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Higher dose corticosteroids in hospitalised COVID-19 patients
requiring ventilatory support (RECOVERY): a randomised,
controlled, open-label, platform trial

RECOVERY Collaborative Group”

Summary

Background Low dose corticosteroids (e.g., 6 mg dexamethasone) have been shown to reduce mortality for hypoxic
COVID-19 patients. We have previously reported that higher dose corticosteroids cause harm in patients with clinical
hypoxia but not receiving ventilatory support (the combination of non-invasive mechanical ventilation, including
high-flow nasal oxygen, continuous positive airway pressure and bilevel positive airway pressure ventilation, and
invasive mechanical ventilation or extra-corporeal membrane oxygenation), but the balance of efficacy and safety
in patients receiving ventilatory support is uncertain.

Methods This randomised, controlled, open-label platform trial (Randomised Evaluation of COVID-19 Therapy
[RECOVERY]) assessed multiple possible treatments in patients hospitalised for COVID-19. Eligible and
consenting adult patients receiving ventilatory support were randomly allocated (1:1) to either usual care with
higher dose corticosteroids (dexamethasone 20 mg once daily for 5 days followed by 10 mg once daily for 5
days or until discharge if sooner) or usual standard of care alone (which includes dexamethasone 6 mg once
daily for 10 days or until discharge if sooner). The primary outcome was 28-day mortality; secondary
outcomes were duration of hospitalisation and (among participants not on invasive mechanical ventilation at
baseline) the composite of invasive mechanical ventilation or death. Recruitment closed on 31 March 2024
when funding for the trial ended. The RECOVERY trial is registered with ISRCTN (50189673) and
clinicaltrials.gov (NCT04381936).

Findings Between 25 May 2021 and 9 January 2024, 477 COVID-19 patients receiving ventilatory support were
randomly allocated to receive usual care plus higher dose corticosteroids vs. usual care alone (of whom 99%
received corticosteroids during the follow-up period). Of those randomised, 221 (46%) were in Asia, 245
(51%) in the UK and 11 (2%) in Africa. 143 (30%) had diabetes mellitus. Overall, 86 (35%) of 246 patients
allocated to higher dose corticosteroids vs. 86 (37%) of 231 patients allocated to usual care died within 28
days (rate ratio [RR] 0.87; 95% CI 0.64-1.18; p = 0.37). There was no significant difference in the proportion
of patients discharged from hospital alive within 28 days (128 [52%] in the higher dose corticosteroids group
vs. 120 [52%] in the usual care group; RR 1.04, 0.81-1.33]; p = 0.78). Among those not on invasive
mechanical ventilation at baseline, there was no clear reduction in the proportion meeting the composite
endpoint of invasive mechanical ventilation or death (76 [37%] of 206 vs. 93 [45%)] of 205; RR 0.79 [95% CI
0.63-1.00]; p = 0.05).

Interpretation In patients hospitalised for COVID-19 receiving ventilatory support, we found no evidence that higher
dose corticosteroids reduced the risk of death compared to usual care, which included low dose corticosteroids.
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Research in context

Evidence before this study

We searched MEDLINE, Embase, MexRxiv and the WHO
International Clinical Trials Registry Platform between Sept 1,
2019, and May 20, 2024 for randomised controlled trials
comparing the effect of different doses of systemic
corticosteroids in patients hospitalised with COVID-19
receiving ventilatory support at randomisation, using the
search terms (Coronavirus infection OR SARS-CoV-2 OR SARS-
CoV2 OR SARSCoV2 OR COVID OR COVID-19 OR COVID19 OR
2019-nCoV OR Coronavirus or Coronavirinae) AND
(corticosteroid OR dexamethasone OR glucocorticoid OR
steroid OR hydrocortisone OR methylprednisolone OR
prednisolone OR betamethasone) and using validated filters
to select for randomised controlled trials. We identified eleven
relevant randomised trials with results available that assessed
different doses of corticosteroids in hospitalised COVID-19
patients, at least some of whom were receiving ventilatory
support at randomisation: six assessed higher dose
dexamethasone (12-24 mg per day) and five assessed
methylprednisolone (60-1000 mg per day), all compared to
lower dose dexamethasone (6-8 mg per day). Ten of the trials
have been fully published of which six were considered to
have low risk of bias for the 28-day mortality outcome and
four having some concerns (including uncertainty about
allocation concealment, lack of information about pre-
specified analyses, crossover between randomised groups and
post-randomisation exclusion of patients in the analysis
population) (Supplementary Appendix pp 33-34). All but one
of the trials found no statistically significant difference in
mortality between the treatment groups.

Introduction

The RECOVERY trial has previously shown that the use
of corticosteroids (using dexamethasone 6 mg once daily
for ten days or until discharge if sooner) reduces the risk
of death in patients admitted to hospital with COVID-19
and clinical hypoxia." Subsequent findings that addi-
tional immunosuppression with an interleukin-6 (IL-6)
receptor blocker and/or a Janus kinase (JAK) inhibitor
further reduces the risk of death in these patients raised
the question whether simply increasing the dose of
corticosteroid rather than adding other immunomodu-
lators could confer additional benefits at substantially
lower cost.”?

In April 2021, the United Kingdom COVID-19
Therapeutics Advisory Panel recommended that the
RECOVERY trial study higher dose corticosteroids.* The
RECOVERY trial therefore established a randomised
evaluation of the effects of higher dose corticosteroids
vs. usual care for adult patients who had been admitted
to hospital with COVID-19 and had clinical evidence of
hypoxia. Usual care for hypoxic COVID-19 patients in-
cludes low dose corticosteroids. On 11 May 2022, the

Added value of this study

The Randomised Evaluation of COVID-19 Therapy
(RECOVERY) trial is the largest randomised trial of the effect
of different doses of corticosteroids in patients hospitalised
with COVID-19 and included patients from 3 continents. We
found that among patients receiving ventilatory support,
randomisation to higher dose corticosteroids (dexamethasone
20 mg daily for 5 days followed by dexamethasone 10 mg for
5 days, or until discharge if sooner) vs. usual care (which
included dexamethasone 6 mg once daily in 87% of
participants) did not significantly reduce the risk of all-cause
mortality. Overall, 86 (35%) of 246 patients in the higher
dose corticosteroid group died vs. 86 (37%) of 231 patients in
the usual care group (rate ratio 0.87; 95% Cl 0.64-1.33;

p = 0.37).

Implications of all the available evidence

Among hospitalised patients with COVID-19 who require
oxygen or ventilatory support, low dose corticosteroids
reduce the risk of death. The currently available randomised
data provide no evidence that among patients receiving
ventilatory support, higher dose corticosteroids further
improve clinical outcomes, although the number of patients
included in such trials is relatively small so this conclusion
could change should further large-scale randomised data
become available. There is therefore currently no clear
indication to use higher dose corticosteroids in patients with
COVID-19.

independent Data Monitoring Committee recom-
mended that this comparison be halted for those pa-
tients receiving no oxygen or simple oxygen only on the
grounds of safety and the results among such patients
were published, showing that higher dose corticoste-
roids were associated with an increased 28-day mortality
(123/659 [19%)] in those allocated higher dose cortico-
steroids vs. 75/613 [12%)] in those allocated usual care,
rate ratio 1.59; 95% confidence interval [CI] 1.20-2.10;
p = 0.0012.° Recruitment of patients receiving ventila-
tory support continued.

Trials of corticosteroids in non-COVID acute respi-
ratory distress syndrome (ARDS) have not directly
compared higher doses with the lower dose used in
RECOVERY.® Higher doses of corticosteroids have been
assessed in other trials among patients with COVID-19
receiving ventilatory support, but none have demon-
strated clear benefit or harm.”"" A World Health Orga-
nization meta-analysis of randomised controlled trials in
critically ill COVID-19 indicated similar mortality
benefit with lower and higher dose corticosteroids, but
estimates were imprecise."
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Here we report the results of the randomised com-
parison from the RECOVERY trial comparing higher
dose corticosteroids with usual care among patients
receiving ventilatory support.

Methods

Study design and participants

The Randomised Evaluation of COVID-19 therapy (RE-
COVERY) trial is an investigator-initiated, individually
randomised, controlled, open-label, platform trial to eval-
uate the effects of potential treatments in patients hospi-
talised with COVID-19. Details of the trial design and
results for other possible treatments (dexamethasone,
hydroxychloroquine, lopinavir-ritonavir, azithromycin,
tocilizumab, convalescent plasma, colchicine, aspirin,
casirivimab plus imdevimab, baricitinib, higher dose
corticosteroids among patients not receiving ventilatory
support, empagliflozin, molnupiravir and nirmatrelvir-
ritonavir) have been published previously.**"**' The
trial was conducted at hospital organisations in the United
Kingdom, supported by the National Institute for Health
Research Clinical Research Network, as well as in South
and Southeast Asia and Africa. Of these, 81 hospitals in
the UK, 5 in Nepal, 2 in Indonesia, 2 in Vietnam, 2 in
South Africa, and 1 in Ghana enrolled participants in the
evaluation of higher dose corticosteroids (Supplementary
Appendix pp 5-31). The trial was coordinated by the
Nuffield Department of Population Health at the Uni-
versity of Oxford (Oxford, UK), the trial sponsor. The trial
was conducted in accordance with the principles of the
International Conference on Harmonisation Good Clin-
ical Practice guidelines. The protocol was approved by all
relevant regulatory authorities and ethics committees in
each participating country (Supplementary Appendix p 32)
The protocol and statistical analysis plan are available in
the Supplementary Appendix (pp 69-151) with additional
information available on the study website www.
recoverytrial.net.

Patients aged at least 18 years admitted to hospital
were eligible for the study if they had clinically sus-
pected or laboratory confirmed SARS-CoV-2 infection,
clinical evidence of hypoxia (i.e., receiving oxygen with
or without other forms of respiratory support, or with
oxygen saturations <92% on room air) and no medical
history that might, in the opinion of the attending
clinician, put the patient at significant risk if they were
to participate in the trial. Patients were ineligible for the
comparison of higher dose corticosteroid vs. usual care
if there was a known contra-indication to short-term use
of corticosteroids, suspected or confirmed influenza, or
current use of nirmatrelvir-ritonavir, ritonavir or other
potent CYP3A inhibitors. Ventilatory support includes
continuous positive airway pressure, bi-level positive
airway pressure, high-flow nasal oxygen (HFNO,
together non-invasive ventilation), invasive mechanical
ventilation and extracorporeal membrane oxygenation
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(ECMO). Endemic infections were screened for in
accordance with local practice. Other immunomodula-
tory therapies were not contra-indicated but in-
vestigators were advised to consider the total burden of
such therapy (e.g., combining an IL-6 receptor antago-
nist with higher dose corticosteroid). Written informed
consent was obtained from all patients, or a legal
representative if patients were too unwell or unable to
provide consent.

Randomisation and masking

Baseline data were collected using a web-based case
report form that included demographics, level of respi-
ratory support, major comorbidities, suitability of the
study treatment for a particular patient, SARS-CoV-2
vaccination status, and treatment availability at the
study site (Supplementary Appendix pp 46).

Eligible and consenting patients were assigned in a 1:1
ratio to either usual standard of care plus higher dose
corticosteroids or usual standard of care alone (which
included low dose corticosteroids, usually dexamethasone
6 mg once daily for 10 days or until discharge if sooner),
using web-based simple (unstratified) randomisation with
allocation ~ concealed until after randomisation
(Supplementary Appendix pp 41-5).%* Patients allocated
to higher dose corticosteroid were to receive dexametha-
sone 20 mg daily for 5 days followed by dexamethasone
10 mg for 5 days (or until discharge if sooner). Alternative
corticosteroid regimens for pregnant women are described
in the protocol (Supplementary Appendix p 69-111).

As a platform trial, and in a factorial design, patients
could be simultaneously randomised to other treatment
groups: i) empagliflozin vs. usual care, ii) sotrovimab vs.
usual care, and iii) molnupiravir vs. usual care. Further
details of when these factorial randomisations were
open are provided in the Supplementary Appendix (pp
41-43). Participants and local study staff were not
masked to the allocated treatment. Other than members
of the Data Monitoring Committee, all individuals
involved in the trial were masked to aggregated outcome
data while recruitment and 28-day follow-up were
ongoing.

Procedures

An online follow-up form was completed by site staff
when patients were discharged, had died, or at 28 days
after randomisation, whichever occurred first
(Supplementary Appendix pp 47-55). Information was
recorded on adherence to allocated trial treatment,
receipt of other COVID-19 treatments, duration of
admission, receipt of respiratory or renal support, new
cardiac arrhythmia, thrombosis, clinically significant
bleeding, non-COVID infection, metabolic complica-
tions (collected from 28 July 2021 onwards), and vital
status (including cause of death). In addition, in the UK,
routinely collected healthcare and registry data were
obtained, including information on vital status at day 28
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(with date and cause of death); discharge from hospital;
and receipt of respiratory support or renal replacement
therapy. For sites outside the UK a further case report
form (Supplementary Appendix p 56) collected vital
status at day 28 (if not already reported on follow-up
form).

Outcomes

Outcomes were assessed at 28 days after randomisation,
with further analyses specified at 6 months. The pri-
mary outcome was 28-day all-cause mortality. Secondary
outcomes were time to discharge from hospital, and,
among patients not on invasive mechanical ventilation
at randomisation (which for this report means those
who were on non-invasive mechanical ventilation at
randomisation), the composite outcome of invasive
mechanical ventilation (including extra-corporeal mem-
brane oxygenation) or death. Prespecified subsidiary
clinical outcomes were successful cessation of invasive
ventilation among those receiving invasive ventilation at
randomisation (defined as extubation and survival to day
28 without re-intubation), use of invasive mechanical
ventilation among patients on non-invasive ventilation
at randomisation, and use of renal dialysis or haemo-
filtration. Prespecified safety outcomes were cause-
specific mortality, major cardiac arrhythmia, throm-
botic and major bleeding events, other infections and
metabolic complications. Information on suspected
serious adverse reactions was collected in an expedited
fashion to comply with regulatory requirements. Details
of the methods used to ascertain and derive outcomes
are provided in the Supplementary Appendix (pp 152).

Sample size and role of the independent Data
Monitoring Committee

As stated in the protocol, appropriate sample sizes could
not be estimated when the trial was being planned.
However, the intention for this comparison was to
continue recruitment until sufficient primary outcomes
had accrued to have 90% power to detect a proportional
risk reduction of 20% at 2p=0.01. The trial was stopped
early due to funding constraints so did not reach this
sample size.

The independent Data Monitoring Committee
reviewed unblinded analyses of the study data and any
other information considered relevant to the trial at in-
tervals of around 2-3 months (depending on speed of
enrolment) and was charged with determining if, in
their view, the randomised comparisons in the study
provided evidence on mortality that was strong enough
(with a range of uncertainty around the results that was
narrow enough) to affect national and global treatment
strategies (Supplementary Appendix p 58).

On 11 May 2022, the Data Monitoring Committee
recommended stopping recruitment to the higher dose
corticosteroid comparison for patients who required no
oxygen or simple oxygen only at randomisation due to

safety concerns (Supplementary Appendix p 59). The
Data Monitoring Committee encouraged continuing
recruitment of all those patients who, at randomisation,
required either non-invasive ventilation or invasive
mechanical ventilation. Recruitment continued until 31
March 2024 when funding for the trial ended.

Statistical analysis

All analyses in this report were limited to the subgroup
of patients receiving ventilatory support at random-
isation. Intention-to-treat analyses compared patients
randomised to higher dose corticosteroids with patients
randomised to usual care. For the primary outcome of
28-day mortality, the hazard ratio (HR) from a Cox
model with adjustment for age in three categories (<70
years, 70-79 years, and 80 years or older) and ventilation
status at randomisation in two categories (non-invasive
ventilation and invasive mechanical ventilation) was
used to estimate the mortality rate ratio (There was no
evidence against the proportional hazards assumption.)
We constructed Kaplan—Meier survival curves to display
cumulative mortality over the 28-day period (starting on
the day of randomisation and ending 28 days later). We
used the same Cox regression method to analyse time to
hospital discharge and successful cessation of invasive
mechanical ventilation, with patients who died in hos-
pital right-censored on day 29. Median time to discharge
was derived from Kaplan—-Meier estimates. For the
composite secondary outcome of progression to invasive
mechanical ventilation or death within 28 days, and the
subsidiary clinical outcomes of receipt of ventilation and
use of haemodialysis or haemofiltration, the precise
dates were not available and a log-binomial regression
model was used to estimate the risk ratio (RR) adjusted
for age and ventilation status. Estimates of rate and risk
ratios (both denoted RR) are shown with 95% confi-
dence intervals. For safety outcomes, unadjusted abso-
lute risk differences were calculated as the difference in
the proportions of patients experiencing outcomes by
treatment allocation.

Since the analyses presented here relate only to the
subgroup of participants who required ventilatory sup-
port at randomisation, any analyses of the primary
outcome in further subgroups defined by different
baseline characteristics must be considered exploratory
in nature. With that caveat, we present analyses of the
primary outcome by age, sex, ethnicity, country, days
since symptom onset, and respiratory support received
with tests of heterogeneity or trend, as appropriate. We
have not presented analyses by subgroups for the sec-
ondary or other outcomes. Results for the pre-specified
other clinical outcomes and safety outcomes are pre-
sented. For the primary outcome of 28-day mortality, the
results from RECOVERY were subsequently included in
a meta-analysis of results from all previous randomised
trials of higher vs. lower dose steroids in patients with
COVID-19. For each trial, we compared the observed
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number of deaths among patients allocated higher dose
steroids with the expected number if all patients were at
equal risk (i.e., we calculated the observed minus ex-
pected statistic [o—e], and its variance v). For the
previously-reported RECOVERY findings in lower risk
(not on ventilation) patients, these were taken as the log-
rank observed minus expected statistic and its variance
but for other trials, where the exact timing of each death
was not available, these were calculated from standard
formulae for 2 x 2 contingency tables. We then com-
bined trial results using the log of the mortality rate ratio
calculated as the inverse-variance weighted average S/V
with variance 1/V (and hence with 95% CI S/V + 1.96/
\/V), where S is the sum over all trials of (O—E) and V is
the sum over all trials of v. Finally, for the primary
outcome of 28-day mortality we report a post hoc analysis
limited to patients who received treatment exactly as
allocated. Such “per protocol” analyses can be seriously
biased,” but it has been included at the request of the
journal editor and reviewers.

The full database is held by the study team which
collected the data from study sites and performed the
analyses at the Nuffield Department of Population
Health, University of Oxford (Oxford, UK). Analyses

were performed using SAS version 9.4 and R version
4.0.3. The trial is registered with ISRCTN (50189673)
and clinicaltrials.gov (NCT043819306).

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding authors had
full access to all the data in the study and had final re-
sponsibility for the decision to submit for publication.

Results

Recruitment to the evaluation of higher dose cortico-
steroids commenced on 25 May 2021 outside the UK
and 29 December 2021 in the UK (following closure of
the baricitinib comparison) and ended worldwide on 31
March 2024 (last participant randomised on 9 January
2024). Of 1749 patients enrolled in this comparison
during this period, 477 patients receiving ventilatory
support are included in this evaluation. Of these, 246
were randomly allocated to higher dose corticosteroids
and 231 patients were randomly allocated to usual care
(Fig. 1). The mean age of these participants was 61.4

Total recruited *

n=3324

Higher dose steroids unavailable (n=190 [6%])
and/or considered unsuitable (n=1542 [46%)])

Number randomised between
higher dose steroids and usual care

n=1749 (53%)

Patients not receiving
ventilatory support
(results published)

n=1272

246 patients receiving ventilatory
support allocated higher dose steroids

246 with completed follow—up

231 patients receiving ventilatory
support allocated usual care

229 with completed follow—up

0 withdrew consent

246 included in 28-day
intention to treat analysis

Fig. 1: Trial profile. ITT =

1 withdrew consent

231 included in 28-day
intention to treat analysis

u

intention to treat. Higher dose corticosteroid unavailable and higher dose corticosteroid considered

unsuitable are not mutually exclusive. Ventilatory support defined as non-invasive ventilation or invasive mechanical ventilation at
randomisation. * Number recruited overall during period that adult participants could be recruited into the higher dose corticosteroid

comparison.
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Higher dose steroids Usual care
(n = 246) (n = 231)
Age, years 61.7 (14.9) 61.1 (16.1)
<70 164 (67%) 157 (68%)
>70 to <80 61 (25%) 6 (20%)
>80 1 (9%) 28 (12%)
Sex
Male 147 (60%) 151 (65%)
Female 99 (40%) 80 (35%)
Country
Indonesia 28 (11%) 37 (16%)
Nepal 44 (18%) 42 (18%)
South Africa 8 (3%) 3 (1%)
Vietnam 40 (16%) 30 (13%)
United Kingdom 126 (51%) 119 (52%)
Ethnicity
White 107 (43%) 96 (42%)
Black 1 (<0.5%) 5 (2%)
Asian 77 31%) 87 38%)
Other 4 (2%) 3 (1%)
Unknown 57 (23%) 40 (17%)
Number of days since symptom onset 8 (5-12) 7 (5-12)
Number of days since admission to hospital 2 (1-4) 2 (1-4)
Respiratory support received
Non-invasive ventilation 206 (84%) 205 (89%)
Continuous positive airway pressure 61 (25%) 56 (24%)
Bilevel positive airway pressure 6 (15%) 35 (15%)
High-flow nasal oxygen 109 (4 %) 114 (49%)
Invasive mechanical ventilation 0 (16%) 26 (11%)
Previous diseases
Diabetes 4 (30%) 69 (30%)
Heart disease 77 (31%) 69 (30%)
Chronic lung disease 7 (23%) 46 (20%)
Tuberculosis 1 (<0.5%) 2 (1%)
HIV 4 (2%) 1 (<0.5%)
Severe liver disease” 7 (3%) 4 (2%)
Severe kidney impairmenth 22 (9%) 14 (6%)
Any of the above 159 (65%) 134 (58%)
SARS-CoV-2 test result
Positive 232 (94%) 213 (92%)
Negative 2 (1%) 3 (1%)
Unknown 12 (5%) 15 (6%)
Received a COVID-19 vaccine 133 (54%) 112 (48%)
Use of other treatments®
Remdesivir 88 (36%) 78 (34%)
Tocilizumab 57 (23%) 51 (22%)
Plan to use tocilizumab within the next 24 h 23 (9%) 17 (7%)

Data are mean (SD), n (%), or median (IQR). O pregnant women were randomised. “Defined as requiring ongoing
specialist care. PDefined as estimated glomerular filtration rate <30 mL/min per 1.73 mZ. 9nformation on JAK (Janus
kinase) inhibitor use was only collected for 99 participants, of whom 11 were receiving a JAK inhibitor and 88 were not.

Table 1: Baseline characteristics by treatment allocation.

years (SD 15.5), 221 (46%) were recruited in Asia, 245
(51%) in the UK and 11 (2%) in Africa. 411 (86%) were
receiving non-invasive ventilation and 66 (14%) were

receiving invasive mechanical ventilation. 143 (30%)
had a history of diabetes mellitus (Table 1).

The follow-up form was completed for 246 (100%)
patients in the higher dose corticosteroid group and 229
(99.1%) patients in the usual care group. Among patients
with a completed follow-up form, 87% allocated to higher
dose corticosteroid were reported to have received higher
dose corticosteroids compared with 6% allocated to usual
care (Fig. 1, webtable 2). Among those with a completed
follow-up form allocated usual care, 68% received low
dose and 18% received intermediate dose (>6 < 20 mg)
dexamethasone. Overall, 39% received remdesivir, 15%
received an interleukin-6 antagonist and 5% received
baricitinib during the follow-up period (webtable 2).

Primary and secondary outcome data are known for
>99% of randomly assigned patients. There was no clear
evidence that allocation to higher dose corticosteroids
reduced the risk of the primary outcome of 28-day
mortality compared with usual care alone: 86 (35%) of
246 patients in the higher dose corticosteroid group died
vs. 86 (37%) of 231 patients in the usual care group (rate
ratio 0.87; 95% CI 0.64-1.18; p = 0.37; Table 2, Fig. 2).
An exploratory sensitivity analysis which excluded par-
ticipants receiving HFNO did not materially change this
finding (RR 0.97; 95% CI 0.66-1.41). In other explor-
atory analyses, there was no good evidence that the pro-
portional effect of higher dose corticosteroids on
mortality differed across all 5 pre-specified subgroups,
nor by country (Fig. 3). Stratifying the analysis by country
in a post hoc sensitivity analysis did not materially affect
the results (RR 0.84; 95% CI 0.62-1.14). In another
exploratory analysis, there was also no good evidence of
heterogeneity according to baseline use (or planned use)
of tocilizumab. Among the 148 participants who received
tocilizumab (or there was a plan to do so within 24 h) the
rate ratio was 0.66 (95% CI 0.38-1.13); for the other 329
participants the rate ratio was 0.99 (95% CI 0.59-1.43; p-
value for heterogeneity = 0.22). The post hoc ‘per protocol’
analysis limited to the 370 patients who received treat-
ment exactly as allocated resulted in an adjusted RR of
0.90 (95% CI 0.63-1.28).

Discharge alive within 28 days was similar among
those allocated to higher dose corticosteroids compared
with usual care (52% vs. 52%; rate ratio 1.04, 95% CI 0.81
to 1.33; median 24 days vs. 26 days) (Table 2). Among
participants not on invasive mechanical ventilation (i.e., on
non-invasive ventilation) at randomisation, there was no
clear evidence that allocation to higher dose corticosteroids
reduced the risk of progressing to the composite secondary
outcome of invasive mechanical ventilation or death (37%
vs. 45%, risk ratio 0.79, 95% CI 0.63 to 1.00) (Table 2).
There were no significant differences in successful cessa-
tion of invasive mechanical ventilation among patients on
invasive mechanical ventilation at randomisation, or
receipt of haemodialysis or haemofiltration (Table 2).

137 (80%) of the deaths within 28 days were attrib-
uted to COVID-19 (webtable 3). There was no clear
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Treatment allocation

RR (95% Cl)

Higher dose steroids (n = 246)

Usual care (n = 231)

Primary outcome
28-day mortality
Secondary outcomes

Time to being discharged alive, days (median [IQR])

Subsidiary clinical outcomes
Successful cessation of invasive mechanical ventilation”

Use of haemodialysis or haemofiltration®

randomisation.

86 (35%)

24 (12 to >28)

Discharged from hospital within 28 days 128 (52%) 120 (52%) 1.04 (0.81-1.33)
Receipt of invasive mechanical ventilation or death® 76/206 (37%) 93/205 (45%) 0.79 (0.63-1.00)
Invasive mechanical ventilation 29/206 (14%) 40/205 (20%) 0.72 (0.46-1.11)
Death 65/206 (32%) 79/205 (39%) 0.80 (0.62-1.04)

14/40 (35%)
21/243 (9%)

Data are n (%) or n/N (%), unless otherwise indicated. RR = rate ratio for the outcomes of 28-day mortality and hospital discharge, and risk ratio for other outcomes.
Cl = confidence interval. Estimates of the RR and its 95% Cl are adjusted for age in three categories (<70 years, 70-79 years, and 80 years or older) and ventilation status at
randomisation in two categories (non-invasive ventilation and invasive mechanical ventilation). *Analyses exclude those on invasive mechanical ventilation at
randomisation. ®Analyses restricted to those on invasive mechanical ventilation at randomisation. “Analyses exclude those on haemodialysis or haemofiltration at

86 (37%) 0.87 (0.64-1.18)

26 (11 to >28)

11/26 (42%)
18/229 (8%)

0.80 (0.36-1.80)
0.97 (0.54-1.74)

Table 2: Effect of allocation to higher dose corticosteroid on key study outcomes.

evidence that allocation to higher dose corticosteroids
increased the risk of reported secondary infections (29%
vs. 21%, absolute risk increase 7.6%, 95% CI -0.1 to
15.4%; webtable 4) including pneumonia reported as
not due to COVID-19 (21% vs. 14%, absolute risk in-
crease 6.4%, 95% CI -0.3 to 13.2%). There were no
significant differences in the rates of new onset cardiac
arrhythmia, thrombotic events, clinically significant
bleeding or metabolic complications (including hyper-
glycaemia receiving new use of insulin) (webtable 4).
There were 32 reports (among 19 participants) of a serious
adverse reaction believed to be related to treatment with
higher dose corticosteroids (webtable 5), including 15

Usual care

40 71 RR0.87 (95% Cl 0.64-1.18)
p=0.37

Higher dose steroids

Mortality, %
n
o
!

10
0 T T T \
0 7 14 21 28
Days since randomisation
Number at risk
Higher dose steroids 246 212 189 169 160
Usual care 231 190 164 153 144

Fig. 2: Effect of allocation to higher dose corticosteroids or usual care
(lower dose corticosteroids) on 28-day mortality in patients receiving
ventilatory support. RR = rate ratio. Estimates are taken as 100
minus the Kaplan-Meier estimated survival percentage.
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reports of a serious non-COVID infection, 5 with hyper-
glycaemia and 4 with gastro-intestinal bleeding.

Our meta-analysis identified 142 deaths among 657
participants in 5 other trials assessing higher dose corti-
costeroids among patients requiring ventilation (webfig-
ure 1). Our results appeared to be consistent with the
other limited data and overall there was no evidence that
higher dose corticosteroids were beneficial in these pa-
tients (overall ratio of death rates 0.87, 95% CI 0.69-1.11).

Discussion

In this randomised trial among patients with COVID-19
receiving ventilatory support, we found no evidence that
allocation to higher dose corticosteroids reduced 28-day
mortality, duration of hospitalisation or, among patients
not on invasive mechanical ventilation at baseline, the
composite outcome of use of invasive mechanical
ventilation or death.

The non-significant effects observed in this popula-
tion of patients contrast with the significant hazards
observed among patients not receiving ventilatory sup-
port reported previously.” There is statistical heteroge-
neity (p=0.007) between the estimates of the effect of
allocation to higher dose corticosteroids on 28 day
mortality in these two populations: 0.87 (95% CI
0.64-1.18) among patients receiving ventilatory support
vs. 1.59 (95% CI 1.20-2.10) among those not. It is
possible that the reported result among patients not
receiving ventilatory support is an over-estimate of the
true effect because an interim analysis triggered the
decision to stop enrolment in that group, and therefore
the true heterogeneity between these two populations
may not be so marked.” Although there is clear
evidence of effect modification by baseline disease
severity with low dose corticosteroids,’ the subgroup
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Higher dose steroids Usual care RR (95% Cl)
Age, years (x= 0.6; p=0.46)
<70 50/164 (30%) 45/157 (29%) E— 1.02 (0.68-1.53)
>70 <80 26/61 (43%) 26/46 (57%) <—————1— 0.64 (0.37-1.10)
>80 10/21 (48%) 15/28 (54%) 0.90 (0.41-2.01)
Sex (x5=0.2; p=0.66)
Men 49/147 (33%) 54/151 (36%) — 0.82 (0.56-1.21)
Women 37/99 (37%) 32/80 (40%) 0.94 (0.58-1.52)
Respiratory support received (X$= 4.0; p=0.05)
Non-invasive ventilation 65/206 (32%) 79/205 (39%) _— 0.76 (0.55-1.06)
Invasive mechanical ventilation 21/40 (52%) 7126 (27%) —F+———> 1.93(0.82-4.54)
Ethnicity (x°=0.0; p=0.91)
White 39/107 (36%) 40/96 (42%) _ 0.83 (0.54-1.30)
Black, Asian and Minority Ethnic ~ 25/82 (30%) 34/95 (36%) <———1+—— 0.80 (0.48-1.35)
Country (xf= 0.1; p=0.77)
UK 44/126 (35%) 47/119 (39%) S 0.83 (0.55-1.26)
Other countries 42/120 (35%) 39/112 (35%) — 0.91 (0.59-1.41)
Days since symptom onset (X?= 0.0; p=0.83)
<7 33/107 (31%) 42/120 (35%) — 0.86 (0.54-1.36)
>7 53/139 (38%) 44/111 (40%) — 0.80 (0.54-1.21)
All participants 86/246 (35%) 86/231 (37%) B — 0.87 (0.64-1.18)

p=0.37
T T T 1
0.5 0.75 1 15 2
Higher dose Usual care
steroids better better

Fig. 3: Effect of allocation to higher dose corticosteroids or usual care (lower dose corticosteroids) on 28-day mortality in patients receiving
ventilatory support by other baseline characteristics. Subgroup-specific rate ratio estimates are represented by squares (with areas of the
squares proportional to the amount of statistical information) and the lines through them correspond to the 95% Cls. RR = rate ratio.

analysis within the comparison reported here does not
suggest that there is increasing benefit with increasing
severity of disease with if anything the reverse being
seen, albeit based on a very small number of outcomes.

Results from RECOVERY and other trials have
shown that combining immunomodulatory therapies
can provide additional benefit with both tocilizumab and
baricitinib providing additional benefits over low dose
corticosteroids.”*** These drugs are not widely available
nor affordable in low- and middle-income countries
whereas higher doses of corticosteroids are. However,
we found no evidence that higher doses of corticoste-
roids were beneficial, even in the absence of tocilizu-
mab, so our results do not support their use as a more
affordable option where such therapies are not available.

Although the difference in secondary infections was
not significant in this comparison (absolute risk in-
crease 7.7%, 95% CI -0.1 to 15.4), the proportional in-
crease of about one-third was similar to that observed
among patients not requiring ventilatory support.
Therefore when considered in combination it is clear
that higher dose corticosteroids are associated with

more infections than usual care that includes low dose
corticosteroids. Similarly, although the excess of hyper-
glycaemia requiring new use of insulin reported among
patients not receiving ventilatory support was not
observed in the current population, this may have been
due to the small number of events or due to use of in-
sulin infusions in some intensive care settings.

The clinical presentation of patients hospitalised
with COVID-19 has changed during the course of the
pandemic due to evolution of SARS-CoV-2, vaccination
and herd immunity and the development of treatments.
Consequently, patients with florid pneumonitis and
respiratory failure are less frequent than in the early
years meaning that the need for ventilatory support has
reduced substantially.”

Strengths of the RECOVERY trial are that it is rand-
omised, has a relatively large sample size (albeit not as
large as originally intended due to funding constraints),
broad eligibility criteria and more than 99% of patients in
this analysis have been followed up for the primary
outcome. The trial was also conducted in areas with high
(south and southeast Asia, and Africa) and low (UK)
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prevalence of tuberculosis and other infections. The
study has some limitations: it was not possible to recruit
sufficient participants to achieve the desired sample size
meaning that a modest benefit of higher dose cortico-
steroids could not be detected and the statistical power to
detect effect modification is very limited. Some partici-
pants in the lower-dose group received more than 6 mg
dexamethasone daily, although very few received as much
as 20 mg daily. This randomised trial is open label (i.e.,
participants and local hospital staff’ were aware of the
assigned treatment). It is possible that the decision to
offer invasive mechanical ventilation to those on non-
invasive mechanical ventilation at baseline was influ-
enced by knowledge of treatment allocation, although
similar proportions in each group did receive such
treatment. The primary outcome of death is unambigu-
ous which minimized reporting bias for this, although
other outcomes may have been susceptible to this. In-
formation on radiological, virological or physiological
outcomes were not collected.

In summary, the results provide no evidence that in
hypoxic COVID-19 patients receiving ventilatory sup-
port, a higher dose of corticosteroids (dexamethasone
20 mg once daily for 5 days followed by 10 mg once daily
for 5 days or until discharge if sooner) provides addi-
tional benefit over low dose corticosteroids.
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