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Abstract

An unprecedented volume of research has been generated in response to the COVID-19 pandemic. However, there
are risks of inefficient duplication and of important work being impeded if efforts are not synchronized. Excessive
reliance on observational studies, which can be more rapidly conducted but are inevitably subject to measured and
unmeasured confounders, can foil efforts to conduct rigorous randomized trials. These challenges are illustrated by
recent global efforts to conduct clinical trials of post-exposure prophylaxis (PEP) as a strategy for preventing COVID-
19. Innovative strategies are needed to help overcome these issues, including increasing communication between
the Data Safety and Monitoring Committees (DSMCs) of similar trials. It is important to reinforce the primacy of
high-quality trials in generating unbiased answers to pressing prevention and treatment questions about COVID-19.

The proliferation of research on COVID-19 treatment and
prevention since SARS-CoV-2 first emerged has been un-
precedented. Since SARS-CoV-2 first emerged in Wuhan,
China, and triggered a global pandemic, nearly 3000 trials
have been registered on ClinicalTrials.gov. While this vol-
ume of research is impressive, there are risks of inefficient
duplication, and important work may also be impeded if
efforts are not synchronized. Ongoing efforts to conduct
rigorous randomized trials of COVID-19 post-exposure
prophylaxis (PEP) provide illustrative examples.
PEP is a commonly used strategy for the prevention of

infectious diseases, in which people who have recently
been exposed to a pathogen use a short course of targeted,
antimicrobial chemotherapy to decrease the chance of ac-
quiring infection. In the absence of a preventive vaccine
against SARS-CoV-2, PEP is an intuitively attractive option
to impact the progression of the epidemic, and numerous

research groups around the globe have launched random-
ized controlled trials.
Based on pre-clinical data suggesting in vitro inhibition

of both SARS-CoV and SARS-CoV-2 [1, 2], plausible
mechanisms of action including the alkalinization of endo-
somes required for viral replication [3], and early clinical
case series from France suggesting a reduction in the
SARS-CoV-2 viral load in the upper respiratory tract [4],
chloroquine (CQ) and hydroxychloroquine (HCQ) have
been leading candidates for COVID-19 PEP. The HIV pro-
tease inhibitor lopinavir/ritonavir is also being evaluated,
based on reports showing in vitro activity against SARS-
CoV [5], and observational data suggesting efficacy in
humans as PEP against MERS-CoV [6]. At least 16 clinical
trials of HCQ/CQ COVID-19 PEP have been planned or
initiated worldwide (Fig. 1).
The first of these trials has already been completed

and showed no difference in the incidence of confirmed
or probable COVID-19 at day 14 in participants receiv-
ing 5 days of HCQ compared to placebo [7]. An import-
ant limitation was that confirmatory testing for SARS-
CoV-2 was not widely available, such that the primary
outcome was confirmed by PCR in < 15% of cases. The
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study was underpowered to assess the impact among
household members alone, among whom PEP decreased
COVID-19-like illness by ~ 30% but the result was not
statistically significant. Intriguingly, in pre-defined sub-
group analyses, PEP efficacy appeared greater when
taken 1–2 days compared to 3–4 days after exposure,
supporting biological plausibility of increased efficacy
with early PEP, although results were not statistically
significant. A second, cluster-randomized HCQ PEP trial
in Spain showed no difference in either PCR-confirmed
symptomatic COVID-19 disease or SARS-CoV-2 infec-
tion among asymptomatic contacts [8]. Limitations of
this well-conducted trial include that randomization was
performed prior to obtaining informed consent, such
that allocation concealment may have been threatened,
and the open-label nature of the intervention.
Additional data are urgently needed to resolve this im-

portant question. Unfortunately, many of the rigorously
designed trials that sought to address it have been
thwarted by provocative observational studies questioning
the cardiac safety profile of these drugs. Most notably, a
prominent publication in The Lancet that claimed to be
based on data from 96,032 patients on six continents con-
cluded that HCQ and CQ offered no clinical benefit, in-
creased ventricular arrhythmias, and decreased in-hospital
mortality among COVID-19 patients [9]. However, careful
scrutiny revealed major flaws, and the veracity of the

primary data could not be verified by the authors [10].
Though retracted within 2 weeks, the initial report gar-
nered media headlines worldwide, and regulatory author-
ities halted trials in several countries.
However, the problem predates the retraction of The

Lancet article. Indeed, several well-conducted cohort
studies had also suggested a lack of clinical benefit, and/or
the potential for arrhythmias with HCQ/CQ when used for
COVID-19 treatment, sometimes using propensity score
weighting in an attempt to minimize bias [11, 12]. These
findings, related media reports, and associated changes in
regulatory guidance foiled other efforts to conduct rigorous
COVID-19 PEP trials, including one in Asia and another in
New York City. This phenomenon should be a cause for
alarm. Some degree of measured and unmeasured con-
founding may always be present in non-randomized stud-
ies—a problem that only careful randomization and
appropriate allocation concealment can adequately address.
Observational studies may raise important hypotheses and
may lead to the introduction of additional safeguards in tri-
als [13], but should not impede their continuation.
Innovative solutions have been proposed to address these

epistemological challenges, including increasing communi-
cation between the Data Safety and Monitoring Commit-
tees (DSMCs) of similar trials. DSMCs are charged with
advising on the net ratio of benefits to risks of ongoing tri-
als, yet are constrained by their access to limited data from

Fig. 1 Cumulative count of HCQ PEP trials
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a single trial. While meta-analysis can be used to pool re-
sults from multiple studies retrospectively, a unique oppor-
tunity to detect emerging safety and efficacy signals in real-
time arises when trials are conducted simultaneously. The
World Health Organization thus convened a series of con-
sultations about COVID-19 drug prevention trials in early
2020 [14]. In addition to harmonizing study procedures
and endpoints, a key objective was to build a “Core
DSMC” that could oversee multiple trials and/or fa-
cilitate the confidential sharing of DSMC reports be-
tween trials. The rapid sharing of preliminary DSMC
reports from several HCQ chemoprophylaxis trials
was instrumental in moving past the initial roadblock
posed by The Lancet publication cited above.
During a global pandemic, the need for scientific rigor

is particularly acute. The complexity and longer time-
lines associated with conducting randomized trials create
a strong incentive to rely on observational analyses for
clinical guidance, which are easier and quicker to
complete. Nevertheless, we must vocally reinforce the
primacy of high-quality trials in generating unbiased an-
swers to pressing prevention and treatment questions
about COVID-19.
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