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Effect of anakinra versus usual care in adults in hospital with
COVID-19 and mild-to-moderate pneumonia
(CORIMUNO-ANA-1): a randomised controlled trial

The CORIMUNO-19 Collaborative group*t

Summary

Background Patients with COVID-19 pneumonia have an excess of inflammation and increased concentrations of
cytokines including interleukin-1 (IL-1). We aimed to determine whether anakinra, a recombinant human IL-1 receptor
antagonist, could improve outcomes in patients in hospital with mild-to-moderate COVID-19 pneumonia.

Methods In this multicentre, open-label, Bayesian randomised clinical trial (CORIMUNO-ANA-1), nested within the
CORIMUNO-19 cohort, we recruited patients from 16 University hospitals in France with mild-to-moderate COVID-19
pneumonia, severe acute respiratory syndrome coronavirus 2 infection confirmed by real-time RT-PCR, requiring at
least 3 L/min of oxygen by mask or nasal cannula but without ventilation assistance, a score of 5 on the WHO Clinical
Progression Scale (WHO-CPS), and a C-reactive protein serum concentration of more than 25 mg/L not requiring
admission to the intensive care unit at admission to hospital. Eligible patients were randomly assigned (1:1) using a
web-based secure centralised system, stratified by centre and blocked with varying block sizes (randomly of size two or
four), to either usual care plus anakinra (200 mg twice a day on days 1-3, 100 mg twice on day 4, 100 mg once on day 5)
or usual care alone. Usual care was provided at the discretion of the site clinicians. The two coprimary outcomes were
the proportion of patients who had died or needed non-invasive or mechanical ventilation by day 4 (ie, a score of >5 on
the WHO-CPS) and survival without need for mechanical or non-invasive ventilation (including high-flow oxygen) at
day 14. All analyses were done on an intention-to-treat basis. The trial is registered with ClinicalTrials.gov, NCT04341584,
and is now closed to accrual.

Findings Between April 8 and April 26, 2020, we screened 153 patients. The study was stopped early following the
recommendation of the data and safety monitoring board, after the recruitment of 116 patients: 59 were assigned to
the anakinra group, and 57 were assigned to the usual care group. Two patients in the usual care group withdrew
consent and were not analysed. In the analysable population, the median age was 66 years (IQR 59 to 76) and 80 (70%)
participants were men. In the anakinra group, 21 (36%) of 59 patients had a WHO-CPS score of more than 5 at day 4
versus 21 (38%) of 55 in the usual care group (median posterior absolute risk difference [ARD] -2-5%, 90% credible
interval [CrI] 17 -1 to 12-0), with a posterior probability of ARD of less than 0 (ie, anakinra better than usual care) of
61-2%. At day 14, 28 (47%; 95% CI 33 to 59) patients in the anakinra group and 28 (51%; 95% CI 36 to 62) in the usual
care group needed ventilation or died, with a posterior probability of any efficacy of anakinra (hazard ratio [HR] being
less than 1) of 54-5% (median posterior HR 0-97; 90% CrI 0-62 to 1-52). At day 90, 16 (27%) patients in the anakinra
group and 15 (27%) in the usual care group had died. Serious adverse events occurred in 27 (46%) patients in the
anakinra group and 21 (38%) in the usual care group (p=0-45).

Interpretation Anakinra did not improve outcomes in patients with mild-to-moderate COVID-19 pneumonia. Further
studies are needed to assess the efficacy of anakinra in other selected groups of patients with more severe COVID-19.

Funding The Ministry of Health, Programme Hospitalier de Recherche Clinique, Foundation for Medical Research,
and AP-HP Foundation.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction

COVID-19 is a respiratory disease, induced by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
that has already caused more than 1 million deaths over
the word."* Most people with COVID-19 have only
mild or uncomplicated symptoms, but approximately
10-15% of patients have moderate or severe disease that
requires admission to hospital and oxygen support, and
3-5% require admission to an intensive care unit (ICU)
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mainly for ventilation assistance.*” In severe cases,
COVID-19 can be complicated by acute respiratory
distress syndrome. Older age, male sex, and comorbid
diseases are risk factors for death."*”

At the beginning of the epidemic in France, when no
standard of care was defined, we decided to set up the
publicly supported CORIMUNO-19 (Cohort Multiple
randomized controlled trials open-label of immune
modulatory drugs and other treatments in COVID-19
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Research in context

Evidence before the study

Since the beginning of the COVID-19 pandemic, no definitive
standard of care for mild-to-moderate COVID-19 pneumonia has
clearly emerged. Patients with COVID-19 pneumonia have an
excess of inflammation and increased concentrations of cytokines
including interleukin-1 (IL-1). We searched PubMed for clinical
trials published in English from database inception until

March 30, 2020, assessing the effect of anakinra (a recombinant
human IL-1 receptor antagonist) among patients with
laboratory-confirmed COVID-19 using the search terms
(“COVID-19"[All Fields] OR “2019-nCoV"[All Fields]) OR
“SARS-CoV-2"[All Fields]) AND (“anakinra”[All Fields] (filters:
Clinical Trial, Randomized Controlled Trial). We identified only
cohort or observational studies and no randomised clinical trials
that compared anakinra with usual care in patients with
COVID-19.

Added value of this study

To our knowledge, this is the first randomised clinical trial to
report the effects of anakinra in patients with mild-to-
moderate COVID-19 pneumonia requiring at least 3 L/min of
oxygen but not receiving non-invasive or invasive mechanical

patients) project, a cohort designed with the purpose of
being able to carry out open-label, randomised clinical
trials of immunomodulatory drugs in patients who had
been admitted to hospital with mild-to-moderate
or severe COVID-19. The overall objective of this initiative
was to explore several immunomodulatory drugs to
inform the design of larger trials to confirm the best drug
in a defined population of patients with mild-to-moderate
or severe COVID-19 pneumonia and eventually develop
new standard of care.

Patients with COVID-19 pneumonia present with non-
specific inflammatory responses, including oedema and
inflammatory cell infiltration in the lungs. In addition
to the specific pathogenic effect of SARS-CoV-2, this
deleterious excessive and non-effective host immune
response has an important role during the disease
course. Itis, atleastin part, related to a hyperinflammatory
status associated with production of a number of pro-
inflammatory cytokines and chemokines, including
interleukin 1 (IL-1).

Anakinra is a 17 kD recombinant human IL-1 receptor
antagonist (therefore blocking both IL-la and IL-1f),
with a short half-life of about 3-4 h and good safety
profile approved in the treatment of patients with
rheumatoid arthritis, gouty arthritis, and some rare
auto-inflammatory syndromes. Anakinra has also been
used at higher dose with an intravenous regimen in the
management of critically ill patients with haemo-
phagocytic lymphohystiocytosis and in patients with
septic shock.*® Severe COVID-19 pneumonia and
haemophagocytic lymphohistiocytosis share biological

ventilation at randomisation. The study was stopped early for
futility following the recommendation of the data and safety
monitoring board. We found no difference between the
anakinra group and the usual care group in terms of 4-day
improvement, 14-day ventilation requirement or death,

and 28-day and 90-day mortality.

Implications of all the available evidence

Since the beginning of this study and based on a large
randomised open trial done by the RECOVERY collaborative
group, dexamethasone is now largely used in the treatment of
mild-to-moderate, severe, or critical COVID-19. Our finding of
no clinical benefit from anakinra treatment compared with
usual care is not encouraging to set up a larger randomised
controlled trial to test anakinra in the population of patients
with mild-to-moderate COVID-19 pneumonia, but our findings
do not preclude the possible efficacy of anakinra in more severe
cases of COVID-19. Another trial within the CORIMUNO
platform (CORIMUNO-ANA-2) that aims to assess the effect of
anakinra in patients with more severe COVID-19 who are in
intensive care units has now been completed and is being
analysed.

and clinical features,** and so the hypothesis that
anakinra could be effective in COVID-19 has emerged.”**
Preliminary data from observational studies suggest
the possible efficacy of anakinra for mild-to-moderate,
severe, or critical COVID-19,”"" but until now no data
were available from randomised clinical trials. Therefore,
we aimed to assess the efficacy and safety of anakinra in
patients in hospital with mild-to-moderate COVID-19
pneumonia in a randomised controlled trial setting.

Methods

Study design and participants

We enrolled patients with COVID-19 from University
hospitals in France for a series of randomised
controlled trials testing different therapeutic regimens
(CORIMUNO-19 cohort). Patients with mild-to-moderate
COVID-19 pneumonia and patients with severe and
critical COVID-19 pneumonia were included in
independent clinical trials. Here we report data from
CORIMUNO-ANA-1, a CORIMUNO-19, multicentre,
open-label, randomised controlled trial of patients with
mild-to-moderate COVID-19 pneumonia.

Participants were recruited from 16 French University
hospitals (appendix 2 p 2). The CORIMUNO
cohort and all embedded trials (ie, trials using data
collected in the CORIMUNO cohort) were approved by
an ethics committee (Comité de Protection des
Personnes Ile-de-France VI) and relevant authorities.
Legal issues and trial procedures are presented in detail
in the appendix 2 (p 12). Written informed consent was
obtained from all patients or from the patient’s legal
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representative for entering the CORIMUNO cohort and
longitudinal data (including clinical status, biological
data, and outcomes) were recorded as part of their
participation in the cohort. In this consent form,
patients were made aware that a number of trials might
occur inside the cohort, and that they would probably
be offered participation in some of them. In practice,
for logistical reasons, only one trial was done in each
centre at a given time. Specific additional written
consent was obtained from eligible patients who were
randomly selected to be offered anakinra and agreed to
receive this treatment. Eligible patients assigned to
receive usual care were not notified about the trial but
their data as part of the CORIMUNO cohort were
available for analysis. Patients were eligible for inclusion
in the CORIMUNO-19 cohort if they had confirmed
SARS-CoV-2 infection (positive on real-time RT-PCR or
chest CT scan typical of COVID-19 pneumonia, or both)
with mild-to-moderate, severe, or critical pneumonia
(ie, receiving oxygen at a flow of >3 L/min via mask or
nasal cannula and a score of =5 points on the WHO
Clinical Progression Scale [WHO-CPS] 10-point ordinal
scale, which is described in the appendix 2 [pp 12-13]).
Patients from the CORIMUNO-19 cohort were eligible
for the CORIMUNO-ANA-1 trial if they had a C-reactive
protein serum concentration of more than 25 mg/L not
requiring admission to the hospital intensive care unit
at the time of admission, and mild-to-moderate
COVID-19 pneumonia with a WHO-CPS score of
5 points, receiving at least 3 L/min of oxygen but
without ventilation assistance (eg, high-flow oxygen,
non-invasive ventilation, or mechanical ventilation). Key
exclusion criteria included known hypersensitivity to
anakinra or any of its excipients, pregnancy, current
documented bacterial infection, an absolute neutrophil
count of 1-0x109 per L or less, a platelet concentration
of less than 50 G/L, serum aspartate aminotransferase
or serum alanine aminotransferase of more than five-
times the upper limit of normal, or severe renal
insufficiency defined by an estimated glomerular
filtration rate of less than 30 mL/min. Full inclusion
and exclusion criteria are listed in the appendix 2 (p 12).

Randomisation and masking

Participants were randomly assigned (1:1) using a
web-based secure centralised system to either usual care
plus anakinra or usual care alone. An independent
statistician provided a computer-generated assignment
randomisation list stratified by centre and blocked with
varying block sizes (randomly of sizes two or four)
unknown to the investigators. Patients and investigators
were not masked to treatment assignment due to the
nature of the intervention.

Procedures

Because of the emergency nature of the trial and
feasibility issues, no placebo alternative for anakinra

www.thelancet.com/respiratory Vol 9 March 2021

was prepared. Anakinra (Sobi, Puteaux, France) was
given intravenously 200 mg twice a day (total 400 mg)
on days 1-3 after randomisation, then at 100 mg twice a
day (total 200 mg) on day 4, and 100 mg once on day 5.
If no improvement was seen on the morning of day 4
(improvement was determined as a reduction in
requirement of oxygen of more than 50%, but the
decision was left to the treating physician),
3 supplementary days of treatment at 400 mg per day
were done on days 4-6, followed by a decrease to
200 mg per day on day 7 and 100 mg per day on day 8,
and no treatment thereafter. Usual care (antibiotic
drugs, antiviral drugs, corticosteroids, vasopressor
support, anticoagulants) was provided at the discretion
of the site clinicians.

Outcomes

The two coprimary outcomes were the proportion of
patients who had died or needed non-invasive or
mechanical ventilation by day 4 (ie, a score of >5 points
on the WHO-CPS); and survival with no need for
mechanical or non-invasive ventilation (including high-
flow oxygen) at day 14. Both outcomes were consistent
with the core outcome set proposed by WHO for a
minimal outcome measure for COVID-19 clinical
outcomes.”

Prespecified secondary outcomes were clinical status
assessed with the WHO-CPS at days 4, 7, and 14; overall
survival at days 14, 28, and 90; time to discharge from
hospital; time to oxygen supply independency; and time
to negative viral excretion (not assessed due to paucity of
data). We also measured biological factors (eg, C-reactive
protein concentration) and adverse events. Time to
discharge and time to oxygen supply independency was
assessed at day 28 because this was the latest timepoint
when data were complete for almost all patients.

Statistical analysis

We used a Bayesian monitoring and analytical approach
based on the coprimary outcomes. The sample size was
initially set at 120, with interim analyses presented weekly
to the data and safety monitoring board (DSMB) and a
provision to increase the sample size in case of promising
but not conclusive results. We calculated that the trial
would have frequentist power of 97-2% to detect a
decrease in event rate from 0-50 to 0- 20, and of 73-9% to
detect a decrease in event rate from 0-50 to 0-30. For the
day 4 outcome, we used a f3 prior distribution with
parameters 1 and 1 for the proportion in each treatment
group. For the day 14 outcome, we used a Gaussian prior
distribution with a mean log hazard ratio (HR) of 0 and
variance of 1x106 for the log HR. We then did
sensitivity analyses using a range of prior distributions
(appendix 2 pp 13-14, 19). The treatment effect was
expressed in terms of absolute risk difference (ARD) for
the day 4 outcome and HR for the day 14 outcome. We
calculated posterior probabilities of ARD of less than 0 for
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153 patients screened

37 excluded
19 included in another CORIMUNO trial
! 2 did not meet inclusion criteria
2 errors in the inclusion process
14 unspecified reason

4

| 116 eligible for randomisation |

v

v

| 59 randomly assigned to anakinra group |

| 57 randomly assigned to usual care group |

A

A

| 59 received assigned treatment

| | 57 received usual care |

4 lost to follow-up by day 28
2 discharged alive (last contact day 14)
—»{  1discharged alive (last contact day 23)
1discharged alive (last contact day 25)
1 withdrew consent*

—b| 2 withdrew consent* |

A

A

59 analysed for primary outcome

|<--: |55analysedforprimaryoutcome |

Figure 1: Study profile

*According to French and European regulations, we were able to analyse data from patients who withdrew
consent until the date of consent withdrawal, unless they asked for their personal data to be erased.
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the day 4 outcome and HR of less than 1 for the day 14
outcome, analytically for the ARD for the day 4 outcome
and using Markov chain Monte Carlo methods for the HR
for the day 14 outcome. According to the protocol, a
posterior probability of more than 0-99 at the interim
analysis or more than 0-95 at the final analysis indicated
efficacy for both ARD and HR. We also calculated a
posterior probability of ARD of less than —5-5% for the
day 4 outcome and HR of less than 0-85 for the day 14
outcome (denoting moderate or greater effect). A futility
boundary was set at a posterior probability of moderate or
greater effect of less than 20% at the interim analysis. The
treatment effect was summarised by the posterior median
and equal-tail credible intervals (Crls). We also did a
prespecified subgroup analysis according to antiviral drug
use at baseline; however, too few patients were on
antivirals at baseline to enable this analysis. We did a post-
hoc subgroup analysis according to use of corticosteroids,
and particularly dexamethasone, in light of publications
during the study period;* however, too few patients were
on dexamethasone at baseline to enable analysis of
dexamethasone use. We did a post-hoc analysis according
to C-reactive protein concentration. As a sensitivity
analysis to the day 14 outcome, we repeated the analysis
only considering mechanical ventilation and death
(survival without need for mechanical ventilation). We

analysed secondary outcomes wusing a frequentist
framework, except for the analysis of the WHO-CPS
scores as an ordinal variable. All efficacy analyses, except
the posterior distribution of the ARD for the day 4
outcome, were adjusted for age and centre. The statistical
analysis plan and details of the statistical analyses are in
the appendix 2 (pp 12-14, 21-39).

We did all analyses on an intention-to-treat basis with
no correction for multiplicity for prespecified secondary
outcomes. Thus, these secondary outcomes are explor-
atory and reported as point estimates and 95% Crls.

We analysed safety in all patients in the intention-to-
treat population. We compared proportions of
participants with at least one adverse event or at least one
severe adverse event using Fisher’s exact tests, and the
total numbers of adverse events and severe adverse
events using Poisson models.

We did all statistical analyses using SAS (version 9.4)
or R (version 3.6.1). This study is registered with
ClinicalTrials.gov, NCT04341584.

Data quality monitoring included both remote data
monitoring and on-site monitoring done by dedicated
staff who were independent of the site investigators, with
source data verification done for all patients recruited at
every site for all critical datapoints, inclusion and
exclusion criteria, primary endpoints, survival until
day 90 (appendix 2 p 13). On April 23, 2020, the DSMB
met and recommended suspension of recruitment for
futility on the basis of the interim analysis of the 102 first
patients recruited, although the futility boundaries were
not formally crossed. The sponsor decided to discontinue
the study on April 26, 2020.

Role of the funding source

The funders of the study had no role in the study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results
Between April 8 and April 26, 2020, 153 patients were
screened and 116 were randomly assigned to the anakinra
group (59) or the usual care group (57). Following an
interim analysis, the study was closed to accrual on
April 26, 2020 due to futility. Among the 57 patients
assigned to receive usual care, two withdrew consent and
were not analysed (figure 1). Among the 59 who received
anakinra treatment, all received 2-15 injections of anakinra
(median 11 [IQR 9-15]). Median dose of anakinra by
perfusion was 180 mg (IQR 167-186), 55 (93%) patients
received seven perfusions or more, and the median
cumulative dose of anakinra was 1900 mg (1500-2700).
Demographic and baseline clinical and biological
characteristics of patients are shown in table 1. The median
age was 66 years (IQR 59-76) and 80 (70%) participants
were men. The treatment groups were well balanced.
During the trial, including any time before or after
randomisation, in the anakinra group, two (3%) of
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59 patients were given antiviral drugs, 30 (51%) were given
glucocorticoids, 52 (88%) were given antibiotics, and
53 (90%) were given anticoagulants. In the usual care
group, four (7%) of 55 patients were given antiviral drugs,
29 (53%) were given glucocorticoids, 48 (87%) were given
antibiotics, and 49 (89%) were given anticoagulants.
Additional immunomodulators were given to one (2%)
patient in the anakinra group (tocilizumab). Details of
treatments received at the time of and after randomisation
until day 14 are in the appendix 2 (p 15).

On day 4, 21 (36%) of 59 patients in the anakinra group
had a WHO-CPS score of more than 5 versus 21 (38%) of
55 in the usual care group (median posterior ARD -2-5%
[90% Crl —17-1to 12-0J; table 2). The posterior probability
of any efficacy of anakinra (ie, ARD of less than 0) was
61-2% (table 2). The median posterior adjusted odds
ratio was 0-90 (90% Crl 0-47 to 1-73).

On day 14, at least one event of interest (non-invasive
ventilation, high-flow oxygen, mechanical ventilation, or
death) had occurred in 28 of 59 patients in the anakinra
group (cumulative incidence of event 47%; 95% CI 33-59)
and 28 of 55 patients in the usual care group (cumulative
incidence 51% [95% CI 36-62]; figure 2, table 2;
appendix 2 p 15). The median posterior HR for survival
with no need for mechanical or non-invasive ventilation
was 0-97 (90% CrI 0-62 to 1-52), and the posterior
probability of any efficacy of anakinra (ie, HR <1) was
54-5%, and of moderate or greater efficacy (HR <0-85)
was 31-7%.

In a sensitivity analysis of the day 14 outcome, the
number of patients on mechanical ventilation or who
had died at day 14 was 20 (34%) in the anakinra group
and 19 (35%) in the usual care groups (figure 2).

No difference was seen between groups in WHO-CPS
score during 14-day follow up (table 2, figure 3;
appendix 2 p 16). At day 90, 16 of 59 patients had died in
the anakinra group (overall survival 72%, 95% CI 61-85)
and 15 in the usual care group (overall survival
72%,95% CI:62-85; adjusted HR0-97,95% CI1 0-46-2 - 04;
figure 2, table 2; appendix 2 p 16).

The cumulative incidence of patients who had been
weaned from oxygen at day 28 was 63% (95% CI 49-74)
in the anakinra group and 69% (55-80) in the usual care
group (adjusted HR 1-01; 95% CI 0-64-1-61; table 2).
The cumulative incidence of discharge from hospital by
day 28 was 58% (95% CI 44-69) in the anakinra group
and 62% (47-73) in the usual care group (adjusted
HR 0-91[95% CI 0-56 to 1-48; table 2).

Post-hoc analysis did not show any benefit of anakinra
on the coprimary outcomes in subgroups of patients
defined by C-reactive protein concentration of more than
150 mg/L and in patients with baseline corticosteroid use
(appendix 2 p 18).

We assessed biological parameters over the course of
14 day follow up (appendix 2 p 20). Overall, we found no
major difference Dbetween groups regarding the
decrease of serum C-reactive protein level and the
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Anakinra group (n=59)

Usual care group (n=55)

Age, years
Sex

Male

Female
Weight, kg
BMI, kg/m?*

230 kg/m**
Temperature, °C
Respiratory rate, breaths per min
Oxygen flow, L/min
Sp0,, %

Time from symptoms onset to randomisation,

days
Diagnosis of SARS CoV-2 infectiont
Positive rRT-PCR
Typical chest CT scan
Coexisting conditions
Chronic cardiac disease
Diabetes
Chronic kidney disease (stage 1to 3) or
dialysis
Asthma
Chronic pulmonary disease (not asthma)
Active malignant neoplasm
Current or former smoker
Laboratory values
C-reactive protein, mg/L
D-dimer, pg/L
Ferritin, mg/L
Neutrophil count, G/L
Lymphocyte count, G/L
Lymphocytes to neutrophils ratio
Haemoglobin, g/dL
Platelet count, g/L
Alanine aminotransferase, IU/L
Aspartate aminotransferase, IU/L
Creatinine, pmol/L
Lactate dehydrogenase, IU/L
Treatments at baseline
Anticoagulants
Azithromycin
Hydroxychloroquine
Lopinavir-ritonavir or lopinavir
Other antivirals
Dexamethasone

Other glucocorticoids

67-0 (55-5-74-3; n=59)

43 (73%)
16 (27%)
78.0 (67-0-91-0; n=59)

27-4(24-91032:0; n=41)

13/58 (22%)

37-8 (36-7-38-8; n=59)

28.0 (24-0-32-0; n=55)
50 (40-7-0; n=59)

950 (93:0-97-0; n=59)

10-0 (8-0-13-0; n=59)

54 (92%)
53 (90%)

22 (37%)
19 (32%)
5 (8%)

5 (8%)

6 (10%)

5 (8%)
10/57 (17%)

1210 (77-0-198-0; n=58)
991 (720-1499; n=50)
1479 (444-2334; n=38)
54 (3-8-7-5; n=54)
0-8 (0-6-1-2; n=54)
0-2 (0-1-0-3; n=54)
12:3 (11-3-13:5; n=57)
234 (166-327; n=57)
44.0 (30-0-69-0; n=57)
56-0 (41-0-79:0; n=57)
82.0 (69-0-101-0; n=57)
437 (346-614; n=44)

59%
19%
3%

33¢(
1(
(
2
(
(
(

)
1 )

X

0
2%

X

2(3%)
1(2%)
0(0%)
1(2%)
6

10%)

64-9 (59-5-78:3; n=55)

37 (67%)

18 (33%)

775 (70-0-95-0; n=46)

26-8 (24-7t0 31-5; n=42)

15/55 (27%)

376 (37:0-38-5; n=55)

28-0 (23-0-36-0; n=50)
6:0 (4:0-9-0; n=55)

95-0 (93-0-97-0; n=55)

100 (7:0-13-0; n=54)

48 (87%)
51(93%)

14 (25%)
15 (27%)
3 (5%)

3(5%)

3(5%)

6 (11%)
10/52 (18%)

1200 (87-0-191-5; n=52)

1280 (750-2017; n=43)
1151 (847-2530; n=35)

52 (3-4-7-1n=50)
0-9 (0-7-1-3; n=50)
02 (0-1-0-4; n=50)
12.9 (11.7-13-8; n=55)
263 (203-307; n=54)
30-5 (20-0-48-5; n=52)
49-0 (35:0-68.0; n=50)
70-0 (56-0-88.0; n=54)
475 (359-631; n=42)

0 (0%)
8 (15%)

Data are median (IQR; n) or n (%). BMI=body-mass index. rRT-PCR=real-time RT-PCR. SARS-CoV-2=severe acute
respiratory syndrome coronavirus 2. SpO,=oxygen saturation. *This variable was also recorded as a binary condition at
screening, hence the lower number of missing values. tAll patients had either positive rRT-PCR for SARS-CoV-2 or
chest CT scan typical of COVID-19 pneumonia.

Table 1: Baseline characteristics
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Anakinra group (n=59)  Usual care group (n=55)  Treatment effect
Coprimary outcomes
WHO-CPS score of >5 points at day 4 21 (36%) 21 (38%) -2:5% (90% Crl -17-1to 12.0)*
Posterior probability of any benefit 612%
Posterior probability of moderate or greater benefit 36-9%
Non-invasive ventilation, mechanical ventilation or death 28 (47%) 28 (51%) 0-97 (90% Crl 0-62 to 1.52)t
uptoday 14
Posterior probability of any benefit 54-5%
Posterior probability of moderate or greater benefit 317%
Secondary outcomes
Overall survival
Mortality at day 14 9 (15%) 13 (24%) 0-56 (95% C1 0-23 to 1:39)+
Mortality at day 28 13 (22%) 13 (24%) 0-77 (95% Cl 033 to 1.77)%
Mortality at day 90 16 (27%) 15 (27%)§ 0-97 (95% C1 0-46 to 2-04)%
WHO-CPS score (10-point scale)
Day 4 5(5t0 6) 5(5t0 6) 0-80 (95% Crl 038 to 1-68)1]
Day7 5(5to7)l| 5(5to7)** 0-69 (95% Crl 0-33to 1-43)
Day 14 5(2to 8)tt 5(3to 8)** 0-70 (95% Crl 0-35to 1-38)4
Day 2 to 14 (longitudinal analysis) 0-92 (95% Crl 0-32 to 2-65)9
Time to discharge
Discharged at day 28 34 (58%) 34 (62%) 0-91(95% Cl 0-56 to 1-48)F
Time to oxygen supply independency
Independent from oxygen at day 28 37 (63%) 38 (69%) 1.01(95% Cl 0-64 to 1-61)F
Data are n (%), median (IQR), or estimate with 90% or 95% Crl or 95% Cl in parentheses. 95% Crls are shown for Bayesian analyses, and 95% Cls for frequentist analyses.
Crl=credible interval. WHO-CPS=WHO Clinical Progression Scale. *Median posterior absolute risk difference. tMedian posterior hazard ratio adjusted for age and centre.
*tHazard ratio, adjusted for age and centre. §One patient died on day 91 and is not counted here. §iMedian posterior odds ratio in a proportional odds model, adjusted for age
and centre. ||n=54 with available data. **n=53 with available data. tn=56 with available data.
Table 2: Primary and secondary efficacy outcomes

change in blood neutrophils and lymphocytes counts
over time.

A total of 29 (49%) of 59 patients in the anakinra group
and 23 (42%) of 55 in the usual care groups reported
adverse events (table 3). 113 adverse events occurred in
the anakinra group and 60 in the usual care group
(p=0-0004 for the average number of events per patient).
Serious adverse events occurred in 27 (46%) patients in
the anakinra group and 21 (38%) in the usual care group
(p=0-45). Bacterial and fungal sepsis occurred in
11 patients in the anakinra group (ten bacterial sepsis,
one fungal sepsis) and in four patients in the usual care
group (all bacterial sepsis; p=0-099).

Discussion
We did not find any efficacy of anakinra (400 mg for 3 days,
possibly repeated for 3 additional days) in patients with
COVID-19 and mild-to-moderate pneumonia for decr-
easing the proportion of patients on non-invasive
ventilation, high-flow oxygen, mechanical ventilation, or
who died by day 14 of the proportion with a WHO-CPS
score of more than 5 at day 4. Likewise, all the secondary
outcomes, including survival up to 90 days, did not differ
between the anakinra and the usual care groups.

Since the beginning of the COVID-19 pandemic, no
definitive standard of care has emerged. The antiviral drug

remdesivir reduced the length of recovery by 4 days but did
not reduce the number of patients needing mechanical
ventilation or the death rate The RECOVERY collab-
orative group found that dexamethasone 6 mg per day for
up to 10 days decreased 28-day mortality among patients
receiving mechanical ventilation or oxygen.” Therefore,
dexamethasone is now largely used in most part of the
world in the treatment of COVID-19.

Some observational studies have suggested the possible
efficacy of anakinra for patients with mild-to-moderate,
severe, or critical SARS-CoV-2 infection. The first
retrospective monocentric cohort study was done in Italy
and included patients with more severe illness than our
study, all on non-invasive ventilation.” This retrospective
study only included patients with features of severe
inflammatory status (serum C-reactive protein =100 mg/L
or ferritin 2900 ng/mL, or both). A low dose subcutaneous
regimen of anakinra (100 mg twice a day) was ineffective,
whereas a high dose (5 mg/kg twice a day intravenously)
given to 29 patients led to a 77% decrease in mortality at
21 days compared with an historical control group of
16 patients with COVID-19 treated with usual care in the
same hospital. However, in this study, mortality in
patients with usual care was high, at around 50%.

The second prospective observational study was larger
than the Italian study, and included patients from a
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A Non-invasive or mechanical ventilation or death
100 — Anakinra group
g0 — Usual care group
Median HR 0-97
80 90% Crl 0-62-1-52
70 95%Crl 0-57-1.66
Probability HR <1-00 54-5%
60 Probability HR <0-95 47-1%
50 Probability HR <0-85 31-7%

Proportion of participants (%)

Probability HR <0-80 24-1% !
40
30
20
10
0 T T T T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Number at risk
(number censored)

Anakinragroup 59 (0) 55(0)  46(0) 42(0) 37(0)  34(0) 33(0) 32(0) 32(0) 32(0) 32(0) 32(0) 32(0) 32(0)
Usualcaregroup  55(0)  54(0)  42(0)  37(0)  34(0) 33(0) 30(0) 30(0) 28(0) 27(0) 27(0) 27(0) 27(0)  27(0)

B Mechanical ventilation or death

100~ Median HR 0-94

90% Crl 0-55-1-64

95% Crl 0-49-1-82

80~ Probability HR <1.00 56-7%
Probability HR <0-95 50-8%
Probability HR <0-85 37-5%
60~ Probability HR <0-80 30-9%

90
70

50
40

30 |
] —’_‘:,:.‘—'—

10 ’:'_I—l
0 T T T T
1 2 3 4 5

Proportion of participants (%)

fo .
~ -
oo
w0

10 11 12 13 14
Number at risk
(number censored)
Anakinragroup  59(0)  59(0)  57(0)  54(0)  51(0)  49(0) 46(0) 44(0)  43(0)  43(0)  42(0)  41(0)  41(0)  41(0)
Usualcaregroup  55(0)  55(0)  51(0)  46(0)  45(0)  44(0) 41(0) 39(0) 36(0) 36(0) 36(0) 36(0) 36(0) 36(0)

C overall survival

100
90+
< 804
e i = L N M MY
£ 704 —HH—H
=
5 60
€
3 50
s
5 407
g_ 30 Timepoint  Adjusted HR (95% Cl)
& 20- Day 14 0-56 (0-23-1:39)
104 Day 28 077 (0-33-1.77)
Day 90 0-97 (0-46-2-04)
0 T T T T T T T T T 1
1 7 14 21 28 35 42 51 60 75 90
Number at risk Days since randomisation
(number censored)
Anakinragroup  59(0) 55(0)  52(0)  45(2)  43(4) 37(8) 37(8) 37(8) 36 (8) 35(8) 27 (16)
Usualcaregroup  55(0) 49(0)  42(0)  42(0) 42(0) 38(3) 37(3) 3703) 37(3) 36 (4) 31(9)

Figure 2: Kaplan-Meier estimates of probability of mechanical or non-invasive ventilation or death (A), mechanical ventilation or death (B), and overall
survival (C) during follow-up, for the anakinra group versus usual care group

In panel A, events occurring on day 1 occurred on the same day as but after randomisation. For the outcomes of death or ventilation support and death or mechanical
ventilation, data are analysed in a Bayesian framework, and median posterior HRs and 90% Crls are presented, together with posterior probabilities of achieving
specified outcomes. Overall survival was analysed in a frequentist framework, and so posterior probabilities are not relevant and not calculated. In part C, HRs are
adjusted for age and centre. Cri=credible interval. HR=hazard ratio.
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Figure 3: WHO Clinical Progression Scale score during 14-day follow up
The WHO Clinical Progression Scale is a 10-point scale, from 0 (uninfected and no symptoms) to 10 (death).
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single hospital in France who required oxygen support,
and we included similar patients here in our study.
Patients received subcutaneous anakinra at 100 mg
twice a day for 3 days, then 100 mg daily for 7 days.”
Need for mechanical ventilation or death occurred in
13 (25%) of 52 patients in the anakinra group compared
with 32 (73%) of 44 patients with COVID-19 treated with
usual care in the same hospital. Day-28 mortality was
also decreased by 50%. However, the day-28 mortality in
the usual care group was again around 50%, whereas in
our study mortality in the usual care group at day 28
was 24%.

In our trial, the chosen dose was approximately half
that used in the Italian study, but we also chose an
intravenous route that allows for better bioavailability
of the drug. Although the typical dose of anakinra is
100-200 mg subcutaneous daily, we purposely used
a dose and administration route that were around
the same as those recently used successfully in
haemophagocytic lymphohistiocytosis, in which hyper-
inflammation is in the same range and even higher than
in COVID-19.** However, we cannot exclude that
anakinra might not inhibit lung inflammation because
we used it at too low a dose. Alternatively, these negative
findings might suggest that the hyperinflammatory
status of most patients with mild-to-moderate COVID-19
pneumonia might not be due to excess of IL-1 signalling
alone and might instead be a more subtle combination of
proinflammatory cytokines.”

Our trial planned a statistical analysis of the coprimary
outcomes after approximately 60 patients had reached
day 14. After the second analysis, having included
114 patients up until this point, the DSMB decided to
stop the trial on the ground of futility.

Strengths of this trial include the multicentre design,
thorough monitoring to ensure data quality, and a

Anakinra Usual care p value
group group
(n=59) (n=55)
Adverse events
Patients with at least one 29 (49%) 23 (42%) 0-46*
adverse event
Patients with multiple adverse 19 (32%) 14 (25%)
events
Total number of adverse events 113 60 <0-0004 1
Serious adverse events
Patients with at least one 27 (46%) 21 (38%) 0-45*
serious adverse event
Patients with multiple serious 8 (14%) 5(9%)
adverse events
Total number of serious adverse 42 28 0171
events
Events
ARDS 11 13
Bacterial sepsis 10

Hepatic cytolysis

Multiple organ failure

Pulmonary embolism

Acute renal failure

Anaemia

Coronary syndrome

Cholestasis

Neutropenia

Fungal sepsis

Gastrointestinal bleeding

Myeloma

Sudden death

Arterial ischaemia

Thrombopenia

Complication of intubation

Metastatic progression
Causes of deaths 1

ARDS

Multiple organ failure

(27%) 16 (29%)

Bacterial sepsis

N N O O O B B B P B O O O O O O N N R R O N

O N W W OO O O O O B B P P B B B 1B W W\

Pulmonary embolism and
complication of intubation

Gastrointestinal bleeding 1 0
Bacterial sepsis and pulmonary 1 0
embolism

Arterial ischaemia 0 1
Sudden death 0 1
Metastatic progression 0 1

Data are n (%) or number of events. ARDS=acute respiratory distress syndrome.
*Fisher’s exact test. tPoisson model.

Table 3: Adverse events, serious adverse events, and causes of deaths

homogeneous target population of patients with
moderate pneumonia requiring at least 3 L/min of
oxygen support. The groups were well balanced regarding
baseline characteristics and additional treatments taken
during the study.
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Our study also had several limitations. The trial was not
blinded because we aimed to collect data as quickly as
possible in the pandemic setting, and so we did not have
sufficient time to coordinate a double-blind academic
study. Another limitation is that usual care could differ
among centres and over time, especially regarding
corticosteroid use. However, the short period of accrual
and the stratification of randomisation might have
restricted the effect of this absence of standardisation.
The sample size was small, restricting the power of the
study, and the Crls and CIs were wide, but increasing the
number of patients is unlikely to have affected our
outcomes. Since arterial blood gas measurements were
not done, we cannot provide an accurate measure of
the ratio of partial pressure of oxygen to fractional
concentration of oxygen in inspired air. Finally, in this
trial we targeted a narrow segment of the COVID-19
patient population (patients with a WHO-CPS score of
exactly 5 points and requiring at least 3 L/min of oxygen
without any ventilatory support regardless of inflam-
matory status), and thus our results are not generalisable
to the whole COVID-19 population. Another trial within
the CORIMUNO platform (CORIMUNO-ANA-2) that
aims to assess the effect of anakinra in patients with more
severe COVID-19 who are in intensive care units (WHO-
CPS score =6 points) has now been completed and is
being analysed.

In summary, this randomised clinical trial suggests
that anakinra was not effective in reducing the need
for non-invasive or mechanical ventilation or death
in patients with COVID-19 and mild-to-moderate
pneumonia. These results are relevant for this patient
population at the dose we used and cannot be extended
to other populations with other doses. Further studies
are needed to assess the efficacy of anakinra in other
selected groups of patients with more severe COVID-19
and at other doses.
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