
Page 1/17

A multicenter, randomized, double-blind, placebo-
controlled phase ii trial of intravenous
in�ammasome inhibitor (NuSepin) for the treatment
of COVID-19 patients
Seung-Yong Seong  (  seongsy@snu.ac.kr )

Seoul National University College of Medicine https://orcid.org/0000-0002-3671-1029
Seunghwa Lee 

Shaperon Inc. https://orcid.org/0000-0001-9991-5005

Research Article

Keywords: COVID-19, Pneumonia, in�ammasome, NEWS2

Posted Date: November 16th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-1014277/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1014277/v1
mailto:seongsy@snu.ac.kr
https://orcid.org/0000-0002-3671-1029
https://orcid.org/0000-0001-9991-5005
https://doi.org/10.21203/rs.3.rs-1014277/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/17

Abstract

Purpose
Here we evaluated whether a novel in�ammasome inhibitor targeting GPCR19 (NuSepin) provides greater
bene�t than placebo in patients with COVID-19 pneumonia.

Methods
We conducted a double-blind, randomized, placebo-controlled phase ii trial of intravenous NuSepin, which
is an NLRP3 in�ammasome inhibitor targeting GPCR19, in adults who were hospitalized with COVID-19
pneumoniae in Romania from September 2020 to March 2021. The primary outcome was the time to
clinical improvement, de�ned as a decline of two ordinal scales (OS) from randomization on a six-
category OS that ranges from 1 (discharged with normal activity) to 6 (death) (=TTCI_P). In addition,
clinical improvement was also assessed by aggregated National Early Warning Score 2 (NEWS2), and
TTCI_S was de�ned by time to NEWS2=0 from randomization, which is maintained for 24 h.

Results
TTCI_P was different between groups numerically, but not statistically. The median difference in TTCI_S
was 3.5 d between the NuSepin group and the placebo group (p = 0.016) in moderate-to-severe patients
(with baseline NEWS2 ≥ 5) of the PP set [recovery rate ratio = 2.7, p = 0.02], which favored improved
recovery in the NuSepin group. The overall recovery rate ratio was 3.4, which favors the NuSepin group in
terms of recovery rate (p = 0.0026) when the effects of covariates (use of anti-viral drugs and baseline
NEWS2 ≥ 5) were adjusted. Serious adverse events were reported in a patient who received 0.2 mg/kg
NuSepin (4.5%), but this was found to be unrelated to NuSepin treatment.

Conclusion
Considering that NuSepin has a favorable and tolerable safety pro�le, clinical improvement of
hospitalized moderate-to-severe patients might be achieved with 0.2 mg/kg NuSepin signi�cantly faster
than placebo.

Take‐home Message
This is a �rst report of double-blind, randomized clinical trial in patients with COVID-19 to report the
effects of in�ammasome inhibitor targeting GPCR19 (NuSepin) compared with placebo. We found that
NuSepin completely stabilize vital signs of moderate-to-severe COVID-19 patients without further
supplemental oxygen therapy faster than placebo.
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Introduction
COVID-19 is caused by infection with severe acute respiratory syndrome–coronavirus 2 (SARS-CoV-2) [1].
More than 233 million cases and 4.8 million deaths have been con�rmed globally in the last two years [2].
In severe cases of COVID-19 pneumonia, patients’ situation is complicated by acute respiratory distress
syndrome (ARDS), sepsis, septic shock, and multiorgan failures [3]. In the early phase of infection,
treatment with anti-viral drugs are necessary to inhibit viral replication in the lung [4, 5]. In comparison,
anti-in�ammatory drugs are needed to ameliorate lung in�ammation caused by tissue destruction in
delayed phases [6]. Therefore, anti-in�ammatory drugs combined with anti-viral drugs are mandatory to
decrease mortality and to expedite clinical recovery for a faster return to normal life without any sequalae
[7].

To suppress systemic in�ammation, WHO panels have recommended the use of systemic corticosteroids
in patients with severe COVID-19 [8]. However, the WHO and the U.S. Food and Drug Administration (FDA)
have warned that treatment of systemic corticosteroids could increase the risk of infection in COVID-19
patients [9]. Secondary infections, hyperglycemia, mood disorders, and avascular necrosis are also
frequently found in COVID-19 patients who received dexamethasone [10, 11]. Meta-analyses showed that
steroids delayed viral clearance and increased long-term mortality by prothrombotic side effects in
COVID-19 patients [12, 13]. For these reasons, better anti-in�ammatory drugs that have less adverse
effects are urgently needed to manage COVID-19 patients.

Several anti-in�ammatory drugs have been tested in COVID-19 patients [14]. Although Tocilizumab, i.e.,
anti-CD6 monoclonal antibody, decreased levels of IFN-γ, IL-6 and TNF-α, its e�cacy is controversial [15–
19]. Several Janus-associated kinase (JAK) inhibitors, anakinra and anti-cytokine antibody cocktails, are
still under evaluation or have already been tested without successful outcomes [20, 21].

We demonstrated that a GPCR19 agonist could attenuate systemic in�ammation [22]. The GPCR19
pathways regulate in�ammation by inhibiting in�ammasomal activation[23]. Taurodeoxycholate (TDCA)
is an active pharmaceutical ingredient of NuSepin and a GPCR19 agonist [24] that suppresses NLRP3
in�ammasome activation [25]. NuSepin could alleviate systemic in�ammation in a cecal ligation and
puncture-induced or LPS-induced mice sepsis model [22]. In addition, NuSepin increases the number of
myeloid-derived suppressor cells (MDSC) which suppress in�ammation further [26]. These �ndings
suggest that NuSepin resolves systemic in�ammation due to sepsis [22].

In a phase i clinical trial, among the 39 subjects who received NuSepin®, there were no serious adverse
events. All adverse events by NuSepin treatment resolved spontaneously without any treatment. In this
study, we report an interim analysis of the safety and e�cacy of NuSepin for the treatment of COVID-19
patients in randomized, double-blind, placebo-controlled phase ii trials.

Methods
Trial design
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The e�cacy and safety of two doses of NuSepin (0.1 mg/kg and 0.2 mg/kg) for the treatment of adult
patients diagnosed with SARS-CoV-2 were evaluated. Enrollment began in September 2020 and ended in
March 2021. Patients were recruited at �ve study centers across Romania. NuSepin was infused
intravenously b.i.d. from day 1 through day 14 or until hospital discharge. All patients received standard-
of-care of the trial site. The protocol was approved by the Central Ethics Committee and Local Ethics
Committee (LEC) at each site where applicable, the National Agency for Medicines and Medical Devices
of Romania. The patients received anti-viral drugs solely according to primary investigators’ discretion,
included in the standards-of-care. Written informed consent was obtained from each patient or from the
patient’s legally authorized representative if the patient was unable to provide consent. 

For the study protocol, the IXRS (IRT system) was used to randomize and assign subjects to one of the
three respective treatment groups via a central randomization methodology. 

Participants

Inclusion criteria: age between 18-80 years, SARS-CoV-2 infection con�rmed by PCR for the �rst time
within 144 h prior to randomization, pneumonia based on chest X-ray/CT scan, blood leukocyte count >
4.0 x 109 /L and lymphocyte count > 0.7 x 109 /L, SpO2 ≤ 94% on room air or PaO2/FIO2 ratio < 300
mmHg, and for females with a negative pregnancy test prior to treatment. 

Exclusion criteria: alanine aminotransferase (ALT)/ aspartate aminotransferase (AST) > 5 x ULN (upper
limits of normal), reduced renal function with estimated glomerular �ltration rate < 30 mL/min, pregnant
or breast-feeding women, evidence of multiorgan failure, and steroid treatment for any reason within 72 h
prior to enrolment. Patients who needed steroid treatment were withdrawn by exclusion criteria.

Procedures

From day -5 to 0, the patients were screened to assess eligibility for inclusion and exclusion, and enrolled
into any of the three treatment arms at day 1. The test drugs were given until complete remission up to 14
d. After the treatment was discontinued, the patients were followed-up for another 15 d until the end of
the study visit (EoS). The safety of test drugs was monitored by laboratory tests according to the
discretion of the primary investigators. The routine laboratory tests were performed at a central laboratory
of each trial site. 

Outcomes

The primary outcome is time to clinical improvement (TTCI), de�ned as the time (in days) from
randomization until a decline of two categories on a six-category ordinal scale (OS) of clinical status
(TTCI_P). The six-category OS is as follows: (6) death; (5) ICU, requiring ECMO and/or invasive
mechanical ventilation (IMV); (4) ICU/hospitalization, requiring non-invasive mechanical ventilation
(NIV)/ high-�ow nasal cannula (HFNC) therapy; (3) hospitalization, requiring supplemental oxygen (such
as low-�ow nasal cannula (LFNC) or facial mask); (2) hospitalization, not requiring supplemental oxygen;
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and (1) complete clinical remission, i.e., no fever, normal respiratory rate, oxygen saturation return to
normal, and cessation of cough. 

One of the secondary outcomes were time to clinical remission evaluated by NEWS2. TTCI_S is de�ned
as the time (in days) from randomization until a day when the NEWS2 score reaches zero which is
maintained for 24 h, that represent normal consciousness and complete normalization of vital signs
without supplementary oxygen. All serious adverse events were recorded from day 1 to EoS. Safety
assessments were based on the incidence of treatment emergent adverse events (TEAEs) in all three
treatment groups.

Statistical analysis

The safety analysis set (SAS) and the intention-to-treatment (ITT) set were de�ned for statistical analysis
in the clinical study protocol approved by the EMA (ClinicalTrials.gov no.: NCT04565379). The SAS and
the ITT set consists of all randomized patients (N=64). Because the baseline OS was two in three cases,
the patients were excluded in the modi�ed ITT (mITT) population (N=61). The per-protocol population
(PP) included patients without any major protocol deviations described in the synopsis. Three patients in
the 0.1 mg/kg NuSepin group and one patient in the 0.2 mg/kg NuSepin group, did not complete the
study due to treatment with prohibited steroid. One patient was not included in the PP set since the
primary endpoints could not be assessed. Two patients in the placebo group discontinued due to steroid
treatment and a patient in the 0.1 mg/kg NuSepin group withdrew consent. They were not included in the
PP set (N=54).

Median TTCIs were analyzed with Kaplan-Meyer analysis, and statistical signi�cance in differences
between groups was tested using a log-rank test. Mean and standard error were analyzed without the
censored data. The hazard ratio and statistical signi�cance from the Cox proportional hazard regression
model were used to estimate the recovery rate ratio (RR) between groups. CRP and cytokine levels were
summarized by descriptive statistics, including the mean and standard error, and statistical signi�cance
was assessed using a Wilcoxon Rank sum test. 

For the analysis of patients who received anti-viral drugs, data from patients who received remdesivir
were not included because the number of patients was limited (one or two in each group). Two patients
who received more than two types of anti-viral drugs were not included clarify the effects of a speci�c
type of anti-viral drugs. 

Results
Patients

The median age of the patients was 62 (0.1 mg/kg NuSepin), 59 (0.2 mg/kg NuSepin), and 63 (placebo)
years-old (Fig. 1, Supplementary table 1). 45% (0.1 mg/kg NuSepin), 55% (0.2 mg/kg NuSepin), and 50%
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(placebo) were male. 100% of patients were Caucasian. The patients had comorbidities at enrollment,
most commonly hypertension [n= 35 (55%)], obesity [n=19 (30%)], and diabetes mellitus [n=16 (25%)]. 

17 patients (27%) were mild (with baseline NEWS2 < 5), 11 patients (17%) were moderate (with baseline
NEWS2 = 5~6), and 36 patients (56%) were severe (with baseline NEWS2 ≥ 7) at randomization day
(Supplementary Table 2). No patients were with baseline OS = 5, and one patient in each group had a
baseline OS = 2 (Supplementary Table 3). 38 patients (59.4%) received anti-viral drugs, such as Lopinavir-
Ritonavir, Remdesvir, Favipiravir, etc. (Supplementary Table 4). 16 patients received immune modulators,
such as tocilizumab, hydroxychloroquine, or anakinra, respectively (Supplementary Table 5). 

Primary outcome 

There were no signi�cant differences in TTCI_P between groups. In this report, data for the e�cacy of 0.1
mg/kg NuSepin were not included because it did not show statistically signi�cant differences with
placebo in outcomes tested.  In the mITT population, none of the patients recovered until day 4 when
assessed by TTCI_P. At day 9, 38.1% and 15.8% of patients recovered in the NuSepin group and the
placebo group, respectively. The RR was 1.34 (95% C.I., 0.7 ~2.6, p > 0.05), which favored improved
recovery in the NuSepin group numerically. In the PP population, 42.1% and 17.6% of patients recovered
at day 9 in the NuSepin group and the placebo group, respectively. The RR was 1.9 (95% C.I., 1.0 ~3.9, p >
0.05), which favored improved recovery in the NuSepin group numerically. When moderate-to-severe
patients of the PP population were analyzed, the mean % decrease of OS at day 9 in the patients of the
NuSepin group (41.7 ± 3.7) was signi�cantly higher than the placebo group (24.3 ± 5.9, p = 0.028,
Supplementary Fig. 1). 

Secondary outcome 

First, the effects of covariates on TTCI_S were evaluated by Cox proportional hazard regression analysis
(Fig. 2). The baseline NEWS2 and use of anti-viral drugs signi�cantly affected TTCI_S. In the patient
stratum with baseline NEWS2 ≥ 5, RR = 2.7 (95% CI: 1.2-6.4, p = 0.02). In the patient stratum who
received anti-viral drugs, RR = 3.7 (95% CI: 1.4-10.2, p = 0.01). When the signi�cant covariates (baseline
NEWS2 ≥5 and use of anti-viral drugs) were adjusted, overall RR between NuSepin and placebo was 3.4
(1.5-7.4, p = 0.0026), which signi�cantly favors the recovery rate of the NuSepin group in the PP
population. 

We analyzed covariate effects of baseline NEWS2 (Supplementary Fig. 2, Supplementary Table 6). In the
ITT population, clinical remission of patients with baseline NEWS2 ≥ 5 was signi�cantly delayed
compared to patients with baseline NEWS2 < 5. For this reason, we analyzed TTCI_S after stratifying the
ITT population with baseline NEWS2. 

When PP population was analyzed, mean % decrease of NEWS2 at day 9 in the moderate-to-severe
patients of the NuSepin group (89.4 ± 3.0) was signi�cantly higher than the placebo group (64.3 ± 10.2, p
= 0.041, Supplementary Fig. 3). 
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When clinical recovery of moderate-to-severe patients in the ITT population was analyzed, the median
TTCI_S was 9.0 d [95% C.I. 7.0~12.0] in the NuSepin group and 12.5 d [95% C.I. 8.0~25.0] in the placebo
group (p = 0.086) (Fig. 3A). The median TTCI_S was 9.0 d [95% C.I. 7.0~11.0] in the NuSepin group and
12.5 d [95% C.I. 8.0~25.0] in the placebo group (p = 0.016), when moderate-to-severe patients of the PP
population were analyzed (Fig. 3B). In this subgroup of patients, RR was 2.7 (95% C.I., 1.2 ~ 6.4, p = 0.02),
which favors improved recovery in the NuSepin group signi�cantly faster than the placebo group.  

We next analyzed covariate effects of anti-viral drugs. No signi�cant differences of TTCI_S between the
groups were observed in patients of the ITT population who did not receive anti-viral drugs
(Supplementary Table 7). When NuSepin was combined with anti-viral drugs (Lopinavir–Ritonavir or
Favipiravir), median TTCI_S was 9.0 d [7.0~12.0], which is comparable with the group of placebo + anti-
viral drugs of 13.0 d [4.0~ND] d (p = 0.013), when the ITT population was analyzed (Fig. 3C). The RR in
this subgroup was 3.5 [1.2~10.0], which favors the group of NuSepin + anti-viral drugs compared with the
group of placebo + anti-viral drugs (p = 0.02). When NuSepin was combined with anti-viral drugs, median
TTCI_S was 9.5 d [7.0~12.0], which is comparable to the group of placebo + anti-viral drugs 13.0
[10.0~ND] (p = 0.007), when moderate-to-severe patients in the ITT population were analyzed (Fig. 3D).
The RR in this subgroup was 4.2 [1.3~13.6], which favors the group of NuSepin + anti-viral drugs
compared with the group of placebo + anti-viral drugs (p = 0.01). 

When NuSepin was combined with Lopinavir–Ritonavir, median TTCI_S was 8.0 d [5.0~11.0], which is
comparable to the placebo + Lopinavir–Ritonavir group of 12.5 d [4.0~ND] (p = 0.08), when the patients
in the ITT population were analyzed (Supplementary Fig. 4A). The RR in this subgroup was 7.7 [1.1~54.0],
which signi�cantly favors the group of NuSepin + Lopinavir–Ritonavir compared with the group of
placebo + Lopinavir–Ritonavir (p = 0.04). When NuSepin was combined with Favipiravir, median TTCI_S
was 10.0 d [7.0~13.0], which is comparable with the placebo + Favipiravir group of 19.0 d [10.0~ND] (p =
0.07), when the patients in the ITT population were analyzed (Supplementary Fig. 4B). The RR in this
subgroup was 3.8 [0.78~18.83], which favors the group of NuSepin + Favipiravir compared with the
group of placebo + Favipiravir, numerically (p = 0.10). 

We hypothesized that anti-viral drugs might be given more frequently to more severe patients than to less
severe patients. Therefore, we analyzed the baseline NEWS2 of patients and compared given prognoses
of these patients. As expected, baseline NEWS2 was signi�cantly higher in patients who were given anti-
viral drugs (Supplementary Fig. 5). The mean baseline NEWS2 of patients who received anti-viral drugs
was 7.6 ± 0.71 (not given with NuSepin) and 8.4 ± 0.62 (given with NuSepin together). In comparison, the
mean baseline NEWS2 of patients who did not receive anti-viral drugs was 4.5 ± 0.75 (not given with
NuSepin) and 5.2 ± 0.95 (given with NuSepin together) (Supplementary Fig. 5A). These �ndings indicate
that anti-viral drugs were given more often to more severe patients. Moreover, clinical remission of
patients who received anti-viral drugs without NuSepin was delayed compared to patients who did not
receive anti-viral drugs nor NuSepin (Supplementary Fig. 5B), suggesting that anti-viral drugs were given
to patients with higher baseline NEWS2 whose clinical improvement was signi�cantly delayed compared
to patients who did not receive anti-viral drugs. 
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Next, we compared supplemental oxygen-free days between the groups (Supplementary Fig. 6). When
patients in the PP population were analyzed after adjusting the effects of baseline NEWS2, the RR was
2.2 (95% C.I., 1.0~ 4.6, p = 0.04), which favors longer supplementary oxygen-free days in the NuSepin
group than in the placebo group. 

CRP levels decreased after randomization both in the NuSepin group and the placebo group (Fig. 4).
However, the CRP level in the NuSepin group was normalized faster than that in the placebo group. At day
4, CRP levels in 52% of patients in the NuSepin group returned within normal range, which is comparable
to 20% of patients in the placebo group. When patients who received anti-viral drugs were analyzed, CRP
levels in 64.3% of patients in the NuSepin group returned within the normal range at day 4, which is
comparable to the 11.1% of the placebo group (Supplementary Fig. 7). 

At EoS, blood pro-in�ammatory cytokines levels were signi�cantly returned within normal range in the
NuSepin group, and the percentage of patients with pro-in�ammatory cytokines within normal ranges
was higher in patients in the NuSepin group compared with those in the placebo group (Fig. 4). For
example, IL-8 levels in patients of the NuSepin group (12.8 ± 2.2) at EoS were signi�cantly lower than
those of the randomization day (22.1 ± 4.0, p <0.05). In comparison, IL-8 levels in patients of the placebo
group were not signi�cantly decreased at EoS day (259.4 ± 167.8) compared with those of randomization
day (22.0 ± 3.2). IL-8 levels returned within normal ranges in 55% of patients in the NuSepin group and in
33% of patients in the placebo group. At EoS day, the levels of TNF-α in patients of the NuSepin group
were (7.4 ± 0.7) signi�cantly lower than those of patients in the placebo group (24.8 ± 12.3, p = 0.007),
and TNF- α levels returned within normal ranges in 35% of patients in the NuSepin group and in 11% of
patients in the placebo group. Furthermore, IL-6 levels returned within normal ranges in 60% of patients in
the NuSepin group and in 33% of patients in the placebo group. IL-6 levels in patients in the NuSepin
group at EoS (9.7 ± 5.1) were signi�cantly lower than those of randomization day (19.0 ± 3.9, p < 0.05).
Because no deceased cases were observed in either the NuSepin or placebo groups, we were unable to
compare 28-d mortality. 

Safety Outcomes 

In the SAS population, which includes all 64 patients, 25% of patients experienced more than one adverse
event (AE) (Table 1). The total number of events was 31. 27.3% (six patients, 12 events) of the 0.1 mg/kg
NuSepin group, 27.3% (six patients, 12 events) of the 0.2 mg/kg NuSepin group, and 20.0% (four patients,
seven events) of the placebo group reported at least one treatment-emergent AE. AEs were mild and
recovered by EoS. The relationship between 13% AEs and 0.2 mg/kg NuSepin was determined to be
‘possible’ when graded as “probable, possible, or de�nite”. There was one serious AE of dyspnea in the 0.2
mg/kg NuSepin arm which was “not related” to NuSepin. The most common AE was increases in ALT, i.e.,
one case (5%), two cases (9%), and two cases (10%) in the 0.1 mg/kg NuSepin, 0.2 mg/kg NuSepin, and
placebo arm, respectively. 

Discussion
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After adjusting signi�cant baseline imbalances of covariates (use of anti-viral drugs and baseline
NEWS2), the overall recovery rate ratio (RR) was 3.4-fold higher in the 0.2 mg/kg NuSepin group,
compared with the placebo group, suggesting a higher probability of clinical improvement by NuSepin.
Interestingly, the RR between the NuSepin group and the placebo group was 7.7 (p = 0.04) when the
patients who received Lopinavir–ritonavir were analyzed after adjusting covariate effects of age (≥ 60
years-old). The median difference in TTCI_S was 9 d (p=0.07) between the NuSepin group and the
placebo group when patients who received Favipiravir in the ITT set were analyzed. In the NuSepin group
of the ITT population, there were no signi�cant differences in median TTCI_S between patients who
received anti-viral drugs and patients who did not (p = 0.58). Considering these �ndings in aggregate, the
synergistic effects of NuSepin and anti-viral drugs is not conclusive with current data. Indeed, when
combined with anti-viral drugs, the increase in statistical power and in the differences of TTCI_S between
the NuSepin group and the placebo group might be attributable to selection of patients with higher
baseline NEWS2.

The results of RCTs vary depending on de�nitions of disease severity, clinical remission, primary
outcomes, inclusion and exclusion criteria, and type of standard care. Mortality might be an outcome that
is less in�uenced by individual RCT than any other outcome. The recent drastic reduction in mortality
may possibly be due to vaccination [27, 28]. This suggests that a higher number of patients need to be
enrolled to compare mortality between test therapeutics and placebo. Considering that novel therapeutics
for COVID-19 should reduce mortality, number of severe/critical cases and hospital/ICU stays, a surrogate
composite outcome measure that can represent improvement of clinical status of patients is required to
expedite clinical development [29].

The quick Sequential Organ Failure Assessment (qSOFA), NEWS2, CURB-65, and systemic in�ammatory
response syndrome (SIRS) criteria are commonly used to evaluate clinical status of COVID-19 patients
[30]. Six vital signs (i.e., respiratory rate, oxygen saturation, systolic blood pressure, pulse rate, level of
consciousness (or new confusion), and body temperature), in addition to dependency on supplementary
oxygen, are assessed by NEWS2 aggregate scoring. An advantage of NEWS2 compared to the other
clinical tools is that both hypoxemia and supportive oxygen treatment are included as scoring
parameters. For these reasons, NEWS2 has been recommended to be used for testing e�cacy of novel
therapeutics by the NHS [31]. NEWS2 showed better negative predictive value of 98.0% for early mortality
[32] and superior accuracy to predict severity of COVID-19 than CURB-65, qSOFA, and COVID-GRAM score
[33]. Taken together, rapid stabilization of vital sign with NuSepin might reduce days of hospital or ICU
stays and mortality eventually.

Conclusion
Although it is di�cult to compare e�cacy directly between RCTs due to endpoints, inclusion criteria, etc.,
the e�cacy of NuSepin for moderate-to-severe disease stratum appears to be superior to that of
dexamethasone. In the RECOVERY trial, 1/RR (by 28-d mortality) between dexamethasone and placebo
was 1.22 in the disease stratum receiving supplementary oxygen (OS ≥3 in the NuSepin study) [9, 34–
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36], which is comparable to RR= 1.54 (by TTCI_S) in the mITT set and RR=1.96 (by TTCI_S) in the PP set
of the NuSepin study (OS>= 3). Considering that NuSepin was not associated with an increased risk of
adverse events, NuSepin could be considered as relevant in the context of a pandemic, in which NuSepin
modestly increases the day of stable vital signs after admission, and may reduce the risk of ventilatory
complications, ICU length of stay, and burden on health care systems [37].
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Figure 2

1Recovery rate ratios [95% C.I.] between placebo and 0.2 mg/kg NuSepin group in PP set were compared.
The clinical recovery was de�ned by TTCI_S, time to complete clinical remission when NEWS2=0
maintained for 24hrs. Recovery rate ratios (=hazard ratio) and 2p values were determined by Cox
proportional hazards model. A Recovery rate ratios >1 favors the NuSepin group in recovery rate
compared with placebo group. 3Recovery rate ratio of all patients in a PP set were analyzed after
adjusting effects of covariates [anti-viral drugs and disease severity (base line NEWS2 ≥ 5)] by using Cox
regression analysis.
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Figure 3

% clinical remission of patients in two cohorts, placebo and 0.2 mg/kg NuSepin. A. The patients in ITT
population with baseline NEWS2 ≥ 5 were analyzed by Kaplan-Meier survival analysis. B. The patients in
PP population with baseline NEWS2 ≥ 5 were analyzed by Kaplan-Meier survival analysis. The clinical
remission is de�ned by NEWS2=0 maintained for 24hrs. C. The patients in ITT population who received
anti-viral drugs were analyzed. D. The patients with baseline NEWS2 ≥ 5 and who received anti-viral
drugs in ITT population were analyzed. The clinical remission is de�ned by NEWS2=0 maintained for
24hrs. Antiviral drugs are Lopinavir-Ritonavir or Favipiravir. The patients who received two or more anti-
viral drugs are not included. 1Hazard ratio and 2p values were determined by Cox proportional hazards
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model. A hazard ratio >1 favors the NuSepin group in recovery rate. 3median [95% C.I.], and 4p values are
from Log-Rank test (Mantel-Cox) in Kaplan-Meier survival analysis. 5ND, not determined due to outlier.

Figure 4

Blood levels in two cohorts of patients, placebo and 0.2 mg/kg NuSepin, at day 4 or day of end of study
(EoS) compared with those at randomization day (day 1). All patients in ITT population were analyzed. %
in parenthesis denote % of patients with normal blood levels (CRP < 10 mg/ml, IL-8 < 10pg/ml, TNF-a < 6
pg/ml, and IL-6 < 3.3 pg/ml ) at day 4 or at the day of EoS; the boxes represent median and interquartile
range; the whiskers extend to the highest and lowest values within 1.5 x the interquartile range of the
nearer quartile; and the dots represent observed values. *p < 0.05 by Wilcoxon Rank sum test. **Arrows at
the end of error bars denote presence of outliers, de�ned by > 3 x standard error of the mean.
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