
Articles
Efficacy and safety of early soluble urokinase plasminogen
receptor plasma-guided anakinra treatment of COVID-19
pneumonia: A subgroup analysis of the SAVE-MORE
randomised trial
Karolina Akinosoglou,a Antigone Kotsaki,b,c Ioanna-Maria Gounaridi,d Eirini Christaki,e Simeon Metallidis,f Georgios Adamis,g Archontoula Fragkou,h

Massimo Fantoni,i Aggeliki Rapti,j Ioannis Kalomenidis,k Georgios Chrysos,l Gloria Boni,m,n Ilias Kainis,o Zoi Alexiou,p Francesco Castelli,q

Francesco Saverio Serino,r Petros Bakakos,s Emanuele Nicastri,t Vassiliki Tzavara,u Asimina Safarika,b,c Sofia Ioannou,v Lorenzo Dagna,w

Katerina Dimakou,x Glykeria Tzatzagou,y Maria Chini,z Matteo Bassetti,aa Vasileios Kotsis,bb Andrea Angheben,cc George Tsoukalas,dd Carlo Selmi,ee,ff

Olga-Maria Spiropoulou,gg Michael Samarkos,hh Michael Doumas,ii Georgia Damoraki,b Aikaterini Masgala,jj Ilias Papanikolaou,kk

Aikaterini Argyraki,ll Marcantonio Negri,mm Konstantinos Leventogiannis,b,c Styliani Sympardi,nn Nikolaos K. Gatselis,oo Vasileios Petrakis,pp

Mihai G. Netea,qq,rr Periklis Panagopoulos,pp Vissaria Sakka,d HaralamposMilionis,e George N. Dalekos,oo and Evangelos J. Giamarellos-Bourboulisb,c,*

aDepartment of Internal Medicine, University of Patras, Rion, Greece
bFourth Department of Internal Medicine, Medical School, National and Kapodistrian University of Athens, Athens, Greece
cHellenic Institute for the Study of Sepsis, Athens, Greece
dThird Department of Internal Medicine, Medical School, National and Kapodistrian University of Athens, Athens, Greece
eFirst Department of Internal Medicine, Medical School, University of Ioannina, Ioannina, Greece
fFirst Department of Internal Medicine, Medical School, Aristotle University of Thessaloniki, Thessaloniki, Greece
gFirst Department of Internal Medicine, G. Gennimatas General Hospital of Athens, Athens, Greece
hDepartment of Internal Medicine, Elpis General Hospital, Athens, Greece
iDipartimento Scienze di Laboratorio e Infettivologiche - Fondazione Policlinico Gemelli IRCCS, Roma, Italy
jSecond Department of Pulmonary Medicine, Sotiria General Hospital of Chest Diseases, Athens, Greece
kFirst Department of Critical Care and Pulmonary Medicine, Medical School, Evangelismos General Hospital, National and Kapodistrian
University of Athens, Athens, Greece
lSecond Department of Internal Medicine, Tzaneio General Hospital of Piraeus, Athens, Greece
mHospital Pharmacy, IRCCS Hospital Sacro Cuore, Negrar di Valpolicella, Verona, Italy
nIRCSS Sacro Cuore Hospital, Negrar di Valpolicella, Verona, Italy
oTenth Department of Pulmonary Medicine, Sotiria General Hospital of Chest Diseases of Athens, Athens, Greece
pSecond Department of Internal Medicine, Thriasio General Hospital of Eleusis, Athens, Greece
qSpedali Civili, Brescia ASST Spedali Civili Hospital, University of Brescia, Italy
rDepartment of Internal Medicine, Hospital of Jesolo, Jesolo, Italy
sFirst Department of Chest Medicine, Medical School, National and Kapodistrian University of Athens, Athens, Greece
tDepartment of Internal Medicine, Spallanzani Institute of Rome, Rome, Italy
uFirst Department of Internal Medicine, Korgialeneion-Benakeion General Hospital, Athens, Greece
vDepartment of Therapeutics, Medical School, National and Kapodistrian University of Athens, Athens, Greece
wUnit of Immunology, Rheumatology, Allergy and Rare Diseases (UnIRAR), IRCCS Ospedale San Raffaele & Vita-Salute San Raffaele
University, Milan, Italy
xFifth Department of Pulmonary Medicine, Sotiria General Hospital of Chest Diseases, Athens, Greece
yFirst Department of Internal Medicine, Papageorgiou General Hospital of Thessaloniki, Thessaloniki, Greece
zThird Department of Internal Medicine and Infectious Diseases Unit, Korgialeneion-Benakeion General Hospital, Athens, Greece
aaInfectious Diseases Clinic, Ospedale Policlinico San Martino IRCCS and Department of Health Sciences, University of Genova, Genoa,
Italy
bbThird Department of Internal Medicine, Medical School, Aristotle University of Thessaloniki, Thessaloniki, Greece
ccDepartment of Infectious – Tropical Diseases and Microbiology, IRCSS Sacro Cuore Hospital, Negrar di Valpolicella, Verona, Italy
ddFourth Department of Pulmonary Medicine, Sotiria General Hospital of Chest Diseases, Athens, Greece
eeDepartment of Biomedical Sciences, Humanitas University, Pieve Emanuele 20072, Italy
ffIRCCS Humanitas Research Hospital, Via Manzoni 56, Rozzano, Milan 20089, Italy
ggFirst Department of Internal Medicine, Asklipieio General Hospital of Voula, Athens, Greece
hhFirst Department of Internal Medicine, Medical School, National and Kapodistrian University of Athens, Athens, Greece
iiSecond Department of Propedeutic Medicine, Medical School, Aristotle University of Thessaloniki, Thessaloniki, Greece
jjSecond Department of Internal Medicine, Konstantopouleio General Hospital, Athens, Greece
*Corresponding author. 4th Department of Internal Medicine, ATTIKON University Hospital, 1 Rimini Street, Athens 12462, Greece.
E-mail address: egiamarel@med.uoa.gr (E.J. Giamarellos-ourboulis).

www.thelancet.com Vol 56 February, 2023 1

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:egiamarel@med.uoa.gr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eclinm.2022.101785&domain=pdf
www.thelancet.com/digital-health


Articles

2

kkDepartment of Pulmonary Medicine, General Hospital of Kerkyra, Kerkyra, Greece
llDepartment of Internal Medicine, Sotiria General Hospital of Chest Diseases, Athens, Greece
mmDipartimento Scienze Mediche e Chirurgiche - Fondazione Policlinico Gemelli IRCCS, Roma, Italy
nnFirst Department of Internal Medicine, Thriasio General Hospital of Eleusis, Athens, Greece
ooDepartment of Medicine and Research Laboratory of Internal Medicine, National Expertise Center of Greece in Autoimmune Liver
Diseases, Full Member of the European Reference Network on Hepatological Disases (ERN RARE-LIVER), General University Hospital of
Larissa, Larissa 41110, Greece
ppSecond Department of Internal Medicine, Medical School, Democritus University of Thrace, Alexandroupolis 68100, Greece
qqDepartment of Internal Medicine and Center for Infectious Diseases, Radboud University, Nijmegen 6500, Netherlands
rrDepartment of Immunology and Metabolism, Life and Medical Sciences Institute, University of Bonn, Bonn, Germany

Summary
Background The SAVE-MORE trial demonstrated that anakinra treatment in COVID-19 pneumonia with plasma
soluble urokinase plasminogen activator (suPAR) levels of 6 ng/mL or more was associated with 0.36 odds for a
worse outcome compared to placebo when expressed by the WHO-Clinical Progression Scale (CPS) at day 28.
Herein, we report the results of subgroup analyses and long-term outcomes.

Methods This prospective, double-blind, randomised clinical trial, recruited patients with a confirmed SARS-CoV-2
infection, in need of hospitalisation, lower respiratory tract infection and plasma suPAR ≥6 ng/mL from 37
academic and community hospitals in Greece and Italy. Patients were 1:2 randomised to subcutaneous treatment
with placebo or anakinra (100 mg) once daily for 10 days. Pre-defined subgroups of Charlson’s comorbidity index
(CCI), sex, age, level of suPAR, and time from symptom onset were analysed for the primary endpoint (overall
comparison of distribution of frequencies of the scores from the WHO-CPS between treatments on day 28), by
multivariable ordinal regression analysis in the intention to treat (ITT) population. This trial is registered with the
EU Clinical Trials Register (2020-005828-11) and ClinicalTrials.gov (NCT04680949).

Findings Patients were enrolled between 23 December 2020 and 31 March 2021; 189 patients in the placebo arm and
405 patients in the anakinra arm were the ITT population. Multivariable analysis showed that anakinra treatment was
accompanied by significantly lower odds for worse outcome compared to placebo at day 28 for all studied subgroups
(CCI ≥ 2, OR: 0.34, 95% confidence intervals [CI] 0.22–0.50; CCI < 2, OR: 0.38, 95% CI 0.21–0.68; suPAR > 9 ng/mL,
OR: 0.35, 95% CI 0.19–0.66; suPAR 6–9 ng/mL, OR: 0.35, 95% CI 0.24–0.52; patients ≥65 years, OR: 0.41, 95% CI
0.25–0.66; and patients <65 years, OR: 0.29, 95% CI 0.19–0.45). The benefit was uniform, irrespective of the time
from start of symptoms until the start of the study drug. At days 60 and 90, anakinra treatment had odds of 0.40 (95%
CI 0.28–0.57) and 0.46 (95% CI 0.32–0.67) respectively, for a worse outcome compared to placebo. The costs of
general ward stay, ICU stay, and drugs were lower with anakinra treatment.

Interpretation Anakinra represents an important therapeutic tool in the management of COVID-19 that may be
administered in all subgroups of patients; benefits are maintained until day 90.

Funding Hellenic Institute for the Study of Sepsis; Swedish Orphan Biovitrum AB.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction We have previously shown that soluble urokinase
The infection by the SARS-CoV-2 coronavirus (COVID-
19) has an unpredictable clinical course; patients might
abruptly progress into severe respiratory failure (SRF),
defined as a respiratory ratio (partial oxygen pressure
(PaO2)/fraction of inspired oxygen (FiO2)) below
150 mmHg, requiring non-invasive ventilation (NIV) or
mechanical ventilation (MV). Timely identification of pa-
tients at risk of progressing to severe disease and early
initiation of targeted treatment are of utmost importance.1
plasminogen activator receptor (suPAR) serum concen-
trations can serve as an early predictor of SRF.1 In the case
of COVID-19, patient stratification based on circulating
suPAR concentrations can be a change in the paradigmof
precision medicine for severe infections. This is because
suPAR is not just a risk classifier but also a biomarker of
the early activation of the interleukin (IL)-1 cascade.2 The
SAVE-MORE trial evaluated a novel approach for the
management of COVID-19, which depends on timely
www.thelancet.com Vol 56 February, 2023
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Research in context

Evidence before this study
Anakinra has been registered by the European Medicines
Agency for the treatment of adults with COVID-19
pneumonia in need of oxygen at risk for progression into
severe respiratory failure as this is defined by circulating levels
of the biomarker suPAR (soluble urokinase plasminogen
activator receptor) 6 ng/mL or more. The registration is based
on the results of the double-blind randomized placebo-
controlled SAVE-MORE trial. The trial showed 0.36 odds for
worse outcome with anakinra treatment compared to placebo
as outcome was assessed by the WHO-CPS at day 28. The
impact of anakinra treatment on subgroups of patients and
long-term outcomes by days 60 and 90 is assessed.

Added value of this study
Anakinra treatment provided similar significant benefit in all
subgroups of patients defined by the Charlson’s comorbidity
index (≥2 or <2), level of suPAR (>9 ng/mL or ≤9 ng/mL),
age (≥65 years or <65 years), sex and quartiles time from
symptoms onset until start of the study drug (0–7 days; 8–9
days; 10–11 days; and >11 days). Favorable anakinra responses
were maintained at days 60 and 90; 90-day survival was
prolonged with anakinra treatment.

Implications of all the available evidence
Anakinra represents an important therapeutic tool in the
management of COVID-19 being equally effective in all
subgroups of patients.

Articles
recognition of patients at risk for unfavorable outcome
using suPAR circulating concentrations and subsequent
delivery of targeted treatment with the recombinant IL-1
receptor antagonist anakinra for 10 days.3 At day 28, the
adjusted proportional odds of having a worse clinical
status (assessed by the 11-point World Health Organiza-
tion Clinical Progression Scale (WHO-CPS)) with ana-
kinra, as compared to placebo, was 0.36. These results
prompted the European Medicines Agency (EMA) to
approve in December 2021 the use of anakinra guided by
suPAR for patients in need of either low-flow or high-flow
oxygen.4 One emergency use authorization for anakinra
was also recently provided by the Food and Drug
Administration of the United States.5 Since suPAR is not
commercially available in theUnited States, an alternative
patient identification method was developed to select
patients most likely to have suPAR ≥6 ng/mL based on
eight commonly measured patient characteristics
(Supplementary Table S1).5

The published primary analysis of the SAVE-MORE
trial3 reported the efficacy and safety of anakinra
treatment up to 28 days. As the scientific interest still
needs to understand the disease and if clinical param-
eters may influence outcomes and treatment effect, we
are reporting here subgroups analyses on sex, co-
morbidities, levels of suPAR, treatment initiation time
since onset of symptoms, as well as long-term efficacy at
60 and 90 days, and the impact of anakinra treatment on
cost of hospitalisation.
Methods
Study design and participants
Report of the results of subgroup analyses of this trial is
done in accordance to the CONSORT guidelines. SAVE-
MORE was a prospective, double-blind randomised
clinical trial conducted in 37 academic and community
www.thelancet.com Vol 56 February, 2023
hospitals (29 in Greece and eight in Italy). The protocol
and the analysis of the outcome of the patients until day
28 has been recently published.3 The protocol, stratifi-
cation variables, and the statistical analysis plan (SAP)
were discussed, reviewed, and agreed by the Emergency
Task Force for COVID-19 (COVID-ETF) of the EMA.
Study endpoints were set according to the advice
received by COVID-ETF of the EMA. The protocol was
approved by the National Ethics Committee of Greece
(approval 161/20) and by the Ethics Committee of the
National Institute for Infectious Diseases Lazzaro
Spallanzani, IRCCS in Rome (01.02.2021).

Patients were recruited among those hospitalized for
COVID-19 pneumonia. All patients or their legal rep-
resentatives provided written informed consent before
screening. In summary, patients were eligible if pre-
sented with confirmed infection by SARS-CoV-2 by
molecular tests, in need for hospitalisation, radiological
findings compatible with lower respiratory tract
infection and plasma suPAR ≥6 ng/mL.
Randomisation and masking
Patients were randomised in a 1:2 ratio to receive
treatment with placebo or anakinra. Stratified random-
isation was followed using a computer-generated
sequence utilizing as co-variables, severity of pneu-
monia by WHO, treatment with dexamethasone, body
mass index (more than 30 kg/m2 or less than 30 kg/m2)
and the country of enrolment (Greece or Italy).
Procedures
Details on interventions have been published.3 Briefly,
treatment was either with placebo (0.9% sodium chlo-
ride) or 100 mg anakinra by subcutaneous injection
once daily for 10 days. Study drug was prepared by an
3
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unblinded pharmacist with access to the electronic study
system using a separate username and a password.
Administration was done by a blind study nurse.
Outcomes
The primary outcome was the overall comparison of the
distribution of frequencies of the scores from the 11-
point WHO-CPS between the two arms of treatment
on day 28. Main secondary endpoints were the changes
of WHO-CPS scores at days 14 and 28 from the baseline
(before start of the study drug); and the change of
sequential organ failure assessment (SOFA) score at day
7 from baseline.

Analysed subgroups were: patients with Charlson’s
comorbidity index (CCI) ≥2 and patients with CCI <2;
patients with suPAR >9 ng/mL and patients with suPAR
6–9 ng/mL; male and female patients; and patients aged
≥65 years and patients aged <65 years. For suPAR, the
cut-off of 9 ng/mL was chosen for subgroup analysis in
the original study design because unpublished data
from the phase II SAVE trial which preceded the SAVE-
MORE phase III trial6 showed worse outcomes for pa-
tients with suPAR >9 ng/mL. Another subgroup anal-
ysis, which was also a study secondary endpoint, was the
effect of time from disease onset to the start of the study
drug. This was defined as the time from onset of the
first COVID-19-associated symptoms to the start of the
study drug in days.

The study had three exploratory endpoints: distribu-
tion of frequencies of the 11-point WHO-CPS between
the two arms of treatment at days 60 and 90 and the
comparison of the cost of hospitalisation. Hospital-
isation cost was calculated per patient in Euros as the
sum of the cost of all administered drugs and the
addition of the nominal cost of daily stay in the intensive
care unit or in the general ward. The unit price for
counted items derived from the official price list of the
Greek government for patients participating in Greece
and of the Italian government for patients participating
in Italy (Supplementary Tables S2 and S3).
Statistical analysis
Target sample sizes were 200 and 400 for treatment
with placebo and anakinra, respectively, for 90% power
at the 5% significance level; this was calculated based on
the findings from the phase 2 SAVE trial.3,6 Analyses of
the primary endpoint and of the three secondary end-
points at day 28 within each subgroup were performed
for the intent-to-treat population (ITT). Missing data
were imputed by last observation carried forward
(LOCF). According to the SAP, which was developed
with the COVID-ETF of the EMA, the time interval be-
tween onset of symptoms and start of the study drug
and its impact on the primary endpoint was analysed.
The time interval was divided into quartiles and
calculated for the entire study population. Separate
comparisons were performed for each quartile between
patients given placebo and those given anakinra. WHO-
CPS is an ordinal 11-point variable ranging from 0 to 10,
and comparisons were made by univariable and multi-
variable ordinal regression analyses using the logit
function. Results were expressed as odds ratio (OR) and
95% confidence intervals (CI). As well as analysis within
subgroup categories, the categories were tested for the
homogeneity of their effect by adding interactions be-
tween the treatment group and the subgroup categories
to the covariates of the ordinal regression analyses. Ac-
cording to advice from the EMA COVID-ETF, the vari-
ables used for stratified randomisation i.e. disease
severity, intake of dexamethasone, BMI higher than
30 kg m2 and country were entered as co-variates in the
multivariable model. The comparisons of the WHO-
CPS at days 60 and 90 were made for the ITT popula-
tion with imputation of missing values by LOCF. Sur-
vival was compared using Cox regression analysis for
the ITT population. The proportionality of the hazards
was checked using Schoenfeld’s partial residuals anal-
ysis. The cost of hospitalisation was expressed as means
and standard deviation and compared by the Student’s t-
test. The impact of the allocated intervention on the cost
was confirmed by linear regression analysis including
the above four co-variates in the equation. Analysis was
conducted using IBM SPSS Statistics v28.0. All p values
were two sided, and any p value less than 0.05 was
considered statistically significant.

This trial is registered with the EU Clinical Trials
Register (EudraCT, 2020-005828-11) and Clinical-
Trials.gov (NCT04680949).
Role of the funding source
The trial was sponsored by the Hellenic Institute for the
Study of Sepsis (HISS) and funded in part by HISS and
in part by Swedish Orphan Biovitrum AB (Sobi). HISS
was responsible for the design of the study, study
conduct, analysis and interpretation of data, and deci-
sion to publish. Sobi had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report.

A.K. and E.J.G.-B. have access to the dataset and have
final responsibility for the decision to submit for
publication.
Results
The flow-chart of the SAVE-MORE trial until day 90 of
follow-up is provided in Fig. 1. The first patient was
enrolled on 23 December 2020; the last patient was
enrolled on 31 March 2021 and the last visit of the last
patient was on 28 June 2021 when 90-day follow-up was
completed. Of the 606 patients randomised, 194 were
allocated to standard-of-care (SoC) and placebo, with 412
www.thelancet.com Vol 56 February, 2023
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allocated to SoC and anakinra; five and seven patients
withdrew consent and requested removal of all data, so
that 189 and 405 patients were included in the ITT
population, respectively. Twenty patients were lost to
follow-up by day 60 and a further 8 by day 90. Baseline
characteristics and co-administered treatments were
similar between the two treatment arms, as previously
shown.3
Fig. 1: Flow chart of the SAVE-MORE trial until day 90. Abbreviations: F
pO2, partial oxygen pressure; suPAR, soluble urokinase plasminogen activ

www.thelancet.com Vol 56 February, 2023
The analysis of the primary endpoint WHO-CPS at
day 28 for all subgroups is provided in Fig. 2. Anakinra
treatment was associated with decreased risk of having
worse WHO-CPS score at day 28 for all studied sub-
groups. The benefit of anakinra treatment was apparent
after multivariable ordinal regression analyses using the
stratification factors for randomisation as independent
variables i.e., WHO COVID-19 severity, intake of
iO2, fraction of inspired oxygen; ITT, intent-to-treat; IV, intravenous;
ator receptor.

5
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Fig. 2: Subgroup analysis of the primary endpoint. The primary endpoint of the SAVE-MORE trial is the distribution of the frequencies of the
11-point of the WHO-CPS at day 28. The figure shows the ORs for worse outcome among subgroups treated with SoC and anakinra compared
to patients treated with SoC and placebo. Subgroups are defined according to the value of CCI, the levels of suPAR, age, sex and time since
onset of symptoms and start of the study drug. The provided ORs are adjusted after multivariable ordinal regression analysis which includes
dexamethasone treatment, WHO COVID-19 severity, body mass index and country as co-variates. Only one patient was lost to follow-up by day
28 and this missing value was imputed for analysis by LOCF. Abbreviations: CCI, Charlson’s comorbidity index; CI, confidence interval; LOCF, last
observation carried forward; OR, odds ratio; SoC, standard-of-care; suPAR, soluble urokinase plasminogen activator receptor; WHO-CPS, World
Health Organization Clinical Progression Scale.
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dexamethasone, body mass index (BMI) >30 kg/m2 and
country. As shown in Fig. 2 and Supplementary
Figs. S1–S12, after adjustment from multivariable
analysis anakinra treatment was accompanied by 0.34
odds for worse outcome compared to placebo for pa-
tients with CCI ≥2 (95% CI 0.22–0.50); and 0.38 odds
for worse outcome compared to placebo for patients
with CCI <2 (95% CI 0.21–0.68). The respective odds
were 0.35 (95% CI 0.19–0.66) for patients with suPAR
>9 ng/mL and 0.35 for patients with suPAR 6–9 ng/mL
(95% CI 0.24–0.52); 0.41 (95% CI 0.25–0.66) and 0.29
(95% CI 0.19–0.45) for patients aged ≥65 years and for
patients <65 years; and 0.32 (95% CI 0.21–0.49) and 0.44
(95% CI 0.27–0.72) for male and female patients. The
benefit of anakinra was consistent irrespective of the
time from start of symptoms until the start of the study
drug. The calculated quartiles of time were 0–7 days,
8–9 days, 10–11 days and >11 days, respectively. The
odds of worse outcome from anakinra treatment was
0.47 (95% CI 0.27–0.83) compared to placebo for pa-
tients starting drug between 0 and 7 days from start of
symptoms; 0.43 (95% CI 0.22–0.84) for patients starting
drug between 8 and 9 days from start of symptoms; 0.27
(95% CI 0.13–0.55) for patients starting drug between
10 and 11 days from start of symptoms; and 0.21 (95%
CI 0.09–0.43) for patients starting drug more than 11
days from start of symptoms. In parallel to this analysis
within subgroup categories, the categories were tested
for the homogeneity of their effect by adding
interactions between the treatment group and the sub-
group categories to the covariates of the ordinal
regression analyses. There was no effect of subgroups
on the primary endpoint (Supplementary Fig. S13).

The time since hospital admission was analysed post-
hoc as a variable which may impact the primary
endpoint. Patients were divided into those who started
the study drug on the first day of hospital admission
(n = 164 patients); on the second day after hospital
admission (n = 228 patients); and after the second day
from hospital admission (n = 202 patients). Ordinal
regression analysis was repeated entering the interac-
tion between group of treatment and subgroup of time
since hospital admission as co-variate; there was no
subgroup effect on the primary endpoint
(Supplementary Table S4).

The secondary endpoints analysed for subgroups
were the absolute change of WHO-CPS at day 28 from
baseline, the absolute change of WHO-CPS at day 14
from baseline and the absolute change of SOFA score at
day 7 from baseline. Comparisons were assessed using
univariable ordinal regression analysis. Results, which
are shown in Fig. 3, are expressed as the odds for worse
change of each of the scores with anakinra treatment
compared to placebo. The analyses showed statistically
significant superiority of anakinra for the absolute
change of WHO-CPS at day 28 from baseline for all
subgroups. This is expressed as lower odds signified by
greater decreases of WHO-CPS among anakinra-treated
www.thelancet.com Vol 56 February, 2023
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Fig. 4: Comparative distribution of WHO-CPS by day 60. a) Comparative allocation of patients treated with SoC and placebo and treated with
SoC and anakinra into the 11-point WHO-CPS. The OR for allocation into worse outcomes by anakinra compared to placebo and the respective
p-value of comparison is provided. b) Ordinal regression analysis of variables associated with 60-day outcome. Variables entered in the equation
are pre-defined by the approved SAP by the COVID-ETF of the EMA. Twenty patients were lost to follow-up by day 60 (7 patients in the placebo
group and 13 patients in the anakinra group). The missing values of these patients were imputed for analysis by LOCF. Abbreviations: BMI, body
mass index; CI, confidence interval; COVID, Coronavirus disease; CPS, clinical progression scale; ECMO, extracorporeal membrane oxygenation;
ETF, Emergency Task Force, HFO, high-flow oxygen; LOCF, last observation carried forward; MV, mechanical ventilation; NIV, non-invasive
ventilation; OR, odds ratio; ORun, unadjusted odds ratio; PCR, polymerase chain reaction for SARS-CoV-2; P/F, ratio of partial oxygen pres-
sure to the fraction of inspired oxygen; SoC, standard-of-care; WHO, World Health Organization.
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patients (Fig. 3a). A significant impact of anakinra
treatment towards the absolute decrease of WHO-CPS
at day 14 from baseline was observed for patients with
CCI ≥2, for those with suPAR 6–9 ng/mL, for those
aged <65 years, for males, and for those starting the
study drug between 0 and 7 days from start of
symptoms (Fig. 3b). A significant impact of anakinra
Fig. 3: Subgroup analyses of the secondary endpoints. The main secon
WHO-CPS at day 28 from baseline; b) the absolute change of the 11-point
of the SOFA score at day 7. The figure shows the ORs for lower change am
treated with SoC and placebo. Subgroups are defined according to the
symptoms and start of the study drug. No patient was lost to follow-up b
14 and of SOFA score at day 7. All patients had valid assessments of the W
day 28 and this missing value was imputed for analysis by LOCF. Abbrevia
last observation carried forward; OR, odds ratio; SoC, standard-of-care; S
plasminogen activator receptor; WHO-CPS, World Health Organization Cl
treatment towards the absolute decrease of SOFA
score at day 7 from the baseline was observed for
patients with CCI ≥2, for those with suPAR >9 ng/
mL, for those with suPAR 6–9 ng/mL, for those aged
≥65 years, for males, and for those starting the study
drug between 0 and 7 days from start of symptoms
(Fig. 3c).
dary endpoints were: a) the absolute change of the 11-point of the
of the WHO-CPS at day 14 from baseline; and c) the absolute change
ong subgroups treated with SoC and anakinra compared to patients
value of CCI, the levels of suPAR, age, sex and time since onset of
y days 7 and 14 and there were no missing values of WHO-CPS at day
HO-CPS at day 14 from baseline. One patient was lost to follow-up by
tions: CCI, Charlson’s comorbidity index; CI, confidence interval; LOCF,
OFA, sequential organ failure assessment; suPAR, soluble urokinase
inical Progression Scale.
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Fig. 5: Comparative distribution of WHO-CPS by day 90. a) Comparative allocation of patients treated with SoC and placebo and treated with
SoC and anakinra into the 11-point WHO-CPS. The OR for allocation into worse outcomes by anakinra compared to placebo and the respective
p-value of comparison is provided. b) Ordinal regression analysis of variables associated with 60-day outcome. Variables entered in the equation
are pre-defined by the approved SAP by the COVID-ETF of the EMA. Twenty-eight patients were lost to follow-up by day 90 (11 patients in the
placebo group and 17 patients in the anakinra group). The missing values of these patients were imputed for analysis by LOCF. Abbreviations:
BMI, body mass index; CI, confidence interval; COVID, Coronavirus disease; CPS, clinical progression scale; ECMO, extracorporeal membrane
oxygenation; ETF, Emergency Task Force; HFO, high-flow oxygen; LOCF, last observation carried forward; MV, mechanical ventilation; NIV, non-
invasive ventilation; OR, odds ratio; ORun, unadjusted odds ratio; PCR, polymerase chain reaction for SARS-CoV-2; P/F, ratio of partial oxygen
pressure to the fraction of inspired oxygen; SoC, standard-of-care; WHO, World Health Organization.
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The categories were tested for the homogeneity of
their effect by adding interactions between the treat-
ment group and the subgroup categories to the cova-
riates of the ordinal regression analyses. There was no
effect of subgroups on the secondary endpoints with the
exception of the interaction with female sex for the
absolute change of SOFA score at day 7 (Supplementary
Fig. S14).

The distribution of the 11-point WHO-CPS in the
two treatment arms at day 60 is shown in Fig. 4a. In
brief, 71.1% of the anakinra group (288 of 405 pa-
tients) fully recovered with no viral RNA detected at
day 60 compared to 49.7% of the placebo group (94 of
189 patients); 5.2% (21 of 405 patients) and 9.5% (18
of 189 patients) respectively died. After multivariable
ordinal regression analysis, anakinra treatment
www.thelancet.com Vol 56 February, 2023
provided 0.40 odds for worse outcome compared to
placebo (Fig. 3b). The benefit of anakinra was main-
tained until day 90 when 77.8% of the anakinra group
(315 of 405 patients) fully recovered with no viral
RNA detected compared to 61.4% of the placebo
group (116 of 189 patients); 5.4% (22 of 405 patients)
and 10.1% (19 of 189 patients) respectively died
(Fig. 5).

Survival until day 90 was not a pre-specified
endpoint. Anakinra treatment significantly reduced the
risk of death by day 90 compared to placebo (unadjusted
hazard ratio 0.51; 95% CI 0.28–0.96; p = 0.038) (Fig. 6).
All patient characteristics were compared between 90-
day survivors and non-survivors (Table 1). Age, WHO
severity, SOFA score, Charlson’s comorbidity index and
levels of ferritin and asparagine aminotransferase were
9
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Fig. 6: Survival analysis by day 90. Kaplan–Meier curves of time to death until day 90 between the two groups of treatment. The crosses
indicate the time of censoring for patients who were lost to follow-up. Twenty-eight patients were lost to follow-up by day 90 (11 patients in
the placebo group and 17 patients in the anakinra group). The missing values of these patients were censored for analysis at the time to loss of
follow-up. Abbreviations: CI, confidence interval; HR, hazard ratio; n, number of patients.
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significantly different between survivors and non-
survivors.

The costs of general ward stay, ICU stay, cost of
drugs, and the total cost of hospitalisation until day 90
was significantly lower when patients were treated with
anakinra than with placebo (Fig. 7a). This was
confirmed by multivariable linear regression using the
stratification factors for randomisation as co-variates i.e.,
disease severity by WHO, intake of dexamethasone,
body mass index (BMI) >30 kg/m2 and country. Treat-
ment with anakinra was the only independent variable
associated with lower cost (Fig. 7b).
Discussion
In this study, we performed subgroup analyses on the
SAVE-MORE trial primary endpoint at day 283 and
evaluated long-term follow-up outcomes at days 60 and
90. At day 28, treatment with anakinra was an inde-
pendent variable associated with clinical improvement
of the 11-point WHO-CPS patient score, in patients with
both high and low CCI and in both male and female
patients. Similar benefit was shown in patients initiating
treatment with anakinra irrespective of the suPAR levels
while favourable outcomes were recorded irrespective of
duration of disease and timing of administration. We
have also shown that anakinra treatment is associated
with significantly better outcomes at days 60 and 90, as
this is reflected in the WHO-CPS score and mortality.
Finally, healthcare associated cost was significantly
decreased in patients under anakinra treatment.

Our analysis demonstrated that regardless the timing
of anakinra administration, intervention significantly
improved 28-day clinical outcomes. Ordinal regression
analyses including the interaction between subgroups
and allocated treatment as co-variate, did not show any
effect of time since onset of symptoms on 28-day and
14-day outcome. This is of particular importance, since
disease progression and timing of acute deterioration
seem to be characterised by diverse immune phenotypes
that exhibit totally different clinical trajectories, despite
initial similarities upon presentation.7,8 Anakinra treat-
ment has been evaluated in 44 paediatric patients with
secondary hemophagocytic lymphohistiocytosis (HLH),
an analogue of cytokine storm syndrome. Ten patients
did not have any known underlying disease whereas 34
patients had underlying disorders of rheumatic or ma-
lignant origin. Six (60%) and 13 (38%) patients respec-
tively had HLH associated with acute infection. Earlier
initiation of anakinra (within 5 days of hospitalization)
was associated with reduced mortality (p = 0.046)9

especially in patients with underlying rheumatologic
disease. However, none of these infections were caused
by SARS-CoV-2.

Early identification of temporal activation of under-
lying pathophysiological pathways that drive systemic
www.thelancet.com Vol 56 February, 2023
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90-day survivors (n = 553) 90-day non-survivors (n = 41) p-value

Male sex, n (%) 315 (57.0) 29 (70.7) 0.10

Female sex, n (%) 238 (43.0) 12 (29.3) 0.10

Age, years, mean (SD) 61.3 (12.1) 69.7 (9.2) <0.0001

Patients from Italy, n (%) 62 (11.2) 4 (9.8) 1.00

Severe COVID-19 at screening, n (%) 445 (80.2) 41 (100) <0.0001

SOFA score, mean (SD) 2.35 (1.09) 3.15 (1.15) <0.0001

BMI >30 kg/m2, n (%) 203 (36.7) 13 (31.7) 0.62

Dexamethasone treatment, n (%) 472 (85.4) 38 (92.7) 0.25

Remdesivir treatment, n (%) 407 (73.7) 32 (78.0) 0.58

suPAR, ng/ml, mean (SD) 8.20 (1.90) 8.79 (2.35) 0.057

White blood cell count (/mm3), mean (SD) 6546.2 (3616.3) 6895.6 (3467.9) 0.28

Creatinine (mg/dl), mean (SD) 0.81 (0.26) 0.82 (0.24) 0.41

AST (U/l), mean (SD) 47.9 (30.9) 67.9 (66.1) <0.0001

ALT (U/l), mean (SD) 53.3 (46.0) 55.7 (67.1) 0.76

D-dimers (μg/l), median (IQR) 0.52 (0.68) 0.49 (0.56) 0.46

Ferritin (ng/ml), median (IQR) 566.8 (745.5) 907.8 (1168.2) 0.0036

CRP (mg/l), median (IQR) 49.5 (75.5) 72.8 (59.5) 0.20

Charlson’s comorbidity index, mean (SD) 2.17 (1.57) 3.02 (1.21) <0.0001

Medical history, n (%)

Arterial hypertension 190 (34.4) 24 (58.5) 0.0036

Coronary heart disease 35 (6.7) 5 (12.2) 0.20

Type 2 diabetes mellitus 90 (16.3) 4 (9.8) 0.38

Atrial fibrillation 25 (4.5) 4 (9.8) 0.13

Chronic obstructive pulmonary disease 22 (4.0) 2 (4.9) 0.68

Chronic heart failure 16 (2.9) 2 (4.9) 0.36

Chronic renal disease 10 (1.8) 0 (0) 1.0

Stroke 9 (1.6) 3 (7.3) 0.043

There are no missing values. Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CRP, C-reactive protein; IQR,
interquartile range; n, number of patients; SD, standard deviation; SOFA, sequential organ failure assessment; suPAR, soluble urokinase plasminogen activator receptor.

Table 1: Baseline differences between 90-day survivors and non-survivors enrolled in the SAVE-MORE trial.
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inflammation, using a molecular biomarker like suPAR,
is therefore pivotal to ensure optimal outcomes.1 Of
note, it seems that early improvement is profound in
patients with CCI 2 or more, suggesting that, despite the
current general notion that co-morbidities could drive
outcomes in these patients due to secondary complica-
tions, it is COVID-19 itself and the consequent hyper-
inflammatory response that are responsible for poor
outcomes and are successfully targeted by anakinra. A
recent publication from the International Study of
Inflammation in COVID-19 included 2044 patients
from both the United States and Europe. The primary
outcome was to identify variables associated with the
composite of in-hospital death, need for mechanical
ventilation, or need for renal replacement therapy.
Analysis showed that the risk for the composite outcome
among patients with a medical history of type 2 diabetes
mellitus increased dramatically with increasing levels of
suPAR, reaching 53.8% among individuals with
admission suPAR 14.8 ng/mL or more.10

To the best of our knowledge, this report is the first
systematic approach to assess long term immunomod-
ulatory intervention with anakinra in patients with
COVID-19. Other immunomodulatory treatment
www.thelancet.com Vol 56 February, 2023
strategies for COVID-19 include the use of tocilizumab
or baricitinib according to current international recom-
mendations.11,12 A longer follow-up of the CORIMUNO-
TOCI-1 trial,13 which examined patients receiving toci-
lizumab and supplemental oxygen (rate, ≥3 L/min), but
did not require high-flow or mechanical ventilation,14

showed a survival benefit at day 90 only in patients
admitted with levels of C-reactive protein (CRP) higher
than 150 mg/L. Similarly, a retrospective study of hos-
pitalised adult patients with COVID-19 using a large
US-based multicentre COVID-19 database including
1510 patients receiving at least one dose of tocilizumab,
only showed temporal benefit, especially in patients on
non-invasive high-flow supplemental oxygen. However,
the benefit of treatment faded over time, while long-
term adverse events, especially superinfections, were
worrisome.15,16 Baseline levels of circulating ferritin and
aspartate aminotransferase (AST) were higher among
90-day non-survivors. Ferritin and AST are among the
traits of cytokine storm of COVID-19, which is a well-
recognised driver of death in COVID-19. Survival
benefit coming from anakinra treatment in these pa-
tients may come from attenuation of the cytokine
storm.17
11
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Fig. 7: Cost of hospitalization until day 90. a) Costs of general ward stay, ICU stay, cost of drugs, and total cost of hospitalisation until day 90
(in Euros) for patients treated with SoC and placebo and for patients treated with SoC and anakinra. The p-values of comparison between the
two groups are provided. b) Linear regression analysis of the impact of the group of treatment allocation and each of the four pre-defined
variables of stratification i.e. WHO COVID-19 severity, intake of dexamethasone, BMI and country. Abbreviations: BMI, body mass index;
ICU, intensive care unit; SD, standard deviation; SoC, standard-of-care.
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The COVID-19 pandemic increased healthcare
expenditure worldwide. A recent study from the
United States in patients hospitalised with COVID-19
reported an overall median cost and cost/day of
$11,267, and $1772, respectively. Overall median ICU
cost, and cost/day were $13,443, and $2902, respec-
tively. Patients requiring mechanical ventilation had
the highest hospital and ICU median costs ($47,454
and $41,510), respectively.18 In Spain, the impact of
COVID-19 on the hospital’s budget for the 3months
was calculated at €15,633,180, 97.4% of which was
related to health care and hospitalisation. The mean
cost per patient was €10,744.19 In our study, use of
anakinra reduced the total cost of hospitalisation by
almost 40%. This is of particular importance in a
current era of stringent budgetary pressure, with ex-
penditures needing to be re-allocated to ensure best
cost-effective quality of care for all.

The main limitation of the SAVE-MORE trial is the
selection of the best treatment candidate using the
biomarker suPAR which may not be available in some
countries. Two different alternatives to suPAR have been
suggested to early recognize the patient who will get most
of anakinra treatment benefit. The first alternative is a
score which integrates AST, neutrophil to lymphocyte
ratio, CRP and ferritin3; and the second alternative is the
SCOPE score which integrates D-dimers, CRP, ferritin
and IL-6.20 Recently, the Food and Drug Administration
of the United States has suggested a score composed by
eight commonly measured variables in everyday routine
practice; patients meeting at least three of these variables
are at high likelihood to have suPAR ≥6 ng/mL.5

In summary, anakinra use administered early in
patients at risk for SRF as defined by suPAR 6 ng/mL or
more, improved outcomes at day 60 and 90 post-
COVID, irrespective of timing of administration, base-
line co-morbidities and disease severity. Anakinra
represents an important therapeutic tool in the man-
agement of COVID-19.
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