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a b s t r a c t 

Objective: To evaluate the efficacy and safety of pegylated interferon alpha-2b (PEG IFN- α2b) adminis- 

tered in conjunction with the standard of care (SOC) in subjects with moderate coronavirus disease-19 

(COVID-19). 

Methods: In this study, adult subjects with confirmed moderate COVID-19 were randomized in a 1:1 ratio 

to receive either PEG IFN- α2b + SOC or SOC alone. The primary endpoint was a two-point improvement 

in clinical status on Day 11, measured by the World Health Organization’s seven-point ordinal scale. 

Results: Of 250 subjects, 120 were randomized to the PEG IFN- α2b + SOC arm and 130 were randomized 

to the SOC arm. The results for the PEG IFN + SOC arms vs the SOC arm for the proportion of subjects 

with a two-point improvement in the seven-point ordinal scale were 80.36% vs 68.18% ( P = 0.037) on Day 

8, 91.60% vs 92.56% ( P = 0.781) on Day 11, and 94.12% vs 95.93% ( P = 0.515) on Day 15. There was a time- 

dependent decrease in the biomarkers in both arms, and no clinically significant changes in laboratory 

parameters. The safety profile was similar in both arms. 

Conclusion: PEG IFN- α2b induced early viral clearance, improved the clinical status, and decreased the 

duration of supplemental oxygen. It provides a viable treatment option and can limit the spread of severe 

acute respiratory syndrome coronavirus-2. 

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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A novel coronavirus disease caused by severe acute respira- 

ory syndrome coronavirus-2 (SARS-CoV-2) was identified in De- 

ember 2019 in patients in Wuhan, China, and a pandemic sit- 

ation has since been declared ( Cucinotta and Vanelli, 2020 ; 
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pinelli and Pellino, 2020 ). By 6 May 2021, > 154 million con- 

rmed cases and 3.2 million deaths had been reported worldwide, 

ith 21,077,410 confirmed cases, including 230,168 deaths, in India 

 World Health Organization, 2021 ). The clinical spectrum of SARS- 

oV-2 infection appears to be wide, encompassing asymptomatic 

nfections, mild upper respiratory tract illness, fatigue, fever, myal- 

ias, severe life-threatening viral pneumonia which requires hospi- 

al admission, and death ( Cortinovis et al., 2021 ). 

Comorbidities, particularly hypertension, diabetes, obesity and 

moking, increase the risk of severe coronavirus disease-19 

COVID-19) ( Chen et al., 2021 ; Zheng et al., 2020 ). The 
ty for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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haracteristics of COVID-19 differ depending on the demographic 

nd epidemiological profiles of each country. 

To date, only dexamethasone and remdesivir have shown ef- 

cacy in randomized trials of hospitalized patients with COVID- 

9, and an interim analysis of monoclonal antibody infusion has 

hown faster viral clearance in outpatients ( Beigel et al., 2020; 

hen et al., 2021; Horby et al., 2021 ). As seen in other acute viral

nfections, timely initiation of antiviral therapy for COVID-19 may 

mprove clinical outcomes ( Aoki et al., 2003 ); however, very few 

tudies among outpatients have been completed. 

Type I interferons (IFNs) are broad-spectrum antivirals that rep- 

esent the body’s first natural line of defence. They are secreted 

ubsequent to viral replication inside the cell (tenOever et al., 

016 ). IFNs act by binding to and activating type 1 IFN recep- 

ors, and activating the Janus kinase/signal transducer activator of 

ranscription (JAK/STAT) pathway. Activation of the JAK/STAT path- 

ay increases the expression of IFN-stimulated genes in multi- 

le tissues involved in the antiviral response, including direct in- 

ibitory effects on viral replication and supporting an immune re- 

ponse to clear viral infection ( Lazear et al., 2019 ). Recent develop- 

ents suggest an important association between type I IFNs and 

ARS-CoV-2 infection and disease ( Bastard et al., 2020 ; Blanco- 

elo et al., 2020 ; Hadjadj et al., 2020 ; Zhang et al., 2020 ). Lev-

ls of IFN- α decreased in direct correlation with the severity of 

isease ( Hadjadj et al., 2020 ). Sera of patients with COVID-19 did 

ot show any detectable levels of IFN- β ( Blanco-Melo et al., 2020 ). 

pproximately 13.7% of patients with severe disease were found to 

e carrying neutralizing antibodies against IFN- α and other type I 

FNs, and had low or undetectable serum levels of IFN- α2b during 

cute disease ( Bastard et al., 2020 ). Another 3.5% of patients had 

nborn errors of type I IFN immunity ( Zhang et al., 2020 ). 

In vitro , a direct antiviral effect of IFN- α against SARS-CoV-2 has 

een clearly demonstrated ( Lokugamage et al., 2020 ; Mantlo et al., 

020 ). In the authors’ studies, a half maximal inhibitory concentra- 

ion of 15.6 fM was established for PEG IFN- α2b in a set-up where

ero E6 cells were pretreated with the drug before being chal- 

enged with SARS-CoV-2. In an exploratory study with 77 patients 

ospitalized with COVID-19, given IFN- α2b either alone or with ar- 

idol (a broad-spectrum antiviral compound), it was observed that 

hose who received IFN- α2b demonstrated a significant reduction 

n the duration of detectable virus in the upper respiratory tract 

nd reduced blood levels of inflammatory markers, interleukin-6 

IL-6) and C-reactive protein (CRP) ( Zhou et al., 2020 ). Similarly, in 

 retrospective analysis of 446 patients hospitalized with COVID- 

9, it was observed that those who were given IFN- α2b demon- 

trated reduced in-hospital mortality not associated with hospital 

ischarge ( Wang et al., 2020 ). The synthetic glucocorticoid dexam- 

thasone has been shown to reduce deaths due to COVID-19 by 

uppression of an overactive immune response; however, this takes 

lace at the cost of suppression of IFN- α2b, a crucial component 

f the antiviral response. Among patients receiving glucocorticoids, 

arly IFN therapy was associated with earlier hospital discharge 

adjusted hazard ratio (HR) 1.68, 95% confidence interval (CI) 1.19–

.37] and symptom relief (adjusted HR 1.48, 95% CI 1.06–2.08), and 

ower prevalence of prolonged viral shedding (adjusted odds ratio 

.24, 95% CI 0.10–0.57) ( Lu et al., 2021 ). A crucial role of type I IFNs

uch as IFN- α2b in the protective immunity against SARS-CoV-2 is 

ecoming clear. 

PEG IFN- α2b is a covalent conjugate of a recombinant type I 

FN, IFN- α2b, with monomethoxy polyethylene glycol. Both IFN- 

and PEG IFN- α2b have been used clinically to treat hepatitis B 

nd C viruses for several years. A phase 2 randomized study of 

0 patients with moderate COVID-19 demonstrated that a single 

ose of PEG IFN- α2b given along with the standard of care (SOC) 

ed to an early negative reverse transcription polymerase chain re- 

ction (RT-PCR) result along with improvement in clinical symp- 
282 
oms by Day 15 compared with patients who were given SOC alone 

 Pandit et al., 2021 ). However, this study was limited by its small

ample size and the fact that quantitative RT-PCR was not per- 

ormed. This article presents the findings from a phase 3 study in- 

olving 250 patients with moderate COVID-19. 

aterials and methods 

tudy design 

This phase 3, multi-centric, randomized, comparator-controlled, 

pen-label study evaluated the efficacy and safety of a single dose 

f PEG IFN- α2b in the treatment of adult patients diagnosed with 

ARS-CoV-2. The study was undertaken at 20 study centres across 

ndia. Eligible subjects were assigned at random in a 1:1 ratio to 

eceive either PEG IFN- α2b + SOC or SOC alone. 

This study was initiated after obtaining approval from Ethics 

ommittees (ECs) and the Drugs Controller General of India (DCGI) 

dated 14 December 2020); safety, efficacy and study conduct were 

verseen by an independent data safety monitoring board. This 

tudy was conducted in accordance with the applicable local reg- 

lations and registered with Clinical Trial Registry - India CTRI 

CTRI/2020/12/029855). 

tudy populations 

Individuals with suspected COVID-19 were recruited from 20 

tudy centres across India from 16 December 2020 to 25 March 

021. Key inclusion criteria were age ≥18 years, RT-PCR-confirmed 

ARS-CoV-2 infection, pneumonia with no signs of severe disease, 

espiratory rate ≥24 breaths/min, SpO 2 90–94%, and a negative 

regnancy test (for female patients of child-bearing potential). Key 

ligibility criteria are provided in the online supplementary mate- 

ial. 

nterventions 

Eligible subjects were randomized in a 1:1 ratio to either 

EG IFN- α2b (1 μg/kg subcutaneous injection, single dose) + SOC 

r SOC alone. SOC treatments [i.e. antipyretics, cough suppres- 

ants, antibiotics, steroids, vitamins, anticoagulants, hydroxychloro- 

uine and antivirals (e.g. remdesivir)] were administered as per 

he COVID-19 clinical management guidelines of the Ministry of 

ealth, Government of India and the practices of the individual 

nstitutions. Randomization was generated using SAS Version 9.4. 

ach vial of PEG IFN- α2b was reconstituted with 0.7 mL of water 

or injection for administration of up to 0.5 mL of solution. Each 

.5 mL of solution for subcutaneous injection delivers 100 μg of 

EG IFN- α2b. All subjects were hospitalized, with RT-PCR tests us- 

ng a pharyngeal swab performed at screening, Day 7, Day 11, Day 

5 and Day 29. 

ssessments 

The primary outcome was to evaluate the clinical efficacy of 

EG IFN- α2b based on change in the ordinal scale at Day 11 

two-point improvement in the WHO seven-point ordinal scale) 

 World Health Organization Solidarity Trial Consortium, 2021 ). The 

cale consists of the following categories: 1, not hospitalized, no 

imitation of activities; 2, not hospitalized, limitation of activities; 

, hospitalized, does not require supplemental oxygen; 4, hospital- 

zed, requires supplemental oxygen; 5, hospitalized, requires non- 

nvasive ventilation or on high flow oxygen devices; 6, hospitalized, 

equires invasive mechanical ventilation or extracorporeal mem- 

rane oxygenation (ECMO); and 7, death. 
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Table 1 

Summary of demographic characteristics (safety population). 

Pegylated 

IFN- α2b + SOC 

( N = 120) 

SOC 

( N = 130) 

Overall 

( N = 250) P -value a 

Age (years) 

Mean ± SD 49.60 ± 14.98 50.14 ± 15.61 49.88 ± 15.28 0.7814 

Range 20–80 20–88 20–88 

Gender, n (%) 

Female 33 (27.50) 40 (30.77) 73 (29.20) 0.5701 

Male 87 (72.50) 90 (69.23) 177 (70.80) 

Weight (kg) 

Mean ± SD 68.56 ± 12.82 68.55 ± 12.27 68.55 ± 12.51 0.9938 

Range 40–118 40–98 40–118 

Height (cm) 

Mean ± SD 163.60 ± 10.16 163.88 ± 9.35 163.75 ± 9.73 0.8213 

Range 127–193 145–189 127–193 

BMI (kg/m 

2 ) 

Mean ± SD 25.70 ± 4.89 25.56 ± 4.54 25.63 ± 4.70 0.8164 

Range 14.70–48.50 16.60–39.80 14.70–48.50 

BMI, body mass index; SD, standard deviation; SOC, standard of care; N , number of 

subjects on specified treatment; n , number of subjects with non-missing values. 
a P -values for categorical variables were calculated using Chi-squared test, P -values 

for continuous variables were calculated by analysis of variance. 
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The secondary efficacy endpoints were to evaluate the clini- 

al efficacy of PEG IFN- α2b based on change in the ordinal scale 

t Days 8, 11 and 15; the proportion of subjects with adverse 

vents (AEs) that occurred on or after the first dose of PEG IFN- 

2b; qualitative polymerase chain reaction for SARS-CoV-2 using 

 pharyngeal swab; occurrence and duration of supplemental oxy- 

en and mechanical ventilation; time to resolution of clinical signs 

nd symptoms; duration of hospitalization; change in white blood 

ell count, haemoglobin, platelets, creatinine, glucose, total biliru- 

in, alanine aminotransferase (ALT) and aspartate aminotransferase 

AST) from baseline to Day 29; and change in CRP, D-dimer, ferritin 

nd IL-6 from baseline to Day 29. 

Safety assessments were based on physical examinations, vitals, 

aboratory tests, and the incidence and severity of AEs. 

tatistical analysis 

The primary efficacy endpoint was the proportion of subjects 

ho showed an improvement in condition (clinical status) using 

he WHO seven-point ordinal scale for clinical improvement during 

he dosing period, and was presented descriptively as frequency 

nd percent. Treatment effect was assessed using Fisher’s exact test 

or active treatment (PEG IFN- α2b + SOC) vs SOC. Non-parametric 

ilcoxon rank sum test was used to assess the change in score 

rom baseline within the group. 

Of the secondary endpoints, qualitative RT-PCR, requirement 

or/duration of supplemental oxygen and mechanical ventilation, 

nd time to resolution of signs and symptoms were analysed us- 

ng non-parametric Wilcoxon rank sum test. CRP, IL-6, D-dimer and 

erritin were compared between treatment groups using an anal- 

sis of covariance model, with treatment as the fixed effect and 

aseline value as the covariate. 

Statistical significance was tested using a two-sided P -value of 

.05. The results are presented as mean and standard deviation 

SD). 

Post-hoc analysis was performed for those patients with a two- 

oint improvement in the WHO seven-point ordinal scale at Day 8, 

nd the data were analysed in the subgroups of patients ‘with and 

ithout remdesivir’ and ‘with and without steroids’. 

The populations and sample size calculation are provided in the 

nline supplementary material. 

esults 

ubject disposition and characteristics 

In total, 273 subjects were screened; of these, 23 subjects were 

ot enrolled into the study, and 250 subjects were administered 

he study medication as per randomization (120 subjects were ad- 

inistered the test medication and 130 subjects were administered 

he reference medication). 

Of the 250 subjects, 14 subjects were discontinued from the 

tudy: seven subjects from each of the treatment arms. The rea- 

ons for discontinuation from the study were as follows: serious AE 

two subjects), lost to follow-up (six subjects), and consent with- 

rawn (six subjects). 

Of the 250 subjects randomized, 242 (96.80%) subjects com- 

rised the modified intent-to-treat (mITT) population and 250 

10 0.0 0%) subjects comprised the safety population. One subject 

as not administered the reference medication. 

Of the 250 subjects, 177 (70.80%) were male and 73 (29.20%) 

ere female. The mean age was 49.60 (SD 14.98) years in the 

EG IFN- α2b + SOC group and 50.14 (SD 15.61) years in the SOC 

roup. Overall, demographic characteristics of the study subjects 

ere comparable across the treatment groups ( Table 1 ). Figure 1 

hows the study flow chart. 
283 
rimary endpoint 

The primary outcome was to evaluate the clinical efficacy of 

EG IFN- α2b based on changes in the ordinal scale (two-point im- 

rovement in the WHO seven-point ordinal scale) at Day 11. 

In the mITT population, 90 (80.36%) and 75 (68.18%) patients 

ad achieved clinical improvement in the PEG IFN- α2b + SOC 

roup and the SOC group, respectively, on Day 8. There was a 

ignificant difference in clinical improvement in the PEG IFN- 

2b + SOC group compared with the SOC group from Day 0 to Day 

 ( P < 0.05). On Day 11, 109 (91.60%) and 112 (92.56%) patients had

chieved clinical improvement in the PEG IFN- α2b + SOC group 

nd the SOC group, respectively. On Day 15, 112 (94.12%) and 118 

95.93%) patients had achieved clinical improvement in the PEG 

FN- α2b + SOC group and the SOC group, respectively ( Table 2 ).

he per-protocol (PP) population is presented in Table S1 (see on- 

ine supplementary material). 

Subjects in the PEG IFN- α2b + SOC group achieved a greater re- 

uction in the mean score (measured by seven-point ordinal scale) 

rom baseline to Day 15 compared with the subjects in the SOC 

roup. The mean change in score from baseline to Day 15 was - 

.34 (SD 0.90) and -2.24 (SD 0.69) in the PEG IFN- α2b + SOC group

nd SOC group, respectively. 

econdary endpoints 

Of the 119 subjects in the PEG IFN- α2b + SOC group, 103 

91.15%), 114 (97.44%) and 116 (98.31%) had a negative RT-PCR re- 

ult at Day 7, Day 11 and Day 14, respectively ( Table 3 ). Of the

23 subjects in the SOC group, 86 (78.90%), 113 (96.58%) and 119 

98.35%) had a negative RT-PCR result at Day 7, Day 11 and Day 

4, respectively. There was a significant difference between the 

roups on Day 7, indicating that PEG IFN clears the viral load early 

 P < 0.05). The per-protocol (PP) population is presented in Table S2 

see online supplementary material). 

In the mITT population, 131 of the 242 subjects required oxygen 

upport: 64 (61.54%) subjects in the PEG IFN- α2b + SOC group and 

7 (59.29%) subjects in the SOC group. Subjects in the PEG IFN- 

2b + SOC group had a shorter duration of supplemental oxygen 

han subjects in the SOC group ( Figure 2 ) (median 56 h vs 84 h;

 < 0.05). The PP population is presented in Table S3 (see online 

upplementary material). 
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Figure 1. Study flow chart. mITT, modified intent-to-treat; PEG IFN- α2b, pegylated interferon alpha-2b; PP, per protocol; SOC, standard of care. 

Table 2 

Analysis of proportion of subjects with clinical improvement (clinical status) from Day 0 to Day 8, Day 11 and Day 15, measured using the World Health 

Organization seven-point ordinal scale (modified intent-to-treat population). 

Visit Improvement Pegylated IFN- α2b + SOC 

( N = 119) 

n (%) 

SOC 

( N = 123) 

n (%) 

P -value Risk 

difference (%) 

95% CI 

Day 8 n = 112 n = 110 

Yes 90 (80.36) 75 (68.18) 0.0379 12.18 (0.46 to 23.74) 

No 22 (19.64) 35 (31.82) 

Day 11 n = 119 n = 121 

Yes 109 (91.60) 112 (92.56) 0.7818 -0.97 (-8.38 to 6.42) 

No 10 (8.40) 9 (7.44) 

Day 15 n = 119 n = 123 

Yes 112 (94.12) 118 (95.93) 0.5150 -1.82 (-8.16 to 4.14) 

No 7 (5.88) 5 (4.07) 

IFN, interferon; SOC, standard of care; N, number of subjects on treatment; n, number of subjects with available data for treatment; CI, confidence interval. 

Chi-squared test was used to calculate P -values, and 95% CI was calculated using risk difference. 

Risk difference is defined as the difference [(pegylated IFN- α2b + SOC) - SOC)]. 

P < 0.05 was considered to indicate statistical significance. 

Table 3 

Analysis of proportion of patients with negative qualitative polymerase chain reaction for severe acute respiratory syndrome coronavirus-2 on pharyngeal swab 

from Day 0 to Day 7, Day 11 and Day 15 (modified intent-to-treat population). 

Visit Result Pegylated IFN- α2b + SOC 

( N = 119) 

n (%) 

SOC ( N = 123) 

n (%) 

P -value 

Day 7 Negative 103 (91.15) 86 (78.90) 0.0103 

Positive 10 (8.85) 23 (21.10) 

Day 11 Negative 114 (97.44) 113 (96.58) 1.0000 

Positive 3 (2.56) 4 (3.42) 

Day 15 Negative 116 (98.31) 119 (98.35) 1.0000 

Positive 2 (1.69) 2 (1.65) 

IFN, interferon; SOC, standard of care; N , number of subjects on treatment; n, number of subjects on treatment by available data for improvement. 

P -values were calculated using Fisher’s exact test for Day 7, and Chi-square test for Day 11 and Day 15. 

P < 0.05 was considered to indicate statistical significance. 

284 
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Figure 2. Occurrence and duration of supplemental oxygen. 
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Table 4 

Summary of adverse events (safety population). 

Preferred term Pegylated 

IFN- α2b + SOC 

( N = 120) 

n (%) 

SOC 

( N = 130) 

n (%) 

Overall 

( N = 250) 

n (%) 

Number of subjects with at least 

one treatment emergent adverse 

event 

8 (6.67) 13 (10.00) 21 (8.40) 

Chest pain 1 (0.77) 1 (0.83) 2 (0.80) 

Constipation 0 (0.00) 2 (1.67) 2 (0.80) 

Diarrhoea 0 (0.00) 1 (0.83) 1 (0.40) 

Gastritis 0 (0.00) 1 (0.83) 1 (0.40) 

Nausea 0 (0.00) 1 (0.83) 1 (0.40) 

Asthenia 1 (0.77) 1 (0.83) 2 (0.80) 

Back pain 0 (0.00) 1 (0.83) 1 (0.40) 

Myalgia 1 (0.77) 0 (0.00) 1 (0.40) 

Headache 3 (2.31) 0 (0.00) 3 (1.20) 

Cough 0 (0.00) 1 (0.83) 1 (0.40) 

Respiratory distress 1 (0.77) 2 (1.67) 3 (1.20) 

Pruritus 1 (0.77) 1 (0.83) 2 (0.80) 

IFN, interferon; SOC, standard of care; N , number of subjects on treatment; n , num- 

ber of subjects in specified category. 

% = ( n /number of subjects in safety population for whom specific safety endpoint 

data is available) ∗100. 

If a subject had multiple occurrences of an adverse event, the subject is only in- 

cluded once for the corresponding adverse event. 
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Of the 242 subjects, two (1.69%) subjects in the PEG IFN- 

2b + SOC group and one (0.81%) subject in the SOC group re- 

uired mechanical ventilation. There was no significant difference 

n requirement for mechanical ventilation between the two groups 

n this study. The population is presented in Table S4 (see online 

upplementary material). 

Subjects in the PEG IFN- α2b + SOC group had a shorter dura- 

ion to resolution of signs and symptoms than subjects in the SOC 

roup (median 5 days vs 6 days; P < 0.05). The PP population is pre-

ented in Table S5 (see online supplementary material). 

The duration of hospitalization was similar in both the treat- 

ent groups for the mITT population (median 9 days; P ˃0.05). 

imilar results were obtained in the PP population (Table S6, see 

nline supplementary material). 

Serial laboratory measurements of blood levels for CRP, IL-6, D- 

imer and ferritin were also conducted. There was a decrease in 

oth groups, but no significant differences were found between the 

reatment groups for any of these parameters during the study. 

ost-hoc analysis 

In the analysis of patients with a two-point improvement in 

he WHO seven-point ordinal scale at Day 8 for the subgroups of 

atients ‘with and without remdesivir’, the following results were 

bserved. For the ‘with remdesivir’ analysis, the improvement was 

een in 15 patients (60%) in the PEG IFN- α2b + SOC + remde-

ivir group ( n = 25) and 18 patients (66.67%) in the SOC + remde-

ivir group ( n = 27) ( P = 0.617). For the ‘without remdesivir’ analy-

is, the improvement was seen in 75 patients (86.21%) in the PEG 

FN- α2b + SOC group ( n = 87) and 57 patients (68.67%) in the SOC

roup ( n = 83) ( P = 0.0061) (Tables S7 and S8, see online supplemen-

ary material). 

In the analysis of patients with a two-point improvement in 

he WHO seven-point ordinal scale at Day 8 for the subgroups 

f patients ‘with and without steroids’, the following results were 

bserved. For the ‘with steroids’ analysis, the improvement was 

een in 61 patients (85.92%) in the PEG IFN- α2b + SOC + steroids 

roup ( n = 71) and 50 patients (67.57%) in the SOC + steroids 

roup (n = 74) ( P = 0.0091). For the ‘without steroids’ analysis, the 

mprovement was seen in 29 patients (70.73%) in the PEG IFN- 

2b + SOC ( n = 41) group and 25 patients (69.44%) in the SOC

roup ( n = 36) ( P = 0.902) (Tables S9 and S10). 
285 
afety 

Of the 250 subjects, 21 (8.47%) subjects had at least one treat- 

ent emergent adverse event (TEAE) during the treatment period: 

ight (6.67%) subjects in the PEG IFN- α2b + SOC group and 13 

10.00%) subjects in the SOC group ( Table 4 ). None of the sub- 

ects were discontinued from the study due to AEs in any of the 

reatment groups. All AEs were followed up until the subject was 

recovered’ or ‘recovered with sequelae’, or until the end of post- 

reatment follow-up, whichever came first. Two deaths were re- 

orted in the test arm during the study. Of these, one subject had 

udden cardiopulmonary arrest, but the event was not related to 

he study drug (declared by investigator); and one subject had 

OVID-19, which was not related to the study drug (declared by 

ponsor and investigator). 

The reported preferred terms (PTs) of TEAEs in the PEG IFN- 

2b + SOC group were: chest pain, 1 (0.77%); asthenia, 1 (0.77%); 
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yalgia, 1 (0.77%); headache, 3 (2.31%); respiratory distress, 1 

0.77%); and pruritus, 1 (0.77%). In the SOC group, the reported PTs 

f TEAEs were: chest pain, 1 (0.83%); constipation, 2 (1.67%); diar- 

hoea, 1 (0.83%); gastritis, 1 (0.83%); nausea, 1 (0.83%); asthenia, 1 

0.83%); back pain, 1 (0.83%); cough, 1 (0.83%); respiratory distress, 

 (1.67%); and pruritus, 1 (0.83%). 

Two cases of death were reported in the test arm, both due to 

he progression of the underlying COVID-19 infection. The causality 

ssessment performed by the study investigators and evaluated by 

he ECs and the Data Safty Monitoring Board (DSMB) found both 

eaths to be unrelated to the study drug. 

No apparent difference was observed in any of the biomark- 

rs and laboratory parameters between the treatment groups. No 

linically relevant findings from clinical examination, vital signs 

nd electrocardiogram evaluations were attributed to PEG IFN- α2b. 

verall, a single dose of PEG IFN- α2b was found to be safe and

ell tolerated in this study. 

iscussion 

IFN- α2b is a type I IFN, known to be poorly expressed after in-

ection with SARS-CoV-2. The use of IFN- α2b through intranasal 

nd subcutaneous delivery routes has been studied in the treat- 

ent of COVID-19, and has been shown to help in the alleviation 

f disease. On the basis of these observations, this study investi- 

ated the use of a long-acting form of IFN- α2b, PEG IFN- α2b, for 

he treatment of patients with moderate COVID-19. 

In this study, patients with moderate COVID-19 who received 

 single dose of PEG IFN along with SOC showed a significant 

 P = 0.0379) two-point improvement on the WHO seven-point or- 

inal scale on Day 8 compared with patients who received SOC 

lone. This difference between the two treatment arms was not 

ignificant on Days 11 and 14. The significant difference on Day 8 

n the ordinal scale correlated very well with the significant differ- 

nce ( P = 0.01) in the qualitative RT-PCR data for the two groups on

ay 7. 

Type I IFNs such as IFN- α2b are produced as a first response 

o most viral infections by affected cells. In contrast to other res- 

iratory viruses, SARS-CoV-2 infection does not seem to produce 

 strong early type I IFN response ( Blanco-Melo et al., 2020 ), and

herefore, intervention with PEG IFN may have filled this gap in 

he early response to COVID infection, leading to a reduction in vi- 

al load, followed by a clinical improvement on the WHO ordinal 

cale as well as the time to resolution of clinical signs and symp- 

oms. In this study, patients who received PEG IFN showed a sig- 

ificantly reduced requirement for supplemental oxygen, as well 

s earlier resolution of signs and symptoms, compared with pa- 

ients who did not receive PEG IFN. The early reduction in viral 

oad mediated by PEG IFN may have helped the lungs to perform 

heir function better due to a reduced level of lung infection, al- 

hough this was not studied directly in this clinical trial. Neverthe- 

ess, the phenomenon appeared real, as a similar observation was 

lso made in the authors’ phase 2 clinical trial involving a much 

maller group of patients with moderate COVID-19 ( Pandit et al., 

021 ). 

The lack of difference between the two groups in terms of dura- 

ion of hospitalization may have been influenced by the discharge 

ecisions of the various hospitals during the pandemic, being de- 

endent upon a variety of reasons other than the overall health 

tatus of the patient. 

Biomarkers are important parameters to evaluate the safety of 

 product and predict the severity/progression of disease. In this 

tudy, no apparent difference was observed for any of the biomark- 

rs (CRP, IL-6, D-dimer and ferritin) or laboratory parameters be- 

ween the treatment groups. During the study, safety evaluations 

ere performed using different parameters such as clinical exam- 
286 
nation, vital signs, electrocardiogram and monitoring AEs. No sig- 

ificance difference was found between the treatment arms. 

In accordance with the results of the WHO Solidarity Trial, 

rugs such as hydroxychloroquine, remdesivir, lopinavir and IFN- β
id not show an improvement in hospitalized patients with COVID- 

9 when measured by mortality, initiation of ventilation, and du- 

ation of hospital stay ( World Health Organization Solidarity Trial 

onsortium, 2021 ). 

Given that the patients in this study had moderate COVID-19, 

ost of them eventually became virus free. The significant differ- 

nce in RT-PCR negativity observed at the early time point (Day 

) clearly demonstrates that treatment with PEG IFN- α2b bene- 

ted the patients. The lack of significant difference at a later time 

oint (Day 11) suggests that the majority of patients with moder- 

te COVID-19 eventually become virus free. Therefore, the benefit 

f PEG IFN- α2b therapy is in early cure of patients with moderate 

OVID-19, thereby minimizing their risk of severe disease. 

Subgroup analysis showed that all differences between the test 

nd reference arms were improved more significantly in the pa- 

ients who also received steroids. Steroids are the most important 

lass of drugs for the treatment of COVID-19. Steroids are known to 

uppress the expression of type I IFNs ( Singanayagam et al., 2018 ). 

ombining PEG IFN with steroids likely eliminated this defect by 

upplementing this important cytokine, leading to a highly signif- 

cant improvement in RT-PCR negativity, change on the WHO or- 

inal scale, duration of supplemental oxygenation, as well as time 

o resolution of clinical signs and symptoms in comparison with 

hose patients who received steroids but not PEG IFN. These ob- 

ervations echo the recent observations from a retrospective anal- 

sis of hospitalized patients where those given early IFN- α ther- 

py along with glucocorticoids showed a significant improvement 

n days of hospitalization, clinical symptoms and virus shedding 

 Lu et al., 2021 ). 

COVID-19 is a complex disease that involves an interplay of host 

actors; inflammatory chemokines, cytokines, complement and var- 

ous other factors have been implicated in the disease pathology, 

riggered by the event of viral infection and subsequent damage of 

nfected cells ( Perico et al., 2021 ). Therefore, apart from potentially 

nsufficient early production of type I IFN in patients, an interplay 

f one or more of the above factors may play a more dominant 

ole in the disease pathology in some patients. Beyond the obser- 

ation of significant differences on Day 8, these other factors may 

ave been responsible for the lack of difference in clinical status 

n Days 11 and 15, despite the fact that almost all (96.58–98.35%) 

f the study subjects were RT-PCR negative by this time. 

imitations of the study 

This study did not use an interactive voice response system or 

n interactive web response system for randomization, and this 

ed, expectedly, to an imbalance in the numbers randomized be- 

ause of competitive recruitment at the study sites. Also, baseline 

tratification was not performed for co-morbid conditions. With 

espect to the quantitative RT-PCR data, there was no uniformity 

n reporting computed tomography values between the different 

athology laboratories, and a few laboratories only reported qual- 

tative data. As such, it was not possible to perform a meaningful 

nalysis for the quantitative RT-PCR data. Regarding requirement 

or oxygen supplementation, as per the protocol, patients with 

oderate COVID-19 were enrolled in the study and, as per the 

tandard COVID-19 treatment guidelines, were supposed to receive 

xygen. However, individual sites followed their own institutional 

ractices, and gave oxygen based upon the clinical judgement of 

he investigators as well as changes in the SpO 2 level (some sub- 

ects were on oxygen support at the time of enrolment). The sub- 

roup analysis performed in this study was a post-hoc analysis and 
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as not defined in the study protocol. SOC was not uniform for all 

entres in terms of investigator discretion and different signs and 

ymptoms of patients, although centre-wise SOC was uniform for 

est and reference subjects. Subjects were on multiple treatments 

SOC), and hence some AEs may have been masked by these treat- 

ents. 

onclusions 

Early treatment with PEG IFN- α2b induced early viral clearance 

nd improved the clinical status of patients with moderate COVID- 

9. It also decreased the duration of supplemental oxygen. Treat- 

ent with PEG IFN- α2b provides a viable treatment option dur- 

ng the current pandemic situation. It can also limit the spread of 

ARS-CoV-2 in the community. 
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