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1. Summary of the impact

University of Oxford researchers initiated and led the earliest, fastest and largest randomised
clinical trials of treatments for COVID-19. This includes the very first randomised controlled trials
in Wuhan, China, and the ground-breaking RECOVERY (Randomised Evaluation of COVID-19
Therapy) trial in the UK. Research and expertise on epidemic diseases in the Nuffield
Department of Medicine prior to the emergence of COVID-19 and in the earliest stages of the
disease in China were essential for the successful design of RECOVERY, including the choice
to evaluate the corticosteroid dexamethasone. Results from three arms of RECOVERY
announced in June 2020 showed dexamethasone reduces death rates among seriously unwell
patients, whereas hydroxychloroquine and lopinavir-ritonavir are ineffective. These findings
immediately transformed global clinical guidelines and practice, reversing widespread practice
in the early stages of the pandemic. Dexamethasone usage rapidly increased worldwide on the
basis of the RECOVERY results, leading to an estimated 650,000 lives saved by the end of 2020.

2. Underpinning research

Peter Horby and colleagues in the University of Oxford’s Nuffield Department of Medicine
(UOA1) have led numerous international clinical research projects for high-threat infectious
diseases, including severe acute respiratory syndrome (SARS), avian influenza, plague, Lassa
fever and Ebola. Their research made a critical contribution to the rapid and successful design
of the RECOVERY trial of treatments for COVID-19, which was achieved through a new
collaboration with Martin Landray and colleagues in the Nuffield Department of Population Health
(UOA2).

Designing clinical trials for epidemics

Horby has led innovations in the design and implementation of clinical trials in health
emergencies and is an advisor to the WHO on the design of vaccine and therapeutic efficacy
trials during health emergencies. His expertise in clinical trials during outbreaks - for example,
testing treatments for Ebola virus disease - underpinned analyses of how to design trials to
achieve results to inform patient care within the timeframe of an epidemic [including 1,
collaboratively with University of Lancaster]. Horby is Executive Director of the International
Severe Acute and Emerging Respiratory Infections Consortium (ISARIC), through which he has
championed modernisation of research on epidemic infections and during outbreaks. He advises
the UK Government as a member of the New and Emerging Respiratory Virus Threats Advisory
Group (NERVTAG) and Scientific Advisory Group for Emergencies (SAGE).

COVID-19: Searching for a cure from the beginning

Through ISARIC, on 31 December 2019 Horby received the WHO alert flagging pneumonia
cases of unknown cause in Wuhan, China. Horby immediately contacted existing collaborators
in China and from 2 January 2020 established daily calls with Wuhan to determine the nature of
the emerging disease and support them to describe it clinically. With Chinese collaborators,
Horby rapidly designed, implemented and interpreted the first clinical trials in the world for this
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new highly-infectious disease, COVID-19. These randomised trials of the antiviral drugs
lopinavir-ritonavir in January 2020 [2] and remdesivir in February 2020 [3] showed both drugs to
have potential but required larger trials to investigate further.

RECOVERY trial design

COVID-19 soon spread around the world, including to the UK. Horby secured funding for further
clinical trials and, building on his experience from Wuhan and in collaboration with Landray,
designed the RECOVERY platform clinical trial and assembled a collaborative team (Horby and
Landray as co-chief investigators). They completed the draft protocol on 10 March 2020, the
WHO declared the COVID-19 outbreak to be a pandemic on 11 March, and RECOVERY enrolled
the first patient on 19 March. The trial design depended jointly on Horby’s experience of infectious
diseases, of COVID-19 in China, and of conducting research on novel infections during health
emergencies, and Landray’s experience of large-scale, pragmatic trials. From his research on
emerging respiratory infections, Horby expected that treatments might have modest effect, so a
large trial was planned to achieve sufficient power and find definitive answers.

One of Horby’s primary roles was the selection of therapies to be included in the trial. His
selection was governed by four principles: is there a reason to believe the drug will work; is the
safety profile understood; is the drug available in sufficient quantities for a trial of several
thousand people; and, if the treatment is successful, can it be rapidly scaled-up and accessed?

Enrolled patients were initially randomised between usual care alone, hydroxychloroquine, the
corticosteroid dexamethasone, lopinavir-ritonavir (an anti-viral combination treatment) and the
antibiotic azithromycin, with further randomisations added (including tocilizumab (a monoclonal
antibody), convalescent plasma, and others). Horby advocated for dexamethasone be included
despite concerns about the effectiveness and safety of steroids in COVID-19. From his previous
work on epidemic viral respiratory infections, Horby knew that - although previous underpowered
trials (for SARS, MERS and influenza) suggested possible harm - steroids might be beneficial if
used at the right dose, in the right patients, and at the right time. Having chosen to evaluate
dexamethasone, Horby agreed with the University of Nottingham to use elements of a
dexamethasone protocol they had previously developed.

Hydroxychloroquine also required careful dosing, because of risks such as cardiac arrhythmias.
Nicholas White, also in the Nuffield Department of Medicine, who had extensive experience on
hydroxychloroquine from working on malaria, developed detailed pharmacokinetic models, to
determine the best way to rapidly achieve drug levels that might be high enough to kill the virus
but not so high as to trigger toxicity [4].

Key RECOVERY trial results

In less than two months, by 14 May 2020, 10,000 patients had been enrolled to the RECOVERY
trial platform and in June 2020 the University of Oxford researchers presented results for three
treatments for hospitalised COVID-19 patients. Results from a comparison including 6,435
participants demonstrated that the use of dexamethasone for up to 10 days resulted in lower 28-
day mortality than usual care in patients who were receiving invasive mechanical ventilation at
randomisation by approximately one third and those who were receiving oxygen by
approximately one fifth, but not among patients not receiving respiratory support [5] (press
release 16 June 2020). By contrast, there was no decrease in 28-day mortality, or other
outcomes including length of hospitalisation, for patients receiving hydroxychloroquine (1,542
patients randomised to hydroxychloroquine vs 3,132 patients usual care) [4] (5 June 2020), or
lopinavir-ritonavir (1,596 patients randomised to lopinavir-ritonavir vs 3,376 patients usual care)
[6] (28 June 2020).

3. References to the research
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The RECOVERY Trial was funded by a grant from UKRI & NIHR (MC_PC_19056) and others.

4. Details of the impact

Between 31 December 2019 and 31 December 2020 there were more than 83,207,000
confirmed cases of COVID-19 worldwide. The case fatality rate has been estimated at
approximately 1% in high income countries, or 20-25% of all hospitalised patients. By performing
the largest clinical trial of COVID-19 treatments, robustly and at speed, the RECOVERY trial led
by the University of Oxford has achieved worldwide impact in guiding treatment, saving lives,
and demonstrating the power of evidence-based medicine. For the first time, treatment of an
epidemic disease was changed during a pandemic.

Success of speed and scale

The streamlined trial design achieved unprecedented speed in initiation and recruitment,
catching the first peak of infections in the UK, essential in a global pandemic with no known
effective treatments. On 16 March 2020, the Chief Medical Officer and NHS England Medical
Director endorsed RECOVERY and urged all NHS Trusts to adopt the trial, emphasising that it
was crucial research and had been kept extremely simple [Ai]. Within 16 days, 1,000 patients
had been randomised, 10,000 by 14 May, and 20,000 by 8 December 2020. Participants were
recruited at 176 NHS hospital organisations and, during 2020, 10% of hospitalised UK COVID-
19 patients were recruited. In August 2020, RECOVERY was selected to be the UK national
platform for phase Il as well as phase Il COVID-19 trials, based on its unique national coverage
and recruitment success [Aii].

First COVID-19 treatment that saves lives: Dexamethasone

In March 2020, Horby and colleagues reviewed COVID-19 treatment guidelines finding that
corticosteroids were specifically not recommended in most COVID-19 treatment guidelines [B].
Less than 3 months after the trial started, RECOVERY proved that the corticosteroid
dexamethasone reduces COVID-19 mortality, by approximately one third in ventilated patients
and one fifth in oxygen-treated patients [5]. In December 2020, corticosteroids remained the only
globally-available drugs proven to reduce mortality in severe and critical COVID-19.

Impact on national and international policy and clinical guidelines: It is unprecedented that
research results are announced at lunchtime, become policy and practice by evening, and save
lives by the weekend. The results were announced on 16 June 2020, a day on which 993 people
in the UK died from COVID-19. Within 4 hours, dexamethasone — the world’s first coronavirus
treatment proven to reduce the risk of death — was recommended for use across the NHS, and
the Chief Medical Officer instructed hospitals to act immediately [Ci], stating “dexamethasone
has been demonstrated to have a clear place in the management of hospitalised patients” and
urging clinicians to use it for patients who require oxygen or ventilation.

In the US, on 17 July 2020 the National Institutes of Health (NIH) [Cii] changed its guidance: “On
the basis of the...(RECOVERY) trial,...(the Panel) recommends using dexamethasone”. COVID
management protocols were revised globally to add recommend dexamethasone, including
Saudi Arabia on 17" June [Ciii], South Africa on 20 June [Civ], and India on 27 June [Cv]. On 22
June 2020, the WHO reviewed their guidance on corticosteroids for COVID-19 “triggered...by
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the publication of the preliminary report of the RECOVERY trial’ [Cvi]. The WHO conducted a
meta-analysis of corticosteroids trials, of which RECOVERY was by far the largest, and the
revised guidance, published on 2 Sep 2020, recommended “systemic corticosteroids rather than
no corticosteroids for the treatment of patients with severe and critical COVID-19 (strong
recommendation, based on moderate certainty evidence)” based on the RECOVERY result [Cvi].
On 18 Sep 2020, the European Medicines Authority (EMA), unusually, provided a template for
manufacturers to accelerate submission of amendments to their dexamethasone drug licenses
to include the new indication, based on the RECOVERY results [Cvii].

Benefits to patients and global clinical care: Patients in the dexamethasone group in the trial
benefited both from increased chance of survival and shorter duration of hospitalisation [3].
Health economics analysis [D] estimates that in the UK 12,000 lives (90% confidence interval,
4,250 - 27,000) were saved between 1 July 2020 and 31 December 2020. If dexamethasone has
a similar effect size in settings where access to oxygen therapies is limited, in the same period
this would translate into approximately 650,000 lives (90% confidence interval 240,000 -
1,400,000) saved globally [D].

Dexamethasone is off-patent, affordably available in most countries, on the WHO essential
medicines list since 1977, and can be taken by everyone: for less than GBP50, eight patients
can be treated and one life saved. It rapidly became standard of care for the sickest patients
across the world. Six days after the RECOVERY result, the drug purchaser Vizient, which
supplies approximately half of US hospitals, reported a 610% increase in demand for
dexamethasone [Ei]. Independent analysis of US prescribing rates by health care technology
company Aetion shows dexamethasone use for COVID-19 in hospital rising from 28% on 14
June 2020 to 52% on 28 June [Eii]. Clinical data reports from International Severe Acute
Respiratory and emerging Infections Consortium (ISARIC), gathered from more than 550 sites
across 42 countries, show high levels of steroid use globally since the RECOVERY result [F]: for
patients admitted since 16 June (until 9 Nov 2020), 70% of those ventilated and 43% of those on
oxygen received steroids.

Adoption of dexamethasone, based on RECOVERY, is widely credited with contributing to the
decline in COVID-19 mortality; decreases of 18% in death rates for hospitalised COVID-19
patients have been reported between March and August 2020. For example, clinicians in the US
[Gi] and India [Gii] are quoted in scientific news articles as attributing decreased mortality to
steroids alongside other improvements in patient care.

Preventing harm: hydroxychloroquine and lopinavir-ritonavir

Benefits to patients and healthcare providers: Learning a treatment is not effective is
important as it protects patients from potential harm and avoids wasting resources. Early in the
pandemic, in March 2020, both hydroxychloroquine and lopinavir-ritonavir were widely
recommended [B], and hydroxychloroquine was championed by US President Donald Trump.
RECOVERY announced on 5 June and 28 June 2020 that hydroxychloroquine and lopinavir-
ritonavir, respectively, are ineffective for COVID-19. The large scale of RECOVERY allowed a
definitive conclusion — and certainty for clinicians — on the lack of benefit of both treatments
among hospitalised patients, which had been initially suggested by smaller trials (e.g. [2]) and
non-randomised studies. As a direct result of RECOVERY, other clinical trials of both treatments
were rapidly halted, including these arms of the WHO'’s large, international SOLIDARITY trial
[Hi,ii]. The hydroxychloroquine and lopinavir-ritonavir interim results from SOLIDARITY were
consistent with RECOVERY [Hiii]. Both treatments have can have serious side-effects, including
potentially fatal heart arrhythmias associated with hydroxychloroquine, so preventing
unnecessary and ineffective prescribing reduced risks to patients, as well as avoiding raising
false expectations. Proving that these drugs do not work avoided wasted resources for
healthcare providers.

Impact on policy and clinical guidelines: The US Food and Drug Administration (FDA) had
granted emergency use of hydroxychloroquine and chloroquine for COVID-19 on 28 March 2020,
and the US government distributed millions of doses to treat patients not enrolled in clinical trials.
As a direct result of the RECOVERY finding, the FDA revoked the emergency approval on 15
July 2020 [li], stating “Only randomized controlled trials can answer the question of whether HCQ
or CQ is of clinical benefit in hospitalized patients with COVID-19, and the RECOVERY Trial
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results offer persuasive evidence of a lack of benefit of HCQ”. Hydroxychloroquine is not
recommended by the WHO or EMA for COVID-19, with the EMA citing RECOVERY and
SOLIDARITY [lii]. The lopinavir-ritonavir drug regime is no longer recommended for COVID-19
by any international guidelines. Therefore, three RECOVERY results in little more than three
weeks turned COVID clinical guidelines on their head: from widespread use of
hydroxychloroquine and lopinavir-ritonavir and low use of dexamethasone in March, to the
opposite pattern in July 2020. Subsequently, RECOVERY also found no benefit from
azithromycin in patients hospitalised with COVID-19; this was announced on 14 Dec 2020 [Ji]
and on 15 Dec the NHS recommended that azithromycin should not be used for these patients
[Jii]. This change avoids inappropriate antibiotic use, which can increase antibiotic resistance.

Media coverage and public perception of evidence-based medicine

RECOVERY has played a critical role, through media coverage, in changing the public
perception of the importance of evidence-based medicine. During 2020, RECOVERY was
covered 15,203 times in the media (online, print and broadcast), and #RECOVERYtrial was
mentioned 19,000 times on social media. In particular, RECOVERY’s power to counter vocal
claims of the beneficial effects of hydroxychloroquine has been an influential tool against fake
news. The most prominent example is Twitter limiting the account of Donald Trump Jr and
ordering him to delete a misleading tweet containing a video on 28 July 2020 after he made
claims about the utility of hydroxychloroquine, which RECOVERY had already proved to be false
[K]. Twitter also deleted several tweets shared by US President Donald Trump that contained
the false claims, and added a note to its trending topics warning about the potential risks of
hydroxychloroquine use [K]. In an article about RECOVERY and SOLIDARITY, expert authors
including the Director of the Institute for Evidence-Based Healthcare, Bond University, Australia,
commented “it has been refreshing to see how perfectly such weakly founded claims [of efficacy]
can be swept aside by evidence from properly conducted, large-scale, randomized trials” [L].

5. Sources to corroborate the impact

A. Letters from UK Chief Medical Officers to NHS Trusts: (i) 16 March 2020 from Chief
Medical Officer of England and NHS England Medical Director; (ii) 18 Aug 2020 from Chief
Medical Officers of all UK nations

B. British Medical Journal, A Dagens et al. DOI: 10.1136/bmj.m1936, 26 May 2020, “Scope,
quality, and inclusivity of clinical guidelines produced early in the covid-19 pandemic”.

C. International recommendations to use dexamethasone for hospitalised COVID-19 patients:
i) Alert from UK Chief Medical Officer to NHS Trusts, 16 June 2020; ii) US NIH, COVID-19
treatment guidelines, 17 July 2020; iii) news report of Saudi Arabia Ministry of Health
decision, 17 June 2020; iv) news report of South Africa’s health ministry decision, 20 June
2020; v) news report on India’s health ministry approval, 27 June 2020; vi) WHO
Corticosteroids for COVID-19 living guidance, 2 Sept 2020; vii) EMA endorsement and
product template, 18 Sept 2020.

D. Aguas R. et al. “The potential health and economic impact of dexamethasone treatment for
patients with COVID-19”, Nat Comms 12, 915 (202) DOI: 10.1038/s41467-021-21134-2

E. Reports of increased demand for dexamethasone in the US: i) news release from Vizient

Inc; ii) independent analysis of US hospital dexamethasone usage over time by Aetion.

ISARIC COVID-19 clinical data report, 20 Nov 2020 DOI:10.1101/2020.07.17.20155218

COVID-19 death rate articles: i) The Conversation, 3 Nov 2020; ii) Nature, 11 Nov 2020

WHO SOLIDARITY trial reports: i) WHO news report on stopping hydroxychloroquine, 17

June 2020; ii) WHO news on discontinuing lopinavir-ritonavir and hydroxychloroquine, 4 Jul

2020; iii) SOLIDARITY ftrial, publication of interim results, N Engl J Med, 2 Dec 2020, DOI:

10.1056/NEJM0a2023184, showing no benefits to patients.

I. International guidelines on hydroxychloroquine: i) US FDA revocation of emergency
approval, 15 July 2020; ii) EMA guidelines on hydroxychloroquine

J. RECOVERY results on azithromycin: i) press release from RECOVERY trial 14 Dec 2020;

ii) NHS alert recommending against use of azithromycin, 15 Dec 2020

News report in the Washington Post, 28 July 2020

Nature Medicine, Correspondence “COVID-19 clinical trials: learning from exceptions in the

research chaos”, 22 Sep 2020, DOI: 10.1038/s41591-020-1077-z
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