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Dimethyl fumarate in patients admitted to
hospital with COVID-19 (RECOVERY):
a randomised, controlled, open-label,
platform trial

RECOVERY Collaborative Group*, Peter W. Horby 1,2,60 , Leon Peto3,4,60,

Natalie Staplin3,5,60, Mark Campbell3,4, Guilherme Pessoa-Amorim3,

Marion Mafham3, Jonathan R. Emberson 3,5, Richard Stewart6,

Benjamin Prudon7, Alison Uriel8, Christopher A. Green 9,

Devesh J. Dhasmana10,11, Flora Malein 12, Jaydip Majumdar13, Paul Collini 14,

Jack Shurmer15, Bryan Yates16, J. Kenneth Baillie 17, Maya H. Buch 18,

Jeremy Day 19,20, Saul N. Faust 21, Thomas Jaki 22,23, Katie Jeffery 4,24,

Edmund Juszczak 25, Marian Knight3,26, Wei Shen Lim25,27, Alan Montgomery25,

Andrew Mumford28, Kathryn Rowan 29, Guy Thwaites 19,20,

Richard Haynes3,4,5,61 & Martin J. Landray 3,4,5,30,61

Dimethyl fumarate (DMF) inhibits inflammasome-mediated inflammation and

hasbeenproposed as a treatment for patients hospitalisedwithCOVID-19. This

randomised, controlled, open-label platform trial (Randomised Evaluation of

COVID-19 Therapy [RECOVERY]), is assessing multiple treatments in patients

hospitalised for COVID-19 (NCT04381936, ISRCTN50189673). In this assess-

ment of DMF performed at 27 UK hospitals, adults were randomly allocated

(1:1) to either usual standard of care alone or usual standard of care plus DMF.

The primary outcome was clinical status on day 5 measured on a seven-point

ordinal scale. Secondary outcomes were time to sustained improvement in

clinical status, time to discharge, day 5 peripheral blood oxygenation, day 5

C-reactive protein, and improvement in day 10 clinical status. Between 2March

2021 and 18 November 2021, 713 patients were enroled in the DMF evaluation,

of whom 356 were randomly allocated to receive usual care plus DMF, and 357

to usual care alone. 95% of patients received corticosteroids as part of routine

care. There was no evidence of a beneficial effect of DMF on clinical status at

day 5 (common odds ratio of unfavourable outcome 1.12; 95% CI 0.86-1.47;

p = 0.40). There was no significant effect of DMF on any secondary outcome.

Severe COVID-19 is characterised by marked inflammation of the

lungs, which causes respiratory failure and is usually associated with

elevated circulating inflammatory markers such as C-reactive protein

(CRP), interleukin 1β (IL-1β), and IL-61–4. This has led to the evaluationof

several different kinds of immunomodulation in the treatment of

severe COVID-19. Corticosteroids, IL-6 inhibitors, and Janus kinase

(JAK) inhibitors have all been found to reducemortality in hospitalised

patients, although the risk of death remains high even when these
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treatments are used5–8. The effectiveness of these drugs proves that

inflammation is a modifiable cause of death in patients with COVID-19,

and suggests that otherwaysofmodifying the immune responsemight

also be beneficial.

Inflammasomes form part of the innate immune response, and

have been proposed as important mediators of COVID-19 lung

disease9,10. These cytosolic pattern recognition receptor systems sti-

mulate the release of proinflammatory cytokines (in particular IL-1β

and IL-18) and activate inflammatory cell death (pyroptosis)11. In

COVID-19, the degree of inflammasome activation, particularly of the

NLR family pyrin domain containing 3 (NLRP3) inflammasome, corre-

lates with disease severity, and analysis of post-mortem lung biopsies

from patients with fatal COVID-19 shows that the inflammasome

complex is highly activated compared to healthy controls or patients

who died from influenza12,13. Inflammasome activation was found to be

necessary for lung inflammation in a humanisedmousemodel of SARS-

CoV-2 infection, and this effect can be prevented by inflammasome

inhibition14,15. However, although this pathway has been identified as a

promising therapeutic target in humans, treatment with colchicine,

which inhibits NLRP3 inflammasome activation, does not improve

outcomes in hospitalised patients 16.

Dimethyl fumarate (DMF) is an oral immunomodulator licenced

for the treatment of multiple sclerosis and plaque psoriasis. It is a

potent inhibitor of inflammasome activation and pyroptosis, and this

mechanism is thought to account for its efficacy in preventing mul-

tiple sclerosis relapses17–19. By inactivating gasdermin D, DMF acts on

a common final end point of inflammasome activation, so could

inhibit these pathways more effectively than drugs acting on

upstream targets or on inflammasome related cytokines11,17. In an in-

vitro model of SARS-CoV-2 infection, DMF inhibited the production

of inflammatory cytokines and also suppressed viral replication, but

we are unaware of studies reporting its use for the treatment of

COVID-19 in humans20. Although generally well tolerated, DMF is

often associated with flushing and gastrointestinal symptoms on

initiation21,22.

The UK COVID-19 Therapeutics Advisory Panel (CTAP), a national

expert review group set up to identify promising drugs for evaluation,

recommended DMF to the RECOVERY chief investigators for investi-

gation among hospitalised patients23. Because of limited experience of

DMFuse in acutely unwell patients and potential tolerability problems,

this was planned as an early phase assessment, with subsequent

assessment in a larger trial of its effect on mortality if there was evi-

dence of efficacy on surrogate outcomes. Here we report the results of

this first randomised assessment of DMF in patients hospitalised with

COVID-19, performed as part of the RECOVERY platform trial.

Results
Between2March2021 and 18November 2021, 713 (44%)of 1630patients

enroled into the RECOVERY trial at sites participating in the DMF com-

parison were eligible to be randomly allocated to DMF (i.e. consent was

obtained, DMF was available in the hospital at the time, there was no

known indication for or contraindication toDMF, and therewas capacity

to support the additional follow-up required for this treatment com-

parison, Fig. 1). Characteristics of eligible and non-eligible patients were

similar (Supplementary Table 1). 356 patients were randomly allocated

to DMF plus usual standard of care and 357 were randomly allocated to

usual standard of care alone. The mean age of study participants in this

comparisonwas 57.1 years (SD 15.7) and themedian time since symptom

onset was 9 days (IQR 7 to 11 days) (Table 1). At randomisation, 40 (6%)

patients did not require oxygen, 535 (75%) required simple oxygen

without ventilation, and 135 (19%) required non-invasive ventilation. 674

(95%) were receiving corticosteroids.

Among patients with information on DMF adherence, 306/331

(92%) allocated to DMF received at least one dose, and 248/331 (75%)

received at least half of the specified treatment course. Use of other

treatments for COVID-19 was similar among patients allocated DMF

356 included in
intention to treat analysis

357 included in
intention to treat analysis

8 withdrew consent 4 withdrew consent

356 allocated dimethyl fumarate

306 of 331 patients with completed follow−up

at time of analysis received dimethyl fumarate

357 allocated usual care alone

1 of 340 patients with completed follow−up

at time of analysis received dimethyl fumarate

Number randomized between
dimethyl fumarate and usual care alone

n=713 (44%)

Dimethyl fumarate unavailable (n=385 [24%])
or considered unsuitable (n=902 [55%])

Total recruited*
n=1630

Fig. 1 | Trial profile. * Number recruited overall at sites participating in the DMF comparison during the period that adult participants could be recruited. DMF unavailable

and DMF unsuitable are not mutually exclusive.
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and those allocated usual care, including use of baricitinib (44% of

participants), and tocilizumab or sarilumab (34% of participants)

(Supplementary Table 2).

Primary outcome data are known for 693 (97%) of randomly

assigned patients. There was no significant difference between the

groups in clinical status at day 5 (common odds ratio of unfavourable

outcome 1.12; 95% confidence interval [CI] 0.86–1.47; p =0.40; Table 2,

Figs. 2 and 3).

We found no evidence of an effect of DMF on any secondary or

subsidiary outcome (Table 2). There was no significant difference in

the time to sustained clinical improvement (rate ratio 0.96; 95% CI

0.80–1.16, p =0.70) or time to discharge from hospital alive (rate ratio

0.95, 95% CI 0.80–1.13, p =0.59). At day 5 after randomisation there

was no significant difference in S/F94 (difference in mean S/F94 −0.06;

95%CI −0.22 to 0.10; p =0.45) or in CRP (difference in geometricmean

2%; 95% CI −18% to 29%; p =0.84). The proportion of patients with

improvement of clinical status by day 10 was similar in both groups

(risk ratio 0.95; 95% CI 0.87–1.05; p =0.31).

Compared to usual care, more participants allocated to DMF

suffered flushing (9% vs 3%, risk ratio 2.81; 95%CI 1.44–5.50; p = 0.003)

and gastrointestinal symptoms (11% vs 5%, risk ratio 1.99; 95% CI

1.17–3.39; p =0.01, Table 2), in both cases an excess of around 6%

compared to the usual care group. DMF treatment was discontinued

because of adverse events in 42 (13%) patients, mainly because of

flushing, rash, diarrhoea, or abnormal liver function tests, and 12 (4%)

patients required DMF dose reduction (Supplementary Table 3). A

further 32 (10%) patients discontinued DMF for reasons other than

adverse events, mainly because they were no longer able to take the

capsules (Supplementary Table 3). There was one report of a serious

adverse reaction believed related to DMF, in a patient whose ALT rose

to 5 times the upper limit of normal, although the total number of

patients with transaminitis reportedwas similar in both groups (19% vs

18%, risk ratio 1.05; 95% CI 0.75–1.46; p =0.78, Table 2). There was no

evidence of an effect of DMF on all-cause mortality (13% vs 13%; risk

difference0.6%, 95%CI −4% to 6%) or other safety outcomes, including

cause-specific mortality, cardiac arrhythmia, non-coronavirus infec-

tions, acute kidney injury, thrombotic events or bleeding events

(Table 2, Supplementary Tables 4–6).

Discussion
In this initial evaluation in the RECOVERY trial, involving over 700

patients hospitalised with COVID-19, treatment with DMF was not

associated with improvement in any clinical outcome compared with

usual care alone. This is the first randomised trial of DMF for the

treatment of COVID-19, and although pre-clinical data suggest that it

interferes with inflammatory pathways important to the pathogenesis

of COVID-19 pneumonia, this did not translate into any evident benefit

of treatment.

Inflammasome activation is a key upstream event in innate

immune responses, leading to the release of IL-1β with consequent

increase in IL-6 and CRP24. DMF blocks a final common pathway of

inflammasome signalling in vitro, and in keeping with this, DMF

treatment normalises serum IL-1β in patients with multiple sclerosis

and reduces serum CRP in an animal model of inflammation17,25. At the

dose used in RECOVERY it is an effective treatment for relapsing-

remitting multiple sclerosis, halving the rate of relapse20–22.

Inflammasome-mediated signalling is strongly activated in severe

COVID-19, which has made it a promising therapeutic target, but col-

chicine andDMFhave both nowbeen evaluated in hospitalisedCOVID-

19 patients and neither has produced a discernible improvement in

outcome. The lack of any impact ofDMF treatment in RECOVERY, even

on serumCRP, suggests thismay be because this agent does not block

this pathway effectively enough in the context of the COVID-19

inflammatory response, or because activation of this pathway is not

causally related to disease trajectory, at least among hospitalised

patients receiving current standard treatment. Corticosteroids were

received by 95% of the trial population, and a significant proportion

also received an IL-6 inhibitor or JAK inhibitor. The lack of benefit of

DMF is in contrast to IL-6 and JAK inhibitors, which reduce COVID-19

mortality when used in addition to corticosteroids7,8. It remains pos-

sible that DMF could have had a beneficial effect in the absence of

other immunomodulators, but it appears to add little or nothing to

current usual care.

Table 1 | Baseline characteristics of patients randomised to
dimethyl fumarate vs usual care

Dimethyl fuma-

rate (n = 356)

Usual

care (n = 357)

Age, mean years (SD) 57.5 (16.1) 56.7 (15.3)

≥18 to <70 265 (74%) 271 (76%)

≥70 to <80 61 (17%) 66 (18%)

≥80 30 (8%) 20 (6%)

Sex

Male 235 (66%) 246 (69%)

Femalea 121 (34%) 111 (31%)

Ethnicity

White 279 (78%) 282 (79%)

BAMEb 56 (16%) 52 (15%)

Unknown 21 (6%) 23 (6%)

Number of days since symp-

tom onset

9 (7–12) 9 (7–11)

Number of days since

hospitalisation

2 (1–3) 1 (1–3)

Oxygen saturation, % 94 (92–95) 94 (92–96)

S/F94 3.2 (1.2) 3.1 (1.1)

Ordinal scale

2: Not requiring oxygen or

medical care

0 (0%) 0 (0%)

3: Requiring medical care

but not oxygen

27 (8%) 13 (4%)

4: Requiring oxygen with-

out NIV

257 (72%) 278 (78%)

5: Requiring oxygen with NIV 69 (19%) 66 (18%)

6: Requiring IMV 3 (1%) 0 (0%)

Previous diseases

Diabetes 92 (26%) 89 (25%)

Heart disease 65 (18%) 49 (14%)

Chronic lung disease 89 (25%) 71 (20%)

Tuberculosis 0 (0%) 0 (0%)

HIV 3 (1%) 1 (<0.5%)

Severe liver diseasec 3 (1%) 3 (1%)

Severe kidney impairmentd 8 (2%) 8 (2%)

Any of the above 178 (50%) 161 (45%)

SARS-Cov-2 PCR test result

Positive 334 (94%) 341 (96%)

Negative 4 (1%) 2 (1%)

Test result not yet known 18 (5%) 14 (4%)

Use of steroids

Yes 329 (92%) 345 (97%)

No 27 (8%) 12 (3%)

Mean (SD), median (IQR) or n (%) shown.
aNo pregnant woman included.
bBlack and minority ethnic.
cDefined as requiring ongoing specialist care.
dDefined as estimated glomerular filtration rate <30mL/min/1.73m².
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Table 2 | Effect of allocation to dimethyl fumarate on key study outcomes

Dimethyl fumarate (n = 356) Usual care (n = 357) Treatment effect (95% CI) p value

Primary outcome

Ordinal scale at day 5a

7 vs 1–6 13 (4%) 10 (3%)

6–7 vs 1–5 23 (6%) 22 (6%)

5–7 vs 1–4 77 (22%) 73 (20%)

4–7 vs 1–3 204 (57%) 193 (54%)

3–7 vs 1–2 255 (72%) 249 (70%)

2–7 vs 1 269 (76%) 261 (73%)

Common odds ratio 1.12 (0.86–1.47) 0.40

Secondary clinical outcomes

Sustained improvement in ordinal category within

10 daysb
246 (69%) 258 (72%) 0.96 (0.80–1.16) 0.70

Improvement in clinical status at day 10c 246 (69%) 259 (73%) 0.95 (0.87–1.05) 0.31

Baseline-adjusted day 5 S/F94d 3.57 (0.06) 3.64 (0.06) −0.07 (−0.23 to 0.09) 0.38

Baseline-adjusted day 5 CRPe 14.4 (1.2) 14.0 (1.2) 2% (−18 to 29%) 0.84

Median duration of hospitalisation, days 8 8

Discharged from hospital alive within 28 daysb 274 (77%) 281 (79%) 0.95 (0.80–1.13) 0.59

Subsidiary clinical outcomes

Use of ventilationc,f 58/284 (20%) 60/291 (21%) 0.99 (0.72–1.37) 0.95

Non-invasive ventilation 56/284 (20%) 56/291 (19%) 1.02 (0.73–1.43) 0.89

Invasive mechanical ventilation 14/284 (5%) 12/291 (4%) 1.20 (0.56–2.54) 0.64

Successful cessation of invasive mechanical ventilationg 0/3 (0%) 0/0 - -

Renal dialysis or haemofiltrationc,h 7/356 (2%) 6/355 (2%) 1.16 (0.39–3.43) 0.78

Safety outcomes

Flushingc

Some 23 (7%) 11 (3%) 2.08 (1.03–4.21) 0.04

Severe 8 (2%) 0 (0%) - -

Subtotal: Any flushing 31 (9%) 11 (3%) 2.81 (1.44–5.50) 0.0026

Gastrointestinal symptomsc

Some 34 (10%) 18 (5%) 1.88 (1.08–3.27) 0.02

Severe 4 (1%) 1 (0%) 3.99 (0.45–35.51) 0.21

Subtotal: Any gastrointestinal symptoms 38 (11%) 19 (5%) 1.99 (1.17–3.39) 0.01

Transaminitisc 57 (19%) 56 (18%) 1.05 (0.75–1.46) 0.78

Acute kidney injuryc 9 (3%) 12 (4%) 0.75 (0.32–1.75) 0.51

Non-coronavirus infectionc

Pneumonia 18 (5%) 20 (6%) 0.90 (0.49–1.68) 0.75

Urinary tract 1 (0%) 4 (1%) 0.25 (0.03–2.23) 0.21

Biliary 0 (0%) 0 (0%) - -

Other intra-abdominal 1 (<0.5%) 1 (<0.5%) - -

Blood stream 4 (1%) 1 (0%) 4.01 (0.45–35.71) 0.21

Skin 1 (<0.5%) 1 (<0.5%) - -

Other 6 (2%) 6 (2%) 1.00 (0.33–3.08) 1.00

Subtotal: Any non-coronavirus infection 27 (8%) 31 (9%) 0.87 (0.53–1.43) 0.59

All p values are 2-sided.
aNumber of patients with a 'bad' outcome given. Treatment effects are odds ratios for 'bad' vs 'good' outcome. Common odds ratio estimated using a proportional oddsmodel adjusted for ordinal

scale at randomisation. For the 22 patients with missing data on ordinal scale at day 5, the median possible category was imputed (rounded up when there are an even number of possibilities).
bTreatment effect is a rate ratio estimated using logrank methods.
cTreatment effect is a risk ratio.
dTreatment effect is difference inmean S/F94 estimated usingANCOVAwith adjustment for baseline S/F94. For patients discharged alive byday 5, a value of 4.76 was imputed. All 135 (18.9%) other

missing values at day 5 were imputed using multiple imputation.
eANCOVA analyses of log transformedCRPwith adjustment for randomisation value were conducted. 276 (38.7%) missing values at day 5 imputed usingmultiple imputation. Geometric means and

approximate standard errors are presented and treatment effect is percentage change in CRP.
fAnalyses include only those on no ventilation support at randomisation.
gAnalyses restricted to those on invasive mechanical ventilation at randomisation.
hAnalyses exclude those on haemodialysis or haemofiltration at randomisation.
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Higher doses of DMF could potentially have had a greater anti-

inflammatory effect, but may have led to greater problems in toler-

ability. Treatment was discontinued because of adverse events in 13%

of patients, mostly because of flushing, rash, and gastrointestinal

symptoms. These are recognised side-effects of DMF, although rarely

caused discontinuation in outpatient placebo-controlled trials in

patients with multiple sclerosis21,22. Other than these adverse effects,

no safety concerns of DMF treatment were identified. DMF was dis-

continued because of abnormal liver function tests in six patients, but

ALT elevations are commonly seen in hospitalised patients with COVID

and occurred in 18% of participants in the usual care arm26. The pro-

portion of patients with transaminitis was similar in the DMF and usual

care groups, suggesting DMF was not a significant cause of transami-

nitis, and highlighting the need for systematic data collection when

evaluating adverse events in an open-label study.

Strengths of this trial include that it was randomised, had broad

eligibility criteria, and follow upwas 97% complete. However, there are

some limitations: firstly, as an early phase study, it was not large

enough to rule out a benefit in mortality, nor to assess whether

treatment effectsmight have varied among specific groups of patients.

Secondly, the trial was open label, so participants and local hospital

staff were aware of the assigned treatment. This could potentially

affect the assessment of some outcomes, particularly if allocation to

DMF led to patients staying inhospital to receive treatment rather than

being discharged. However, our protocol specified that treatment was

to stopwhen patients were ready for discharge, and the distribution of

clinical status at day 5 provides no evidence to suggest that otherwise

healthy patients stayed in hospital to receive DMF (Figs. 2 and 3).

Thirdly, although 92% of participants received some DMF, only 75%

completed more than half the planned course. In the presence of non-

adherence, the intention-to-treat analysis used here would

underestimate any true treatment effect, and a per-protocol analyses

would probably introduce bias. Some statistical methods that can

provide unbiased estimates of the effect of treatment in the presence

of non-adherence, such as inverse probability weighting or g-estima-

tion, require post-randomisation data on prognostic factors that are

not available in this trial27. Instrumental variable (IV) estimation is an

alternative method that does not require these data, and using this

approach somewhat increased the uncertainty in the estimated effect

of DMF (common odds ratio of unfavourable outcome 1.16; 95% CI

0.81–1.67)28. Finally, we only studied patients who had been hospita-

lised with COVID-19, so do not provide any evidence on the safety and

efficacy of DMF in other groups, such as outpatients.

In summary, the results of this randomised trial do not support

the use of DMF in adults hospitalised with COVID-19.

Methods
Study design and participants
The Randomised Evaluation of COVID-19 therapy (RECOVERY) trial is

an investigator-initiated, streamlined, individually randomised, con-

trolled, open-label, platform trial to evaluate the effects of potential

treatments in patients hospitalised 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,

and baricitinib) have been published previously6–8,16,29–34. The trial is

underway at 177 hospital organisations in the United Kingdom sup-

ported by the National Institute for Health and Care Research Clinical

Research Network, and also at 15 non-UK hospitals (Supplementary

Informationpp 3-29).Of these, 27UKhospitals participated in theDMF

comparison. The trial is coordinated by the Nuffield Department of

Population Health at the University of Oxford (Oxford, UK), the trial
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Fig. 2 | Distribution of clinical ordinal scale at 5 days by randomised allocation. Percentages of participants in each ordinal category at day 5 are shown.
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('bad' vs 'good') (n=357)
OR (95% CI)

Dimethyl fumarate 
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Dimethyl fumarate 
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7 vs 1−6 13 (3.7%) 10 (2.8%) 1.32 (0.57−3.04) 

6−7 vs 1−5 23 (6.5%) 22 (6.2%) 1.05 (0.57−1.92) 

5−7 vs 1−4 77 (21.6%) 73 (20.4%) 1.07 (0.75−1.54) 

4−7 vs 1−3 204 (57.3%) 193 (54.1%) 1.14 (0.85−1.53) 

3−7 vs 1−2 255 (71.6%) 249 (69.7%) 1.10 (0.79−1.51) 

2−7 vs 1 269 (75.6%) 261 (73.1%) 1.14 (0.81−1.59) 

Common odds ratio
p= 0.40

1.12 (0.86−1.47) 

Fig. 3 | Effects of allocation to dimethyl fumarate on relative odds of a bad

outcomeon the clinical ordinal scale at day 5, for each alternative definitionof

bad outcome. Odds ratio estimates for each ordinal scale comparison are repre-

sented by squares (with areas of the squares proportional to the amount of

statistical information) and the lines through them correspond to the 95% CIs.

Estimates used ordinal logistic regression with adjustment for baseline score.

P value is 2-sided. OR odds ratio.
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sponsor. The trial is conducted in accordancewith the principles of the

International Conference on Harmonisation–Good Clinical Practice

guidelines and approved by the UK Medicines and Healthcare pro-

ducts Regulatory Agency (MHRA) and the Cambridge East Research

Ethics Committee (ref: 20/EE/0101). The protocol and statistical ana-

lysis plan are included in the Supplementary Information (pp 63–139)

with additional information available on the study website www.

recoverytrial.net.

Patients admitted to the hospital were eligible for the study if they

had clinically suspected or laboratory confirmed COVID-19 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.

Those aged <18 years and pregnant women were not eligible for ran-

domisation to DMF. Written informed consent was obtained from all

patients, or a legal representative if patients were too unwell or

otherwise unable to provide informed consent. No participant com-

pensation was provided.

Randomisation and masking
Baseline data were collected using a web-based case report form that

included patient demographics, level of respiratory support, major

comorbidities, suitability to receive the study treatment, and treat-

ment availability at the study site (Supplementary Information pp

38–40). Contraindications to the DMF comparison were pregnancy,

breastfeeding, or knownhypersensitivity to DMF, and treatment could

not be given parenterally or via feeding tube. Eligible and consenting

patients were assigned in a 1:1 ratio to either usual standard of care or

usual standard of care plus DMF using web-based simple (unstratified)

randomisation with allocation concealed until after randomisation

(Supplementary Information pp 36–38). For some patients, DMF was

unavailable at the hospital at the time of enrolment or was considered

by the managing physician to be either definitely indicated or defi-

nitely contraindicated. These patients were not eligible for randomi-

sation between DMF and usual care. Patients allocated DMF were to

receive 120mgbymouth every 12 h for the first four doses, followed by

240mg every 12 h, for total treatment duration of 10 days or until

hospital discharge, whichever was sooner. The stepped increase in

dose was chosen tominimise flushing and gastrointestinal side effects,

and the protocol also allowed dose reduction to a minimum of 120mg

once daily if needed to control side effects.

As a platform trial, and in a factorial design, patients could be

simultaneously randomised to other treatment groups: i) casirivimab

plus imdevimab versus usual care, ii) aspirin versus usual care, iii)

baricitinib versus usual care, and iv) empagliflozin versus usual care.

Further details of when these factorial randomisations were open are

provided in the Supplementary Information (pp 36-38). Participants

and local study staff were not masked to the allocated treatment. The

trial steering committee, investigators, and all other individuals

involved in the trial were masked to aggregated outcome data during

the trial.

Procedures
Participants haddaily assessmentof clinical status fromday 1 today 10,

using a seven-category ordinal scale as follows: 1) discharged alive; 2)

in hospital, not requiring oxygen or medical care; 3) in hospital, not

requiring oxygen but requiring medical care; 4) in hospital, requiring

oxygen via simple face mask or nasal cannula; 5) in hospital, requiring

high-flow nasal oxygen or non-invasive ventilation; 6) in hospital,

requiring invasivemechanical ventilation or extracorporealmembrane

oxygenation; and 7) dead35. At baseline and on days 3, 5, and 10, the S/

F94 ratio was recorded. The S/F94 ratio is defined as the ratio of per-

ipheral oxygen saturations (SpO2) to the fraction of inspired oxygen

(FiO2), with any supplemental oxygen reduced until SpO2 is <94%

(patients were transferred to an oxygen delivery device providing a

defined FiO2 if necessary). Details of S/F94 measurement and its

rationale are outlined in the Supplementary Information (pp 30,

144–148). Derivation and evaluation of the S/F94 endpoint are reported

separately36. Blood C-reactive protein, creatinine and alanine or

aspartate transaminaseweremeasured on days 3, 5, and 10, alongwith

treatment adherence and details of adverse events. The above details

were collected into a web-based DMF follow up form developed for

this early phase assessment, completed daily until day 10 (Supple-

mentary Information pp 41–45). Another online follow-up form was

completed when participants were discharged, had died or at 28 days

after randomisation, whichever occurred earliest (Supplementary

Information pp 46-53). This recorded information on receipt of other

COVID-19 treatments, duration of admission, receipt of respiratory or

renal support, and vital status (including cause of death). In addition,

routine healthcare and registry data were obtained including infor-

mation on vital status (with date and cause of death), discharge from

hospital, receipt of respiratory support, or renal replacement therapy.

Outcomes
The primary outcome was clinical status at day 5, as assessed on the

ordinal scale. Secondary outcomes were: time to sustained improve-

ment by at least one category on the ordinal scale from baseline

(persisting for >1 day), time to discharge from hospital, S/F94 ratio at

day 5, blood C-reactive protein at day 5, and improvement in clinical

status by at least one category at day 10. The initial protocol specified

day 5 S/F94 as the primary outcome and day 5 clinical status as a sec-

ondary outcome, but these were switched in October 2021 when it was

realised that discharges before day 5would lead to significant amounts

of missing data for the S/F94 outcome. This decision was made by the

trial steering committee whilst blinded to the results of the DMF

comparison.

Subsidiary clinical outcomes were: use of ventilation and, sepa-

rately, use of renal dialysis or haemofiltration, among patients not on

such treatment at randomisation, and thrombotic events. Pre-specified

safety outcomes were: flushing, gastrointestinal symptoms, transami-

nitis (peak alanine transaminase (ALT) or aspartate transaminase (AST)

>3x upper limit of normal), acute kidney injury (peak creatinine >1.5x

value at randomisation), cause-specific mortality, bleeding events,

major cardiac arrhythmias, and non-coronavirus infections. Informa-

tion on suspected serious adverse reactions was collected in an

expedited fashion to comply with regulatory requirements.

Statistical analysis
The primary analysis for all outcomes was by intention-to-treat, com-

paring patients randomised to DMF with concurrent patients rando-

mised to usual care (i.e. those patients who by chance were not

allocated DMF, but could have been). For the primary outcome of

clinical status at day 5, the common odds ratio of a worse outcome

with DMF versus usual care was estimated using ordinal logistic

regression with adjustment for baseline score. For 22 participants still

alive in hospital on day 5 without a recorded score, the median pos-

sible score was imputed. The proportional odds assumption was

assessed and there was no evidence that this was violated (p-value

from test of proportional odds assumption 0.95).

For time to sustained improvement, the log-rank observed minus

expected statistic and its variancewere used to test the null hypothesis

of equal survival curves (i.e., the log-rank test) and to calculate the one-

step estimate of the average rate ratio. Analyses were restricted to the

first 10 days as ordinal scores were not collected after this. A similar

analysis was used for time to discharge up to day 28, with patients who

died in hospital right-censored on day 29. Median time to discharge

was derived from Kaplan-Meier estimates.

Comparisons of S/F94 ratio and log-transformedCRP at day 5were

performed using analysis of covariance (ANCOVA) adjusted for each

participant’s baseline value. For patients who were discharged from

hospital, for whom itwas not possible tomeasure S/F94 ratio at day 5, a
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value of 4.76 was imputed (i.e. the maximum value, assuming satura-

tions of 100% when breathing 21% oxygen). Multiple imputation

methods were used to account for any othermissing data37. Risk ratios

were used to compare treatment arms for improvement of clinical

status at day 10, and for all subsidiary and safety outcomes.

Estimates of rate and risk ratios are shown with 95% confidence

intervals. All p-values are 2-sided and are shown without adjustment

for multiple testing. 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).

It was estimated that enrolment of at least 700 patients would

provide 80% power (at 2p =0.05) to detect a common odds ratio of

0.67, even if 10% of participants discontinued study treatment before

day 5 (based on day 5 outcome frequencies from the existing trial

database). Recruitment was halted on 19thNovember 2021 after target

recruitment had been reached. The Trial Steering Committee and all

other individuals involved in the trial were masked to outcome data

until 28 days after the close of recruitment.

Analyses were performed using SAS version 9.4 and R version 3.4.

The trial is registered with ISRCTN (50189673) and clinicaltrials.gov

(NCT04381936).

Role of the funding source
The funder of the study had no role in study design, data collection,

data analysis, data interpretation, or writing of the report. D.M.F. was

provided from standard National Health Service stocks. The corre-

sponding authors had full access to all the data in the study and had

final responsibility for the decision to submit for publication.

Reporting summary
Further information on research design is available in the Nature

Portfolio Reporting Summary linked to this article.

Data availability
The protocol, consent form, statistical analysis plan, definition &

derivation of clinical characteristics & outcomes, training materials,

regulatorydocuments, and other relevant studymaterials are available

online at www.recoverytrial.net. As described in the protocol, the trial

Steering Committee will facilitate the use of the study data and

approval will not be unreasonably withheld. Deidentified participant

data will be made available to bona fide researchers registered with an

appropriate institution within 3 months of publication. However, the

Steering Committee will need to be satisfied that any proposed pub-

lication is of high quality, honours the commitmentsmade to the study

participants in the consent documentation and ethical approvals, and

is compliant with relevant legal and regulatory requirements (e.g.

relating to data protection and privacy). The Steering Committee will

have the right to review and comment on any draft manuscripts prior

to publication. Data will be made available in line with the policy and

procedures described at: https://www.ndph.ox.ac.uk/data-access.

Those wishing to request access should apply for access via the

Infectious Diseases Data Observatory (https://www.iddo.org/covid19/

data-sharing/accessing-data), or complete the form at https://www.

ndph.ox.ac.uk/files/about/data_access_enquiry_form_13_6_2019.docx

and e-mail to: data.access@ndph.ox.ac.uk.
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