocation of the available
research resources.

As expected, interventional studies were largely performed
and promoted in those countries where the outbreak has already
significantly affected the community and the healthcare system.

The inclusion criteria of the studies was designed to target the
entire spectrum of clinical syndromes associated with COVID-
19 at the time the study was conducted, namely asymptomatic
status, mild illness, pneumonia, ARDS, and septic complications.
The opportunity to include the clinical struggles for different
categories of patients was also implemented. Several trials were
instead focused on the vaccination and chemoprophylaxis of
healthy individuals. Two studies were specifically dedicated
to health care providers, consistently with their established
vulnerability in the COVID-19 pandemic (14). These studies are
very much needed, as in some countries the number of healthcare
providers with infection is rapidly increasing due to a shortage of
personal protective equipment, in parallel with the high demand
for care that usually occurs during a pandemic (15). Currently,
slowing the spread of the SARS-CoV-2 relies on measures of
social distancing and recommended changes to lifestyle and
behavior that have unmeasurable consequences on the life of
individuals and communities, not to mention the economic crisis
that countries face. In light of this, it is pivotal to cooperate
and optimize the effort for a common solution starting from the
systematic recruitment of patients to complete the ongoing trials.

Based on the registered information, some protocols will
probably provide proof-of-concept evidence supporting the
design of large-scale clinical trials. Conversely, some of the
ongoing phase 3 randomized controlled trials and phase 4 post
marketing studies seem already adequately informed to be able to

Frontiers in Medicine | www.frontiersin.org 9 September 2020 | Volume 7 | Article 552991



Canevelli et al. COVID-19 Drug Development Pipeline

FIGURE 3 | Pharmacological interventions against COVID-19 tested in the emergency phase of the outbreak according to the study phase and mechanism of action.

IFN, interferon; MSCs, mesenchymal stem cells; NK, natural killers.

draw either positive or negative conclusions on the efficacy and
safety/tolerability of pharmacological compounds with different
mechanisms of action. Of note, is the fact that some trials
are adopting adaptive designs, allowing them to rapidly accept
or reject multiple experimental therapies, which is especially
promising in the current outbreak scenario (4).

The major limitation of our study is related to the extremely
dynamic evolution of knowledge on the topic. As mentioned,
an incredible number of trials have been proposed on COVID
during the past weeks and it is likely that this number will
rapidly and exponentially increase in the next months, especially
given the more consistent dissemination of the coronavirus in
different regions of the world. In this regard, since April 1, 2020,
585 new protocols have been registered on the clinicaltrials.gov
database (search updated to August 18, 2020) with an expected
overall number of around 375,000 participants. As compared
with the emergency phase, a greater proportion of phase 1 and
2 studies are currently active (70.2 vs. 54.8%). An increase in
the percentage of industry-funded trials (34.2 vs. 17.7%) and

of studies adopting a randomized design (85.3 vs. 72.6%) has
been observed. As expected by the changes that have occurred
in the epidemiology of COVID-19, the US and Europe persist as
the main recruiting sites while centers in South America, India,
and Africa have recently started to contribute. It is noteworthy
that, due to a better understanding of the pathophysiological
mechanisms of the disease (10), there are a relevant number of
novel compounds, mostly acting as immunomodulators, that are
being tested (e.g., ruxolitinib, colchicine, heparins, mavirilumab,
ivermectin). These were not present nor in the pipeline at the end
ofMarch 2020.Moreover, 47 protocols are currently investigating
the efficacy and safety profiles of vaccines whereas 67 focused
on convalescent plasma therapies. As of August 18, 2020, the
(negative) findings of four of the studies that started in the
emergency phase have already been published (i.e., three testing
remdesivir [NCT04292899, NCT04292730, NCT04257656] and
one testing hydroxychloroquine [NCT04308668]) (16–19).

In conclusion, the present analysis provides an account
for researchers and clinicians for them to understand present
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research and envision the future of therapeutics testing for the
management of the COVID-19 pandemic.
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