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a b s t r a c t 

Background: Anakinra was approved by the European Medicines Agency and received Emergency Use 

Authorization by the United States Food and Drug Administration for patients with COVID-19 pneumonia 

at risk for severe respiratory failure (SRF) with blood levels of soluble urokinase plasminogen activator 

receptor (suPAR) ≥ 6 ng/mL. We report the final results of the phase II open-label single-arm SAVE trial 

in a large population. 

Methods: Patients with COVID-19 pneumonia and suPAR levels ≥ 6 ng/mL received subcutaneous 

anakinra 100 mg once daily for 10 days. The primary outcome was the incidence of SRF by day 14. Sec- 

ondary outcomes were 30-day mortality, incidence of SRF according to time delay for start of treatment, 

safety, and associations with the inflammatory burden of the host. 
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The pandemic by the novel coronavirus SARS-CoV-2 pro- 

ided evidence on the clinical utility of precision immunotherapy. 

nakinra, a recombinant human interleukin (IL)–1 receptor antag- 

nist, was approved by the European Medicines Agency and re- 

eived Emergency Use Authorization by the United States Food and 

rug Administration (FDA) for patients with COVID-19 pneumo- 

ia who were at risk for progression into severe respiratory failure 

SRF) [ 1 , 2 ]. In the drug labeling, “risk” is defined as blood levels

f the biomarker soluble urokinase plasminogen activator receptor 

suPAR) of 6 ng/mL or more, which indicates early activation of the 

L–1 cascade. Drug approval is based on the favorable results of the 

ivotal phase III SAVE-MORE trial [ 3 , 4 ]. In this trial, anakinra treat-

ent guided by suPAR showed 0.36 proportional odds for worse 

utcome after 28 days as well as a decrease in the incidence of 

RF compared to those in patients treated with placebo. Because 

uPAR is not licensed in the United States, the FDA has suggested 

 score of 8 variables to replace suPAR; patients meeting 3 of the 

ariables are eligible for anakinra treatment [ 2 ]. 

The first evidence for the efficacy of this precision strategy 

ame by the interim analysis of a prospective phase II open-label 

rial, in which all participants with COVID-19 pneumonia and el- 

vated suPAR received anakinra for 10 days. Comparisons were 

one with concurrent comparators of similar severity receiving 

tandard-of-care (SoC) treatment [ 5 ]. At the interim analysis, we 

uestioned whether treatment delay may have an impact on clin- 

cal outcome. For this purpose, the phase II study SAVE continued, 

nd results on the finally enrolled larger study population are pre- 

ented herein. Since the SAVE study did not have a comparator 

rm, outcomes were compared to those of participants in the piv- 

tal SAVE-MORE randomized clinical trial (RCT). 

ethods 

rial oversight 

SAVE is a prospective open-label single-arm phase II interven- 

ional trial conducted in 17 study sites in Greece (Supplementary 

able 1). The trial was approved by the National Ethics Commit- 

ee (approval 38/20) and the National Organization for Medicines 

approval ISO 28/20), and was registered before enrollment of the 

rst patient in EudraCT and Clinicaltrials.gov trial databases (Eu- 

raCT number 2020-001466-11; ClinicalTrials.gov registration num- 

er NCT04357366). The trial was sponsored by the Hellenic Insti- 

ute for the Study of Sepsis (HISS) and funded in part by HISS, 

y Technomar Shipping Inc, and by Swedish Orphan Biovitrum AB. 

he laboratory of Immunology of Infectious Diseases of the 4th De- 

artment of Internal Medicine at ATTIKON University General Hos- 

ital acted as the central laboratory [ 5 ]. 
2

March 2022, a total of 992 patients were enrolled. The incidence of SRF

 of the phase III pivotal SAVE-MOREtrial. The overall 30-day mortality was

 into 4 subgroups according to time delay between symptoms onset and

 of SRF was similar for all subgroups. Serious adverse events were reported

related to anakinra. The most common adverse event was increased liver

arison with the pivotal phase III trial showed similar anakinra outcomes

vels of inflammatory mediators and D-dimers. 

e efficacy of anakinra as being similar to that of the pivotal registrational

The lack of a comparator group is a limitation. 

gov, NCT04357366 

© 2024 The Author(s). Published by Elsevier Ltd. 

icle under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ )

Originally the sample size was calculated assuming that the in- 

idence of SRF would decrease from 60% to 45% with anakinra 

reatment. However, when results of the interim analysis were 

vailable, it was deemed necessary to continue the study with the 

im to investigate whether treatment delay may have an impact on 

he primary endpoint. An amendment of the trial was approved 

version 3.0) by the National Ethics Committee of Greece and by 

he National Organization for Medicines of Greece for this prede- 

ned subgroup analysis. The amendment was 90% powered at the 

% level of significance for 10 0 0 patients, with the assumption that 

he incidence of SRF would be different between patients start- 

ng anakinra with more than 2 days of delay from hospital admis- 

ion (estimated SRF incidence 25%) and patients starting anakinra 

ithin 2 days from hospital admission (estimated SRF incidence 

5%) by 10%. This assumption was based on the rationale that an 

arlier start of treatment may result in better outcomes, as this has 

een suggested for other anti-cytokine drugs [ 6 ]. 

articipants 

Study participants were adults with confirmed COVID-19 infec- 

ion by reverse transcription polymerase chain reaction (RT-PCR) 

or SARS-CoV-2, with radiological evidence of pneumonia, and with 

lasma suPAR 6 ng/mL or more measured by the suPARnostic®

uick Triage kit (Virogates S/A, Birkerød, Denmark). Patients with 

edical history of stage IV malignancy or primary immunodefi- 

iency or receiving anti-cytokine biological treatment during the 

ast month were excluded. Other exclusion criteria were as follows: 

eutropenia ( < 1500/mm3 ); respiratory insufficiency requiring me- 

hanical ventilation (MV) or non-invasive ventilation (NIV); corti- 

osteroid treatment defined as ≥ 0.4mg/kg/d of equivalent pred- 

isone the last 15 days; do not resuscitate decision; and pregnancy 

r lactation. Patients or legal representatives provided written in- 

ormed consent before screening. 

rocedures 

Enrolled patients were treated with 100 mg anakinra subcuta- 

eously once daily for 10 days and standard-of-care (SoC) treat- 

ent according to local and international guidelines for COVID- 

9 [ 7 ]. Other drugs were allowed at the discretion of the treat- 

ng physicians. Baseline plasma concentrations of IL–6, (Invitro- 

en, Carlsbad, California, USA) and ferritin (ORGENTEC Diagnos- 

ika GmbH, Mainz, Germany) were measured in duplicate by 

n enzyme immunoassay. Baseline plasma concentrations of C- 

eactive protein (CRP) were measured using a nephelometric assay 

Siemens, Forchheim, Germany) and of D-dimers using the Stra- 

us® CS 200 Acute CareTM Diagnostic Analyzer (Siemens). The low- 

st detections limits were as follows: for IL-6, 10 pg/mL; for fer- 

itin, 75 ng/mL; for CRP, 3 mg/L; and for D-dimers, 0.1 ng/mL. 

he COVID-ETF (Emergency Task Force) committee of the European 

http://creativecommons.org/licenses/by/4.0/
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Figure 1. Study flow chart. 

SAE, serious adverse event; SoC, standard of care. 
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edicines Agency advised measurement of these 4 biomarkers in 

atients in the SAVE-MORE trial [ 3 ]. This led us to select the same

iomarkers for measurement in the SAVE trial, as these biomarkers 

lso predict severity and unfavorable outcome of COVID-19 [ 8 , 9 ]. 

utcomes 

The primary endpoint was the incidence of SRF by day 14 af- 

er the start of the study drug. SRF was defined as any decrease of 

aO2 /FiO2 below 150 requiring MV or NIV. If patients died before 

ay 14, they were considered as meeting the primary endpoint. 

econdary outcomes were 30-day mortality, 90-day mortality, in- 

ensive care unit (ICU) length of stay, change in sequential organ 

ailure assessment (SOFA) score, the association of time delay from 

ospital admission until start of treatment with progression into 

RF, the association of time delay from onset of symptoms until 

he start of treatment with progression into SRF, and the impact 

f comorbidities and period of hospitalization. The periods of hos- 

italization were selected to represent separate waves of the pan- 

emic caused by different variants of SARS-CoV-2. The incidence of 

RF in both arms of the SAVE-MORE trial was retrospectively com- 

ared to that of the SAVE trial. The incidence of SRF was a prede-

ned secondary endpoint of the SAVE-MORE trial [ 3 ]. SRF in the 

AVE-MORE trial was defined exactly as in the SAVE trial. Safety 

as assessed by reporting all non-serious treatment-emergent ad- 

erse events (TEAEs) and serious TEAEs (Common Terminology Cri- 

eria for Adverse Events, version 4.03). 
3

tatistical analysis 

Qualitative data were presented as percentages with confidence 

ntervals (CI) and quantitative data as median with quartiles. We 

alculated the quartiles of distribution of Charlson Comorbidity In- 

ex, of time delay from symptoms onset until start of anakinra and 

f the paO2 /FiO2 ratio at hospital admission. Comparisons were 

erformed by forward stepwise Cox analysis. Comparisons with 

articipants in the SAVE-MORE trial were done by Cox regression 

nalysis. To minimize bias, demographic data, severity, and SoC 

reatment were compared between participants in the SAVE and 

AVE-MORE trials. Comparisons were done using the χ2 test for 

ualitative data, analysis of variance for quantitative data with nor- 

al distribution, and the Kruskal–Wallis test for quantitative data 

ithout normal distributions. Variables which were found to be 

ifferent were analyzed as independent variables in a multivari- 

te Cox regression model. Receiver operating characteristic (ROC) 

urves for IL-6, ferritin, CRP, and D-dimers were plotted to define 

he best cut-off for prediction of SRF. For ROC plotting, the total 

ohorts of SAVE and SAVE-MORE participants were used. The best 

ut-off was defined as the Youden index, which could discriminate 

etween patients progressing into SRF and patients not progress- 

ng into SRF. Patients were then classified as presenting with in- 

reased values if above the cut-offs or with non-increased values 

f below the cut-offs. The progression to SRF was compared be- 

ween participants in the SAVE and SAVE-MORE trials according to 

he presence of increase of any of the 4 biomarkers using logis- 

ic regression analysis. Any 2-sided P value < 0.05 was considered 
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Table 1 

Baseline characteristics of enrolled patients (N = 992). 

Characteristics Values 

Age, y, mean (SD) 62 (14) 

Male sex, n (%) 586 (59.1) 

Charlson Comorbidity Index, mean (SD) 2.4 (1.9) 

SOFA score, mean (SD) 2.15 (1.36) 

WHO classification for COVID-19, n (%) 

Moderate pneumonia 224 (22.6) 

Severe pneumonia ∗ 768 (77.4) 

Days to start of study drug, median (Q1–Q3) 

From symptom onset 9 (6–11) 

From hospital admission 1 (1-3) 

Laboratory values, median (Q1–Q3) 

White blood cell count, cells per mm3 5810 (4465-8215) 

Lymphocyte count, cells per mm3 920 (690-1260) 

C-reactive protein, mg/L 40.6 (16.3-77.3) 

Ferritin, ng/mL 401.0 (206.6-758.0) 

Serum soluble uPAR, ng/mL 9.2 (7.4-11.9) 

PaO2 : FiO2 282 (198-356) 

Comorbidities, n (%) 

Type 2 diabetes mellitus 206 (20.8) 

Chronic heart failure 43 (4.3) 

Chronic renal disease 25 (2.5) 

Chronic obstructive pulmonary disease 55 (5.6) 

Coronary heart disease 85 (8.6) 

Co-administered medications, n (%) 

Remdesivir 291 (29.3) 

Dexamethasone 544 (54.8) 

Combination of β-lactams with β-lactamase inhibitors 279 (28.1) 

Piperacillin/tazobactam 127 (12.8) 

Ceftriaxone 413 (41.6) 

Ceftaroline 165 (16.7) 

Respiratory fluoroquinolone 96 (9.7) 

Azithromycin 375 (37.8) 

Hydroxychloroquine 90 (9.1) 

Abbreviations: FiO2 , fraction of inspired oxygen; PaO2 , partial oxygen pressure; SD, 

standard deviation; SOFA, sequential organ failure assessment; Q, quartile; WHO, 

World Health Organization. 
∗ Defined as oxygen saturation less than 90% or more than 30 breaths/min or signs 

of respiratory distress. 
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tatistically significant. Statistical analysis was performed using the 

tatistical Package for the Social Sciences (SPSS) software version 

9.0. 

esults 

atients 

From March 2020 to March 2022, a total of 1,0 0 0 patients were

nrolled; 8 patients withdrew consent and requested removal of all 

ata, leaving a final intention-to-treat (ITT) analysis cohort of 992 

atients ( Figure 1 ). For 2 patients, the information of time since 

nset of symptoms until the start of anakinra and of time since 

ospital admission until the start of anakinra was not captured. 

hese patients were not analyzed for the secondary endpoints of 

he impact of time delays from the start of symptoms and of hos- 

ital admission until the start of the study drug. Baseline charac- 

eristics of all enrolled patients are presented in Table 1 . 

utcomes 

A total of 186 patients (18.8%, 95% CI, 16.4–21.3%) among the 

TT population progressed into SRF until day 14 ( Table 2 ). Mortality 

fter 30 days was 9.5% (95% CI, 7.8–11.5%) and after 90 days 12.2% 

95% CI, 10.3–14.4%) ( Table 2 ). A mean decrease of 1 ( ± 2) point of

OFA score was achieved under treatment with anakinra at day 14. 

At the first wave of the pandemic, dexamethasone was not in- 

roduced in the SoC by the World Health Organization (WHO). 
4

examethasone was introduced in the SoC during the Delta 

ariant–prominent second wave. The incidence of SRF and 30-day 

ortality were similar between the 2 waves. SRF was 21.2% (95% 

I, 15.4–28.4%) during the first wave and 21.7% (95% CI, 18.7–25.0%) 

uring the second wave. Mortality by day 30 was 10.6% (95% CI, 

.6–16.5%) and 11.5% (95% CI, 9.3–14.2%), respectively. Patients who 

ied were mainly male with severe pneumonia (Supplementary Ta- 

le 2). The incidence of SRF (6.3% in the third and 0% in the fourth

eriod, respectively) and mortality (1.3% in the third and 0% in the 

ourth period, respectively) declined significantly in the following 

aves characterized by prevailing of the Omicron variant of SARS- 

oV-2. 

The incidence of SRF among anakinra-treated patients was 

ower (7.3%, 95% CI, 4.2–12.3%) among patients without any comor- 

idity (age-adjusted Charlson Comorbidity Index [CCI] = 0) and was 

imilar among patients with comorbidities (Supplementary Figure 

A). Similarly, the incidence of SRF was lower (2.3%, 95% CI, 0.9–

.85%) among patients at the upper quartile of the paO2 /FiO2 ratio 

Supplementary Figure 1B). 

A total of 581 patients started anakinra the first 2 days from 

ospital admission; 98 patients (16.9%) progressed into SRF. The 

ncidence of SRF was 14.2% (n = 38) for 267 patients who started 

nakinra more than 2 days after hospital admission ( Figure 2 A). 

heir baseline characteristics were similar (Supplementary Table 

). The incidence of SRF did not differ by the time delay of start of

reatment since the onset of symptoms ( Figure 2 B and Supplemen- 

ary Table 4). suPAR levels were similar in all patients irrespective 

f time delay from first symptoms of COVID-19 pneumonia un- 

il the start of the study drug, in contrast to other inflammatory 
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Table 2 

Primary and secondary study endpoints (N = 992). 

Outcomes Values 

Development of severe respiratory failure by day 14, n (%) 186 (18.8) 

Need for non-invasive ventilation by day 14, n (%) 70 (7.1) 

Need for invasive mechanical ventilation by day 14, n (%) 125 (12.6) 

Mortality at day 30, n (%) 94 (9.5) 

Mortality at day 90, n (%) 121 (12.2) 

Absolute decrease in SOFA score at day 7 from baseline day 1, median (IQR) 0 (1) 

Absolute decrease in SOFA score at day 14 from baseline day 1, median (IQR) 1 (2) 

Median (Q1, Q3) time to hospital discharge, days 11 (9–15) 

Median (Q1, Q3) time of ICU stay, days ∗ 13 (7–19) 

Abbreviations; ICU, intensive care unit; IQR, interquartile range; SOFA, sequential organ failure as- 

sessment; Q, quartile. 
∗ Only for patients admitted to the ICU. 

Figure 2. Time to progression into severe respiratory failure (SRF) according to time delay of start of anakinra. Patients are divided into subgroups of time delay from 

hospital admission until start of the study drug (A) and in subgroups of time delay from onset of symptoms until start of the study drug (B). CI, confidence interval; ns, 

non-significant. 
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iomarkers, such as IL-6, ferritin, and CRP (Supplementary Figure 

). 

xploratory analysis: comparison of SAVE study participants with the 

ivotal SAVE-MORE study 

SAVE-MORE is the pivotal phase III RCT of the registration of 

nakinra for the treatment of COVID-19 pneumonia [ 1–3 ]. Baseline 

emographics of SAVE and SAVE-MORE participants were similar 

Supplementary Table 5). The incidence of SRF was significantly de- 

reased among participants in the SAVE trial treated with anakinra 

ompared to placebo-treated participants in the SAVE-MORE trial 

ven after adjustment for CRP and ferritin levels and severity of 

OVID-19 by WHO classification (adjusted hazard ratio [HRadj ], 

.77, 95% CI, 0.66–0.90; P < 0.0 0 01) ( Figure 3 , Supplementary Ta-

le 6). The incidence of SRF was similar among participants in the 

AVE trial treated with anakinra compared to anakinra-treated par- 

icipants in the SAVE-MORE trial ( Figure 3 , Supplementary Table 6). 

xploratory analysis: anakinra efficacy by level of inflammation and 

oagulation 

All 3 biomarkers were measured in 765 participants in the SAVE 

rial and 594 participants in the SAVE-MORE trial. The Youden in- 

ex values of the respective ROC curves were 45 mg/L for CRP, 22 
5

g/mL for IL-6, and 680 ng/mL for ferritin. The progression into 

RF was lower among participants in the SAVE trial treated with 

nakinra compared to participants in the SAVE-MORE trial treated 

ith placebo when levels of these inflammation biomarkers were 

ncreased above the cut-offs ( Figure 4 A). No differences were 

ound between participants in both trials treated with anakinra 

 Figure 4 B). 

The Youden index value of the ROC curve of D-dimers was 

60 ng/mL. Among patients with D-dimers above these values, 

nakinra treatment decreased the incidence of SRF in SAVE pa- 

ients compared to placebo-treated patients in the SAVE-MORE 

rial ( Figure 4 A). No difference was found between participants in 

oth trials treated with anakinra ( Figure 4 B). 

afety 

A total of 152 patients (15.3%) experienced at least 1 serious 

EAE; only 3 out of a total of 205 serious TEAEs were considered 

y the investigators as possibly related to the study drug. These 

EAEs were increase in liver function test results; in 2 cases, the 

tudy drug was stopped prematurely. At least 1 non-serious TEAE 

as experienced by 442 patients (44.6%). The most common non- 

erious TEAEs were increase in liver function test results and hy- 

okalemia. Neutropenia was reported in 32 patients (3.2%); no pa- 

ient had Grade 3 neutropenia ( Table 3 ). 
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Figure 3. Exploratory analysis of the progression into severe respiratory failure (SRF) of participants in the SAVE and SAVE-MORE trials. SAVE is an open-label trial, and all 

study participants were treated with anakinra. SAVE-MORE is a pivotal phase III randomized controlled trial comparing the efficacy of placebo versus anakinra adjunctive 

treatment to standard-of-care treatment. P values for comparisons by Cox regression analysis are provided after adjustment for severity of COVID-19 pneumonia by World 

Health Organization classification. CI, confidence interval; HR, hazard ratio. 

Figure 4. Exploratory analysis of the progression into severe respiratory failure (SRF) in relation to the degree of inflammation and coagulation between participants in the 

SAVE and SAVE-MORE trials. SAVE is an open-label trial and all study participants were treated with anakinra. SAVE-MORE is a pivotal phase III randomized controlled trial 

comparing the efficacy of placebo versus anakinra adjunctive treatment to standard-of-care treatment. (A) Odds ratios for the incidence of SRF among patients subgrouped by 

the blood levels of CRP, IL-6, ferritin, and D-dimers before start of treatment between participants in the SAVE trial treated with anakinra and participants in the SAVE-MORE 

trial treated with placebo. (B) Odds ratios for the incidence of SRF among patients subgrouped by blood levels of CRP, IL-6, ferritin, and D-dimers before start of treatment 

between participants in the SAVE trial treated with anakinra and participants in the SAVE-MORE trial treated with anakinra. CI, confidence interval; CRP, C-reactive protein; 

IL, interleukin; OR, odds ratio. 
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iscussion 

In the SAVE study, 18.8% of COVID-19 patients admitted to the 

ospital with pneumonia and suPAR ≥ 6 ng/mL progressed into 

RF with a 9.5% 30-day mortality. The incidence of SRF was simi- 

ar irrespective of the delay from the onset of symptoms until the 

tart of anakinra. Anakinra treatment did not raise safety concerns. 
6

ne post hoc analysis including participants in the SAVE-MORE 

ivotal trial showed that participants in the SAVE trial treated with 

nakinra has outcomes similar to those of participants in the SAVE- 

ORE trial treated with anakinra. The large patient number reach- 

ng almost 10 0 0 patients providing both efficacy and safety data 

nd the subgroup analysis towards the level of inflammation and 

oagulation make the novel contribution of this report. 
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Table 3 

Most common ( > 2%) serious and non-serious treatment- 

emergent adverse events (TEAEs). 

TEAEs Values 

At least 1 serious TEAE, n (%) 152 (15.4) ∗

Type of serious TEAE, n (%) 

Hospital-acquired pneumonia 72 (7.3) 

Bloodstream infection 8 (0.8) 

Acute pyelonephritis 4 (0.4) 

Intraabdominal infection 1 (0.1) 

Clostridioides difficile infection 4 (0.4) 

Pulmonary embolism 12 (1.2) 

Shock 68 (6.9) 

Acute kidney injury 51 (5.2) 

Increase in liver function test results 4 (0.4) 

Thrombopenia 1 (0.1) 

At least 1 non-serious TEAE, n (%) 442 (44.6) 

Type of TEAE, n (%) 

Neutropenia 32 (3.2) 

Grade 3 0 (0.0) 

Anemia 76 (7.7) 

Grade 3 2 (0.2) 

Thrombocytopenia 50 (5.1) 

Grade 3 3 (0.3) 

Diarrhea 74 (7.5) 

Grade 3 1 (0.1) 

Increase in liver function test results 228 (23.0) 

Grade 3 7 (0.7) 

Bradycardia 43 (4.3) 

Grade 3 2 (0.2) 

Hyperkalaemia 23 (2.3) 

Grade 3 2 (0.2) 

Hypokalaemia 197 (19.9) 

Grade 3 4 (0.4) 

∗ 3 were judged as possibly related to study-drug (all 

cases concerned increase of liver function tests). 
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The SAVE study emphasizes the feasibility of using the predic- 

ive biomarker suPAR to identify individuals who would benefit 

rom anakinra treatment. This marker has previously demonstrated 

ts ability to predict unfavorable outcomes in COVID-19 and sepsis 

 10–13 ]. During the first few months since the start of the SAVE 

rial, several small-scale studies highlighted the positive effects of 

nakinra treatment in COVID-19 pneumonia [ 5 , 14–18 ]. In a real- 

orld study, patients treated with anakinra guided by suPAR were 

rotected from unfavorable outcomes [ 19 ]. Meta-analyses including 

ainly data from observational studies showed a decreased risk 

f death with anakinra treatment [ 20–22 ]. Existing RCTs differ in 

he size and the disease severity of participants; they also do not 

se any biomarker of predictive enrichment. Three meta-analyses 

ncluding RCTs have been published: 2 integrated the results of 

 RCTs, and the third integrated the results of 7 RCTs [ 23–25 ].

he authors of these meta-analyses concluded that anakinra treat- 

ent was not associated with reduced mortality in hospitalized 

atients with COVID-19. However, the third meta-analysis showed 

hat anakinra treatment reduced the need for MV in hospitalized 

atients [ 26 ]. 

Two main limitations of the SAVE trial need to be acknowl- 

dged. The first limitation is the single-arm open-label design. This 

imitation was known from the start of the trial in April 2020. At 

hose times, the pressure for treatments worldwide questioned the 

eed for placebo-treated comparators and guided the single-arm 

esign. In order to minimize this limitation, comparisons with the 

lacebo arm of the SAVE-MORE pivotal clinical trial were done. The 

econd limitation was the lack of randomization for delay from 

he onset of symptoms or from hospital admission. However, the 

nalysis of the randomized SAVE-MORE trial revealed the lack of 

mpact of this time delay on anakinra efficacy [ 4 ]. suPAR indi- 

ates high blood levels of S100A8/A9 (calprotectin) in COVID-19 

neumonia. Animal challenge with plasma collected from patients 
7

efore progression into SRF stimulated high pro-inflammatory re- 

ponses in the lung and colon. Pre-treatment with antibodies se- 

ectively targeting S100A8/A9 and murine IL-1 α prevented exac- 

rbated inflammation of the lung and colon. This led to the con- 

ideration that suPAR is a biomarker of released danger-associated 

olecular patterns which stimulate the IL-1 cascade [ 27 ]. 

It needs to be emphasized that the efficacy of anakinra for 

OVID-19 pneumonia cannot be extrapolated to bacterial sepsis, as 

reviously stated elsewhere [ 28 ]. The synergy of anakinra with cor- 

icosteroids in COVID-19 may be explained by the targeted mech- 

nism of action of anakinra, which further enhances the non- 

pecific anti-inflammatory effect of dexamethasone. It should be 

oted that tocilizumab providing benefit for severe and critical 

OVID-19 pneumonia was also administered as adjuvant to SoC 

examethasone [ 29 ]. 

The SAVE and SAVE-MORE trials make the vision of precision 

mmunotherapy strategy for severe infections a reality. The cen- 

ral idea is to identify the activation of the IL-1 cascade and to 

trike at this window of opportunity. The time window is defined 

y the increase of the biomarker suPAR before clinical deteriora- 

ion emerges. The similar outcomes from anakinra treatment in pa- 

ients with both increased levels of inflammation and coagulation 

ndicate that suPAR may be conceived as a biomarker of thrombo- 

nflammation. suPAR was increased in all patients irrespective the 

ime delay since the onset of symptoms. These patients responded 

qually to anakinra treatment. The observations indicate that, in 

 precision strategy, the time from the onset of symptoms can- 

ot predict the efficacy of treatment, and that the presence of the 

iomarker is the dominant factor which should guide treatment. 

he lack of widespread availability of suPAR in the United States 

imits the use of anakinra. However, the FDA has recently sug- 

ested a score from 8 variables (age, SOFA score, pneumonia sever- 

ty, renal dysfunction, history of stroke, decreased haemoglobin, in- 

reased neutrophil/lymphocyte ratio, and smoking) as an alterna- 

ive [ 2 ]. Results of the SAVE trial support the introduction of appro- 

riate patient selection using biomarkers. The lack of a comparator 

roup is acknowledged as a major limitation. 
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