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Coronavirus disease 2019 (COVID-19) is still exerting a great influence on global health and economy. The
initial fight against COVID-19 relied mainly on non-pharmacological measures, including social distancing,
facial masks, active screening and isolation, etc. In terms of pharmacological interventions, huge progress has
been made in the development of vaccines against severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), although the appearance of several mutant variants has raised concerns for lasting immunity.
The repurposing of established drugs has been another strategy to search for weapons in treatment or
prophylaxis against COVID-19. Although immuno-modulating drugs, including corticosteroids, have been
demonstrated to have therapeutic effects, no anti-viral medications have so far been shown to be protective.

Initially developed as an anti-malarial drug, chloroquine/hydroxychloroquine has later been widely used in
treatment of rheumatic diseases, including systemic lupus erythematosus and rheumatoid arthritis [1]. Some
potential anti-viral effect of chloroquine has previously been reported (including in SARS-CoV and human
coronavirus OC43 infection) [2–6] but the evidence was mainly pre-clinical and the results were mixed.
Chloroquine/hydroxychloroquine has been the “darling” of the scientific community since the beginning of
the COVID-19 outbreak. It was reported early in the pandemic that chloroquine had anti-viral effects
against SARS-CoV-2 in an in vitro cell line model [7]. Later, its less toxic derivative hydroxychloroquine
was demonstrated to share similar, yet slightly less potent, effects in cell models [8]. A preliminary
retrospective analysis reported faster viral clearance in COVID-19 patients treated with hydroxychloroquine
(and with combination of hydroxychloroquine and azithromycin) compared with standard care [9], but the
study design and data interpretation remained controversial.

Despite lack of further evidence, clinical trials of hydroxychloroquine to treat COVID-19 were soon
launched around the globe. Upon writing of the manuscript, there are already 281 registered trials
(on clinicaltrials.gov) on hydroxychloroquine treatment for COVID-19, and some are still recruiting.
Hydroxychloroquine was even praised as a “game-changer” against coronavirus by political figures and
was soon granted emergency use authorisation.

Although some researchers promoted the use of hydroxychloroquine (as well as its combination with
azithromycin) [10], others reported neutral results in observational studies [11, 12] and small-scale
interventional trials [13]. No protective effects were found in post-exposure prophylaxis studies either [14].
Further, the risk of adverse effects of hydroxychloroquine, including elongation of QT intervals, has raised
concern [15, 16]. In this rush to find a cure for COVID-19, the community awaits high-quality randomised
clinical trials to draw final conclusions.
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The ProPAC-COVID study group conducted a double-blinded placebo-controlled trial to study the effect of
hydroxychloroquine and azithromycin in treatment of hospitalised PCR-confirmed COVID-19 patients [17].
The intervention group was administered a moderate dose of hydroxychloroquine and azithromycin for
15 days, whereas the control group received placebo/placebo and standard care. The trial was pre-terminated
due to futility at a pre-planned interim analysis. Researchers concluded that the combination of azithromycin
and hydroxychloroquine did not improve survival or length of hospitalisation in COVID-19 patients. This is
in line with the latest recommendation from the European Respiratory Society guidelines [18].

Previously, the open-label RECOVERY and SOLIDARITY trials have reported neutral effects for
hydroxychloroquine and azithromycin in hospitalised COVID-19 patients [19–21]. The Coalition I trial from
Brazil further demonstrated that the combination of these two drugs did not improve clinical status in
mild-to-moderate COVID-19 patients [22]. Although the ProPAC-COVID trial is not the first or largest trial
so far to study the effect of hydroxychloroquine against COVID-19, its strength lies in the double-blinded
and placebo-controlled design, when outcomes such as ordinal scales and hospital discharge may be
influenced by physicians. Another strength is that all trial participants had been laboratory-confirmed by
PCR. The pre-termination of the trial at interim analysis and relatively small sample size was the major
limitation, but in general this well-designed and well-adhered trial provides valuable information for the
discussion of hydroxychloroquine in COVID-19. It also emphasises the critical role of high-quality
randomised controlled trials in evidence-based medicine, especially during such a serious pandemic.

Hydroxychloroquine and azithromycin were among the most commonly used repurposed drugs in the
COVID-19 pandemic. Triggered by optimistic pre-clinical and early clinical reports, and perhaps also by
the fear of the unknown disease and eagerness of finding a cure, the use of hydroxychloroquine increased
rapidly from March to April, 2020 [23]. Later, its use steeply decreased in May and June, 2020, as more
clinical evidence was gradually released. The subsequent pre-clinical investigations also revealed that the
anti-viral effect of hydroxychloroquine in monkey kidney cell lines (VeroE6, as reported earlier in [8])
does not translate into inhibition of viral replication in primary respiratory epithelium cells. Nor does it
confer protection against SARS-CoV-2 infection in primate animal models [24, 25]. The discrepancy
between in vivo and in vitro phenotype should have halted the push of hydroxychloroquine to human use
for treatment of COVID-19, but it was too late, as many clinical trials had already been launched and
emergency use been authorised.

How it is possible to cope with research and the search for a treatment against a newly emerged pathogen,
especially during a pandemic setting? There is a lot to learn from the story of hydroxychloroquine in
COVID-19. First, solid pre-clinical investigations always serve as the basis for clinical research. The process
from compound screening, in vitro assays and confirmation in animal models, all the way to clinical trials,
can be accelerated in such pandemic times, but none of the pre-clinical procedures should be skipped in
order to save time. In fact, the so-called timely breakthroughs in “war time” rely heavily on the numerous
preparations finished during “peace time”. Investment into scientific research cannot be halted should the
pandemic cease. Secondly, high quality clinical trials, whenever practical and possible, remain the definitive
measure for evaluating an interventional therapy. Retrospective analysis and observational studies may
provide timely and useful information, but care must be taken when evaluating such evidence and cross
validation from multiple cohorts/studies is optimal. Conclusions drawn from a few or a single cohort,
especially when the sample number is limited, may be biased. High level evidence from well-designed,
strictly adhered to, and preferably large-scale randomised clinical trials is important for making clinical
decisions. The experience from COVID-19 clinical research demonstrates that rapidly conducting high-level
randomised controlled trials is feasible during such a pandemic, and that simple, large, platform trials may be
most powerful. Thirdly, clinical decisions should be independent from media and political propaganda.
Keeping calm and objective can be challenging in the rush to find a cure, but it is necessary to remain
neutral. Furthermore, the pandemic is putting forward higher expectations for physicians and scientists:
correct information has to be conveyed directly and precisely to the general public. We need to get prepared.

Facing a new disease, decisions are made from the best available evidence, and will be further modified
when new evidence emerges. Some choices that are deemed wrong or inappropriate might have been
“correct” provided with the limited evidence at an earlier time. In this process, experience is accumulated,
medicine is advanced, and empirical medicine turns into evidence-based medicine.

We have learnt a lot from the current COVID-19 pandemic. Are we prepared for the next challenge?
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