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A B S T R A C T   

Objectives: Elevated concentrations of soluble urokinase plasminogen activator receptor (suPAR) predict pro
gression to severe respiratory failure (SRF) or death among patients with COVID-19 pneumonia and guide early 
anakinra treatment. As suPAR testing may not be routinely available in every health-care setting, alternative 
biomarkers are needed. We investigated the performance of C-reactive protein (CRP), interferon gamma-induced 
protein-10 (IP-10) and TNF-related apoptosis-inducing ligand (TRAIL) for predicting SRF or death in COVID-19. 
Methods: Two cohorts were studied; one discovery cohort with 534 patients from the SAVE-MORE clinical trial; 
and one validation cohort with 364 patients from the SAVE trial including also 145 comparators. CRP, IP-10 and 
TRAIL were measured by the MeMed Key® platform in order to select the biomarker with the best prognostic 
performance for the early prediction of progression into SRF or death. 
Results: IP-10 had the best prognostic performance: baseline concentrations 2000 pg/ml or higher predicted 
equally well to suPAR (sensitivity 85.0 %; negative predictive value 96.6 %). Odds ratio for poor outcome among 
anakinra-treated participants of the SAVE-MORE trial was 0.35 compared to placebo when IP-10 was 2,000 pg/ 
ml or more. IP-10 could divide different strata of severity for SRF/death by day 14 in the validation cohort. 
Anakinra treatment decreased this risk irrespective the IP-10 concentrations. 
Conclusions: IP-10 concentrations of 2,000 pg/ml or higher are a valid alternative to suPAR for the early pre
diction of progression into SRF or death the first 14 days from hospital admission for COVID-19 and they may 
guide anakinra treatment. 
Trial registration. 
ClinicalTrials.gov, NCT04680949 and NCT04357366.   

1. Introduction 

Since the beginning of the COVID-19 pandemic, more than 6 million 
affected individuals have died [1]. Deaths are due to progression into 
severe respiratory failure (SRF) requiring invasive or non-invasive me
chanical ventilation [2]. Therefore, early recognition of patients at risk 
and early start of treatment is an important strategy to prevent pro
gression into SRF. In order to achieve this, early biomarkers of SRF are 
crucial. Soluble urokinase plasminogen activator receptor (suPAR) is the 
only biomarker so far proven to guide an appropriate immunomodula
tory treatment [3,4]. In the SAVE-MORE trial, patients with elevated 
concentrations of plasma suPAR, an indicator of endothelial activation 
by the IL-1 inflammatory pathway, were allocated to treatment with 
anakinra or placebo in addition to Standard-of-Care (SoC) therapy [5]. 
Using the World Health Organization Clinical Progression Scale (WHO- 
CPS) as a measure of clinical efficacy, anakinra treatment had 0.36 odds 
ratio for poor outcome compared to placebo by day 28. Clinical 
improvement was associated with significant decrease of progression 
into SRF. Results of the SAVE-MORE trial led to the approval of anakinra 
guided by suPAR for the treatment of COVID-19 pneumonia in adults by 
the European Medicines Agency [6]. The Food and Drug Administration 
has also recently provided Emergency Use Authorization to anakinra 
treatment in the United States [7]. 

As suPAR testing may not be routinely available in every health-care 
setting, alternative biomarkers easy to perform by non-invasive tests in 
clinical laboratories, are needed to identify patients with COVID-19 
pneumonia who are at risk of SRF. In this context, previous studies 
have shown calprotectin, soluble interleukin-2 receptors and SCOPE 
score as potential predictors for the development of SRF and/or death in 

COVID-19 patients [8–10]. In order to explore this topic, we used the 
novel platform (MeMed Key®) which measures the circulating concen
trations of three endogenous inflammatory mediators: C-reactive pro
tein (CRP), interferon gamma- induced protein-10 (IP-10), and TNF 
(tumor necrosis factor)-related apoptosis-inducing ligand (TRAIL) 
[11–13]. The platform was originally designed to distinguish between 
bacterial and viral infection, but recent studies have shown that these 
biomarkers may be also helpful to predict COVID-19 severity and 
potentially guide immunomodulatory treatment [14–16]. We aimed to 
investigate whether any of these three inflammatory mediators could be 
used to early predict the risk of progression into SRF and predict 
response to anakinra treatment. The prediction of risk was performed 
using samples coming from the phase 3 SAVE-MORE study. Response to 
anakinra was done using one independent discovery cohort (phase 3 
SAVE-MORE study) and one validation cohort (phase 2 SAVE study). 

2. Methods 

2.1. Patients 

The discovery cohort included patients screened for eligibility for the 
SAVE-MORE study (NCT04680949) [5] and the validation cohort 
included patients enrolled in the SAVE study (NCT04357366) [4]. The 
SAVE-MORE trial 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 (1 
February 2021). The SAVE trial was approved by the National Ethics 
Committee of Greece (approval 38/20). Written informed consent was 
provided by all patients prior to enrolment in either study. 
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Both studies had similar inclusion and exclusion criteria. The two 
studies differed in the design of the intervention. SAVE-MORE was a 
double-blind randomized clinical trial and study participants were 1:2 
randomly allocated to once daily subcutaneous treatment with either 
placebo or anakinra for 10 days in addition to SoC. The daily dose of 
anakinra was 100 mg. SAVE was an open-label single-arm non- 
randomized trial and all study participants were treated with active 
drug, i.e. anakinra. Daily anakinra dose (100 mg) and duration of ana
kinra treatment (10 days) were the same as in the anakinra arm of the 
randomized SAVE-MORE trial. An interim analysis of the first 130 pa
tients of the SAVE trial has been published [4]. Since then, the SAVE trial 
has been completed with the enrolment of 1,000 patients. 

Study participants of both trials were adults of either gender, hos
pitalized with radiological findings of pneumonia by SARS-CoV-2 and 
plasma suPAR 6 ng/ml or more. Infection was confirmed by PCR testing. 
Similar exclusion criteria applied in both studies: non-invasive or me
chanical ventilation, stage IV malignancy, any do-not-resuscitate deci
sion, ratio of partial oxygen pressure to fraction of inspired oxygen less 
than 150, severe hepatic failure, any primary immunodeficiency, neu
trophils less than 1500/mm3, oral or intravenous corticosteroids more 
than 0.4 mg/kg/day of equivalent prednisone the last 15 days, any anti- 
cytokine biologic treatment the last month, hemodialysis, and preg
nancy or lactation. 

For the purposes of the current study, only available stored samples 
of patients of the two cohorts, collected at screening were used for 

measurement of biomarkers. Available data of patients screened for both 
studies were demographics, treatment with dexamethasone, severity 
according to WHO and development of SRF or death by day 14. 

2.2. Biomarker measurements 

suPAR concentrations were measured in plasma samples using the 
suPARnostic Quick Triage kit (Virogates) and a point-of-care reader. 
Serum screening samples were kept refrigerated at − 80 ◦C in the central 
study lab, which was the Laboratory of Immunology of Infectious Dis
eases at the 4th Department of Internal Medicine, Attikon University 
General Hospital. Levels of CRP, IP-10 and TRAIL were measured on a 
MeMed Key® (MeMed Diagnostics, Tirat Carmel, Israel) according to 
the manufacturer’s instructions. Lower limits of quantitation for CRP, 
IP-10 and TRAIL were 1 mg/ml, 100 pg/ml and 15 pg/ml respectively. 

2.3. Endpoints 

The primary endpoint was to identify which of the three studied 
biomarkers, CRP, IP-10 or TRAIL, is the best predictor of progression of 
COVID-19 pneumonia to SRF or death by day 14. SRF was defined as 
PaO2/FiO2 less than 150 necessitating high-flow oxygen or non- 
invasive ventilation or mechanical ventilation. This analysis was con
ducted among participants of the SAVE-MORE cohort. Patients allocated 
to the anakinra and SoC treatment arm were excluded from this analysis 

Fig. 1. Study flow chart The discovery cohort was composed of available samples coming from patients who were screened for eligibility for the SAVE-MORE trial. 
The primary study endpoint aimed to the development of a cut-off concentration of one of the studied biomarkers CRP, IP-10 and TRAIL to early discriminate the risk 
for progression into SRF/death by day 14. To make this comparison, patients who failed screening because of suPAR less than 6 ng/ml and patients who were 
enrolled in the SAVE-MORE trial and were allocated to treatment with placebo and SoC (standard-of-care) were compared. The secondary endpoint was the 
comparison of the allocation of the 11-point WHO-CPS by day 28 between placebo-treated and anakinra treated patients. For this comparison, only patients with 
biomarker concentration above the developed cut-off were encountered. The validation cohort was composed by patients who participated in the SAVE trial. The 
progression into SRF/death by day 14 was compared between patients treated with SoC and anakinra and comparators.Abbreviations CPS: Clinical Progression Scale; 
CRP: C-reactive protein; IP-10: interferon gamma- induced protein-10; suPAR: soluble urokinase plasminogen activator receptor; TRAIL: TNF- related apoptosis- 
inducing ligand; WHO: World Health Organization. 
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to avoid confounding coming from anakinra treatment benefit on pro
gression into SRF/death. 

The secondary endpoints were a) the clinical efficacy of anakinra 
treatment according to the distribution of the 11-point WHO-CPS for 
patients with biomarker concentrations above the defined cut-offs (this 
analysis included participants in the SAVE-MORE trial); and b) the 
impact of anakinra treatment on the progression to SRF/death by day 14 
among patients stratified by the concentrations of the biomarker (this 
analysis included participants in the SAVE trial) (Fig. 1). 

2.4. Statistical analysis 

Categorical data were presented as frequencies and confidence in
tervals (CI); continuous variables with normal distribution as mean with 
standard deviation (SD). Fisher’s exact test was used for comparison of 
categorical data whereas Student’s t-test or non-parametric Mann 
Whitney test were used for the comparison of continuous data, as 
appropriate. The prognostic capacity of studied biomarkers was evalu
ated by the area under the receiver operating characteristics (ROC) 
curve and 95 %CI. The optimal cut-offs were calculated by the Youden’s 
index. Sensitivity, specificity, positive predictive value (PPV) and 
negative predictive value (NPV) were calculated by a 2 × 2 table. The 
areas under the ROC curve were compared by the method of Hanley and 
McNeil [17]. For the analysis of the impact of anakinra treatment in the 
distribution of the 11-point WHO-CPS by day 28 among patients with 
increased biomarkers in the SAVE-MORE trial, multivariate ordinal 
regression analysis was run. COVID-19 severity, treatment with 

dexamethasone and body mass index entered as co-variates according to 
the original statistical analysis plan [5]. For the analysis of the impact of 
anakinra treatment for progression into SRF/death by day 14 in the 
SAVE trial, a multivariate Cox forward conditional regression model was 
used. Biomarker concentrations, COVID-19 severity and dexamethasone 
treatment entered as co-variates. Adjusted hazard ratio (HR) and 95 %CI 
were calculated. Any two-sided p value less than 0.05 was considered 
statistically significant. Statistical analysis was performed using the 
software SPSS version 26.0. 

3. Results 

3.1. Patient population and analysis of the primary endpoint 

In order to develop prognostic cut-offs for CRP, IP-10 and TRAIL, 
screening samples from patients who were not enrolled in the SAVE- 
MORE trial because of suPAR less than 6 ng/ml and from patients 
who were enrolled in the SAVE-MORE trial and who were allocated to 
placebo treatment were analyzed. In total, patients of this cohort had a 
mean age of 58 (±13.6) years, 63.3 % were male and 75.3 % had severe 
infection (Supplementary Table 1). The concentrations of CRP and IP-10 
at screening were higher among the patients who progressed into SRF or 
died the first 14 days (Fig. 2A and 2B). In contrast, TRAIL concentrations 
did not differ between patients with a poor or favorable outcome 
(Fig. 2C). ROC curve analysis showed that among the three biomarkers, 
IP-10 concentrations had the best performance for the early progression 
into SRF or death (Supplementary Fig. 1). IP-10 had equal performance 

Fig. 2. Development of IP-10 (interferon gamma- induced protein-10) for the early detection of risk of progression to severe respiratory failure (SRF) or 
death the first 14 days The analysis includes 293 patients who were screened for eligibility of participation at the SAVE-MORE trial; 177 patients failed screening 
because they had circulatory concentrations of suPAR (soluble urokinase plasminogen activator receptor) less than 6 ng/ml; 116 patients had suPAR 6 ng/ml or 
more, were enrolled in the SAVE-MORE trial and were allocated to treatment with placebo and standard-of-care.A)Comparison of circulating concentrations of C- 
reactive protein (CRP) at screening between patients who progressed into SRF/death and patients who did not progress into SRF/death by day 14.B)Comparison of 
circulating concentrations of IP-10 at screening between patients who progressed into SRF/death and patients who did not progress into SRF/death by day 14.C) 
Comparison of circulating concentrations of TRAIL (TNF- related apoptosis-inducing ligand) at screening between patients who progressed into SRF/death and 
patients who did not progress into SRF/death by day 14.D)Receiver operating characteristic (ROC) curves of IP-10 and suPAR for the early prediction of the risk for 
progression into SRF or death the first 14 days.E) Prognostic performance of concentrations of IP-10 greater than 2,000 pg/ml for the early prediction of the risk for 
progression into SRF or death the first 14 days.Abbreviations AUC: area under the curve; CI: confidence intervals; OR: odds ratio NPV: negative predictive value; PPV: 
positive predictive value. 
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to suPAR (Fig. 2D) and a concentration of 2,000 pg/ml was the best cut- 
off with sensitivity of 85.0 % and specificity of 67.2 % to predict a poor 
outcome (Fig. 2E and Supplementary Table 2). 

In the discovery cohort, 34 patients (29.1 %) with IP-10 concentra
tions ≥ 2,000 pg/ml developed SRF or died after 14 days, compared to 
only 6 patients (3.4 %) with IP-10 concentrations less than 2,000 pg/ml 
(Fig. 3A). Multivariate Cox regression analysis among all variables 
associated with unfavorable prognosis revealed that IP-10 concentra
tions ≥ 2,000 pg/ml was an independent predictor of progression to SRF 
or death with adjusted HR 6.8 (Fig. 3B). 

Concentrations of IP-10 ad CRP were positively correlated with the 
concentrations of suPAR (rs: +0.25; p less than 0.001 and rs: +0.313; p 
less than 0.0001, respectively); no significant correlation was found 
between TRAIL and suPAR (rs: − 0.074; p: 0.084) (Supplementary 
Fig. 2). 

3.2. Discovery cohort: Efficacy of anakinra compared to placebo in 
patients with IP-10 concentrations higher than 2,000 pg/ml 

The primary endpoint of the SAVE-MORE trial was the distribution of 

Fig. 3. IP-10 (interferon gamma- induced protein-10) as an independent variable for the early detection of risk of progression to severe respiratory failure 
(SRF) or death in the first 14 days The analysis includes 293 patients who were screened for eligibility of participation at the SAVE-MORE trial; 177 patients failed 
screening because they had circulatory concentrations of suPAR (soluble urokinase plasminogen activator receptor) less than 6 ng/ml; 116 patients had suPAR 6 ng/ 
ml or more, were enrolled in the SAVE-MORE trial and were allocated to treatment with placebo and standard-of-care.A)Time to progression to SRF or death the first 
14 days B) Univariate and multivariate (Cox Forward Conditional) models for the association of IP-10 with early progression to SRF or death the first 14 days *HR 
cannot be calculated because one value is zero **excluded after two steps of forward analysis Abbreviations CI: confidence intervals; HR: hazard ratio; n: number of 
patients, suPAR: soluble urokinase plasminogen activator receptor. 
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the patients to the 11-point WHO-CPS by day 28. Comparisons among 
the subgroup of patients with IP-10 concentrations ≥ 2.000 pg/ml 
revealed that randomization to anakinra treatment was associated with 
0.35 odds for poor outcome compared to placebo treatment (Fig. 4). 
These patients were enrolled in the SAVE-MORE trial so as per inclusion 
requirements, all had suPAR levels of ≥ 6 ng/ml. 

3.3. Validation in SAVE cohort 

SAVE trial was open-label non-randomized, and all participants were 
treated with anakinra and SoC. Studied comparators had suPAR 

concentrations 6 ng/ml or more and received SoC treatment (Supple
mentary Table 1). Both comparators and trial participants could be 
divided into different strata of risk for progression into SRF or death the 
first 14 days according to the circulating IP-10 concentrations (less than 
2,000 pg/ml; 2,000 pg/ml or more) (Fig. 5A). Anakinra treatment was 
an independent variable with hazard ratio of 0.25 for risk after multi
variate analysis in which concentrations of IP-10, severity and dexa
methasone treatment were used as co-variates (Fig. 5B). 

Fig. 4. Efficacy of anakinra treatment among SAVE-MORE participants with IP-10 (interferon gamma- induced protein-10) 2,000 ng/ml or more This 
analysis involves 160 participants of the randomized SAVE-MORE trial with circulating concentrations of IP-10 2000 pg/ml or more. These patients were enrolled in 
the SAVE-MORE trial so as per inclusion requirements, all had suPAR levels of ≥ 6 ng/ml.A)Allocation of patients allocated to treatment with placebo and standard- 
of-care (SoC) and to treatment with anakinra and SoC in the 11-points of the WHO clinical progression scale (WHO-CPS) by day 28.B)Univariate and multivariate 
analysis of the WHO-CPS by day 28 Abbreviations CI: confidence interval; n: number of patients; OR: odds ratio. 
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4. Discussion 

In the current study, we showed that IP-10 is a reliable biomarker, 
with similar performance to suPAR, to predict progression to SRF or 
death among patients hospitalized with COVID-19 pneumonia. suPAR 
concentrations ≥ 6 ng/ml have been shown to detect patients with 
COVID-19 pneumonia at great risk for progression to SRF or death and 
adequately guide immunomodulatory treatment with anakinra, a re
combinant human anti-IL-1 receptor antagonist [3–5]. In health-care 

settings in which rapid suPAR concentration measurements may not 
be easily available, measurement of IP-10 concentrations on a point-of- 
care platform, such as MeMed Key®, may represent a good alternative. 
Concentrations of IP-10 ≥ 2,000 pg/ml have a sensitivity 85.0 %, and 
negative predictive value of 96.6 % for the early detection of progression 
risk in COVID-19 pneumonia. 

IP-10 (also known as CXCL10) is a chemokine secreted from cells 
stimulated with type I and II interferons (IFNs) and lipopolysaccharide 
(LPS), behaving as a chemoattractant for activated T cells and 

Fig. 5. Validation of the role of IP-10 (interferon gamma- induced protein-10) as an independent variable for the early detection of risk of progression to 
severe respiratory failure (SRF) or death the first 14 days The analysis includes 364 patients who participated in the SAVE trial and 145 comparators treated with 
standard-of-care (SoC) therapy. A)Time to progression to SRF or death the first 14 days. Patients are stratified according to the circulating concentration of IP-10. 
Comparisons by the log-rank test and respective P-values are indicated by the arrows B) Univariate and multivariate (Cox Forward Conditional) models for the 
association of IP-10 with early progression to SRF or death the first 14 days **excluded after two steps of forward analysis Abbreviations CI: confidence intervals; HR: 
hazard ratio; n: number of patients. 
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monocytes/macrophages. IP-10 is secreted by several cell types, 
including monocytes, endothelial cells and fibroblasts. Expression of IP- 
10 is described for many Th1-type inflammatory diseases, where it is 
thought to play an important role in recruiting activated T cells into the 
site of tissue inflammation [18]. TRAIL is a transmembrane protein 
belonging to the TNF superfamily and is expressed on the surface of 
natural killer (NK) and T cells, macrophages, and dendritic cells. TRAIL 
can be anchored in the membrane or can be released as a soluble protein. 
Both forms function as trimers and can induce apoptosis, making TRAIL 
important for the regulation of innate immunity and the homeostasis of 
memory T cells [19]. It becomes obvious that both IP-10 and TRAIL are 
viral-induced markers and recent studies have shown that like other 
viral illnesses, COVID-19 is mediated through interferon responses [20]. 
In this context, we hypothesized that both IP-10 and TRAIL may be 
involved in COVID-19 pathogenesis and progression to severe disease. 

Our results are in alignment with previous studies reporting that low 
TRAIL concentrations are associated with severe disease [21]. None
theless due to the high baseline severity of this cohort, the biomarker 
was nonspecific, and therefore, was not associated with progression to 
SRF or death compared to recovered patients [22]. In contrast, we and 
others have shown that higher IP-10 concentrations are measured in 
patients with COVID-19 pneumonia who progress to severe disease or 
death [23,24]. Tegethoff et al, supported the notion that concentrations 
of IP-10 more than 3,000 pg/ml was an independent predictor of ICU 
mortality. In a study of 132 patients in Germany, baseline values of IP-10 
were able to predict unfavorable disease evolution [20]. High and 
persistent levels of IP-10 indicate uncontrolled viral replication in many 
viral infections such as influenza, SARS, MERS and possibly COVID-19 
[25,26]. Although such an investigation was not within the scope of 
the current study, our results suggest that markers of uncontrolled viral 
replication including but not limited to IP-10, could also serve as pre
dictive enrichment tools to guide anakinra or other immunomodulatory 
treatment. This probably implies that patients who benefit most from 
anakinra treatment are those with the highest degree of viral replication. 

To the best of our knowledge, this is the largest study so far evalu
ating IP-10 performance in patients with COVID-19. The performance of 
IP-10 was tested in a discovery and validation cohort, both enrolling 
prospectively recruited patients. IP-10 serum concentrations may 
stratify patients into two strata of risk of unfavorable outcome. Even in 
the validation cohort of our study, in which all patients had suPAR levels 
of 6 ng/ml or more indicating that a certain degree of immunological 
dysregulation was already in place, IP-10 still remained a strong pre
dictor of unfavorable outcome. Anakinra treatment could significantly 
reduce this risk in both strata. Apart from suPAR, all other prognostic 
scores developed so far require measurement of a large number of bio
markers and a combination with clinical and radiological parameters 
[7,27,28], approach which is difficult to implement in clinical practice. 
After high vaccination rates, epidemiology might have changed and 
other comorbidities than those already described may increase the risk 
for unfavorable outcome. Combination of biomarkers or radiological 
tests may rise the cost; in this context measurement of a low cost, easy to 
perform sole biomarker such as IP-10, with good predictive perfor
mance, which can be measured rapidly in a point-of-care setting may be 
cost-effective, but this remains to be shown in future trials. The main 
limitation of this study is the retrospective analysis of anakinra treat
ment efficacy when IP-10 is 2,000 pg/ml. This is subject to selection 
bias. Definite answers on the role of IP-10 as a tool to select patients who 
receive most of benefit from anakinra treatment may come only from a 
future prospective study. 

In conclusion, when suPAR measurements are not available to pre
dict progression, IP-10 concentrations of 2000 pg/ml or higher may be 
conceived as an alternative to predict the risk of progression to SRF or 
death and possibly guide anakinra treatment in COVID-19. 
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