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he first 3 years of the COVID-19 pandemic witnessed

an unprecedented pace of research that delivered
vaccines, antiviral agents, and anti-inflammatory therapies
that dramatically lessened the morbidity and mortality of
COVID-19. However, some research findings led to clinical
practice recommendations that were later associated with
excess mortality.

Early in the pandemic, when no proven therapies were
available, there were reports that the antimalarial drug
hydroxychloroquine had antiviral effects. This prompted a
flurry of research to determine whether it could be repur-
posed for COVID-19 and led to the U.S. Food and Drug
Administration (FDA) authorizing its use (1). These studies
had many flaws, including not providing sufficient infor-
mation to evaluate efficacy. One was later retracted (1).
Nonetheless, hydroxychloroquine continued to be used
despite many well-done studies showing that it was not
only ineffective but associated with increased mortality (2)
and despite its authorization being revoked by the FDA.

Although corticosteroids reduced mortality in critically
il patients with COVID-19 in a large randomized con-
trolled trial (RCT) (3), rather than being broadly beneficial,
their effect was limited to patients who required oxygen.
Importantly, this limitation was biologically plausible
because corticosteroids reduce inflammation and severe
COVID-19 is caused by immune-mediated damage.
However, the drug was then used in many hospitalized
patients who were in an earlier phase of the disease, in
whom a benefit had not been established. This led to mas-
sive overuse and worse outcomes, including increased
mortality in patients who were not critically ill (4). Such use
in non-critically ill patients was associated with a detri-
mental outcome in a meta-analysis (5) and ran counter
to recommendations.

Failure to incorporate known principles of antibody
therapy into the design of COVID-19 therapy trials also
had a detrimental effect (6). The FDA authorized COVID-19
convalescent plasma (CCP) for hospitalized patients with
COVID-19 in August 2020, based on both biological plau-
sibility and evidence from a large observational study (7).
By the fall of 2020, an estimated 30% to 40% of all hospi-
talized patients in the United States had received CCP. An
epidemiologic analysis found that CCP use and mortality
were inversely correlated and estimated that CCP may
have saved about 100000 lives (7). However, in early
2021, RCTs from the United Kingdom, Italy, and Canada
that mainly evaluated CCP in severely ill hypoxic patients
who were hospitalized reported that CCP did not reduce
mortality (6). Despite FDA authorization for certain
patients, this prompted guideline committees to recom-
mend against CCP, and its use decreased. A temporal
trend analysis found that reduced CCP use in the winter

of 2020-2021 was associated with 30 000 excess deaths
(7). Two years later, an analysis of aggregated RCT evi-
dence from more than 3 dozen trials suggested that CCP
significantly reduced mortality in hospitalized patients
who were treated with high-titer plasma early in the dis-
ease course (8).

Today, hydroxychloroquine is no longer used, corti-
costeroids are primarily used in critically ill patients, and
CCP has found a niche for treatment of immunocompro-
mised patients (9). Although different factors resulted in
the misuse of each agent for COVID-19, reconciling bio-
logical plausibility with the results of clinical studies might
have prevented errors that led to detrimental outcomes.
For hydroxychloroquine, the assumption that an antima-
larial drug could be an effective antiviral was initially based
on its antiviral activity in vitro. However, observational and
randomized trials in patients with COVID-19 did not dem-
onstrate efficacy (1), highlighting that in vitro biological
plausibility must be validated in vivo. For corticosteroids,
their efficacy in critically ill patients in a study that also
included non-critically ill patients in whom they were
not effective led to widespread use despite the knowl-
edge that immunosuppressive therapy impairs antiviral
immunity. The immunosuppressive effect of corticoste-
roids is a basic tenet of their mechanism of action.

For CCP, recommendations against its use were based
on negative results from trials that, like studies of corticoste-
roids, were largely conducted in hospitalized patients in
whom it was unlikely to be effective, such as those who
required oxygen supplementation. This is consistent with
prior use of antibody therapies that were generally only
effective soon after disease onset—a premise that was vali-
dated in a meta-analysis of outpatient COVID-19 RCTs
(10). With regard to biological plausibility, CCP efficacy in
early COVID-19 is consistent with its antiviral activity, and
its inefficacy in the later inflammatory phase is consistent
with the likelihood that specific antibody cannot reverse
established pulmonary inflammation. Discarding CCP de-
spite its established antiviral properties, a century of suc-
cessful use of antibody therapies for viral diseases, and
incontrovertible evidence from vaccine trials that specific
antibody prevents disease progression resulted in the fail-
ure to take advantage of the window during which it may
have been life-saving.

One common thread in the foibles associated with
the use of hydroxychloroquine, corticosteroids, and CCP
was the failure to consider biological plausibility in clini-
cal decision making. Although it could be argued that
the pathogenesis of COVID-19 was not fully understood
in the first year of the pandemic, it was known that a
related virus, SARS-CoV-1, rapidly transitioned from a vi-
ral to an inflammatory phase of disease and that most
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patients died due to the latter. For hydroxychloroquine,
biological plausibility was clung to because of in vitro
data, although efficacy was disproved in vivo; for cortico-
steroids, biological plausibility was not sufficiently con-
sidered based on their known mechanism of action and
their use in non-critically ill patients, in whom trial data
showed they were not effective; and for CCP, biological
plausibility was not considered in the design of RCTs of
hospitalized patients based on its known mechanism of
antiviral action—namely, antiviral activity and historical
evidence of clinical efficacy.

Clinical research amid the pandemic underscores
the need for clinicians conducting trials to consider bio-
logical plausibility in study design and interpretation.
Even during a pandemic, physicians should consider the
complex interplay between the scientific underpinnings
of the relevant disease and clinical outcomes. This could
refine clinical practice and avoid missteps in the future,
which would be a positive legacy from the COVID-19
pandemic.
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