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a b s t r a c t 

Objectives: To evaluate the efficacy and safety of nafamostat combined with favipiravir for the treatment 

of COVID-19. 

Methods: We conducted a multicenter, randomized, single-blind, placebo-controlled, parallel assignment 

study in hospitalized patients with mild-to-moderate COVID-19 pneumonia. Patients were randomly as- 

signed to receive favipiravir alone (n = 24) or nafamostat with favipiravir (n = 21). The outcomes in- 

cluded changes in the World Health Organization clinical progression scale score, time to improvement 

in body temperature, and improvement in oxygen saturation (SpO 2 ). 

Results: There was no significant difference in the changes in the clinical progression scale between 

nafamostat with favipiravir and favipiravir alone groups (median, -0.4 4 4 vs -0.150, respectively; least- 

squares mean difference, -0.294; P = 0.364). The time to improvement in body temperature was signifi- 

cantly shorter in the combination group (5.0 days; 95% confidence interval, 4.0-7.0) than in the favipiravir 

group (9.0 days; 95% confidence interval, 7.0-18.0; P = 0.009). The changes in SpO 2 were greater in the 

combination group than in the favipiravir group (0.526% vs -1.304%, respectively; least-squares mean dif- 

ference, 1.831; P = 0.022). No serious adverse events or deaths were reported, but phlebitis occurred in 

57.1% of the patients in the combination group. 
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Conclusion: Although our study  

recovery of SpO 2 were observed
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The outbreak of COVID-19 caused by the SARS-CoV-2 first oc- 

urred in late 2019, and the struggle against the COVID-19 pan- 

emic is still ongoing. Although an entry mechanism of SARS-CoV- 

, such as binding to angiotensin-converting enzyme 2 at the first 

tep and process cell fusion by transmembrane protease serine 2 

TMPRSS2), was known [1] , no established treatment exists before 

his study was conducted. To date, four antiviral drugs, remidesivir, 

olnupiravir, ensitrelvir, and nirumatrelvir/ritonavir, have been ap- 

roved for COVID-19 therapy in Japan; however, only remdesivir 

as shown clinical benefits for hospitalized patients [2] . 

Nafamostat, a serine protease inhibitor, specifically acts on TM- 

RSS2 and inhibits entry of the Middle East respiratory syndrome 

oronavirus and SARS-CoV-2 [3–6] . According to an in vivo study, 

he half maximal effective concentration of nafamostat on human 

ung epithelium-derived Calu-3 cells was approximately 10 nM [6] , 

hich is lower than the plasma concentration achieved with an 

pproved dose of the drug. 

Favipiravir, a selective inhibitor of viral RNA-dependent RNA 

olymerase, has been approved in Japan for the treatment of 

merging and re-emerging influenza virus infections. Favipiravir is 

 broad-spectrum antiviral that has been shown to be effective 

gainst RNA viruses, such as the Ebola virus and influenza virus, 

n vitro and in vivo [7–9] . It also exhibits antiviral activity against 

ARS-CoV-2 [ 10 , 11 ]. A clinical trial of favipiravir was conducted in

apan before our study. 

The previously mentioned results suggest that favipiravir and 

afamostat inhibit SARS-CoV-2 replication through different mech- 

nisms, and combination therapy is expected to show an additional 

ntiviral effect against SARS-CoV-2. To the best of our knowledge, 

o clinical trials on the use of combination drugs—a cell-entry in- 

ibitor and an RNA polymerase inhibitor—has, however, been re- 

orted currently. In the early phase of the COVID-19 pandemic, we 

reated 11 patients hospitalized with severe COVID-19 with favipi- 

avir and nafamostat on a compassionate-use basis, which demon- 

trated a favorable clinical outcome [12] . 

Consequently, we designed a multicenter, single-blind, random- 

zed controlled study to evaluate the efficacy and safety of nafamo- 

tat mesilate combined with favipiravir in hospitalized patients 

ith mild-to-moderate COVID-19 pneumonia. 

ethods 

tudy design 

This study was a multicenter, randomized, single-blind, 

lacebo-controlled, parallel assignment design and was conducted 

t 16 sites in Japan. The enrollment for the trial began on May 1, 

020 and ended on December 3, 2021. Eligible participants were 

andomly assigned in a 1: 1 ratio to receive favipiravir and stan- 

ard of care (SOC), either with or without nafamostat. 

This trial was registered in the Japan Registry of Clinical Trials 

jRCT; trial registration identifier: jRCTs03120 0 026) and the World 

ealth Organization (WHO)’s International Clinical Trial Registry 

latform (identifier: JPRN-jRCTs03120 0 026). All participants pro- 

ided written informed consent to participate in the study. 
356 
 showed no differences in clinical progression, earlier defervescence, and

 in the combination group. 

 by Elsevier Ltd on behalf of International Society for Infectious Diseases.
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articipants 

Hospitalized patients aged 20-74 years with COVID-19 infection 

onfirmed by a SARS-CoV-2 antigen or nucleic acid amplification 

est were eligible for enrollment. Further inclusion criteria were 

onfirmed pneumonia on chest imaging, a fever of > 37.5 °C, and a 

egative pregnancy test for premenopausal women. The exclusion 

riteria were patients with fever of > 37.5 °C for more than 10 days 

nd an oxygen saturation (SpO 2 ) level of < 93% without oxygen ad- 

inistration. Further eligibility criteria are described in the study 

rotocol (Supplementary file: protocol). 

andomization and masking 

Eligible participants were randomly assigned in a 1: 1 ratio 

sing stratified permutated block randomization to the nafamo- 

tat and favipiravir combination group or favipiravir monotherapy 

roup. Randomization was performed by stratifying by age and co- 

orbidity. To allocate participants, doctors input patient informa- 

ion into the electronic data capture system cubeCDMS (version:1.1, 

ww.cubecdms.com ). The allocation results were visible to doctors 

n the electronic data capture system but not to participants due 

o the single-blind nature of the study. Both groups were admin- 

stered nafamostat or 5% dextrose using labels with the names of 

he participants but not the names of the drugs. 

rocedures 

All participants received favipiravir (FUJIFILM Toyama Chemical, 

okyo, Japan) 1800 mg twice a day on day 1, then 800 mg twice 

 day with standard care on the subsequent days. Participants 

andomized to the combination group were intravenously admin- 

stered nafamostat (Nichi-iko Pharmaceutical Co., Ltd., Toyama, 

apan) as a continuous infusion at a dose of 0.2 mg/kg/h. A 1-day 

ose of nafamostat was added to 10 0 0 ml of 5% dextrose. Favipi-

avir, with or without nafamostat, was administered for 7 days or 

ntil clinical improvement was achieved for up to 14 days. 

Clinical improvement was defined as the persistence of both de- 

ervescence without the use of an antipyretic 4 hours before mea- 

urement of axillary temperature and SpO 2 of > 96% without oxy- 

en therapy for > 48 hours. 

A quantitative virology assay was performed at LSI Medience 

Tokyo, Japan). The data are presented as the number of copies of 

ARS-CoV-2 per milliliter of saliva. Samples were collected starting 

n October 8, 2020. 

utcomes 

The primary outcome was the change in patient condition ac- 

ording to the WHO clinical progression scale [13] (a 10-point or- 

inal scale) from baseline to day 7. 

The secondary outcomes included the following: (i) change in 

atient condition on a 10-point scale from baseline to days 4 and 

; (ii) change in SARS-CoV-2 viral load on days 0, 3, and 5; (iii) 

ime to improvement in clinical symptoms, body temperature, and 

pO 2 from randomization (improvement in body temperature was 

efined as a “body temperature of ≤37.4 °C for at least 24 hours 

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.cubecdms.com
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ithout the use of an antipyretic 4 hours before measurement 

f axillary temperature” and improvement in SpO 2 was defined 

s “SpO 2 of 96% for at least 24 hours without the use of oxygen 

herapy”); (iv) change in clinical manifestations; (v) change in vi- 

al signs; (vi) change in the national early warning score (NEWS); 

vii) remission of chest image findings, requirement and duration 

f oxygen administration; (viii) requirement and duration of me- 

hanical ventilation; and (ix) changes in laboratory testing values. 

The safety outcomes included the incidence of adverse events 

AEs), including all undesirable changes in vital signs, symptoms, 

aboratory test values, and electrocardiogram. 

tatistical analysis 

All the efficacy analyses were conducted on the modified 

ntention-to-treat population, which included all participants who 

ere enrolled in this study and received at least one dose of treat- 

ent. Intergroup comparisons of efficacy were performed between 

he allocated treatment groups, irrespective of whether they ac- 

ually received the allocated treatment. However, safety outcomes 

ere assessed in all participants who started study treatment and 

ere compared between groups according to their actual treat- 

ent. 

The participants’ characteristics were compared between groups 

sing Fisher’s exact test or Pearson’s chi-square test for categorical 

ariables and Student’s t -test or the Wilcoxon rank-sum test for 

ontinuous variables. 

The primary outcome was compared between groups by anal- 

sis of covariance, with the baseline value of the WHO 10-point 

rdinal scale as a covariate. The primary end point was analyzed 

sing a one-tailed test at a significance level of 0.1. 

For secondary outcomes, time-to-event end points were com- 

ared between groups using the log-rank test, and survival curves 

ere created for each group using the Kaplan–Meier method. Par- 

icipants who discontinued the study after day 28 were censored 

n day 28. The median survival days were calculated and their 

onfidence intervals (CIs) were constructed using the Brookmeyer- 

rowley method. Hazard ratios were computed using the Cox pro- 

ortional hazards model, which included only the treatment group 

s a covariate. Continuous outcomes at day 7, including SpO 2 , were 

nalyzed as change from baseline using mixed models for repeated 

easures with fixed effects, including group, time, and group-by- 

ime interactions, and an unstructured assumption about correla- 

ion. The change in logarithm of viral load from baseline to day 5 

as analyzed using a linear mixed-effects model without intercept, 

n which the fixed effects were continuous time and the time-by- 

reatment interaction and the random effects for each participant 

ere continuous time. Secondary outcomes were analyzed using a 

wo-tailed test at a significance level of 0.05 and 95% CI. AEs are 

ummarized as counts and proportions. SAS version 9.4 (SAS In- 

titute Inc., Cary, NC, USA) was used for analyses, tabulations, and 

hart outputs. 

The primary outcome and definition of clinical improvement 

ere changed in September 2020. The initial primary outcome 

as time to clinical improvement. The initial definition of clin- 

cal improvement was maintenance for more than 24 hours of 

hree findings, including defervescence, > 96% SpO 2 , and improve- 

ent of chest imaging, followed by two negative results of reverse 

ranscriptase-polymerase chain reaction (PCR) testing for SARS- 

oV-2 24 hours apart. In early 2020, the discharge criteria for 

OVID-19 in Japan were an improvement in both respiratory func- 

ion and defervescence for more than 48 hours, followed by two 

onsecutive negative results of reverse transcriptase-PCR testing for 

ARS-CoV-2. However, the discharge criteria were changed in June 

020 to more than 72 hours of improvement in both respiratory 

tatus and defervescence and more than 10 days after the appear- 
357 
nce of symptoms. After the change, the study enrollment was de- 

ayed because the participants avoided staying in a hospital un- 

il clinical improvement was achieved, even after the national dis- 

harge criteria were achieved. 

The required sample size was initially calculated as 160, with 

0% power for detection of intergroup differences of 0.4 or more 

n changes in the WHO 10-point ordinal scale from baseline with a 

ommon SD of 0.9, using a two-tailed t -test, at a significance level 

f 0.05. However, due to the difficulty of completing patient enroll- 

ent, the sample size was changed to 45 patients on November 

2, 2021, with 75% power for the detection of intergroup differ- 

nces of 0.6 with an SD of 1.0, using a one-tailed test at a signifi-

ance level of 0.1. 

esults 

ubjects 

A total of 45 patients were enrolled between May 1, 2020 and 

ecember 15, 2021; none were excluded from the study. After ran- 

omization, 21 patients were allocated to the combination group 

ith nafamostat and favipiravir, and 24 patients to the favipiravir 

onotherapy group. No patient died by day 28. Four patients in 

he combination therapy group and five patients in the monother- 

py group discontinued the intervention. Among these, three in 

he combination therapy group and four in the monotherapy group 

iscontinued the intervention before day 7. Two patients in the 

onotherapy group were administered tocilizumab, one of whom 

as also administered nafamostat as a secondary rescue therapy 

ecause of clinical determination. In the monotherapy group, two 

atients discontinued the study after the intervention. Overall, 21 

atients in the combination therapy group and 24 patients in the 

onotherapy group were included in the modified intention-to- 

reat population and safety analysis set ( Figure 1 ). 

The baseline characteristics and vital signs were similar be- 

ween the combination therapy and monotherapy groups ( Table 1 , 

upplementary Table 1). All patients scored a four on the 10-point 

rdinal patient scale. Symptoms, except myalgia and joint pain, 

ere similar between the two groups. The degree of myalgia and 

oint pain was more severe in the monotherapy group. Clinical lab- 

ratory testing showed that several parameters (uric acid, crea- 

inine kinase, blood glucose, and prothrombin time and interna- 

ional normalized ratio) were higher in the monotherapy group. 

The median duration of nafamostat administration was 8.0 days 

range, 2-14 days) in the combination group and 0.0 days in the 

onotherapy group; although, one patient in this group received 

t for 6 days for primary rescue therapy. The median duration of 

avipiravir administration was 8.0 days (2-14 days) and 9.5 days (4- 

4 days) in the combination and monotherapy groups, respectively. 

rimary outcome 

There was no significant difference in the changes in patient 

core on day 7 between the two groups (least-squares mean - 

.4 4 4, combination group vs -0.150, monotherapy group; least- 

quares mean difference [LSMD], -0.294 [95% CI, -0.944 to -0.355]; 

 = 0.364; Table 2 ). In the subgroup analysis, no specific popula- 

ion was found to have a significantly different patient score (data 

ot shown). 

econdary outcomes 

The median time to improvement in body temperature was 

ignificantly shorter in the combination group than that in the 

onotherapy group (5.0 days vs 9.0 days, respectively; 95% CI, 4.0- 

.0 and 7.0-18.0, respectively; hazard ratio, 2.42; 95% CI, 1.26-4.63; 
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Figure 1. Flow diagram of patient enrollment. 
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 = 0.009; Table 2 , Figure 2 ). The rate of improvement in body

emperature on day 7 was 80.0% in the combination group and 

9.2% in the monotherapy group. The median time to improve- 

ent in SpO 2 tended to be shorter in the combination group than 

n the monotherapy group; although, the difference was not sig- 

ificant (5.0 days vs 7.0 days, respectively; hazard ratio, 1.78; 95% 

I, 0.88-3.63; P = 0.097) (Supplementary Table 2). The changes in 

pO 2 on day 7 compared with preintervention were also greater 

n the combination group than those in the monotherapy group 

0.526% vs -1.304%, respectively; LSMD, 1.831; 95% CI, 0.279-3.382; 

 = 0.022). Systolic blood pressure had decreased to a greater ex- 

ent on day 7 in the combination group (-18.265 mm Hg vs - 

.634 mm Hg, respectively; LSMD, -9.631; 95% CI, -18.660 to - 

.602; P = 0.037). Other vital signs were similar between the two 

roups. The NEWS trend and 10-point ordinal scale score on days 

 and 28 did not differ between the two groups. Although the vi- 

al load in saliva on days 0, 3, and 5 was not measured in all pa-

ients, there were no significant differences between the groups 
p

358 
ased on those measured. There was a significant difference be- 

ween the combination group and monotherapy group in the val- 

es of the following laboratory tests on day 7: hemoglobin (0.108 

/dl vs -0.830 g/dl, respectively, LSMD, 0.938; 95% CI, 0.470-1.405; 

 < 0.001), creatinine (0.087 mg/dl vs -0.122 mg/dl, respectively, 

SMD, 0.209; 95% CI, 0.135-0.282; P < 0.001), total bilirubin (0.116 

g/dl vs -0.094 mg/dl, respectively, LSMD, 0.210; 95% CI, 0.092- 

.328; P < 0.001), and prothrombin time and international nor- 

alized ratio (0.085 vs -0.022, respectively, LSMD, 0.107; 95% CI, 

.0 6 6-0.148; P < 0.001). 

afety 

In total, 99 AEs were reported among 19 patients (90.5%) in the 

ombination group and 92 AEs were reported among 20 patients 

83.3%) in the monotherapy group ( Table 3 ). The rate of AEs was

imilar between the two groups. No serious AEs or deaths were re- 

orted. Two patients from each group discontinued the study ow- 
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Table 1 

Clinical characteristics of the patients at baseline. 

Nafamostat and favipiravir 

(N = 21) Favipiravir (N = 24) P -value 

Age, median (range) 50.0 

(25-68) 

54.0 

(39-72) 

0.069 

Gender 0.950 

Male 12 (57%) 15 (63%) 

Female 9 (43%) 9 (37%) 

Ethnic origin 

Asian 21 (100%) 24 (100%) 

Body mass index (kg/m 

2 ), median (range) 22.84 

(20.83-35.99) 

23.69 

(19.13-34.60) 

0.896 

Comorbidity, no. (%) 

Diabetes mellitus 4 (19.0%) 5 (20.8%) 1.000 

Cardiovascular disease 0 0 - 

Chronic pulmonary disease 1 (4.8%) 1 (4.2%) 1.000 

Chronic obstructive pulmonary disease due to 

smoking 

0 (0%) 1 (4.2%) 1.000 

Others 13 (61.9%) 14 (58.3%) 1.000 

Drug allergy, no. 0 0 

Other allergy, no. (%) 2 (9.5%) 3 (12.5%) 1.000 

SARS-CoV-2 viral load (Log scale) N = 9 

3.724 

(3.10-6.30) 

N = 13 

5.763 

(3.10-8.41) 

0.082 

Vital signs 

Body temperature ( °C) 37.80 

(35.7-41.2) 

37.90 

(36.1-40.3) 

0.996 

Systolic blood pressure (mmHg) N = 21 

122.0 

(90-151) 

N = 23 

117.0 

(96-169) 

0.749 

Diastolic blood pressure (mmHg) N = 21 

70.0 

(55-99) 

N = 23 

79.0 

(42-100) 

0.272 

Pulse rate (times/min) 82.0 

(57-109) 

89.5 

(62-113) 

0.069 

Respiratory rate (times/min) N = 20 

19.0 

(14-26) 

N = 21 

18.0 

(12-30) 

0.895 

Oxygen saturation (%) 96.0 

(94-98) 

96.0 

(88-99) 

0.734 

National Early Warning Score N = 20 

3.0 

(0-7) 

N = 21 

2.0 

(0-8) 

0.981 

10-point ordinal score of patients 

Score 4 21 (100%) 24 (100%) 

Oxygen therapy 3 (14.3%) 0 (0%) 0.187 

Figure 2. Proportion of temperature recovery in the combination group and monotherapy group. 

The Kaplan-Meier estimates show that the rate of recovery for temperature on day 7 was higher in the combination group than that in the monotherapy group. 

CI, confidence interval; HR, hazard ratio. 
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Table 2 

Results of the primary outcome and key secondary outcomes. 

Nafamostat and favipiravir (N = 21) Favipiravir (N = 24) LSM 

difference 

LSM difference 

80% CI 

LSM difference 

95% CI 

P value 

Primary outcome N LSM LSM 95% CI N LSM LSM 95% CI 

Change in value of WHO 10-point ordinal 

scale on day 7 from baseline 

18 −0.444 −0.916 0.027 20 −0.150 −0.597 0.297 −0.294 −0.713 0.124 −0.944 0.355 0.364 

Nafamostat and favipiravir (N = 21) Favipiravir (N = 24) LSM 

difference 

LSM difference 

95% CI 

P value 

Key secondary outcomes N 95% CI N 95% CI 

Rate of defervescence on day 7 (%) ∗ 21 80.0 60.7 93.8 24 29.2 14.2 53.9 

Duration of fever (days) 21 5.0 4.0 7.0 24 9.0 7.0 18.0 0.009 

N LSM LSM 95% CI N LSM LSM 95% CI LSM 

difference 

LSM difference 

95% CI 

P value 

Change in value of SpO 2 on day 7 from 

baseline (%) 

21 0.526 −0.607 1.659 24 −1.304 −2.364 −0.244 1.831 0.279 3.382 0.022 

Change in value of systolic blood 

pressure on day 7 from baseline (mmHg) 

21 −18.265 −24.815 −11.715 24 −8.634 −14.849 −2.419 −9.631 −18.660 −0.602 0.037 

Change in value of hemoglobin on day 7 

from baseline (g/dL) 

21 0.108 −0.239 0.455 24 −0.830 −1.143 −0.517 0.938 0.470 1.405 < 0.001 

Change in value of creatinine on day 7 

from baseline (mg/dL) 

21 0.087 0.032 0.141 24 −0.122 −0.171 −0.073 0.209 0.135 0.282 < 0.001 

Change in value of total bilirubin on day 

7 from baseline (mg/dL) 

21 0.116 0.028 0.204 24 −0.094 −0.173 −0.016 0.210 0.092 0.328 < 0.001 

Change in value of PT-INR on day 7 from 

baseline 

21 0.085 0.054 0.116 24 −0.022 −0.050 0.006 0.107 0.066 0.148 < 0.001 

LSM, least-squares mean; PT-INR, prothrombin time international normalized ratio; SpO2, oxygen saturation; WHO, World Health Organization. 
∗ Proportion and its confidence interval were estimated by Kaplan-Meier method. 
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Table 3 

Summary of AEs in the safety population. 

Event N (%) Nafamostat and favipiravir (N = 21) Favipiravir (N = 24) 

Any AE 19 (90.5) 20 (83.3) 

Phlebitis 12 (57.1) 2 (8.3) 

Elevated liver enzymes 7 (33.3) 9 (29.2) 

Hyperuricemia 14 (66.7) 13 (54.2) 

Hyponatremia 3 (14.3) 3 (12.5) 

Hyperkalemia 2 (9.5) 1 (4.2) 

Increased creatinine 2 (9.5) 0 (0) 

Serious AE 0 (0) 0 (0) 

Death 0 (0) 0 (0) 

AE, adverse event 
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ng to AEs. Both agents were discontinued in the two patients from 

he combination group: one because of extravasation on day 4 and 

he other because of elevation of liver enzymes, uric acid, and cre- 

tinine, with the emergence of urinary protein and occult blood. 

he most common AE was hyperuricemia (66.7% in the combina- 

ion group and 54.2% in the monotherapy group). Phlebitis was 

eported at a higher rate in the combination group than in the 

onotherapy group (57.1% and 8.3%, respectively) and was consid- 

red to be a nafamostat-related AE by the investigators. Hypona- 

remia and hyperkalemia were observed in 14.3% and 9.5% of pa- 

ients in the combination group, respectively. 

iscussion 

In this study, nafamostat plus favipiravir therapy did not signif- 

cantly improve the score on the 10-point patient ordinal scale on 

ay 7 compared with favipiravir monotherapy. However, the dura- 

ion of the fever was shortened and a higher SpO 2 on day 7 was

chieved. Nafamostat administration did not cause severe AEs; al- 

hough, phlebitis occurred in 57.1% of patients in the combination 

roup. 

To date, two clinical trials of nafamostat have been reported: 

 randomized phase II clinical trial in Russia and a randomized 

ontrolled phase Ib/IIa experimental study in the UK. Although 

afamostat is a promising antiviral drug for SARS-CoV-2, both the 

K study and our study failed to demonstrate that it reduced vi- 

al load, and the Russian study also showed that the time to virus 

limination did not differ between the nafamostat group and the 

tandard care group based on a qualitative PCR test. Notably, the 

iral load discussed previously does not indicate the quantity of 

ive, infective virus particles. A possible reason for the lack of an 

ffect on viral load despite the administration of a sufficient con- 

entration of nafamostat is the duration from symptom onset to 

he administration of nafamostat. The viral load in patients with 

OVID-19 reaches a peak early in the course of symptoms [14] . 

his study enrolled patients who developed fever within 10 days, 

nd the UK and Russian studies also enrolled patients 8 and 10 

ays [15] after the occurrence of symptoms, respectively. A mouse 

odel study showed that administration of nafamostat immedi- 

tely before infection protects respiratory tract cells [16] . Thus, 

arlier administration of nafamostat may have an antiviral effect. 

nother possibility is that favipiravir may mask the potential ef- 

ect of nafamostat because favipiravir showed a higher rate of viral 

learance and shorter clinical improvement in hospitalized patients 

ith COVID-19 in a meta-analysis [17] . Nafamostat may have no 

dditional effect when used with favipiravir to treat SARS-CoV-2. 

This study did not achieve statistical significance in the analysis 

f the primary outcome using the patient ordinal scale. A UK study 

n patients with COVID-19 pneumonitis reported that the dura- 

ion of hospital stay and time without oxygen therapy tended to 

e longer in the nafamostat therapy group than in the SOC group 

15] . In contrast, the Russian study reported that among patients 
361 
ith NEWS > 7, the time to clinical improvement, measured by the 

-category ordinal scale, was shorter in the nafamostat group than 

n the SOC group; although, the difference between the two groups 

as not significant in all patients [18] . Thus, nafamostat may have 

 more beneficial effect on patients with severe COVID-19 than on 

hose in our study. 

Regarding the secondary outcomes, combination therapy re- 

ulted in a shortened duration of fever and improvement in SpO 2 

n day 7; although, the oxygen administration rate and duration 

id not differ between the monotherapy and combination therapy 

roups. A recent preprint of a clinical trial of camostat, an oral ser- 

ne protease inhibitor similar to nafamostat, showed a similar ben- 

ficial effect in that the clinical scores, including fever and upper 

espiratory symptoms, were improved in the camostat group; al- 

hough, there was no significant difference in viral load compared 

ith the placebo group [19] . The mechanism underlying the im- 

rovement in the clinical course of COVID-19 by nafamostat is un- 

nown beyond its antiviral effect. Nafamostat has been reported to 

ave immunomodulatory and anticoagulant effects [20–22] . Clini- 

al trials of nafamostat [15] and camostat [23] for the treatment of 

OVID-19 have reported the dynamics of cytokines in the blood; 

owever, significant changes were not observed. The viral entry of 

ARS-CoV-2 occurs through a cell surface route through TMPRSS2 

r an endosomal route [24] . Toll-like receptor (TLR) 7, which rec- 

gnizes viral single-stranded RNA viruses, such as SARS-CoV-2, is 

xpressed in the endosome, and nafamostat can inhibit peripheral 

nflammation, such as liver inflammation, triggered by stimulat- 

ng TLR7 [25] . The difference in cytokine dynamics in the blood 

r tissue may be determined according to the severity and phase 

f COVID-19. 

AEs associated with nafamostat were not serious, but phlebitis 

as observed in 57.1% of patients in the combination group in this 

tudy and in 13.5% of patients in a previous study [18] . Other com-

on AEs were elevated liver enzymes (33.3% in the combination 

roup and 29.2% in the monotherapy group) and hyperuricemia 

66.7% in the combination group and 54.2% in the monotherapy 

roup). A previous study comparing favipiravir and placebo ther- 

py reported these events in 5-10% and approximately 40% of pa- 

ients in the placebo and favipiravir groups, respectively [26] . Se- 

ious AEs due to nafamostat reported in a previous study [15] , in- 

luding elevation of creatinine and hyperkalemia, were uncommon 

both 9.5%) and not observed in this study. The incidence of AEs 

ust have decreased with the necessary and sufficient adminis- 

ration of nafamostat. One problem is that continuous infusion is 

equired to maintain the blood concentration of nafamostat be- 

ause it decreases rapidly after administration [ 27 , 28 ]. A study is

urrently ongoing in Japan to investigate the virus inhibitory ef- 

ect, safety, and optimal dose of nafamostat mesilate in patients 

ith early mild COVID-19 (jRCTs031210183). Further improvements 

n nafamostat delivery are needed to maintain patients’ adherence. 

This study had some limitations. First, this was a single-blind 

rial, and the number of patients was small. However, this study 
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[

nrolled patients with mild-to-moderate COVID-19, which repre- 

ented the majority of cases before the Omicron variant. There- 

ore, the results of this study are generalizable outside of the study 

opulation. Second, the primary outcome changed 4 months after 

he start of the study. Two patients were enrolled in the combina- 

ion group and four in the monotherapy group before the primary 

utcome was changed; however, these patients could be included 

n the study assessment because their scores were obtained ret- 

ospectively. Third, all patients received favipiravir because it had 

lready been used off-label for patients with COVID-19 pneumo- 

ia in Japan during the planning of this study. At the start of this 

tudy, the use of nafamostat without favipiravir might have been 

nacceptable to participants and physicians. Fourth, the history of 

OVID-19 vaccination was not collected, and the sequencing of vi- 

al genomes was not performed in this study. However, 70% of 

he patients in this study were enrolled before priority vaccina- 

ion started in Japan, and all participants were enrolled before the 

micron variant emerged. 

In conclusion, this study showed earlier defervescence and 

pO 2 recovery in patients with mild-to-moderate COVID-19 in the 

afamostat and favipiravir combination group than those in the 

avipiravir monotherapy group but without any additional viral re- 

uction. This result suggests that the combination therapy with 

avipiravir and nafamostat may be considered as a therapeutic op- 

ion for hospitalized patients with COVID-19. Further studies are 

equired to evaluate the clinical efficacy of the favipiravir and 

afamostat therapy with expanded patient populations and re- 

uce nafamostat-related AEs. Furthermore, nafamostat treatment 

n combination with other antivirals must be studied to prepare 

or the emergence of a new virulent variant. 
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