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Background: Nafamostat, a serine protease inhibitor, has been used for the treatment of disseminated intra-
vascular coagulation and pancreatitis. In vitro studies and clinical reports suggest its beneficial effect in the
treatment of COVID-19 pneumonia.
Methods: This phase 2 open-label, randomised, multicentre, controlled trial evaluated nafamostat (4.8 mg/kg/
day) plus standard-of-care (SOC) in hospitalised patients with COVID-19 pneumonia (i.e., those requiring
nasal high-flow oxygen therapy and/or non-invasive mechanical ventilation). The primary outcome was the
time to clinical improvement. Key secondary outcomes included the time to recovery, rates of recovery and
National Early Warning Score (NEWS). The trial is registered with ClinicalTrials.gov Identifier: NCT04623021.
Findings: A total of 104 patients, mean age 58.6 years were enrolled in 13 clinical centres in Russia between
25/9/2020 and 14/11/2020 and randomised to nafamostat plus SOC (n=53) or SOC alone (n=51). There was
no significant difference in time to clinical improvement (primary endpoint) between the nafamostat and
SOC groups (median 11 [interquartile range (IQR) 9 to 14) vs 11 [IQR 9 to 14] days; Rate Ratio [RR; the ratio
for clinical improvement], 1.00; 95% CI, 0.65 to 1.57; p=0.953). In 36 patients with baseline NEWS >7, nafa-
mostat was superior to SOC alone in median time to clinical improvement (11 vs 14 days; RR, 2.89; 95% CI,
1.17 to 7.14; p=0.012). Patients receiving nafamostat in this subgroup had a significantly higher recovery rate
compared with SOC alone (61.1% (11/18) vs 11.1 % (2/18) by Day 11, p=0.002). The 28-day mortality was 1.9%
(1/52) for nafamostat and 8.0% (4/50) for SOC (95% CI, -17.0 to 3.4; p=0.155). No case of COVID-19 related
serious adverse events leading to death was recorded in the patients receiving nafamostat.
Interpretation: Our study found no significant difference in time to clinical improvement between the nafa-
mostat and SOC groups, but a shorter median time to clinical improvement in a small group of high-risk
COVID-19 patients requiring oxygen treatment. To assess the efficacy further, a larger Phase 3 clinical trial is
warranted.
Funding: Korea Research Institute of Bioscience and Biotechnology [2020M3A9H5108928] and Chong Kun
Dang (CKD) Pharm (Seoul, Korea).

© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

coronavirus, severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) [1]. Covid-19 has caused considerable and widespread mor-

The current Coronavirus disease 2019 (COVID-19) pandemic
which emerged in China in late 2019 is caused by the novel
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bidity, mortality, and economic damage, and poses a serious threat to
global public health [2,3]. Severe pneumonia requiring treatment
with supplemental oxygen occurs in approximately 15% of adults
with COVID-19, and a further 5% develop critical disease with hypox-
emic respiratory failure, acute respiratory distress syndrome, and
multiorgan failure necessitating ventilator support [4, 5].
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Research in context

Evidence before this study

Nafamostat demonstrated antiviral activity against severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) in vitro and
we evaluated its clinical potential in hospitalised patients with
Coronavirus disease 2019 (COVID-19) pneumonia. We searched
PubMed, up to June 30, 2021, for published clinical trials assess-
ing the effect of nafamostat among patients with COVID-19. The
search terms used were (“COVID-19” or “2019-nCoV” or “SARS-
CoV-2") AND “nafamostat” AND (“clinical trial” or randomised
controlled trial”). We identified no published clinical trials of
the effect of nafamostat in patients with COVID-19.

Added value of this study

Our study is the first randomised, clinical trial assessing the
effect of intravenous nafamostat (infusion over 24 hours) plus
standard of care (SOC) with SOC alone in hospitalized adult
patients with COVID-19 pneumonia requiring supplemental
oxygen. In the full analysis population, there was no significant
difference in the primary endpoint (time to clinical improve-
ment) between the 2 groups. However, in patients with a base-
line National Early Warning Score (NEWS) >7, nafamostat was
superior to SOC alone in the time to clinical improvement (11
vs 14 days), and this subgroup had a significantly higher recov-
ery rate and a lower mortality rate compared with SOC alone.
No case of COVID-19 related adverse events leading to death
was recorded in the patients receiving nafamostat.

Implications of all the available evidence

Our preliminary study suggests that nafamostat may be benefi-
cial in the treatment of high-risk COVID-19 patients requiring
oxygen treatment. Future studies involving nafamostat, includ-
ing earlier treatment and larger numbers of patients, are sup-
ported by the findings of our exploratory study so as to help
ascertain its potential clinical effectiveness in patients with
COVID-19.

Cellular entry of SARS-CoV-2 depends on two membrane-bound
host proteases— angiotensin converting enzyme 2 (ACE2) and trans-
membrane protease, serine 2 (TMPRSS2). The SARS-CoV-2 spike (S)
glycoprotein protein binds to ACE2 which is activated following
cleavage by TMPRSS2 [6]. The mesylate salt of nafamostat (INN nafa-
mostat mesilate; henceforth called nafamostat) is a serine protease
inhibitor and a potent inhibitor of SARS-CoV-2 activation in vitro
[7,8]. Indeed, in a comparative in vitro study of drugs with antiviral
activity against SARS-CoV-2 in human lung cells, nafamostat was
more potent than 24 drugs with known antiviral activity such as
chloroquine, lopinavir, and remdesivir [9,10].

There is an urgent unmet need for drugs to treat COVID-19 and
repurposed drugs are an attractive option as their safety profile is
well-established. Several repurposed drugs including chloroquine,
hydroxychloroquine and lopinavir-ritonavir have produced disap-
pointing results in COVID-19 [11-13]. However, based on favorable
results in a large placebo-controlled phase 3 trial, remdesivir was
approved by the US Food and Drug Administration (FDA) for the
treatment of COVID-19 in hospitalized patients who require supple-
mental oxygen [14]. In addition, dexamethasone reduced 28-day
mortality in patients hospitalized with COVID-19 receiving respira-
tory support (invasive mechanical ventilation or oxygen alone) and
was approved by the European Medicines Agency (EMA) [15].

Nafamostat has been approved and registered for use as an anti-
coagulant during hemodialysis in Japan and Korea for over 20 years
[16—18] and it is reported to reduce disseminated intravascular coag-
ulation in patients with hematological malignancies [19]. In ex vivo
experiments, nafamostat inhibited complement activation and
improved lung xenograft function [20]. Several clinical case reports
also suggested that nafamostat treatment may be beneficial in
patients with severe COVID-19 pneumonia [21,22].

Herein, we report the results of an open-label, randomised phase
2 trial which evaluated clinical course of hospitalised patients with
confirmed COVID-19 pneumonia who received standard-of-care
(SOC; including supplemental oxygen) with or without nafamostat.

2. Methods
2.1. Study design

This phase 2 open-label, randomised, multicentre, controlled trial
was conducted in 13 study sites in one country, Russia, to evaluate
the efficacy and safety of nafamostat (Nafabelltan, CKD-314, Chong
Kun Dang Pharm, Korea) in hospitalized adult patients with COVID-
19 -related pneumonia requiring supplemental oxygen treatment,
nasal high-flow oxygen, or non-invasive mechanical ventilation [but
not including patients requiring invasive intubation or extracor-
poreal membrane oxygenation (ECMO)]. Enrolment for the trial
began on September 25, 2020 and ended on November 14, 2020. Eli-
gible patients were randomly assigned in a 1:1 ratio to receive Stan-
dard of Care (SOC), either with or without nafamostat (4.8 mg/kg/
day) via 24-hour intravenous infusion for 10 days or until hospital
discharge.

Dose reduction was allowed by 0.1 mg/kg/hr (2.4 mg/kg/day) at
the investigator’s discretion as indicated by patient tolerability (e.g.,
hyperkalemia or hyponatremia). SOC was administered based on the
Ministry of Health of the Russian Federation Interim Guidelines for
the prevention, diagnosis and treatment of COVID-19 [24]. However,
starting new antiviral or anti-inflammatory treatment after random-
isation was not permitted, and only dose reductions or discontinua-
tion were allowed. Glucocorticosteroid therapy was prohibited
throughout the study.

Prior to the trial, written approval from the Independent Ethics
Committees (IEC) of all study centres (see Supplementary Table 1 for
study centre details) was obtained in accordance with International
Conference on Harmonisation (ICH) Good Clinical Practice (GCP)
Guidelines and Eurasian Economic Union (EEU) principles, and in line
with the Declaration of Helsinki, as well as applicable legislation and
regulations of the Russian Federation. The following documents were
required to be submitted for the IEC’s review: study protocol with
amendments, patient’s information list and the informed consent
form, written materials to be submitted to the patients, investigator’s
brochure, information of safety of the study drug application, infor-
mation on payments and other remunerations to the patients, inves-
tigator’s scientific biography and other documents at request. All
subjects (or their legally authorized representatives) provided writ-
ten informed consent. The trial is registered with ClinicalTrials.gov
Identifier: NCT04623021.

2.2. Randomisation

Block randomisation was performed using a remote access Inter-
active Web Response System (IWRS), and was stratified according to
disease severity [7-category ordinal scale (the COVID Outcomes
Scale) recommended by the World Health Organization] and con-
comitant antiviral and/or anti-inflammatory medications [23,24]. For
concomitant therapy, the following strata were used: (1) treatment
with antiviral products only, (2) treatment with anti-inflammatory
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products only and (3) no treatment with antiviral and anti-inflamma-
tory products [24].

2.3. Patients

Hospitalised patients aged >18 years with confirmed COVID-19
infection by RT-PCR of SARS-CoV-2 in a sample collected <72 hours
prior to randomisation; and newly diagnosed COVID-19 pneumonia
by chest computed tomography (CT) scan or chest X-ray <72 hours
prior to randomisation were enrolled. Patients were required to have
a score of 4 (hospitalisation, requiring supplemental oxygen) or 5
(hospitalisation, requiring nasal high-flow oxygen therapy and/or
non-invasive mechanical ventilation) using the 7-category ordinal
scale for clinical status.

Main exclusion criteria were patients requiring invasive mechani-
cal ventilation and/or ECMO at screening; serious chronic disease
with unstable disease status; active bleeding or any clinical condition
deemed as high-risk for bleeding and a contraindication for anticoag-
ulant treatment; pregnant or lactating females; hyperkalemia (serum
potassium level >5.1 mmol/L); moderate/severe liver disease (Child-
Pugh score of B or C); ALT or AST levels >5-fold above the upper limit
of normal (ULN); estimated glomerular filtration rate (eGFR)
<30 mL/min (including patients receiving hemodialysis or hemofil-
tration); abnormal ECG (QTcB or QTcF >500 ms); medical history of
clinically significant ventricular arrhythmias; rapidly deteriorating
clinical condition or low likelihood of completing the study according
to the investigator’s opinion; hypersensitivity to the investigational
drug; and clear evidence of secondary bacterial infection (diagnosed
by laboratory tests and/or clinical examination).

2.4. Outcomes

The primary efficacy outcome was time to clinical improvement
defined as the time from randomisation to either discharge from hos-
pital or improvement of two points on the 7-category ordinal scale,
whichever came first.

Secondary efficacy outcomes included time to recovery defined by
either discharge from hospital or hospitalisation for infection-control
purposes only (no longer requiring oxygen and medical care for
COVID-19 pneumonia); the proportion of patients with recovery;
rate of clinical improvement; changes of clinical status based on the
7-category ordinal scale; changes in the National Early Warning Score
(NEWS) [25] at days 4, 7, 11 and 28; time to NEWS <2 which was
maintained for 24 hours; changes in chest CT scan/X-ray; duration of
hospitalisation; duration and incidence of oxygen treatment; and 28-
day mortality. Exploratory virologic efficacy included proportion of
negative PCR results and time to the first PCR negative result in two
consecutive PCR tests.

Patients’ clinical status was assessed daily during the treatment
period and then on Days 14 and 28.

Safety outcomes included death up to Day 28, serious adverse
events (SAEs) and Grade 3 and 4 AEs, discontinuation of study drug
for any reason, and changes in laboratory values over time.

Safety outcomes was performed in all patients who started their
assigned treatment (Safety Analysis Set; SAF) and efficacy outcome
was performed in the Full Analysis Set (FAS) defined as all SAF
patients who had a baseline and at least one post-dose ordinal scale
result for the clinical status.

2.5. Statistical analysis

Power calculations showed that with 80% power, a two-sided
type-I error rate of 5% and 66% overall probability of event occur-
rence, a total of 100 patients was needed for an improvement rate
ratio (Hazard Ratio for clinical improvement calculated using the Cox
proportional hazard model) of 2.0 in time to clinical improvement

(primary efficacy outcome). This value for improvement ratio is
higher than that reported in the remdesivir phase 3 trial (1.32) which
used time to improvement as the primary endpoint [14]. Stratified
log-rank tests were used to compare differences between treatment
arms in attainment of clinical improvement in the Full Analysis Set
(FAS) and subgroups with stratification by disease severity and con-
comitant SOC. Rate ratio (RR) with 95% confidence intervals (CI) for
time to event outcomes was derived from Cox proportional hazard
model with treatment as a fixed factor. For time-to-recovery and
time-to-improvement analyses, data for patients who did not recover
were censored at the date of early discontinuation, and data for
patients who died were censored at Day 28.

For secondary endpoints, comparisons of frequencies and categor-
ical data between groups were performed using x? or Fisher’s exact
test, and continuous data using Mann-Whitney’s nonparametric test
or Student’s t-test. Confidence intervals calculated for change in clini-
cal improvement were not corrected for multiple testing. In addition
to the populations defined for stratification (disease severity and con-
comitant standard care), subpopulation analyses included age
>65 years, hypoxemia (Sp02 <90%) and patients with a poor out-
come risk (NEWS >7 and NEWS >6).

An interim analysis was performed by the Data Safety Monitoring
Board (DSMB) when 50% of patients completed treatment to review
safety data (e.g., SAEs, grade 3-4 AEs, discontinuations, and deaths)
and insufficient efficacy for the purpose of recommendation of study
continuation or not.

2.6. Role of the funding source

The trial was designed and conducted by the sponsor (CKD) in col-
laboration with the principal investigators and in accordance with
the protocol and amendments. The sponsor was responsible for the
collection, analysis, and interpretation of the data, and the manage-
ment of clinical trial and the manuscript preparation. Interpretation
of the clinical findings was undertaken by the principal authors led
by the corresponding author. All authors had full access to all clinical
data and agreed with the final decision to submit for publication. As a
national research project on COVID-19, this study was partially
funded by National Research Foundation of Korea/Korea Research
Institute of Bioscience and Biotechnology. However, they were not
involved in the study design, operation, statistical analysis or inter-
pretation of the results.

3. Results
3.1. Patients

A total of 108 patients were screened, of whom 104 were rando-
mised to receive nafamostat plus SOC (nafamostat group; n=53) or
receive standard of care alone (SOC group; n=51). One patient rando-
mised to nafamostat did not receive any medication, and one patient
in the SOC group did not have a post-baseline 7-point ordinal scale
score. Consequently, the Full Analysis Set (FAS) comprised 52 and 50
patients in the nafamostat and SOC groups, respectively; and the
Safety Analysis Set (SAF), 52 and 51 patients, respectively. Overall,
90.6% (48/53) of the nafamostat group and 78.4% (40/51) of the SOC
group completed the study. Withdrawal due to AEs or serious AEs
occurred in 3.8% (2/52) of the nafamostat group and 2.0 % (1/51) of
the SOC group (Figure 1).

The mean age of patients was 58.6 years and 49.5% (51/103) were
male. All of the patients were Caucasian. Most patients had either
one (39.8%; 41/103) or two or more (33.0%; 34/103) underlying con-
ditions at enrolment; most commonly hypertension (62.1%), obesity
(25.2%), and type 2 diabetes mellitus (10.7%). The median duration
between symptom onset and randomization was 10 days (interquar-
tile range, 8 to 12 days). Baseline ordinal score was 4 in 91.3% (94/
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108 Patients were assessed for eligibility

4 Were excluded
2 Did not meet inclusion criteria

1 Was required invasive ventilation
1 Had other reason

104 Underwent randomisation

I

A 4

A4

53 Were assigned to receive Nafamostat + SOC

52 Received Nafamostat + SOC
1 Did not receive Nafamostat + SOC*

51 Were assigned to receive SOC
51 Received SOC

\4

A 4

48 Completed the study per protocol
5 Early withdrawals

2 Had serious adverse event or adverse event

1 Did not receive Nafamostat/major violation of
entry criteria

2 Took prohibited medication

40 Completed the study per protocol
11 Early withdrawals

7 Took prohibited medication

1 Had serious adverse event or adverse event

1 Had major violation of entry criteria/no baseline
7-category ordinal scale score

}

2 Died

52 Were included in the Safety analysis set

51 Were included in the Safety analysis set

1 Had no baseline 7-
category ordinal scale*

A4

52 Were included in the Full analysis set

50 Were included in the Full analysis set

Fig. 1. Trial profile.

103), and 5 in 8.7% (9/103). Of the 9 patients with ordinal score 5, 6
were in the nafamostat group and 3 in the SOC group. The Mean
NEWS scale score was 5.9 in the overall patient population and 35.9%
(37/103) had NEWS 7 or higher. Mean CRP was 78.7 mg/L (Table 1).
The standard concomitant medications used in the trial are shown in
Supplementary Table 2.

3.2. Efficacy outcomes

3.2.1. Primary efficacy outcome/endpoint

There was no significant difference in time to clinical improve-
ment between the two groups (median 11 vs 11 days; Rate Ratio [RR;
the ratio for clinical improvement], 1.00; 95% CI, 0.65 to 1.57;
p=0.953) (Table 2, Figure 2A, Figure 3A).

In patients with baseline NEWS >7, time to clinical improvement
was faster in the nafamostat group than the SOC group (median 11 vs
14 days; RR, 2.89; 95% CI, 1.17 to 7.14; p=0.012]). Furthermore, the
time to clinical improvement was numerically shorter in the nafamo-
stat group than the SOC group in patients aged >65 years (median 11
vs 14 days; RR, 1.96; 95% CI, 0.86 to 4.47; p=0.083) as well as in the
patients with a baseline SpO2 <90% (median 11 vs 14 days; RR, 2.56;
95% (I, 0.62 to 10.6; p=0.190) (Table 2,Figure 2,Figure 3A, Supplemen-
tary Figure 1). Changes with respect to the sub-groups NEWS <7,
NEWS <6 and age <65 years demonstrated numerically lower but
not statistically significant RRs for clinical improvement in the
nafamostat + SOC and SOC groups, with a small improvement noted
in NEWS grades after 11 days in the nafamostat + SOC group (change
-5.0 vs. -3.6 in the SOC group; p=0.036) [Supplementary Table 3].

To compare the relative merits of treatment in patient with NEWS
>7 vs. those with NEWS <7, a Cox proportional model for time to
event outcomes and linear regression for continuous outcome was
performed in the nafamostat + SOC vs. SOC groups (Supplementary
Table 4). The results of this analysis highlighted benefit in patients
with NEWS >7 and a significant interaction was shown between
treatment group and NEWS grade in terms of clinical improvement
(p=0.005), recovery (p=0.002), change in NEWS grades (p=0.002) and
CRP levels (p=0.036).

The time to clinical improvement by randomisation strata includ-
ing 7-ordinal scale score and concomitant standard treatment in the
overall FAS was not different between the two groups (Supplemen-
tary Table 5).

3.2.2. Key secondary efficacy outcomes/endpoints

No significant difference was observed between the nafamostat
group and SOC group in the time to recovery (median 11 vs 11 days;
RR, 0.98; 95% CI, 0.62 to 1.55; p=0.968) as well as in the response
rates of recovery (88.5% vs 80.0%) (Table 2,Figure 3B).

In patients with baseline NEWS >7, the time to recovery was
more rapid in the nafamostat group than the SOC group (10 vs 14
days; RR, 3.10; 95% CI, 1.19 to 8.06; p=0.012). The overall recovery
rates were 94.4% vs 61.1%, respectively, and the rates by Day 11 were
61.1% vs 11.1% (p=0.002), respectively. The response rates for clinical
improvement were the same as the recovery rates (Table 2,Figure 3).
Furthermore, patients receiving nafamostat with a baseline NEWS >7
achieved a significant reduction in NEWS score, from 7.4 at baseline
to 0.7 by day 11. On the other hand, the means NEWS score in the
SOC group was 7.7 and decreased to 4.2 by day 11 (Table 2,
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Table 1
Demographic and baseline characteristics of randomly assigned participants by study
group.

Parameter Nafamostat SocC Overall
(N=52) (N=51) (N=103)
Age (years)
Mean (SD) 60.9 (12.3) 56.2 (12.7) 58.6 (12.6)
18-44, no. (%) 5(9.6) 9(17.6) 14 (13.6)
45-59, no. (%) 16 (30.8) 21(41.2) 37(35.9)
> 60, no. (%) 31(59.6) 21(41.2) 52(50.5)
Male, n (%) 26 (50.0) 25 (49.0) 51(49.5)
Race: Caucasian, no. (%) 52(100.0) 51(100.0) 103 (100.0)
Body weight (kg), Mean (SD)  90.5 (14.9) 90.6 (19.0) 90.5(17.0)
Comorbidities, no. (%)
None 13(25.0) 15(29.4) 28(27.2)
One 20(38.5) 21(41.2) 41 (39.8)
Two or more 19(36.5) 15(294) 34(33.0)

Median duration of symp-
tom prior to randomisa-
tion (days), (IQR)

10.0(8.0-12.0) 9.0(7.0-11.0) 10.0(8.0-12.0)

Median duration of hospital- 2.0 (2.0-3.0) 2.0(1.0-2.5) 2.0(2.0-3.0)
isation prior to random-
isation (days), (IQR)
Clinical status (7-category ordinal scale), n (%)
4 46 (88.5) 48 (94.1) 94 (91.3)
5 6(11.5) 3(5.9) 9(8.7)
National Early Warning Score (NEWS) score
Mean (SD) 59(1.4) 5.8(1.8) 5.9(1.6)
> 7,no. (%) 18 (34.6) 19(37.3) 37(35.9)
CRP (mg/L), Mean (SD) 80.0 (64.9) 77.5(59.4) 78.7 (61.9)
Underlying condition, no. (%)
Hypertension 35(67.3) 29 (56.9) 64 (62.1)
Obesity 12(23.1) 14(27.5) 26(25.2)
Type 2 diabetes mellitus 7(13.5) 4(7.8) 11(10.7)
Concomitant medication, no. (%)
Antiviral 35(67.3) 29 (56.9) 64 (62.1)
Hydroxychloroquine 12(23.1) 15(29.4) 27(26.2)
Azithromycin 14(26.9) 11(21.6) 25(24.3)
Umifenovir 13(25.0) 5(9.8) 18(17.5)
Favipiravir 7(13.5) 7(13.7) 14 (13.6)
Anti-inflammatory 6(11.5) 11(21.6) 17 (16.5)
Baricitinib 4(7.7) 9(17.6) 13(12.6)
Olokizumab 1(1.9) 3(5.9) 4(3.9)
Tocilizumab 1(1.9) 1(2.0) 2(1.9)

IQR, interquartile range; SD, standard deviation
*intergroup comparison using Student's t-test or Mann-Whitney test
**intergroup comparison using the chi-squared test or Fisher’s exact test

Supplementary Table 6, Supplementary Figure 2). Additional second-
ary endpoints improved in the nafamostat group included change in
clinical status, time to sustained NEWS of 2 or lower, a shorter length
of hospital stay, and 28-day mortality (Table 2).

3.3. Safety

Grade >3 AEs occurred in 5 patients (9.6%) in the nafamostat
group and 8 patients (15.7%) in the SOC group (Table 3, Supplemen-
tary Table 7). The most common AEs associated with nafamostat
were catheter site phlebitis (n = 7; 13.5%) vs 2 (3.9%) in the SOC group,
hyponatremia (n = 4; 7.7%) vs 0, and respiratory failure (n = 3; 5.8%) vs
1 (2.0%). The most common AEs in the SOC group were dyspnea
(n =3; 5.9%) and pulmonary embolism (n = 2; 3.9%), neither of which
were not recorded in the nafamostat group (Table 3).

A total of 5 patients reported serious AEs, 1 (1.9% of 52 patients) in
the nafamostat group and 4 (7.8% of 51 patients) in the SOC group
with fatal complications (Table 3, Supplementary Table7). The patient
in the nafamostat group experienced a grade 4 pneumothorax during
installation of a subclavian catheter on Day 2 and discontinued the
study. The patient was subsequently found to be HIV-positive (Day 4)
and developed respiratory failure and multi-organ failure due to
AIDS, and died on Day 22. No causality attributed to nafamostat was
determined by the investigator. In the SOC group, four patients died;

2 (3.8%) from pulmonary embolism, 1 (2.0%) cardiac arrest, and 1
(2.0%) worsening respiratory failure.

Most AEs in the nafamostat group were mild in severity and no
worsening of pneumonia symptoms or fatal outcome were reported
(Table 3, Supplementary Table 7).

4. Discussion

This randomised clinical trial in hospitalized COVID-19 pneumo-
nia showed that nafamostat treatment did not shorten the time to
clinical improvement. However, in patients with baseline NEWS >7,
compared to standard of care, nafamostat treatment shortened the
time to clinical improvement by 3 days (11 vs 14 days; RR, 2.89; 95%
Cl: 1.17 to 7.14, p=0.012). In this subgroup, nafamostat treatment
also shortened the time to recovery (i.e., no oxygen requirement nor
medical care) by 4 days (10 vs 14 days; RR, 3.10; 95% CI: 1.19 to 8.06,
p=0.012) and was associated with a trend of more rapid viral elimina-
tion (Supplementary Table 8). This is counterbalanced in the NEWS
<7 and <6 groups in which clinical improvement and recovery was
numerically higher in the SOC group, but it was not statistically sig-
nificant.

The analysis with overall 103 patients showed that nafamostat
was not superior to SOC alone in the primary outcome, time to clini-
cal improvement (median 11 days vs 11 days; RR, 1.00 [95% CI: 0.65
to 1.57; p=0.953]). In patients with a baseline ordinal score of 5 (i.e.,
high-flow oxygen or non-invasive ventilation), time to clinical
improvement favored nafamostat treatment (median 10 vs 16 days;
RR 1.89 [95% CI: 0.21 to 17.26; p=0.582]), but the number of patients
with baseline ordinal score 5 was too small (8.7%; 9/103).

The observed benefit of nafamostat was most evident in patients
with a baseline NEWS> 7. In this subgroup, nafamostat added to SOC
showed 4-day faster recovery than SOC alone. Furthermore, 94.4% of
patients receiving nafamostat recovered by day 28, compared to
61.1% of SOC alone. Time to NEWS normalisation (NEWS <2 which is
maintained for 24 hours) was also 3 times faster in nafamostat group
than the control group (RR, 3.11; 95% CI 1.31 to 7.38; p=0.007). In the
Adaptive COVID-19 Treatment Trial (ACTT-1), the benefit of remdesi-
vir was also most apparent in patients with a baseline ordinal score 5
(low-flow oxygen) [14].

Nafamostat has been used as an anticoagulant during hemodialy-
sis in Korea and Japan for more than 2 decades, and its safety profile
is well established. Of 3,602 patients treated with nafamostat, 7%
reported side effects, including electrolyte disturbance (5.14%) such
as hyperkalemia and hyponatremia, liver dysfunction (1.47%), hyper-
sensitivity (0.3%), APTT abnormal extension (0.03%), thrombocytope-
nia (0.03%), and thrombocythemia (0.03%). In our clinical trial, it is of
note that the most common AE was phlebitis (n=7; 13.5%) due to 24-
hour intravenous infusion, and this led to discontinuation of the
drug.

There are some limitations in this study that need to considered
when interpreting the results. Firstly, it was a phase 2 exploratory
clinical trial and the number of patients was not sufficient to detect
difference in clinical improvement, especially in the smaller sub-
groups. Although nafamostat exhibited beneficial effects in patients
with a baseline NEWS >7, it is not certain that the same benefit will
be achieved in patients with more severe disease or other risk factors
such as older age or hypoxemia. Furthermore, in patients with less
severe disease there was a tendency for patients with less severe dis-
ease (NEWS <6 and <7) to respond slightly more quickly with SOC
than with nafamostat. The differences were not statistically signifi-
cant and a larger study is required to clarify these differences.

The study was conducted in Russia, and SOC may differ in other
countries. Furthermore, recommendations for treating COVID-19
have changed relatively quickly over time, and therefore the findings
only apply to SOC when the trial was started. The patient population
was stratified by SOC therapy, and a number of concomitant



Table 2
Outcomes overall and according to subgroups in full analysis set.
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Outcome Overall (N=102) Age>65 (N=36) NEWS > 6 (N = 60) NEWS>7 (N=36)
Nafamostat soc Nafamostat soc Nafamostat soc Nafamostat soc
(n=52) (n=50) (n=22) (n=14) (n=33) (n=27) (n=18) (n=18)
Clinical improvement
No. of improvement 46 (88.5%) 40 (80.0%) 20(90.9%) 11(78.6%) 30(90.9%) 20(74.1%) 17 (94.4%) 11(61.1%)
Time to clinical improvement 11.0(9.0-14.0) 11.0(9.0-14.0) 11.0(10.0-13.0)  14.0(12.0-28.0) 11.0 (9.0-14.0) 13.5(11.0-16.0)  11.0(9.0-13.0)  14.0(13.0-22.0)
(median, IQR)
Rate ratio (95% CI) 1.00 (0.65; 1.57 [p=0.953]) 1.96 (0.86; 4.47 [p=0.083]) 1.43 (0.79; 2.60 [p=0.189]) 2.89(1.17; 7.14 [p=0.012])
No. of improvement by day 11 29 (55.8%) 23 (46.0%) 12 (54.5%) 3(23.1%) 18 (54.5%) 7 (25.9%) 11(61.1%) 2(11.1%)
p=0.324 p=0.049 p=0.025 p=0.002
Recovery
No. of recovery 46 (88.5%) 40 (80.0%) 20(90.9%) 11(78.6%) 30(90.9%) 20(74.1%) 17 (94.4%) 11(61.1%)
Time to recovery (median, IQR) 11.0(9.0-15.0) 11.0(9.0-14.0) 11.0(10.0-15.0) 14.0(11.0-28.0) 11.0(8.5-140)  13.5(10.0-16.0) 10.0(8.0-13.0) 14.0(13.0-22.0)

Rate ratio (95% CI) 0.98 (0.62; 1.55 [p=0.968])

No. of recovery by day 11 28(53.8%) 25(50.0%)
p=0.698

NEWS

Baseline (mean+SD) 59+1.4 5.84+1.7

NEWS at day11 (Change from 13423 22430

baseline), mean+SD (-4.6 +2.8) (-3.6 £2.7)

p=0.054

Time to NEWS<2 maintained for 10.0(7.0-13.0) 9.0(6.0-14.0)

24hr (median, IQR)

Rate ratio

Hospitalisation

Duration of hospitalization
(median, IQR)

1.04 (0.68; 1.60 [p=0.843])

11.0 (10.0-14.0) 11.0(9.0-13.8)

1.98 (0.86; 4.52 [p=0.087])
11 (50.0%) 4(28.6%)
p=0.204

54+15
13424
(-41+3.1)
p=0.621
10.0(7.0-13.0)  14.0 (12.0-28.

6415
2.843.0
(-3.6+3.0

2.39(1.10; 5.20 [p=0.021])

11.0 (10.0-14.0)

)

0)

13.0 (11.5-25.5)

1.34(0.74; 2.41 [p=0.314])
18 (54.5%) 7(25.9%)
p=0.025

6.8+0.9
12419
(-5.6+£23)
p=0.018
10.0(8.0-140)  14.0(8.0-18.0)

7.1£1.0
33434
(-3.9+32)
1

1.43 (0.81; 2.54 [p=0.222])

11.0(10.0-13.0)  13.0(10.0-17.0)

3.10(1.19; 8.06 [p=0.012])
11 (61.1%) 2(11.1%)
p=0.002

74407
0.7 +16
(-68+19)
p=0.002
0.0(6.0-13.0)  14.0(9.0-22.0)

77407
42435
(-3.5+3.6)

3.11(1.31; 7.38 [p=0.007])

10.5(8.0-120)  13.0(12.0-19.8)

p=0.925 p=0.106 p=0.218 p=0.005
28-day mortality
No. of death 1(1.9%) 4(8.0%) 0(0%) 3(21.4%) 1(3.0%) 2(7.4%) 0(0%) 2(11.1%)
A (pCKD-314-psoc) [95%Cl] -6.1% (-17.0%; 3.4% [p=0.155]) -21.4% (-47.6%; -1.1% [p=0.023]) -4.4% (-20.5%; 9.0% [p=0.439]) -11.1% (-32.8%; 8.2% [p=0.146])
CRP
Baseline (mean+SD) 80.0+64.9 74.9+£57.2 76.1£72.1 74.8+49.3 94.0+69.9 82.1+£54.2 105.2+82.2 78.6£54.1
CRP at day 11 (Change from base- 20.5+29.6 18.7+35.7 28.9+40.1 31.84+52.5 17.0+£26.1 27.2+44.1 14.4+19.4 30.8+50.7
line), mean+SD (-59.5+73.7)  (-56.2+67.8) (-47.3+88.7) (-43.0+£67.8) (-76.9+75.1) (-54.9+71.8) (-90.8+88.5) (-47.7+£73.4)
p=0.818 p=0.870 p=0.252 p=0.121
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NafamostatsS0C Nafamostatss0C
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Fig. 2. Achievement of clinical improvement following nafamostat or Standard of Care (SOC).
Kaplan—Meier Estimates are shown in the overall FAS population (A), in population aged over 65 years (B), in patients with NEWS >6 (C) and in patients with NEWS >7 (D).

Deaths before day 28 were considered to be right censored at day 28.
NEWS, National Early Warning Score; N, number of patients
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A
Subgroup No. of Patients Clinlical Improvement Rate Ratio (95% Cl)
All Patients 102 == 1.00 (0.65—1.57)
Age E
18 to <65 yr 66 ! 0.73 (0.42—1.29)
265 yr 36 = 1.96 (0.86—4.47)
7-category ordinal scale at baseline :
4 93 —4— 0.97 (0.61—1.53)
5 9 : . 1.89 (0.21—17.26)
NEWS at baseline |
26 60 »—E—o—u 1.43 (0.79—2.60)
27 36 ——— 2.89 (1.17—7.14)
Concomitant standard care E
Antiviral only 48 — 0.81(0.43—1.52)
Anti-inflammatory only* 2 i NE
Antiviral and Anti-inflammatory 15 i 0.38 (0.11—1.25)
No Antiviral/Anti-inflammatory 37 E 1.93 (0.91—4.09)
0% ok 1ho  sho 2000
SOC Better Nafamostat+SOC Better
B
Subgroup No. of Patients ; Recovery Rate Ratio (95% Cl)
All Patients 102 —4— 0.98 (0.62—1.55)
Age E
18 to <65 yr 66 —e 0.71 (0.40—1.25)
265 yr 36 h:—o—| 1.98 (0.86—4.52)
7-category ordinal scale at baseline !
4 93 —4— 1.00 (0.63—1.58)
5 9 . : 0.70 (0.07—6.83)
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6 60 e 1.34 (0.74—2.41)
27 36 | ——e—— 3.10 (1.19—8.06)
Concomitant standard care E
Antiviral only 48 Py 0.73 (0.38—1.39)
Anti-inflammatory only* 2 i NE
Antiviral and Anti-inflammatory 15 : 0.39 (0.12—1.29)
No Antiviral/Anti-inflammatory 37 i 2.02 (0.95—4.30)
h
0.05 0.20 1.00 500 2000
SOC Better Nafamostat+SOC Better

Fig. 3. Time to clinical improvement (A) and recovery (B) according to subgroup.

Forest plots are shown in time to clinical improvement (A) and time to recovery (B) according to subgroup: age, 7-category ordinal scale, NEWS at baseline and concomitant
standard care including antiviral and anti-inflammatory agents which were considered according to treatment guidelines.
7-category ordinal scale 4 (hospitalization, requiring supplemental oxygen); 5 (hospitalization, requiring nasal high-flow oxygen therapy and/or noninvasive mechanical

ventilation)
*NE denotes not possible to estimate.
CI, Confidential Interval; NEWS, National Early Warning Score; SOC, Standard of care

medicines have been used for a patient’s treatment. However, only
enoxaparin showed an imbalance between the nafamostat and SOC
groups in the safety population. Also, it should be noted that cortico-
steroid therapy was prohibited at randomisation and throughout the
study, but it is now considered a key component of SOC for many
patients who require oxygen. Since it was an open label clinical trial
some bias could occur in relation to subjective endpoint assessments
(e.g., hospital discharge and safety assessments). Taking this into
account, endpoints such as NEWS scores are likely to be more reliable
for the overall evaluation of the study. There is a possibility that an
age imbalance between the two groups might affect the results, but

this was not the case for patients with NEWS >7 since the effects of
nafamostat were clear and there was no age difference. Finally, for an
accurate conclusion, the effect of NEWS >7 should be analyzed by
age group, but there was a limit to such an analysis due to the small
number of samples. Further study is needed in a larger phase 3 clini-
cal trial.

In conclusion, in patients with a baseline NEWS >7 and not
receiving corticosteroid therapy, nafamostat added to SOC was supe-
rior to SOC alone in accelerating clinical improvement and recovery
in patients. Nafamostat was generally safe and had good tolerability
with few serious AEs. Given these observed effects with nafamostat
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Table 3
Summary of adverse events in the safety population.
Event Nafamostat SoC
(N=52) (N=51)
n (%) Any Grade Grade>3 AnyGrade Grade >3
Any adverse event 25(48.1) 5(9.6) 16(314) 8(15.7)
Catheter site phlebitis 7(13.5) 0(0.0) 2(3.9) 0(0.0)
Hyponatraemia 4(7.7) 0(0.0) 0(0.0) 0(0.0)
Respiratory failure 3(5.8) 1(1.9) 1(2.0) 1(2.0)
Abdominal pain 3(5.8) 0(0.0) 0(0.0) 0(0.0)
Nausea 2(3.8) 0(0.0) 1(2.0) 0(0.0)
Procedural pneumothorax 2(3.8) 1(1.9) 0(0.0) 0(0.0)
Blood pressure increased 1(1.9) 1(1.9) 2(3.9) 0(0.0)
Hyperthermia 1(1.9) 1(1.9) 0(0.0) 0(0.0)
Blood pressure fluctuation 1(1.9) 1(1.9) 0(0.0) 0(0.0)
Diarrhoea 1(1.9) 0(0.0) 1(2.0) 0(0.0)
Chest pain 1(1.9) 0(0.0) 0(0.0) 0(0.0)
Hepatitis 1(1.9) 0(0.0) 0(0.0) 0(0.0)
Infusion related reaction 1(1.9) 0(0.0) 0(0.0) 0(0.0)
Alanine aminotransferase 1(1.9) 0(0.0) 1(2.0) 0(0.0)
increased
Blood bilirubin increased 1(1.9) 0(0.0) 0(0.0) 0(0.0)
Electrocardiogram QT 1(1.9) 0(0.0) 0(0.0) 0(0.0)
prolonged
Glucose tolerance impaired 1(1.9) 0(0.0) 0(0.0) 0(0.0)
Hyperglycaemia 1(1.9) 0(0.0) 1(2.0) 1(2.0)
Hypoglycaemia 1(1.9) 0(0.0) 0(0.0) 0(0.0)
Hypotension 1(1.9) 0(0.0) 0(0.0) 0(0.0)
Lymphostasis 1(1.9) 0(0.0) 0(0.0) 0(0.0)
Dyspnoea 0(0.0) 0(0.0) 3(5.9) 2(3.9)
Pulmonary embolism 0(0.0) 0(0.0) 2(3.9) 2(3.9)
Cardiac arrest 0(0.0) 0(0.0) 1(2.0) 1(2.0)
Serious adverse event 1(1.9) 4(7.8)
Respiratory failure 1(1.9)F 1(2.0)*
Procedural pneumothorax 1(1.9)1 0(0.0)
Multiple organ failure 1(1.9) ™ 0(0.0)
Pulmonary embolism 0(0.0) 2(39)*
Cardiac arrest 0(0.0) 1(2.0)*

*Serious AE leading to death

iSerious AEs reported in the same patient

Note. Not presented all AEs recorded in the SOC group and the grade 1 or 2 AEs but
recorded in the SOC group only excluded from the table.

in hospitalised patients with NEWS >7, a further phase 3 clinical trial
is required to evaluate the efficacy of nafamostat for the treatment of
COVID-19.
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