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ABSTRACT

Introduction: Acute lung injury and acute res-
piratory distress syndrome are common com-
plications in patients with coronavirus disease
2019 (COVID-19). Poor outcomes in patients
with COVID-19 are associated with cytokine
release syndrome. Binding of interleukin-8
(CXCL8/IL-8) to its chemokine receptors,
CXCR1/2, may mediate this inflammatory pro-
cess. The aim of this clinical trial was to deter-
mine if CXCR1/2 blockade with reparixin can
improve clinical outcomes in hospitalized

patients with severe COVID-19 pneumonia. The
dose and safety of reparixin have been investi-
gated in clinical trials of patients with meta-
static breast cancer.
Methods: This was a phase 2, open-label, mul-
ticenter, randomized study in hospitalized adult
patients with severe COVID-19 pneumonia
from May 5, 2020 until November 27, 2020.
Patients were randomized 2:1 to receive
1200 mg reparixin orally three times daily or
standard of care (SOC) for up to 21 days. The
primary endpoint was defined as a composite of
clinical events: use of supplemental oxygen,
need for mechanical ventilation, intensive care
unit admission, and/or use of rescue
medication.
Results: Fifty-five patients were enrolled
between reparixin (n = 36) and SOC (n = 19).
The rate of clinical events was statistically sig-
nificantly lower in the reparixin group com-
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pared with the SOC group (16.7% [95% CI
6.4–32.8%] vs. 42.1% [95% CI 20.3–66.5%],
P = 0.02). The sensitivity analysis based on the
Cox regression model provided an adjusted
hazard ratio of 0.33 with statistical significance
lower than 0.05 (95% CI 0.11–0.99; P = 0.047).
Reparixin treatment appeared to be well
tolerated.
Conclusion: In patients with severe COVID-19,
reparixin led to an improvement in clinical
outcomes when compared with the SOC. A
larger phase 3 clinical study is needed to con-
firm these results.
Trial Registration: EudraCT identifier,
2020-001645-40; registered May 6, 2020 (retro-
spectively registered), and clinicaltrials.gov
(NCT04794803) on March 8, 2021.

Keywords: COVID-19; CXCR1/2; IL-8;
Reparixin; SARS-COV-2

Key Summary Points

Why carry out this study?

Acute lung injury and acute respiratory
distress syndrome are common
complications in patients with COVID-19.

Severe respiratory disease associated with
COVID-19 has been linked to cytokine
release syndrome, and blocking the
interaction between the chemokine
CXCL8 and its receptors CXCR1/2 has the
potential to dampen the inflammatory
process and improve patient outcomes.

This study is the first to investigate the
safety and efficacy of a CXCR1/2 inhibitor
in hospitalized patients with severe
COVID-19 pneumonia.

What was learned from the study?

Treatment with reparixin led to improved
clinical outcomes in patients with severe
COVID-19 pneumonia compared with the
standard of care.

Given the ongoing COVID-19 pandemic
and continued hospitalization of patients
with severe respiratory complications
from hyperinflammation, these findings
may assist clinicians with identifying
alternative treatment options for this
patient population.

INTRODUCTION

Coronavirus disease 2019 (COVID-19), which
results from severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection, is
responsible for over 5.6 million deaths globally
as of February 2022 [1]. Respiratory complica-
tions, including acute respiratory distress syn-
drome (ARDS) and acute lung injury (ALI), have
been reported in an estimated one-third of
patients hospitalized with COVID-19, with
patients often requiring supplemental oxygen,
mechanical ventilation, or even extracorporeal
membrane oxygenation (ECMO) [2]. Lung
edema, endothelial injury, and epithelial injury,
characteristic features of ARDS and ALI, are
accompanied by an influx of neutrophils into
the interstitial and bronchoalveolar space, aid-
ing in COVID-19 tissue damage and the hyper-
activation of the immune system related to the
development of cytokine release syndrome
(CRS) [3].

Neutrophilia, high neutrophil-to-lympho-
cyte ratio, or elevated levels of neutrophil
extracellular traps (NETs) have been reported as
indicators of severe respiratory disease and poor
outcomes in patients with COVID-19 [4–6].
Neutrophil activators (interleukin-8 and granu-
locyte colony-stimulating factor) and effectors
(resistin, lipocalin-2, and hepatocyte growth
factor) have been reported as early biomarkers
in patients with severe COVID-19, including
high levels of CXCL8 transcripts in bron-
choalveolar lavage fluid [7, 8]. Moreover, lung
autopsies from patients with COVID-19 have
shown the presence of neutrophilic mucositis
(neutrophil infiltration in pulmonary capillaries
with extravasation to alveolar space) [9, 10].
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Numerous studies support interleukin-8
(CXCL8/IL-8) receptors C-X-C chemokine
receptor type 1 (CXCR1) and C-X-C chemokine
receptor type 2 (CXCR2) as potential therapeu-
tic targets in ALI and ARDS [11–15]. In ALI,
allergen-induced inflammation, and particulate
matter-induced pulmonary fibrosis
mouse models, depletion of neutrophils aided
in reduction of lung injury [2, 3, 13–15].
Moreover, lung injury was attenuated with
inhibition of CXCL8 activity in various animal
models of ALI, and the inhibition or knockout
of CXCR2 receptors diminished neutrophil
influx into the lung [10, 16–19].

Reparixin is being investigated across disease
states, including metastatic breast cancer and
COVID-19, on the basis of its noncompetitive
allosteric inhibition of signals from the IL-8
receptors, CXCR1/CXCR2 [20]. In vitro and
preclinical small animal studies have demon-
strated that binding of reparixin to CXCR1/
CXCR2 can prevent leukocyte recruitment and
activation of inflammation. Action of reparixin
includes inhibition of neutrophil stimulation
and downstream effects of neutrophils, such as
NETosis, the formation of NETs, during an
inflammatory response [21]. The dose, safety,
and pharmacokinetics of reparixin have been
investigated in clinical studies of patients with
metastatic breast cancer. In patients with breast
cancer, there was minimal to no impact on
baseline neutrophil counts in patients who
received reparixin [22, 23].

Owing to its anti-inflammatory properties,
reparixin has the potential to be a COVID-19
treatment option to attenuate or prevent CRS.
Reparixin analogues have been shown to
attenuate lung infections caused by influenza A
virus and Streptococcus pneumoniae in vivo [24].
Additionally, a published case series demon-
strated that four hospitalized patients with
critical COVID-19 who were treated with
reparixin were alive at the 3-month follow-up
visit [25]. Together, these studies provided the
rationale behind this phase 2, multicenter,
open-label, randomized, clinical trial. The aim
was to assess the efficacy and safety of reparixin
compared with the available treatments con-
sidered as standard of care (SOC) in hospitalized
patients with severe COVID-19 pneumonia.

METHODS

Study Design

This was an open-label, randomized, controlled,
multicenter phase 2 study to evaluate the effi-
cacy and safety of reparixin in hospitalized
adult patients with severe COVID-19 pneumo-
nia. The definition of severe COVID-19 pneu-
monia was based upon the definition of severe
COVID-19 illness described by the National
Institutes of Health (NIH) [26]. This study was
conducted at three study sites in Italy and one
in Brazil from May 5, 2020 until November 27,
2020. At study entry, all patients gave written
informed consent. The protocol and protocol
amendment, together with all required clinical
trial documentation, were approved by the
independent ethics committee (IEC) of each
investigational study site before the trial was
initiated. The membership of each IEC was also
obtained. The central ethics committee for this
study was EC IRCSS Istituto Nazionale Per Le
Malattie Infettive (approval number 86/2020).
The study complied with the tenets of the
Declaration of Helsinki, International Confer-
ence of Harmonization Tripartite Guidelines for
Good Clinical Practice, current international
and national regulations, the study protocol,
and respective standard operating procedures of
the participating sites, sponsor, and contract
research organization. The study protocol was
registered as EudraCT: 2020-001645-40, Regis-
tered May 6, 2020 (retrospectively registered).
The first patient was enrolled on May 5, 2020.
The study was also registered on clinicaltrials.-
gov (NCT04794803) on March 8, 2021. Regis-
tration of this trial by the authority was delayed
by one day because of administrative issues
caused by the COVID-19 pandemic.

Participants

Eligible patients included hospitalized adults
(aged 18–90 years old) with polymerase chain
reaction-confirmed COVID-19 diagnosis and
severe pneumonia. Enrolled patients had respi-
ratory distress [respiratory rate C 30 breaths/
minute without oxygen)] and/or partial arterial
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oxygen pressure (PaO2)/fraction of inspiration
O2 (FiO2)[100 to \ 300 mmHg
(1 mmHg = 0.133 kPa). Lung involvement was
confirmed via chest imaging, which the inves-
tigators determined was consistent with pneu-
monia. Patients were also required to have
elevated inflammatory markers with at least one
of the following: lactate dehydrogenase[nor-
mal range, C-reactive protein C 100 mg/L, or
IL-6 C 40 pg/mL, serum ferritin C 900 ng/mL,
serum crosslinked fibrin[20 lg/mL.

Patients were excluded if they could not
provide informed consent, had severe hepatic
dysfunction (Child–Pugh score C C, or aspar-
tate aminotransferase[5 times the upper
limit), severe renal dysfunction (estimated
glomerular filtration rate B 30 mL/min/
1.73 m2), or received continuous renal replace-
ment therapy, hemodialysis, or peritoneal dial-
ysis. Patients with hypersensitivity to ibuprofen
or to more than one non-steroidal anti-inflam-
matory drug (NSAID) or more than one sulfon-
amide medication (hypersensitivity to
sulfanilamide antibiotics alone, e.g., sul-
famethoxazole, did not qualify for exclusion)
were excluded. Patients with severe, active
bleeding such as hemoptysis, gastrointestinal
bleeding, central nervous system bleeding, and
nosebleeds within one month before enroll-
ment were excluded. Patients at risk for com-
plications from NSAID use were excluded
because one of reparixin’s metabolites is
ibuprofen. Additionally, pregnant and lactating
women and those planning to get pregnant
were excluded. Those participating in other
interventional clinical trials were not consid-
ered suitable for this study. At the time of
enrollment, patients not in a clinical condition
compatible with the oral administration of the
study drug were excluded. At study entry, all
patients provided written informed consent.

Randomization and Masking

Consented patients enrolled in the study were
randomly assigned to their treatment in a 2:1
fashion between reparixin and SOC, using an
Interactive Response System (IRS). The ran-
domization list was created by an independent

statistician not involved in conducting the
study. Randomization was stratified by site to
ensure balanced assignment across treatment
groups. A stratified permuted block randomiza-
tion list was generated with a computer proce-
dure, randomizing an excess of patients to allow
competitive recruitment within each center.
Each randomized patient was allocated with a
randomization number according to the strati-
fied randomization list. Given the open-label
nature of the trial and stratification by site,
random block sizes were adopted in the ran-
domization list to avoid forecasted treatment
assignments by investigators. The master ran-
domization list was kept confidential other than
to those for which it was strictly required (i.e.,
independent statistician who created the list
and IRS provider personnel). Mis-randomiza-
tion events were recorded as a major deviation
and reported in the final study report. Ran-
domization codes were not reused in case of
patient dropouts.

Procedures

The study intervention was 1200 mg reparixin
tablets three times daily by mouth, with treat-
ment duration lasting at least 7 days. If patients
in the reparixin group improved, treatment
could be prolonged at the discretion of the
investigator until there was clinical improve-
ment or for up to a total of 21 days. After ran-
domization, if the patient was unable or
unwilling to take oral tablets, the reparixin dose
was crushed and used to create a suspension
that was administered via a nasogastric tube.
The control group was SOC, which was defined
as any medication used to treat COVID-19
pneumonia at the time of the study. As a result
of the nature of the COVID-19 pandemic, SOC
was expected to evolve over time and, thus, was
not prespecified. This group was populated
prospectively and offered a rescue medication
in case of worsening clinical status (e.g., need
for intensive care unit [ICU] admission and/or
mechanical ventilation). In the case of worsen-
ing clinical status, patients in both treatment
groups were offered rescue medication, which
was based on their physicians’ judgements
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without any constraint from the sponsor and
could include intravenously administered
reparixin in either the treatment or SOC group.
As a result of the evolving understanding of
novel treatments being tested during the
COVID-19 pandemic, the sponsor did not place
any restriction on the selection of the rescue
medication. The overall study duration was a
maximum of 1 month, including up to 21 days
of treatment and up to 7 ± 3 days of follow-up.

Patients were assessed at screening, enroll-
ment, day 1, day 2, and day 7 post-randomiza-
tion, at the end of treatment (EOT), and at the
end of study (EOS; 7 ± 3 days after ending
treatment) for concomitant medications, clini-
cal severity, dyspnea, oxygen treatment,
mechanical ventilation, ICU admission, and
respiratory parameters (FiO2, PaO2). All labora-
tory and clinical parameters, including radiog-
raphy imaging assessments, were collected
according to the local procedures of the partic-
ipating clinical sites.

Outcomes

The primary objective was to determine the
efficacy of reparixin compared with SOC in
adult patients with severe COVID-19 pneumo-
nia, as measured by the time-to-event analysis
of the composite endpoint of clinical events.
The composite endpoint was defined as patients
requiring at least one of the following at any
time during treatment or follow-up: supple-
mental oxygen, based on deterioration of the
PaO2/FiO2 ratio by at least one-third (- 33.3%)
from baseline PaO2/FiO2, mechanical ventila-
tion use, admission to ICU, and/or use of a
rescue medication for any reason. Supplemental
oxygen was defined as requiring nasal cannula
or invasive mechanical ventilation including
high flow nasal cannula, bilevel-positive airway
pressure, continuous positive airway pressure,
or non-rebreather mask.

Secondary endpoints included changes in
clinical severity score defined as the time to
clinical improvement of two points from the
time of randomization on a seven-category
ordinal scale recommended by the World
Health Organization or live discharge from the

hospital, whichever occurred first. The seven-
category ordinal scale consisted of the follow-
ing: (1) not hospitalized, with resumption of
normal activities; (2) not hospitalized, but
unable to resume normal activities; (3) hospi-
talized, not requiring supplemental oxygen; (4)
hospitalized, requiring supplemental oxygen;
(5) hospitalized, requiring high-flow oxygen
therapy, non-invasive mechanical ventilation,
or both; (6) hospitalized, requiring ECMO,
invasive mechanical ventilation, or both; and
(7) death [27]. Other secondary endpoints
included dyspnea severity (measured using the
Likert scale by patients grading their breathing
at the time of assessment compared with when
they first started treatment on a scale of - 3 to 3
as follows: ‘‘0’’ = no change, ‘‘1’’ = minimally
better, ‘‘2’’ = moderately better, ‘‘3’’ = markedly
better, ‘‘- 1’’ = minimally worse, ‘‘- 2’’ = mod-
erately worse, ‘‘- 3’’ = markedly worse’’, and
changes in the PaO2/FiO2 ratio.

Adverse events (AEs) were defined as any
untoward medical occurrence in a patient,
which resulted in an unfavorable and unin-
tended sign (including an abnormal laboratory
finding), symptom, or disease temporally asso-
ciated with the use of the treatment, regardless
of the relation to the medicinal product. Treat-
ment emergent adverse events (TEAEs) were
defined as AEs that started at or after the first
administration of study treatment. AEs were
graded as mild (acceptable discomfort), moder-
ate (disturbing discomfort), or severe (unac-
ceptable discomfort). Serious adverse events
(SAE) were defined as any untoward medical
occurrence that at any dose resulted in death or
was life-threatening, required prolongation of
existing hospitalization, resulted in persistent
or significant disability or incapacity, or was
medically significant.

Statistical Analysis

A target sample size of 48 was determined
expecting a 1.5-fold improvement of the med-
ian time to the primary endpoint (the com-
posite event) and assuming an exponential
distribution to provide 80% power to show
superiority of reparixin compared with SOC

Infect Dis Ther (2022) 11:1559–1574 1563



using a one-sided log-rank test at a significance
level of 0.025.

The primary endpoint was analyzed along
with the single components by a binomial
response rate at each time point (only the first
event was considered). The Clopper–Pearson
method was used to estimate the two-sided 95%
confidence intervals (CIs). Primary analysis on
time to the composite endpoint was performed
using Kaplan–Meier methodology, and the one-
sided log-rank test was used to test for differ-
ences between treatment groups. The time to
event for each single component of the primary
endpoint was performed separately to adjust for
the presence of possible competing risks, and
the presence of other competing events were
treated as censored. A multivariate Cox pro-
portional hazard regression model was used to
adjust for age (B 65 vs. [65 years old), gender
(male vs. female), and clinical severity score
(based on seven-category ordinal scale recom-
mended by the World Health Organization) at
baseline as qualitative covariates. Changes from
baseline in clinical severity score, dyspnea
(Likert scale), and PaO2/FiO2 ratio were ana-
lyzed by a two-sided Fisher’s exact test.
A Shapiro–Wilk test and visual inspection (QQ
plot) were used to assess the normality of the
quantitative variables. Median (interquartile
range) and non-parametric tests were used in
cases when normality was not met. Statistical
tests for interaction were performed to decide
the need for further investigation of subgroups
by means of a Cox regression model.

Randomized patients who received at least
one dose of treatment were included in the
primary, secondary, and safety analyses. All
statistical analyses and data processing were
performed using the Statistical Analysis Systems
(SAS�) Software (release 9.4). Final statistical
analyses were performed by CROS NT S.r.l.
(Verona, Italy) following sponsor approval of
the statistical analysis plan and database lock.
As a result of the open-label nature of this trial,
an independent data monitoring committee
provided timely recommendations regarding
trial adaptations and data analyses.

Data Management

Data were collected through an electronic case
report form and subsequently entered into a
validated database which was used to produce
the final statistical analyses. Once all data were
entered into the database and all outstanding
queries were solved, the clinical coding and the
SAE reconciliation was performed; a data review
meeting was held to review major and minor
deviations and to define the study populations.
A database lock occurred once queries were
resolved.

RESULTS

Fifty-six patients were screened, enrolled, and
randomized from May 5, 2020 and followed
until November 27, 2020. One patient who was
randomized to the reparixin group did not take
at least one dose of the assigned treatment and
was excluded from the full analysis and safety
analysis sets (Fig. 1). Baseline characteristics of
the 55 enrolled patients in the full analysis set
were similar between the reparixin (n = 36) and
SOC (n = 19) groups and are displayed in
Table 1. The average age was 60.6 ± 13.5 years
for the reparixin group and 63.6 ± 14.2 years
for the SOC group, with 61.1% (n = 22/36) and
57.9% (n = 11/19) of patients aged 65 years or
older in the reparixin and SOC groups, respec-
tively. The majority of study participants were
male (72.2% [n = 26/36] vs. 84.2% [n = 16/19],
reparixin and SOC groups, respectively) and had
at least one concomitant disease (77.8%
[n = 28/36] vs. 84.2% [n = 16/19], reparixin and
SOC groups, respectively). Patients enrolled in
the SOC group received remdesivir, corticos-
teroids, anticoagulants, and/or antibiotics. IL-6
receptor antagonists, such as tocilizumab, were
not utilized in any patient in the SOC group
because of the time period of this study. Base-
line laboratory values were similar in both
groups and are displayed in Table 2. The median
number of treatment days in the reparixin
group was 7 (Q1–Q3 = 6–7), with 62% of
patients receiving treatment for more than
7 days.
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The Kaplan–Meier analysis of the primary
endpoint of time to composite event demon-
strated that reparixin statistically significantly
prolonged the time to achieving at least one
clinical event as compared with SOC (P = 0.02)
(Fig. 2). Additionally, the proportion of patients
with at least one composite event at the EOS
was statistically significantly lower in the
reparixin group compared with the SOC group
(16.7% [95% CI 6.4–32.8%] vs. 42.1% [95% CI
20.3–66.5%]) (Table 3). The sensitivity analysis
based on the Cox regression model provided an
adjusted hazard ratio of 0.33 after controlling
for covariates, with statistical significance lower
than 0.05 (95% CI 0.11–0.99; P = 0.047). No
statistically significant effects were observed for
age (P = 0.20), gender (P = 0.54), and clinical
severity score (P = 0.62), and the proportional
hazard assumption was met (P = 0.16) (Table 3).
After controlling for additional covariates
within a post hoc analysis including obesity,
diabetes mellitus, and hypertension, the hazard
ratio (HR) and the statistical significance lower
than 0.05 were maintained with reparixin [HR
0.32 (95% CI 0.11–0.95), P = 0.04] for the

primary composite endpoint (Supplementary
Material) as well as for adjusting for each clini-
cal trial site (HR 0.30 [95% CI 0.10–0.97],
P = 0.04).

No patients required rescue medication for
any reason in the reparixin group (0.0%), as
compared with 26.3% (n = 5/19) of patients in
the SOC group (P = 0.001). Additionally, five
patients in the SOC group were switched to
rescue medications. For all of these patients,
intravenously administered reparixin was used
as the rescue therapy by the investigator. There
was a trend favoring reparixin in requiring
supplemental oxygen based on PaO2/FiO2

worsening (reparixin 13.9%, n = 5/36 vs. SOC
26.3%, n = 5/19; P = 0.20), requiring invasive
mechanical ventilation (reparixin 2.8%, n = 1/
36 vs. SOC 5.3%, n = 1/19; P = 0.30), and
admission to the ICU (reparixin 2.8%, n = 1/36
vs. 5.3%, n = 1/19; P = 0.56) (Table 3).

The proportion of patients with improve-
ment in clinical severity score of at least two
points in the reparixin group demonstrated no
statistically significant difference when com-
pared with those in the SOC group at any time

Enrolled
(N=56)

Randomized 2:1 to treatment
(N=56)

Reparixin
(N=37)

1 did not receive reparixin

Standard of care
(N=19)

8 discontinued treatment
3 died
2 lost to follow-up
1 per physician decision
1 transferred to another center
1 admitted to ICU

5 received rescue 
treatment

Full analysis set
(N=36)

10 discontinued treatment
1 died
2 lost to follow-up
1 withdrew consent
1 per physician decision
4 transferred to another center
1 treatment refusal (assessed at follow up)

Full analysis set
(N=19)

Safety set
(N=36)

Safety set
(N=19)

Fig. 1 Flowchart of the enrolled patients. Both the full
analysis and safety sets consisted of all randomized patients
who received at least one dose of reparixin. The full
analysis was analyzed according to the intent-to-treat

(ITT) principle and was used to determine efficacy results.
The safety set was used to determine safety results
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Table 1 Demographic and clinical characteristics of patients at baseline

Reparixin (n = 36) Standard of care (n = 19) P value#

Age, years ± SD 60.6 ± 13.5 63.6 ± 14.2 0.44

Sex, male, n (%) 26 (72.2) 16 (84.2) 0.51

Race, n (%)

Caucasian 32 (88.9) 16 (84.2) 1.00

African American 1 (2.8) 1 (5.3)

Other 3 (8.3) 2 (10.5)

Clinical severity score*, n (%)

Score = 4 16 (44.4) 9 (47.4) 1.00

Score = 5 20 (55.6) 10 (52.6)

Intensive care unit admission, n (%) 1 (2.8) 1 (5.3) 1.00

Comorbidities, n (%)

Diabetes mellitus 5 (13.9) 8 (42.1) 0.04

Obesity 6 (16.7) 5 (26.3) 0.49

Hypertension 14 (38.9) 10 (52.6) 0.40

Chronic kidney disease 1 (2.8) 3 (15.8) 0.11

Cardiac disorders€ 4 (11.1) 3 (15.8) 0.68

Hepatic cirrhosis 1 (2.8) 0 (0.0) 1.00

Active tobacco use 1 (2.8) 0 (0.0) 1.00

Concomitant medications

Corticosteroids§ 33 (91.7) 18 (94.7) 1.00

Remdesivir 9 (25.0) 4 (21.1) 1.00

Anticoagulantsa 32 (89.9) 15 (78.9) 0.43

Site, n (%)

IRCCS San Raffaele

Scientific Institute, Milan, Italy

19 (52.8) 10 (52.6) 0.92

Ospedale San Paolo, Milan, Italy 13 (36.1) 6 (31.6)

Ospedale di Varese, Varese, Italy 2 (5.6) 1 (5.3)

Instituto do Coração do

Hospital das Clı́nicas da

FMUSP, São Paulo, Brazil

2 (5.6) 2 (10.5)

*Clinical severity was based on the WHO ordinal scale. A score of 4 corresponded to hospitalized requiring supplemental oxygen and a score of 5

corresponded to hospitalized requiring high-flow oxygen therapy, non-invasive ventilation, or both
€Cardiac disorders included heart failure, coronary artery disease, and atrial fibrillation or flutter
§Corticosteroids included dexamethasone, methylprednisolone, and prednisone
aAnticoagulants included unfractionated heparin, and enoxaparin
#P values were referred to a Fisher’s exact test for frequencies and to a t test for means
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point up to week 1 (Table 3). The proportion of
patients with improvement in dyspnea severity,
as measured by the Likert scale, also demon-
strated no statistically significant difference in
the reparixin group when compared with those
in the SOC group at any time point up to week 1
(Table 3). Worsening respiratory status, defined
as a decrease of PaO2/FiO2 of at least one-third
from baseline, was reported in several patients
in both groups at various post-baseline time
points. The proportion of patients with wors-
ening respiratory status in the reparixin group
when compared with the SOC group was not

statistically significantly different at day 1
(7.4%, n = 2/27 vs. 14.3%, n = 2/14; P = 0.60),
day 2 (12.9%, n = 4/31 vs. 20.0%, n = 3/15;
P = 0.67), or EOT (0.0%, n = 0/29 vs. 8.3%,
n = 1/13; P = 0.29) but was statistically signifi-
cantly different at day 7 (0.0%, n = 0/26 vs.
21.4%, n = 3/14; P = 0.04) (Table 3). Notably,
no patient in the reparixin group had worsen-
ing respiratory status from week 1 onwards.

Three patients (8.3%) in the reparixin group
and five patients (26.3%) in the SOC group
reported at least one TEAE (Table 4). None of
the TEAEs were related to treatment and none

Table 2 Inflammatory laboratory values of patients at baseline and at day 7 of treatment

Reparixin Standard of care

Baseline Day 7 Baseline Day 7

Lactate dehydrogenase, U/L

(n)
34 22 15 9

Mean ± SD 384.0 ± 95.6 291.5 ± 118.8 369.9 ± 131.3 346.7 ± 149.3

Median (Q1–Q3) 361.5 (320.0–436.0) 258.0 (218.0–310.0) 295.0 (268.0–448.0) 347.0 (238.0–379.0)

C-reactive protein, mg/L (n) 35 26 19 14

Mean ± SD 57.0 ± 41.4 24.8 ± 43.9 58.9 ± 57.3 61.2 ± 82.5

Median (Q1–Q3) 49.0 (22.0–83.6) 7.5 (2.5–22.5) 50.0 (15.3–73.3) 16.7 (6.2–90.2)

IL-6 (n)* 11 3 6 –

Mean ± SD 25.4 ± 28.9 2.0 ± 0.50 36.5 ± 41.3 –

Median (Q1–Q3) 9.6 (6.0–61.3) 2.0 (1.5–2.5) 19.9 (2.5–82.2) –

Serum ferritin, ng/mL (n) 23 10 10 7

Mean ± SD 1020.4 ± 787.4 816.5 ± 440.5 1512.4 ± 944.7 1009.9 ± 665.7

Median (Q1–Q3) 886.0

(350.0–1628.0)

738.6

(498.0–1095.0)

1310.0

(741.0–2483.0)

635.0

(556.0–1410.0)

D-Dimer, lg/mL (n) 27 16 14 9

Mean ± SD 1.1 ± 1.5 0.4 ± 0.2 1.0 ± 0.9 1.2 ± 0.7

Median (Q1–Q3) 0.6 (0.4–1.1) 0.4 (0.2–0.5) 0.7 (0.4–1.2) 1.6 (0.6–1.7)

NLR (n) 30 25 18 12

Mean ± SD 8.3 ± 6.5 6.8 ± 8.2 10.2 ± 7.0 6.9 ± 3.2

Median (Q1–Q3) 6.6 (4.1–10.6) 4.4 (3.0–6.3) 7.2 (4.8–14.8) 6.5 (4.6–9.6)

IL-6 interleukin-6, NLR neutrophil–lymphocyte ratio, SD standard deviation
*IL-6 levels were not collected again at day 7 as standard of care practice
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led to temporary or permanent discontinuation
of treatment. Severe TEAEs were reported in two
patients (5.6%) in the reparixin group and in
four patients (21.1%) in the SOC group. Serious
AEs were reported in two patients (5.6%) in the
reparixin group and in four patients (21.1%) in
the SOC group. All serious AEs consisted of
respiratory failure. Death occurred in one
patient (2.8%) in the reparixin group and in
three patients (15.8%) in the SOC group and
was due to respiratory insufficiency/failure in all
cases.

DISCUSSION

In this phase 2 study, patients with severe
COVID-19 pneumonia who received 1200 mg
reparixin orally three times daily for up to
21 days had a lower incidence of the primary
composite clinical outcome of supplemental
oxygen, based on deterioration of the PaO2/
FiO2 ratio by at least one-third (- 33.3%) from
baseline PaO2/FiO2, mechanical ventilation use,
admission to ICU, and/or use of a rescue medi-
cation for any reason, relative to those who
received SOC. To our knowledge, this is the first
study to test the safety and efficacy of a CXCR1/
2 inhibitor in hospitalized patients with severe
COVID-19 pneumonia.

A growing body of evidence shows that ele-
vated IL-8 is upregulated early and remains
elevated during the disease course of COVID-19

[10, 28]. These elevated levels of IL-8 have been
significantly associated with increased mortality
and greater disease severity in patients, indi-
cating that IL-8 plays a role in disease progres-
sion [10, 28–30]. Considering these data, it is
possible to speculate that decreased neutrophil
recruitment to the lungs due to the CXCR1/2
blockade likely contributed to the improved
clinical outcomes seen in this study by miti-
gating the severe and uncontrolled hyperin-
flammatory disease manifestations.

Previous studies on CXCL8 receptors CXCR1
and CXCR2 have identified them as potential
therapeutic targets in ALI and ARDS. Prelimi-
nary data on four hospitalized patients with
COVID-19 pneumonia and treated with repar-
ixin under compassionate use procedures have
been reported [25]. Patients had a clinical indi-
cation for mechanical ventilation and were
treated with reparixin IV infusion (2.772 mg/
kg), which started within 1 week of hospital
admission and continued for 5 days. As of the
publication of the report (3 months after hos-
pital admission), all four patients were alive.
While reparixin treatment was ongoing, the
clinicians observed an improvement or at least
stabilization of inflammatory markers (C-reac-
tive protein, procalcitonin, and ferritin) and
tissue damage markers (lactate dehydrogenase,
aspartate, and alanine aminotransferase), a
finding that was also seen during this phase 2
study utilizing the oral formulation of repar-
ixin. The IV formulation of reparixin was used

Fig. 2 Primary endpoint analysis: time to composite endpoint of clinical events. The Kaplan–Meier estimate shows that
reparixin prolonged the time to achieving at least one clinical event as compared with the placebo group
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Table 3 Outcomes of primary and secondary endpoints in full analysis set

Reparixin Standard of care P value

Primary endpoint: time to composite event during study

n/N 7/36 8/19

Rate (95% CI) 16.7% (6.4–32.8) 42.1% (20.3–66.5) 0.02*

Supplemental oxygen requirement

n/N 5/36 5/19

Rate (95% CI) 13.9% (4.7–29.5) 26.3% (9.1–51.2) 0.20�

Need for invasive mechanical ventilation during study

n/N 1/36 1/19

Rate (95% CI) 2.8% (0.1–14.5) 5.3% (0.1–26.0) 0.30�

Admission to ICU during study

n/N 1/36 1/19

Rate (95% CI) 2.8% (0.1–14.5) 5.3% (0.1–26.0) 0.56�

Use of a rescue medication for any reason during study

n/N 0/36 5/19

Rate 0.0% (0.0–9.7) 26.3% (9.1–51.2) 0.001�

Secondary endpoints

Clinical severity score improvement of at least 2 points [n/N (%)]

Day 1 0/35 (0.0) 0/19 (0.0) .

Day 2 0/35 (0.0) 0/19 (0.0) .

Day 7 8/34 (23.5) 3/17 (17.6) 0.73��

EOT 9/34 (26.5) 5/19 (26.3) 1.00��

EOS 16/26 (61.5) 5/9 (55.6) 1.00��

Dyspnea score improvement-Likert scale [n/N (%)]

Day 1 7/16 (43.8) 2/9 (22.2) 0.40��

Day 2 12/16 (75.0) 2/7 (28.6) 0.07��

Day 7 23/25 (92.0) 6/9 (66.7) 0.10��

EOT 20/23 (87.0) 6/9 (66.7) 0.31��

EOS 16/18 (88.9) 3/3 (100.0) 1.00��

Decrease of PaO2/FiO2 of at least one-third from baseline [n/N (%)]

Day 1 2/27 (7.4) 2/14 (14.3) 0.60��

Day 2 4/31 (12.9) 3/15 (20.0) 0.67��

Day 7 0/26 (0.0) 3/14 (21.4) 0.04��

EOT 0/29 (0.0) 1/12 (8.3) 0.29��
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in compassionate use cases for critical patients
with COVID-19 that required invasive
mechanical ventilation compared to the current
phase 2 study that used reparixin’s oral formu-
lation in severe patients with COVID-19
requiring oxygen support or non-invasive ven-
tilation. Most of these patients were treated
outside of the ICU where oral medications are
preferred. Additionally, the safety profile of the
oral formulation of reparixin has already been
well established in patients with breast cancer.

Reparixin was well tolerated in all patients,
with no AEs related to the drug. When orally
administered reparixin was studied in women
with HER2 (also known as ERBB2)-negative
breast cancer, the most common side effects
(i.e., gastrointestinal disorders) were mild
(grade B 2) with no drug-related serious events
[22, 31]. This tolerable safety profile was main-
tained when reparixin was investigated in
combination with paclitaxel in a phase 2 ran-
domized, double-blind, placebo-controlled
clinical trial assessing reparixin or placebo in
combination with paclitaxel in patients with
metastatic triple-negative breast cancer. Vomit-
ing, headache, anemia, and rash were the most

common ([10% incidence) side effects repor-
ted with reparixin [23]. Interestingly, a signifi-
cantly lower frequency of cancer-related fatigue
was noted in patients receiving reparixin com-
pared with placebo [18%, n = 11 vs. 43.3%,
n = 26, P = 0.003] [23]. This has been hypothe-
sized to be due to the role of IL-8 in fatigue
syndromes as reported in several studies, and
may be of additional importance in patients
with COVID-19. Importantly, within this
immunocompromised patient population, nei-
ther neutropenia nor a sustained decrease in
absolute neutrophil count was noted during
these investigations, which aligns with the
novel allosteric mechanism of action of
reparixin.

As reparixin is a small molecule, its use could
be applicable to global healthcare systems and
to reduce pressure on healthcare systems.
Moreover, the efficacy of reparixin is unlikely to
be affected by any emergent SARS-CoV-2 vari-
ant, and it could represent an important
resource for managing any crises determined by
new variants awaiting vaccine implementation.
Furthermore, reparixin represents a possible
option for hospitalized patients requiring nasal

Table 3 continued

Reparixin Standard of care P value

EOS 0/10 (0.0) 0/3 (0.0)

CI confidence interval; EOS end of study, 7 ± 3 days after EOT; EOT end of treatment
*log-rank test
�log-rank test considering competing risks
��Fisher exact test

Table 4 Treatment emergent adverse events in safety set

Reparixin (n = 36) Standard of care (n = 19)

At least one treatment emergent adverse event, n (%) 3 (8.3) 5 (26.3)

Respiratory failure 2 (5.6) 4 (21.1)

Gastrointestinal disorders 1 (2.8) 0 (0.0)

Death 1 (2.8) 3 (15.8)
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cannula support where there is a current lack of
recommended immunomodulators or within
the severe population as resources and thera-
peutic shortages continue to be an issue [32].

There are limitations to our study. First, this
was designed as an open-label study since a
placebo-controlled group was not practical at
the time of study design. This study was con-
ducted at the beginning of the COVID-19 pan-
demic and for ethical reasons the sponsor was
requested to have the investigators unmasked
to the treatment the patients were receiving.
The expected degree of real bias in an open-la-
bel study for a new disease such as COVID-19
pneumonia is still unknown. Second, given the
severe state of disease experienced by some
patients, rescue medications were allowed
without restriction. While this was necessary in
a small number of cases, their use may have
reduced the significance of the difference in
treatment response. Third, this relatively small
trial consisted of 56 patients and was limited to
three sites in Northern Italy and a single site in
Brazil, thus lacking a sample that would be
applicable to more widespread populations and
also reducing the power to detect hazard ratio
differences when controlling for baseline fac-
tors. Fourth, randomized patients who received
at least one dose of reparixin were included in
all analyses, which may not have been sufficient
for patients to achieve steady state or thera-
peutic levels based on available pharmacoki-
netic data. Fifth, while the primary endpoint
did not depend on patient input, the secondary
endpoint of dyspnea severity was measured by
the Likert scale, in which a patient grades their
own breathing. Therefore, patients who were
ventilated were unable to provide their input
and were excluded from this analysis. Further-
more, CRP levels at baseline were low in both
groups and the patients would not have quali-
fied as having severe pneumonia based on this
measure alone. Nonetheless, heterogeneity in
the definition for severe pneumonia exists, and
the clinical profile of patients in this study is
consistent with that of severe pneumonia: all
patients had a respiratory rate C 30 breaths/min
and 90% were receiving oxygen.

Additionally, the sensitivity and specificity
of the different biomarkers, alongside their

different cutoffs, led to the use of several alter-
native indicators of systemic inflammation:
LDH, CRP, IL-6, serum ferritin, or serum cross-
linked fibrin. Thus, inflammation status was not
defined using a single marker, such as CRP (e.g.,
CRP[ 100 mg/L often indicates a bacterial
infection). Lastly, at the time of this study nei-
ther SOC treatments nor a regulatory guideline
for severe patients was defined. During the time
this study was conducted in 2020, corticos-
teroids were considered the standard of care
with limited use of immunomodulators, such as
interleukin-6 (IL-6) inhibitors or Janus kinase
(JAK) inhibitors, which are now used to target
inflammation and recommended by current
guidelines in patients with rapidly increasing
oxygen needs and systemic inflammation in
addition to corticosteroids [32]. However, these
various limitations will be addressed in a sub-
sequent, larger phase 3 study.

CONCLUSIONS

Preclinical and clinical data support the use of
CXCR1/2 blockade to dampen innate immune
responses for improved clinical outcomes. In
the present study, the administration of repar-
ixin in patients with severe COVID-19 pneu-
monia improved clinical outcomes and may
facilitate respiratory recovery relative to those
receiving SOC. On the basis of these results, a
larger phase 3 clinical study is needed to
understand and confirm the role of reparixin in
improving the clinical management of patients
with respiratory distress related to severe
COVID-19 pneumonia.
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