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The COVID-19 pandemic is unraveling as the most dev-
astating disease impacting humanity. The repercussions 
extend far beyond the sobering 15.3 million infections and 
620,000 deaths worldwide, into a global economic free fall, 
exponential rise of unemployment, and disruption of social 
bonds [1]. At the center of this pandemic is a disease with no 
antidote or vaccine. The interim analysis of the NIH spon-
sored Adaptive COVID-19 Treatment Trial (ACTT) on April 
27th, brought a spark of hope. The published results showed 
that treatment with remdesivir significantly decreased the 
time to recovery to 11 days compared to 15 days with pla-
cebo, a statistically significant reduction of 31% (P < 0.001). 
Moreover, there was a trend towards decreased mortality at 
14 days with the use of the drug (7.1% vs 11.9%) that did not 
reach statistical significance [2]. Unlike earlier reports from 
non-randomized studies [3], the ACTT was a prospectively 
randomized, controlled trial with adaptive design involv-
ing 1,063 patients and reviewed by an independent data and 
safety monitoring board (DSMB). Within 4 days, the com-
pelling evidence lead the Food and Drug Administration 
(FDA) to grant Gilead Sciences Inc., the drug manufacturer, 
an Emergency Use Authorization (EUA). However, remdesi-
vir remains a drug that is not approved in the USA as explic-
itly stated in the FDA letter [4]. In the absence of the EUA, 
patients would be limited to receiving remdesivir only in 
clinical trials or under a compassionate use agreement that 
requires special authorization from the FDA on an individual 
basis. This would be unnecessarily cumbersome with the 
current number of cases. The EUA enables physicians and 
hospitals to acquire the drug outside clinical trials especially 

in the current circumstances of rapid disease propagation 
and lack of alternative effective therapy.

The number of clinical trials related to COVID-19 has 
exploded. The number of studies posted on clinicaltrials.
gov increased from 4 in January 2020 to 1833 on May 31st 
[5] (Fig. 1). Remdesivir therapy was incorporated in only 
29 trials. Hydroxychloroquine is the most commonly stud-
ied medication in 207 trials. Direct inhibition of COVID-19 
replication is being investigated with lopinavir/ritonavir (69 
trials), a combination used to treat human immunodeficiency 
virus (HIV). Several therapies aim to interfere with the dis-
proportionate inflammatory response triggered by the virus 
either by using steroids like methylprednisolone (21 trials) 
or targeting key mediators such as interleukin-6 (IL-6). 
Tocilizumab (46 trials) is an antibody to IL-6 while sari-
lumab (14 trials) inhibits its receptor. Other antimicrobials 
such as azithromycin (91 trials), ivermectin (18 trials), and 
doxycycline (5 trials) are being used to treat co-infections or 
directly inhibit the virus based on speculative mechanisms of 
action. Alternative strategies focus on boosting the antiviral 
immunity through direct modulators such as interferon (59 
trials) or a vaccine (106 trials).

Principal investigators, pharmaceutical companies, and 
regulatory bodies around the globe will face major ethical 
dilemmas. In 345 trials, patients with COVID-19 may be 
randomized to a placebo arm. A total of 1804 studies are 
enrolling patients to receive various therapies without formal 
inclusion of remdesivir based on the initial clinical designs. 
The EUA makes remdesivir legally available for patients 
and physicians and provides the opportunity for other trials 
to adapt their treatment protocol to incorporate it. However, 
it is uncertain in the immediate future whether remdesivir 
production can meet the rapidly growing demand. While the 
company expected producing 140,000 rounds of its 10-day 
treatment course by July, the number of active infections 
have reached several millions worldwide [1, 6]. Remdesi-
vir is administered intravenously in a hospital setting and 
is currently approved only for a subgroup of patients with 
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severe disease requiring oxygen supplementation. Patient 
selection and allocation of the drug could be challenging at 
times of scarcity.

Early stages of drug development during the AIDS 
epidemic also involved the testing of a large number of 
competing agents with the early acceptance of just one 
NIH-supported compound. The approval of the first drug 
azidothymidine (AZT) for the treatment of HIV came after 
early halting of a phase 2 prospectively randomized, con-
trolled clinical trial comparing it to placebo in September 
1986. Back then, FDA approval of the drug was expedited 
and required 6 months for finalization until March 1987. It 
was based on one clinical trial demonstrating significantly 
increased survival and decrease in opportunistic infections 
compared to placebo [7]. Despite significant known toxic-
ity and incomplete data on exact dosages, the FDA took 
an appropriate step to provide treatment for HIV infected 
patients with no other options for a lethal disease [8]. As a 
member serving on the DSMB (RM) of the original AZT 
vs. placebo study, the committee struggled with the issue 
of stopping the study early because its termination would 
impact the design of all future studies in terms of control 
group selection. With the usual Type 1 error rate selection of 
0.05, the concern was whether this one trial was a false posi-
tive. If so, an ineffective treatment would become the stand-
ard of care for treating HIV. Similar concerns remain with 
remdesivir in the absence of a consistent survival advantage 
and the publication of randomized data showing no signal 
of benefit [2, 9]. Also, the ACTT was criticized for delay 
in initiation of therapy as well as the absence of informa-
tion regarding concomitant medications to treat COVID-19. 
However, additional data from large observational studies 
are starting to emerge showing a significant decrease in 
mortality with remdesivir therapy (OR 0.38 [0.22–0.68]) 
after adjusting for patient comorbidities and concomitant 
treatments [10].

As with development of therapeutic options for different 
stages of HIV infection, the determination of optimal ther-
apy for specific groups of COVID-19 patients will require 
time and must be guided by science and patience. The initial 
FDA support of hydroxychloroquine, followed later by its 
recommendation that hydroxychloroquine was not effective 
against COVID-19, served as a recurring reminder that regu-
latory decisions cannot be used to tame public emotions, 
media overstatement, or political agendas. Our compass in 
this challenging period remains the Hippocratic oath to put 
patients’ health first based on the best available scientific 
knowledge at the time, recognizing that the standard of care 
is a rapidly moving target that we need to adapt to on a 
regular basis. The EUA for remdesivir is just the beginning 
of a long roller-coaster ride and a dim light in an abyss of 
dark statistics.
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Figure 1.  Number of Clinical Trials Related to COVID-19 Posted on 
clinicaltrials.gov.
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