European Review for Medical and Pharmacological Sciences 2024; 28: 852-860

Soluble urokinase plasminogen activator receptor
(SUPAR) as a prognostic marker in COVID-19
patients: a systematic review

E. LOBATO-MARTINEZ', R. SANCHEZ-MARTINEZ'2, E. DE-MIGUEL BALSA?3,

J.-M. RAMOS-RINCON'?

'Internal Medicine Department, Dr. Balmis General University Hospital, Alicante Institute for
Health and Biomedical Research (ISABIAL), Alicante, Spain

2Clinical Medicine Department, University Miguel Hernandez de Elche, Alicante, Spain
3Intensive Care Unit, General University Hospital of Elche-FISABIO, Alicante, Spain

Abstract. — OBJECTIVE: The aim of this
study was to perform a systematic review of the
usefulness of suPAR as a prognostic marker in
non-critical COVID-19 patients.

MATERIALS AND METHODS: We carried out
a literature search in MEDLINE, Embase, and
Web of Science using the following keywords:
(“soluble urokinase receptor” OR “urokinase
plasminogen activator receptor” OR “suPAR”
OR “soluble uPAR” OR “soluble uPA receptor”)
AND (“COVID-19” OR “SARS-CoV-2"). We includ-
ed observational studies (descriptive or analyt-
ic) that measured plasma suPAR on COVID-19
patients 18 years old or older, with non-critical
disease at the beginning of the study.

RESULTS: After screening and eligibility as-
sessment, a total of 16 articles were included
in the review. Most studies that measured mean
differences found that suPAR levels were high-
er in patients with worse outcomes. The studies
that measured diagnostic accuracy concluded
that suPAR was highly sensitive and moderate-
ly specific to predicting bad outcomes. Studies
that performed a survival analysis found that pa-
tients with high suPAR levels were more at risk
of bad outcomes. Most of the studies included
in this review were performed before extensive
vaccination and omicron wave.

CONCLUSIONS: COVID-19 patients with mod-
erate initial disease and elevated suPAR levels
are more at risk of poor outcomes. Larger pro-
spective clinical trials are needed to confirm the
results obtained in this review.
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Abbreviations

suPAR: soluble urokinase plasminogen activator recep-
tor; COVID-19: coronavirus disease 2019; CRP: C-re-
active protein; CPK: creatine phosphokinase; LDH:

lactic dehydrogenase; CK-MB: creatinine-kinase myo-
cardial band; BNP: brain natriuretic peptide.

Introduction

The coronavirus disease 2019 (COVID-19) cli-
nical spectrum varies from a mild or moderate
illness to pneumonia and systemic inflammation
syndrome (“cytokine storm”), resulting in sepsis,
respiratory distress, or multi-organ failure'. Besides
other risk factors, such as older age, male sex, and
pre-existing comorbidities, laboratory biomarkers
can help identify COVID-19 patients at risk of
severe disease or death in order to initiate early
intensive treatment?. These biomarkers can express
either systemic inflammation, such as white blood
cell count?, ferritin?, albumin®, C-reactive protein
(PCR)** or procalcitonin®*, organ damage, like cre-
atine phosphokinase (CPK)?, lactic dehydrogenase
(LDH)?, troponin I, creatinine-kinase myocardial
band (CK-MB) and brain natriuretic peptide (BNP);
or hypercoagulation state, such as D-dimer®.

Plasma levels of soluble urokinase plasmino-
gen activator receptor (sSuPAR) express immune
activation and systemic inflammation®. Elevated
suPAR levels have already been associated® with
worse outcomes and a higher mortality risk in
many non-infectious conditions (kidney injury,
diabetes, cancer, cardiovascular and rheumatic
diseases, dementia, psychiatric disorders), as well
as in a wide range of infectious diseases: pneu-
monia, meningitis, tuberculosis, malaria, type
B and C hepatitis infection, human immuno-
deficiency virus infection, hantavirus and Cri-
mea-Congo hemorrhagic fever. Therefore, suPAR
plays an important role as a clinical, diagnostic,
prognostic, and surveillance marker, and as such,
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it is one of the novel biomarkers studied as predi-
ctive markers in COVID-19°

The aim of our study was to perform a syste-
matic review of the currently available evidence
about the usefulness of suPAR as a prognostic
marker in non-critical COVID-19 patients.

Materials and Methods

We carried out an updated literature search
in MEDLINE, Embase, and Web of Science in
April 2023, using the following keywords: (“solu-
ble urokinase receptor” OR “‘urokinase plasmino-
gen activator receptor” OR “suPAR” OR “soluble
uPAR” OR “soluble uPA receptor”) AND (“CO-
VID-19” OR “SARS-CoV-2"), on all fields. We did
not apply any publication date, status, or language
filters. We removed all duplicates, and two authors
(ELM and EdMB) made an initial assessment of
all studies by screening titles and abstracts and
classifying articles as relevant or irrelevant. Stu-
dies classified as relevant were retrieved, and the
same authors (ELM and EdMB) assessed eligibi-
lity by reading the full text. Any differences were
solved by consensus. The main researcher (ELM)
extracted and summarized the data from each in-
cluded study, presenting the results using an Excel
spreadsheet. The last author (JMRR) reviewed the
summarized data for quality control.

We included observational studies (descriptive
or analytic) that matched our PICO (population,
intervention, control, and outcomes) question,
in which our “P” stood for COVID-19-positive
patients 18 years old or older, with non-critical
disease at the beginning of the study; the “I”” was
represented by plasma suPAR concentrations;
the “O” stood for any clinical or analytical bad
outcome. We excluded experimental studies with
animal models, clinical trials, narrative reviews,
systematic reviews, meta-analyses, and studies
including COVID-19 negative controls.

We registered the study in the International Pro-
spective Register of Systematic Reviews (PRO-
SPERO) in October 2021 (CRD42021288071).
We carried out the review following the Preferred
Reporting Items for Systematic Review and Me-
ta-Analysis (PRISMA) statement”

Results

A total of 252 results were initially identified
through the online research, 124 after removing

duplicates. After screening and eligibility asses-
sment, a total of 16 articles®?* were included in
the review, one including patients from two diffe-
rent cohorts®, which are presented separately. The
search and study inclusion flowchart is shown
in Figure 1, and the summarized characteristics
from the included articles are shown in Table 1.

The studies include patients from Europe, Asia
and America, and 4 of them!®!“72! are mul-
ticentre studies carried out in more than one
country, and one? exclusively included patients
of African descent. The inclusion criteria for all
studies that detailed it in their methods included
a positive molecular test for COVID-19, such as a
RT-PCR test; some studies®'*2"2? also mentioned
radiological inclusion criteria. Two studies®*
include patients with severe disease at the time of
recruitment, defined by the presence of systemic
inflammatory response syndrome® or acute re-
spiratory distress syndrome?. On the other hand,
3 studies'*'>" excluded COVID-19 patients with
a need for oxygen therapy, mechanical ventila-
tion, or ICU admission at the time of recruitment.

The studies’ setting was mainly the hospital
ward (87.5%), with only two studies®*" taking
place in the Emergency Department. The inclu-
ded studies collected the blood sample for the
measure at different times, mostly on admission
(6 out of 16 studies, 37.5%)3*11:15:16.20 "hut also wi-
thin 24 (3 out of 16, 18.75%)*"22 or 48 (2 out of
16, 12.5%)'%'" hours of admission, whereas some
studies acquired the blood sample on the day of
the enrolment'>%, We could not find the sample
timing in two studies>'®. The follow-up time,
when mentioned, ranged from 14%%22 to 90 days?®.

The most frequently measured outcomes
of interest in the included studies were death
(68.8%)%11-16:19.20.23 ‘need for oxygen or ventilation
support (56.3%)%1012141922 and intensive care ad-
mission (25%)%*1%2°, Some studies included other
specific outcomes, such as acute kidney injury™
and deep venous thromboembolism'®".

The statistical methods of the included studies
are varied, and some analyzed studies perform
more than one analysis. Mean suPAR level com-
parison between patients with and without the
outcome of interest was used in 12 of the 16 studies
(75%)'9-2022, From these, 11!9-1214-2022 concluded that
suPAR levels were higher in those patients wi-
th worse outcomes, while the remaining study'
found no significant differences in suPAR levels
between patients with good and poor outcomes.
Nine studies®!h1%18:20.22.23 (56 6%) performed an
analysis of suPAR as a diagnostic test, either by
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Table 1. Summary of the included studies: setting, population characteristics, outcomes, and analysis.
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Table I. (continued). Summary of the included studies: setting, population characteristics, outcomes, and analysis.
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Table I. (continued). Summary of the included studies: setting, population characteristics, outcomes, and analysis.
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ARDS: Adult Respiratory Distress Syndrome; ICU: Intensive Care Unit; S: Sensitivity; Sp: Specificity; PPV: Positive Predictive Value; NPV: Negative Predictive Value; ROC: Receiver Operator Characteristics;
RT-PCR: Reverse Transcription Polymerase Chain Reaction; ED: Emergency Department; NIV: Non Invasive Ventilation; CPAP: Continuous Positive Airway Pressure; VV-ECMO: Venous Extracorporeal
Membrane Oxygenation; UK: United Kingdom; H: Hospitalized patients; BiPAP: Bilevel Positive Airway Pressure; US: United States; N/A: Not Available; AKI: Acute Kidney Injury; NU: Non Used; WHO-
CPS: World Health Organization Clinical Progression Scale; SpO,: Oxygen Saturation; FiO,: Fraction of Inspired Oxygen; IQR: Interquartile Range; CT: Computed Tomography; UAE: United Arab Emirates;
HIV: Human Immunodeficiency Virus; MV: Mechanical Ventilation; SIRS: Systemic Inflammatory Response Syndrome.
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Figure 1. PRISMA
flow diagram.

calculating sensitivity, specificity, and predictive
values, building a ROC curve, or both. The cutoff
suPAR value used to calculate diagnostic accuracy
varies between studies, the most common being 6
ng/ml. Regardless of the different thresholds, all
studies found that suPAR is a biomarker with high
sensitivity and moderate specificity to predict bad
outcomes. Lastly, the seven studies!'®-!4!7.192022.23
(43.8%) that performed a survival analysis found
that patients with higher suPAR levels are more at
risk for the outcome of interest.

Discussion

The results from our review suggest that high
suPAR levels are associated with worse outco-
mes in people with initial moderate disease.
Moreover, we provide detailed information on
the setting, patients, analysis, and results of each

reviewed article, which can be helpful to better
understand the available evidence on suPAR and
COVID-19. Previous systematic reviews and
meta-analyses have identified suPAR as a sen-
sitive and specific biomarker for diagnosis and
prognosis in bacterial infections** and sepsis®,
the latter being a time-dependent entity in whi-
ch an early identification and risk stratification
reduces mortality®. The usefulness of suPAR in
these scenarios is consistent with what we found
in our COVID-centred review.

This is not the first review of suPAR in CO-
VID-19. Lippi et al*® performed a literature se-
arch and pooled analysis of mean differences in
suPAR blood concentration up until June 2021.
They found five studies; from these, four®!%1%22
are also included in our review. In their pooled
analysis, they found that suPAR values were 55%
higher in patients with critical COVID-19 disease
compared to patients with non-critical disease,
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suggesting that suPAR may help stratify the risk
of severe illness in COVID-19 patients?®.

More recently, Matuszewski et al*’ carried out
a systematic review up until November 2022, in-
cluding 14 studies, and a suPAR mean difference
meta-analysis. Their results showed that mean su-
PAR levels were higher in critically ill COVID-19
patients, compared with patients with non-severe
disease, as well as in patients who died of CO-
VID-19 compared with survivors. We include in
our review 5%!'3-15 out of the 14 studies found in
the review from Matuszewski et al*’.

Strengths and Limitations

In our study, we performed an updated li-
terature search and included more studies wi-
th different methodological approaches, and the
results we obtained are also consistent with the
conclusions that Lippi et al* and Matuszewski et
al?’ found in their respective studies. Therefore,
our study provides more backing evidence to the
hypothesis that suPAR can predict bad outcomes
and help stratify risk in COVID-19 patients.

However, our study has some limitations. First,
we were not restrictive on outcomes or statistical
analysis in order to provide a wide scope of the
currently available literature on suPAR levels and
COVID-19. However, this meant that the included
studies had heterogeneous definitions of outco-
mes, methodological approaches, and even suPAR
thresholds, which hindered comparisons between
studies, as found by other reviews?”. Seeing the di-
sparity of methods and outcomes, we decided not
to do a meta-analysis, which is a limitation of our
study. Moreover, the sample size of the primary
studies is relatively small, with half of the cohorts
including less than 100 patients®!*152023,

Another issue to consider when interpreting the
results is represented by the differences between the
scope and population in the included studies and the
current clinical context of COVID-19. Most of the
published studies were carried out before vaccines
reached the general population (second trimester of
2021) and before Omicron became the dominant va-
riant, and one cohort'? excluded vaccinated patients.
It would be interesting to research whether these
two events have an influence on the role of suPAR
as a prognostic marker in COVID-19 infection.

Conclusions

The findings of this review suggest that CO-
VID-19 patients with moderate initial disease
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and elevated suPAR levels have more risk of poor
outcomes. The available literature, however, dif-
fers greatly in populations and outcomes, as well
as in the statistical methods used.
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