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Summary  

Background SARS-CoV-2 infection carries significant risk of severe and prolonged illness; 

treatment options are limited. We assessed the efficacy and safety of inhaled SNG001 

(nebulised interferon beta-1a) as a therapy for patients hospitalised with COVID-19. 

Methods We performed a randomised, double-blind, placebo-controlled, pilot trial at nine 

UK sites. Adults hospitalised with COVID-19 symptoms, with a positive PCR and/or point-of-

care test, were randomly (1:1) assigned to receive SNG001 (6 MIU) or placebo daily for 

14 days. The primary outcome was change in clinical condition using the Ordinal Scale for 

Clinical Improvement (OSCI) during the dosing period in the intention-to-treat population 

(ITT). Additional analyses were performed to identify the primary method for future clinical 

trials. Secondary outcomes included changes in symptoms by the breathlessness, cough and 

sputum scale (BCSS). Safety was assessed by collecting adverse events for 28 days.  

Findings 101 patients were randomised; 48 received SNG001 and 50 received placebo (ITT 

population). There were three deaths in the placebo and none in the SNG001 groups. Patients 

receiving SNG001 had greater odds of improvement across the OSCI scale (OR 2·32; 95% CI: 

1·07, 5·04; p=0·033) and were more likely to recover to “no limitation of activity” during 

treatment (HR 2·19; 95% CI: 1·03, 4·69; p=0·043). SNG001 reduced patient-reported BCSS 

(difference -0·8, 95% CI: -1·5, -0·1; p=0·026), mainly by lowering the breathlessness score 

(difference -0·6, 95% CI: -1·0, -0·2; p=0·007). SNG001 was well-tolerated.  

Interpretation Patients receiving SNG001 had greater odds of improvement and recovered 

more rapidly, providing a strong rationale for further trials.  

Funding: Synairgen Research Ltd, UK.  
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Research in context 

Evidence before this study  

Interferons are cytokines that modulate immune responses to viral infection. The type I 

interferons (interferon alphas and interferon beta [IFN-β]) have been tested against 

coronavirus infections in vitro with encouraging results. IFN-β-mediated anti-viral responses 

have been shown to be compromised in people susceptible to COVID-19, such as those who 

are older people or suffer with chronic airway diseases. Furthermore, SARS-CoV-2 suppresses 

cellular IFN production, limiting the strength of the initial innate immune response. 

Exogenous use of inhaled IFN-β1a (SNG001) in patients with asthma with respiratory viral 

infections enhances antiviral responses and improves lung function. These properties may 

facilitate improvement and/or recovery in patients with COVID-19, a severe, viral, respiratory 

disease where the need for an effective therapeutic intervention is paramount. The aim of 

the present study was to evaluate the potential effects of an inhaled IFN-β1a formulation in 

patients hospitalised with confirmed SARS-CoV-2 infection.  

Added value of this study 

Our study is the first randomised, double-blind, placebo-controlled, clinical trial to assess the 

effect of inhaled IFN-β1a (SNG001) as add-on therapy in adults hospitalised with COVID-19. 

In the ITT population, SNG001 increased the odds of improvement in clinical status (OSCI) and 

enhanced the likelihood of recovery to ‘no limitation of activities’, as well as reduced 

breathlessness. SNG001 was also well-tolerated when compared with placebo. 

 

Implications of all the available evidence 
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The present pilot trial serves as a proof-of-concept that inhaled IFN-β1a can attenuate the 

clinical consequences of COVID-19. The trial was conducted in a small sample; future larger 

studies in patients with COVID-19 are needed to confirm the potential of SNG001 as an 

effective treatment. 
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Introduction 

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), a new virus and the cause 

of the coronavirus disease (COVID)-19 pandemic, causes a spectrum of clinical presentations, 

ranging from asymptomatic infection to life-threatening illness. 1 More severe disease is 

characterised by infection of the lower respiratory tract, pneumonia and respiratory failure, 

which results in death in about 0.5% of confirmed cases. 2 

In view of the rapid and relentless spread of COVID-19 around the globe, there is a pressing 

need to develop new treatments. Evidence-based therapy is currently limited to remdesivir, 

an anti-viral agent which has shown benefits in hospital discharge rate, 3 and dexamethasone, 

a broad-spectrum anti-inflammatory, offering benefit in patients already requiring 

respiratory support. 4  

In all virus infections, especially those caused by novel strains where there is little to no 

established adaptive immunity to the pathogen, the infected host is very dependent on innate 

immune responses to limit the severity of illness once infection occurs. Essential to this innate 

response is the action of interferons (IFNs), key orchestrators of the anti-viral immune 

response with both potent anti-viral and immuno-modulatory functions. 5 The type I 

interferon, interferon beta (IFN-β), is one of the first cytokines induced by viral infection of a 

cell and is a primary driver of innate immune responses in the human lung. 6 SARS-CoV-2 

directly suppresses the release of IFN-β in vitro, 7 and a recent clinical study of patients with 

COVID-19 demonstrated significantly depressed levels of IFN activity in patients who 

developed more severe disease. 8 At-risk groups, such as those with comorbidities, the 

elderly, and recipients of immune suppressive medication, produce less IFN-β, contributing 

to the risk of more severe lung disease.9,10  
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SNG001 is a formulation of IFN-β for inhaled delivery by nebuliser in development for the 

treatment of virus-induced lower respiratory tract illnesses. The route of delivery was 

selected with the aim of achieving sufficiently high concentrations of IFN-β in the lungs that 

would result in a robust local antiviral response whilst limiting systemic exposure to IFN-β 

which is associated with flu-like symptoms. 11,12 Inhaled SNG001 is well-tolerated in clinical 

studies conducted to date involving 230 patients with asthma and/or COPD. 11,13 In those 

patients, we have shown that SNG001 boosts lung antiviral defences, as assessed by sputum 

cell antiviral biomarkers both in patients with and without respiratory viral infections. 11,14 In 

two phase 2 trials, SNG001 had a significantly greater beneficial effect on lung function than 

placebo in patients with asthma with respiratory infection symptoms. 11,15  

The existing clinical data for inhaled SNG001, coupled with the known suppression of IFN-β 

by SARS-CoV-2, provided the rationale to conduct a randomised, double-blind, placebo-

controlled, phase 2, pilot trial to determine whether inhaled SNG001 has the potential to 

reduce the severity of lower respiratory tract illness and accelerate recovery in patients with 

COVID-19. The design of this trial was based on the World Health Organization (WHO) R&D 

Blueprint Novel Coronavirus COVID-19 Therapeutic Trial Synopsis 16 issued at the time. 
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Methods 

Study design and participants 

This was a randomised, double-blind, placebo-controlled, multi-centre, phase 2, pilot clinical 

trial in patients with confirmed SARS-CoV-2 infection which compared SNG001 and placebo 

given once daily for up to 14 days, with post-treatment follow-up for a maximum of 28 days.  

The trial was conducted at nine UK sites in accordance with the protocol (see online material 

for the current version of the protocol, including changes from previous versions) and all 

applicable laws and regulations including, but not limited to, the International Council for 

Harmonisation Guideline for Good Clinical Practice (ICH-GCP), the standards set out by the 

Research Governance Framework, the Medicines for Human Use (Clinical Trials) Regulations 

2004 and the ethical principles that have their origin in the Declaration of Helsinki. All patients 

provided either written or verbal informed consent. Safety data were reviewed and 

monitored by an independent data safety monitoring committee. The trial protocol was 

reviewed and approved by the UK Medicines and Healthcare products Regulatory Agency 

(MHRA) and an Independent Ethical Committee and site Hospital Boards where the trial was 

conducted (REC Number 20/NW/0168). The trial is registered on Clinicaltrialsregister.eu 

(2020-001023-14) and ClinicalTrials.gov (NCT04385095).  

Eligible participants were adults aged 18 years or older; admitted to hospital due to COVID-19 

symptoms; all with a confirmed SARS-CoV-2 test result in an NHS diagnostic, qualitative 

reverse transcription polymerase chain reaction (RT-PCR) assay or a positive point-of-care test 

(FebriDx, Lumos Diagnostics) within the previous 24 hours. 17 Patients were required to 

understand the information provided in the consenting process and to be willing to give 

consent. Exclusion criteria were: inability to use a nebuliser with a mouthpiece (including 
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ventilated patients and patients in intensive care); pregnancy or intention to become 

pregnant and breastfeeding (for a complete list of inclusion and exclusion criteria, see 

appendix pp 1–2). During the trial, in version 3 of the protocol, the inclusion criteria were 

amended to allow inclusion based on “Positive virus test for SARS-CoV-2 using RT-PCR or 

positive point-of-care viral infection test in the presence of strong clinical suspicion of SARS-

CoV-2 infection”. This change was made to prevent a delay in patient enrolment while waiting 

for the PCR results. 

Randomisation and masking 

After eligibility was confirmed and consent obtained, patients were allocated a unique patient 

identification number (appendix pp 2) and assigned to one of two treatment groups according 

to a double-blind, randomisation (1:1) schedule: active intervention (SNG001) or placebo, 

administered along with local standard of care treatment. Randomisation was performed 

manually, with trained research staff assigning the patient the next available randomisation 

number on the randomisation list. Study investigators, all research and analysis teams and 

patients were masked to treatment allocation. 

SNG001 (containing the active substance, recombinant IFN-β1a) and placebo (with the same 

formulation as SNG001, excluding the active substance) were identical in appearance. The 

study medications were presented as ready-to-use aqueous solutions in pre-labelled syringes 

according to regulatory requirements. Further information on the investigational medicinal 

product is provided in the appendix (pp 2). 

Procedures 

Medical history and demographic data were collected prior to dosing. Patients underwent 

evaluation in the domains of clinical frailty (mobility, energy, physical activity, and function), 
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vital signs (temperature, respiratory rate, heart rate, systolic blood pressure and oxygen 

saturations), physical examination (including chest auscultation) with clinical assessment, 

assessments for pneumonia, the Ordinal Scale for Clinical Improvement [OSCI], see Table 1) 

and the Breathlessness, Cough And Sputum Scale [BCSS], 18 as well as blood haematology and 

chemistry. Patients also had a 12-lead electrocardiogram. Chest X-rays were performed if 

clinically required. 

SNG001 (6 MIU IFN-β1a) or placebo were delivered via the I-neb nebuliser (Philips 

Respironics) once daily for up to 14 days (appendix pp 3). During the 14-day treatment phase 

and whilst hospitalised, vital signs and levels of consciousness or evidence of confusion and/or 

agitation were recorded twice daily. In addition, assessment for pneumonia by chest 

auscultation (and other forms of physical examination if deemed necessary by the 

investigator), and OSCI and BCSS were conducted daily. OSCI assessments, blood sampling, 

and 12-lead electrocardiogram assessments (and chest X-rays, if required) were performed 

24 hours (±1 day) after the patient’s last dose. The use of concomitant medications was 

recorded throughout the study. Patients were also regularly assessed for signs or symptoms 

that might be considered adverse events related to the investigational medicinal product. If 

a patient was discharged from hospital during the study, the assessments were performed by 

telephone/video link or by email, where feasible. Patients underwent a final outcome 

assessment 14 days (±3 days) after the patient’s last dose.  

Outcomes 

The primary endpoint, as defined in the protocol, was change in condition using the World 

Health Organisation (WHO) OSCI (Table 1) during the dosing period in the ITT population. 
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Secondary endpoints included the change in BCSS score and the investigational drug safety 

and tolerability.  

Statistical analysis 

The sample size of 100 patients (50 per arm) used in this pilot stage was based on the WHO 

recommendations that a pilot phase with 100 patients would be sufficient to inform follow 

on clinical research. 16 No formal power calculations were performed. Analysis followed a 

pre-specified statistical analysis plan under an intention-to-treat (ITT; all randomised 

patients who received at least one dose of study drug); informal hypothesis testing was 

conducted at the 5% α-level with 95% confidence intervals presented in all analyses. As no 

prior clinical data had been collected using the OSCI in the study population, the most 

appropriate way of analysing and interpreting the OSCI was unknown. It was, therefore, 

considered inappropriate to select a single primary analysis method for this pilot study. 

Multiple analyses were conducted to explore death, worsening, improvement and recovery 

from disease, both at fixed time points and over the dosing period, with the aim of 

identifying the most appropriate statistical method for future clinical trials. There was no 

hierarchy across analyses or adjustments made for multiplicity.  

All analyses described below were adjusted for age, sex, presence of comorbidity, OSCI score 

at baseline (categorised as ≤3 and ≥4), race (categorised as White and non-White) and 

duration of prior symptoms (categorised <10 days and ≥10 days). Analyses of OSCI data were 

conducted over the treatment period or at each individual visit, as appropriate. For OSCI, the 

treatment period was defined as 16 days, which included the 14-day dosing period and an 

end of treatment visit on Day 15 or Day 16.  
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Analysis of improvement across the OSCI scale was performed using an ordered logistic 

regression model assuming proportional odds. 

Severe disease or death (OSCI ≥5), intubation or death (OSCI ≥6) and death (OSCI=8) were 

analysed using logistic regression models. Times to first severe disease or death, to first 

intubation or death and to death were analysed using Cox proportional hazard models. Time 

to OSCI recovery (defined as OSCI≤1 without rebound) and time to hospital discharge (defined 

as OSCI≤2 without rebound) were analysed using Fine and Gray’s sub-distribution hazard 

model fitted with death as a competing event. Sustained recovery and sustained hospital 

discharge were also analysed using logistic regression models.  

A last-observation-carried-forward (LOCF) approach was used to impute missing data for 

analyses of sustained recovery, sustained hospital discharge and improvement. For patients 

who died during the study, OSCI was imputed as a value of 8 (“Death”), irrespective of the 

last assessment.  

Breathlessness and cough scores and total BCSS score were analysed using mixed models for 

repeated measures (MMRM). Data from the follow-up visits or early withdrawal visits after 

Day 16 were not included in the analysis. Missing breathlessness symptom scores were 

imputed as 4 (“Severe”) for patients receiving mechanical ventilation (OSCI ≥5). Analysis of 

sputum scores was not planned because COVID-19 is characterised by a dry, non-productive 

cough.  

Safety endpoints were described as frequencies (%). 

Due to the exploratory nature of this phase of the study, statistical determinations of p values 

and confidence intervals were not adjusted for multiple testing. All analyses were performed 

using SAS version 9.4 (SAS Institute, Cary, NC, USA).  
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Role of the funding source 

The funder of the study had a role in study design, data collection, data analysis, data 

interpretation and writing of the report. The corresponding author and co-authors had full 

access to all the data in the study and had final responsibility for the decision to submit for 

publication.  

  



15 

 

Results 

Between March 30th and May 30th 2020, 116 patients were screened, of whom 101 were 

enrolled into the study (CONSORT diagram, Figure 1). Of these, 48 and 50 patients received 

SNG001 and placebo, respectively, and were included in the ITT population. All but one 

patient had a positive PCR test for SARS-CoV-2. This patient initially had a positive point-of-

care test so was eligible for inclusion into the study, but was negative in a subsequent PCR 

test. Forty-three patients in each treatment group were included in the per protocol (PP) 

population (all the patients who had SARS-CoV-2 infection confirmed by RT-PCR test, took at 

least two out of their first three scheduled doses and had no protocol deviations impacting 

on efficacy). Thirty-nine (81·3%) SNG001 and 36 (72·0%) placebo patients were followed up 

for the full duration of the study. Results are presented for the ITT population.  

Demographic and baseline characteristics, including comorbidities, severity of disease, 

duration of symptoms, and smoking status are presented in Table 2. Patients’ mean (SD) age 

was 57·1 (13·26) years; 58 (59·2%) were male and 78 (79·6%) were Caucasian. Just over half 

of the patients (53 [54·1%]) had baseline comorbidities of hypertension, cardiovascular 

disease, diabetes, chronic lung condition or cancer. In general, patients in the treatment 

groups were well-matched by baseline characteristics, apart from disease severity measured 

using the OSCI and the frequencies of specific comorbidities. Patients in the SNG001 group 

had more severe disease as judged by 37 (77·1%) patients receiving oxygen therapy (OSCI ≥4) 

compared to 29 (58·0%) patients in the placebo group (Table 2). More patients in the placebo 

group compared to the SNG001 group had diabetes (9 [33·3%] vs 3 [11·5%]) or cardiovascular 

disease (8 [29·6%] vs 5 [19·2%]), respectively, and fewer had hypertension (11 [40·7%] vs 18 

[69·2%]), respectively. 
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The median duration of COVID-19 symptoms prior to initiation of treatment was 10 days.  

Patients’ OSCI score may have changed from time of randomisation to the time of baseline 

assessment which may have occurred later in the day. At baseline, two (2·0%) patients were 

receiving non-invasive ventilation or high flow oxygen (OSCI=5), 64 (65·3%) were receiving 

oxygen by mask or nasal prongs (OSCI=4), 30 (30·6%) were not receiving oxygen therapy 

(OSCI=3), and two patients were hospitalised for reasons of isolation or quarantine and not 

because of the severity of their disease; one (1·0%) patient had a baseline OSCI score of 

2 (“limitation of activities”), and one (1·0%) patient had a baseline OSCI score of 1 (“no 

limitation of activities”).  

The analysis results for the primary endpoint of OSCI change over the dosing period are 

described below and summarised in Table 3. Results for the follow-up visit on Day 28 are also 

presented.  

The odds of improvement across the entire OSCI scale were more than two-fold greater in 

the SNG001 group than the placebo group on Day 16 (OR 2·32; 95% CI: 1·07, 5·04; p=0·033; 

Figure 2) and more than three-fold greater on Day 28 (OR 3·15; 95% CI: 1·39, 7·14; p=0·006; 

Figure 2).  

Three patients died during the study; all deaths occurred in patients randomised to placebo, 

therefore, no modelling analysis was performed. Eleven (22·4%) patients in the placebo group 

developed severe disease or died (OSCI ≥5) between the first dose and Day 16 compared with 

six (12·8%) patients in the SNG001 group. SNG001 reduced the odds of developing severe 

disease or dying by 79·0% (OR 0·21; 95% CI: 0·04, 0·97; p=0·046), using the pre-specified 

logistic regression analysis. As quasi-complete separation of data was observed in some 

model covariates, an additional, post hoc, Firth logistic regression analysis was performed in 
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which the difference between groups was not statistically significant (72·0% reduction; OR 

0·28; 95% CI: 0·07, 1·08; p=0·064; Table 3).  

In the placebo group, five (10·0%) patients either underwent intubation or died (OSCI ≥6) 

between the first dose and Day 16 versus three (6·3%) in the SNG001 group. There was no 

statistically significant difference between treatment groups on the odds of intubation or the 

time to intubation or death (Table 3). 

Over the 14-day treatment period, patients in the SNG001 group were more than twice as 

likely to recover compared with those in the placebo group (HR 2·19; 95% CI: 1·03, 4·69; 

p=0·043; Figure 3). On Day 28 (final outcome assessment visit), 28 (58·3%) patients in the 

SNG001 group and 17 (34·7%) in the placebo group had recovered (Figure 3). The odds of 

recovery on Day 28 were over three-fold greater in the SNG001 group compared with the 

placebo group (OR 3·58; 95% CI: 1·41, 9·04; p=0·007; Figure 2).  

On Day 16, 33 (68.8%) patients in the placebo group and 35 (72.9%) patients in the SNG001 

group had been discharged from hospital. By Day 28, 39 (81·3%) patients had been discharged 

in the SNG001 group compared with 36 (75·0%) in the placebo group. There was no 

statistically significant difference between treatment groups in the odds of hospital discharge 

or the time to hospital discharge (Figures 2 and 4).   

Patients in the SNG001 group showed a greater improvement in the secondary endpoint 

analysis of total BCSS score compared to placebo (SNG001 – placebo difference=-0·8; 95% CI: 

-1·5, -0·1; p=0·026; Figure 5). Improvement in patient-reported breathlessness on the 0 (no 

symptoms) to 4 (severe symptoms) score, was greater in the SNG001 group, compared to the 

placebo group over the treatment period (difference=-0·6; 95% CI:-1·0, -0·2; p=0·007; Figure 

5). Improvement in patient-reported cough over the same period was better, but not 



18 

 

statistically significant for SNG001 patients (difference=-0·2; 95% CI: -0·5, 0·1; p=0·285; Figure 

5). Scores indicated that sputum production was not a problematic symptom for patients in 

this study (Figure 5).  

Results for the PP population were generally stronger (Table 3) with statistically significant 

effects for SNG001 treatment compared to placebo for improvement across the OSCI on Day 

16 (OR 2·80; 95% CI 1·21, 6·52; p=0·017), odds of severe disease or death (OSCI ≥5) on Day 16 

(OR 0·18; 95% CI: 0·04, 0·93; p=0·041; post hoc Firth logistic regression analysis), time to 

recovery over the treatment period (HR 2·29; 95% CI 1·07, 4·91; p=0·033), odds of recovery 

by Day 16 (OR 3·18; 95% CI: 1·21, 8·39; p=0·019) and a trend towards earlier hospital discharge 

over the treatment period (HR 1·53; 95% CI: 0·96, 2·42; p=0·072). 

Twenty-six (54·2%) and 30 (60·0%) patients experienced treatment-emergent adverse events 

(TEAEs) in the SNG001 and the placebo groups, respectively (Table 4). The most frequently 

reported TEAE was headache, which was reported in seven patients (14·6%) in the SNG001 

group and five patients (10·0%) in the placebo group (see appendix pp 3). Fewer patients 

experienced serious adverse events (SAEs) in the SNG001 group than the placebo group 

(SNG001: seven [14·6%] patients, placebo: fourteen [28·0%] patients). The most common 

SAEs were related to COVID-19: respiratory failure (SNG001: three [6·3%] patients, placebo: 

six [12·0%] patients) and pneumonia (three [6·3%] patients in the SNG001 and three in the 

placebo group [6·0%]). TEAEs related to treatment were more common in the SNG001 group 

than the placebo group (SNG001: seven [14·6%] patients, placebo: two [4·0%] patients); 

cough, reported by two patients (4·2%), was the most frequently occurring treatment-related 

TEAE in the SNG001 group. Other TEAEs related to SNG001, each occurring in one patient, 

included: decreased oxygen saturation, diarrhoea, dry throat, oral pain, night sweats and 
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tremor. Three TEAEs led to study withdrawal in three patients in the placebo group: nausea, 

multiple organ dysfunction syndrome (fatal) and pulmonary embolism (fatal); none was 

considered treatment-related. In addition to the fatal TEAEs above, a third patient in the 

placebo group died with cause of death recorded as COVID-19 pneumonia (considered 

unrelated to study treatment).   
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Discussion 

This study is the first randomised, placebo-controlled trial evaluating the safety and efficacy 

of inhaled SNG001, an IFN-β1a nebuliser solution, in patients hospitalised with COVID-19. The 

results of this multicentre, phase 2, pilot trial have shown that SNG001, given as a daily 

inhaled dose of 6 MIU via nebuliser for 14 days, was associated with greater odds of 

improvement across the WHO OSCI and with more rapid recovery to a point where patients 

were no longer limited in their activity, with a greater proportion of patients recovering during 

the 28-day study period. There was a trend towards reduced odds of progression to severe 

disease or death in the ITT population that was significant in the PP population. Secondary 

endpoint analysis of symptoms revealed a greater improvement in breathlessness and total 

BCSS over the treatment period on the active treatment.  

In keeping with previous observations in patients with asthma 11 and COPD, 19 nebulised 

SNG001 was well-tolerated. More patients experienced SAEs in the placebo group when 

compared to the SNG001 group. The most common SAEs in both treatment groups were 

related to COVID-19. The most common TEAE in the SNG001 group was headache. TEAEs 

considered related to treatment were infrequent, with cough being the only treatment-

related TEAE in the SNG001 group that occurred in more than one (two) patients. Three 

patients died in the placebo group; there were no deaths in patients receiving SNG001. 

The findings in this trial suggest the potential utility of SNG001 in treating COVID-19 in 

hospitalised patients, which should be explored in a Phase III trial. Currently, treatment 

options for COVID-19 remain limited with the only evidence-based therapies being limited to 

remdesivir and dexamethasone. 3,4 Despite the use of these therapies, clinical outcomes 

remain poor. Dexamethasone is only indicated in patients who already require respiratory 

support (oxygen with or without mechanical ventilation), with a numerically poorer outcome 
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seen in patients with less severe disease. 4 Remdesivir reduced time to discharge by median 

4 days and improved the ordinal scale score at 15-day assessment in one trial, 3 but in two 

subsequent large studies this clinical benefit was not apparent. 20,21 There is clearly a need for 

additional therapeutic options for patients with COVID-19 and the results here suggest that 

inhaled IFN-β may be such a treatment, if our results are confirmed in future trials. 

Injectable drug products containing IFN- and IFN-β have been used in clinic for many years. 

In the context of highly pathogenic coronavirus strains including SARS-CoV-2, IFN- has been 

shown to be more potent than IFN-. 22,23 Two forms of recombinant IFN- are available. 

SNG001 contains IFN-1a, which is produced in mammalian cells, shares the same amino acid 

sequence as naturally occurring IFN-β, and has a higher specific activity than IFN-1b, which 

is produced in non-mammalian cells. 24 SNG001 is inhaled via a mesh nebuliser which 

maintains drug activity post aerosolisation. 11 The rationale for this route of administration is 

to enable maximal delivery of the active drug to the biological focus of SARS-CoV-2 infection, 

the respiratory epithelium. 25 Recent pragmatic studies 26 and ongoing randomised-controlled 

trials are seeking to explore the effects of injected type I IFNs in COVID-19. The international 

randomised, embedded, multi-factorial, adaptive platform trial for community-acquired 

pneumonia (REMAP-Cap), focusing on patients in the intensive care setting, 27 and the 

SOLIDARITY and DISCOVERY trials 28,29 in hospitalised patients are at present trialling injected 

IFN-β1a and have yet to show whether and to what extent systemic delivery is effective and 

well-tolerated. Given the greater bioavailability of inhaled drugs at the lung epithelium, such 

concentrations could be matched only by giving extremely high doses of injected drug with 

the risk of unacceptable intolerability, suggesting the inhaled route is likely to provide better 

antiviral outcomes. Such an approach was taken in a recent analysis of an uncontrolled 

exploratory study of nebulised IFN-2b, reported in a hospital setting in Wuhan, China, 
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indicating a positive effect on viral load and the inflammatory biomarkers, interleukin-6 and 

C-reactive protein, albeit an imbalance in age between treated patients and controls. 30,31 

More recently, a similar, pragmatic, open study reported clinical benefits with aerosol 

inhalation of IFN-κ plus trefoil factor 2, with reductions in viral shedding, and duration of 

symptoms and hospital stay. 32 Taken together with our study, these results suggest potential 

antiviral benefit of aerosolised IFN therapy in COVID-19. The value of this approach may be 

driven, in part, by the evasive nature of  

SARS-CoV-2 on natural type I IFN production which is more profound than with other 

comparable respiratory pathogens. 8,33 The optimal route and specific type of IFN may depend 

on the stage of disease, the spread of viral infection beyond the lung, and the ease of 

administration in different clinical settings.  

The timing of IFN treatment for COVID-19 has been the subject of considerable debate, with 

concerns being raised that later IFN treatment may cause or exacerbate the cytokine storm 

observed in the later stages of severe disease. For example, to avoid concerns over potential 

pro-inflammatory effects of IFN, in an open-label study of injected IFN-β1b in a triple 

combination with lopinavir-ritonavir and ribavirin for the treatment of COVID-19, 

investigators limited treatment with IFN to within 7 days of symptom duration onset. 26 It was 

concluded that triple antiviral therapy was safe and superior to lopinavir-ritonavir 

combination in alleviating symptoms and shortening the duration of viral shedding and 

hospital stay in patients with mild to moderate COVID-19. In our study, patients had a median 

duration of symptoms of 10 days at recruitment and SNG001 was given daily to patients for 

14 days. Importantly, we found that SNG001 was well-tolerated and showed clinical benefit, 

suggesting that there is a substantially greater window for effective treatment.  
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Further trials in different clinical settings, including in ventilated patients or in pre-hospital 

care, are warranted or underway. 34 With the threat of a second wave of COVID-19 coinciding 

with the winter incidence of cold and influenza in the Northern Hemisphere, development of 

broad spectrum anti-viral agents, such as IFN-β, which boost local lung defences rather than 

target specific viral mechanisms, may carry significant additional benefits to patients and to 

overburdened healthcare systems alike and this will also require studying. 5,22 

This clinical trial has a number of limitations. As a pilot study of a novel medicine in a 

hospitalised patient group its sample size is limited, making the generalisability of the findings 

to wider populations and healthcare systems, where standard of care may vary, challenging 

At the time of the study the 8-point OSCI was recommended by the WHO as a new tool, but 

its performance in randomised controlled trials of COVID-19 was uncertain, with no guidance 

on the choice of statistical methods. In this pilot study, we elected to assess this outcome in 

multiple statistical analyses and report them without hierarchy. This enabled exploration of 

this new tool and the possibility of optimisation of the method for future studies. However, 

this approach introduces the issue of repeat analyses of this outcome which requires 

consideration in the interpretation of this pilot study result and the need for larger scale, 

formal testing of a selected approach at the next phase of development. The nebuliser used 

in this study is not suitable for use in patients requiring ventilation; further studies of SNG001 

using alternative delivery devices to include these critically ill patients are warranted. In any 

small study, not all factors can be evenly balanced during randomisation. In this study, 

SNG001 and placebo groups were well matched for age, sex, and overall comorbidities, but 

were less well matched for disease severity at recruitment and for specific comorbid 

conditions particularly diabetes, cardiovascular disease and hypertension. However, these 

factors were considered in the statistical model used and beneficial signals for therapy were 
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enhanced when a priori adjustments were made. Phase 3 trials will address these issues 

through randomisation of larger and more heterogeneous groups. Due to an urgency to 

deliver a trial result in the setting of the pandemic, the patient follow-up was completed at 

28 days, a time point where, interestingly, some of the greatest treatment effects of SNG001 

on recovery were observed. Recent evidence suggests that the long-term sequelae of severe 

COVID-19 are significant, 35 so it will be important to track treatment effects on the prevention 

and resolution of these symptoms in future trials. Additional sampling beyond core safety 

parameters was limited by the clinical context of the acute pandemic burden of care. 

Additional readouts on exploratory inflammatory and virological endpoints may have 

provided useful information on mechanism of therapeutic response, but were not feasible in 

this setting. Future studies in different clinical settings will enable these analyses to be made.  

 

In conclusion, SNG001, a treatment already studied and proven to be safe in patients with 

asthma and COPD, has now been shown to be well-tolerated in COVID-19 patients, with a 

range of clinical outcomes displaying a beneficial pattern of response to SNG001 therapy. 

These encouraging data provide a strong rationale to urgently conduct larger international 

studies in the context of the ongoing clinical burden of COVID-19. In addition to a phase 3 trial 

of SNG001 in hospitalised patients with COVID-19 who require no more than supplementary 

oxygen, it may be appropriate to assess the safety and efficacy of SNG001 in ventilated 

COVID-19 patients with evidence of active viral infection in the lungs. In view of the broad 

anti-viral effects of IFN-β, this trial suggests that the efficacy of SNG001 should also be 

assessed in the hospital setting against other seasonal respiratory viruses which cause much 

morbidity and mortality every year, including cases of co-infection with SARS-CoV-2 which 

threaten to overwhelm healthcare systems during the intensity of seasonal virus seasons. 
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Table 1 World Health Organization Ordinal Scale for Clinical Improvement  

Patient State  Descriptor Score 

Uninfected  No clinical or virological evidence of 

infection 

0 

Ambulatory  No limitation of activities 1 

Limitation of activities 2 

Hospitalised (Mild disease) Hospitalized, no oxygen therapy 3 

Oxygen by mask or nasal prongs 4 

Hospitalised (Severe disease) Non-invasive ventilation or high-flow 

oxygen 

5 

Intubation and mechanical ventilation 6 

Ventilation + additional organ support – 

pressors, RRT, ECMO 

7 

Dead  Death 8 

ECMO = extracorporeal membrane oxygenation; RRT= renal replacement therapy 
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Table 2 Demographic and Baseline Characteristics 

 Placebo 

(N=50) 

SNG001 

(N=48) 

Total 

(N=98) 

Age at inclusion, years, mean (SD) 56·5 (11·94) 57·8 (14·60) 57·1 (13·26) 

Sex, n    

Male 31 (62·0%) 27 (56·3%) 58 (59·2%) 

Female 19 (38·0%) 21 (43·8%) 40 (40·8%) 

Ethnicity, n    

Caucasian 39 (78·0%) 39 (81·3%) 78 (79·6%) 

Non-Caucasian 11 (22·0%) 9 (18·7%) 20 (20·4%) 

Comorbidities, n  27 (54·0%) 26 (54·2%) 53 (54·1%) 

Hypertension 11 (40·7%) 18 (69·2%)  29 (54·7%) 

Chronic lung condition 12 (44·4%) 11 (42·3%)  23 (43·4%)  

Cardiovascular disease 8 (29·6%)  5 (19·2%)  13 (24·5%)  

Diabetes 9 (33·3%)  3 (11·5%)  12 (22·6%)  

Cancer 1 (3·7%)  0 1 (1·9%)  

Severity of disease at baseline,* n    

No limitations of activities  1 (2·0%)  0 1 (1·0%)  

Limitation of activities  1 (2·0%)  0 1 (1·0%)  

Hospitalised (no oxygen therapy) 19 (38·0%)  11 (22·9%)  30 (30·6%)  

Oxygen by mask, or nasal prongs  28 (56·0%)  36 (75·0%)  64 (65·3%)  

Non-invasive ventilation, or high flow oxygen  1 (2·0%)  1 (2·1%)  2 (2·0%)  

Duration of symptoms,** days 9.5 (1, 38) 10.0 (4, 18) 10.0 (1, 38) 

Current smoking status, n    

Currently uses tobacco  1 (2·0%)  1 (2·1%)  2 (2·0%)  

Former smoker  16 (32·0%)  11 (22·9%)  27 (27·6%)  

Never smoked  33 (66·0%)  36 (75·0%)  69 (70·4%)  

Data are presented for the intent-to-treat population. SD = standard deviation 

*Severity of disease at baseline followed Ordinal Scale for Clinical Improvement (OSCI). 

** Duration of symptoms is presented as median (min, max).  
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Table 3 Analysis of Ordinal Scale of Clinical Improvement During the 

Dosing Period 

Analysis ITT population PP Population 

Ratio (95% CI) p-value Ratio (95% CI) p-value 

Odds of improvement 

across the OSCI 

OR 2·32 (1·07, 

5·04) 

0·033 OR 2·80 (1·21, 

6·52) 

0·017 

Time to severe disease 

or death (OSCI ≥5) 

HR 0·50 (0·18, 

1·38) 

0·179 Not calculated  

Odds of severe disease 

or death (OSCI ≥5) 

OR 0·28 (0·07, 

1·08) 

0·064* OR 0·18 (0·04, 

0·93) 

0·041* 

Time to intubation or 

death (OSCI ≥6) 

HR 0·38 (0·09, 

1·65) 

0·198 Not calculated  

Odds of intubation or 

death (OSCI ≥6) 

OR 0·42 (0·09, 

1·83) 

0·246* OR 0·31 (0·05, 

1·79) 

0·189* 

Time to Recovery HR 2·19 (1·03, 

4·69) 

0·043 HR 2·29 (1·07, 

4·91) 

0·033 

Odds of Recovery OR 3·19 (1·24, 

8·24) 

0·017 OR 3·18 (1·21, 

8·39) 

0·019 

Time to Hospital 

Discharge 

HR 1·37 (0·85, 

2·20) 

0·196 HR 1·53 (0·96, 

2·42) 

0·072 

Odds of Hospital 

Discharge 

OR 1·63 (0·61, 

4·35) 

0·330 OR 2·14 (0·64, 

7·12) 

0·215 

Odds ratios relate to the end-of-treatment visit on Day 15 or 16. Time to event analyses include all data up to and 

including the end-of-treatment visit. Recovery was defined as a post baseline OSCI score of 0 or 1 which does not 
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rise above 1 at any subsequent visits. Hospital Discharge was defined as a post baseline OSCI score of 2 or less 

which does not rise above 2 at any subsequent visits. Three patients died during the study; all deaths occurred in 

patients randomised to placebo, therefore, no modelling analysis was performed. ITT = intention-to-treat. PP = per 

protocol. OR = odds ratio. HR = hazard ratio.  

* Post hoc analysis using Firth logistic regression analysis.   
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Table 4 Summary of Treatment Emergent Adverse Events 

 Placebo 

(N=50) 

SNG001 

(N=48) 

Any TEAE, n 30 (60.0%)  26 (54·2%) 

Any TEAE during treatment period 25 (50·0%) 23 (47·9%) 

Any serious TEAE 14 (28·0%) 7 (14·6%) 

Any treatment–related TEAE 2 (4·0%)  7 (14·6%) 

Any fatal TEAE 3 (6·0%) 0 

Any TEAE that led to study withdrawal 3 (6·0%) 0 

n= number of subjects with adverse reactions. TEAE = treatment-emergent adverse event  
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Figure 1 CONSORT Flow Diagram  

Eligible patients were randomised 1:1 to intervention (SNG001) or placebo. ITT = intent-to-

treat; PP= per protocol.  

116 assessed for eligibility 

15 excluded 

 1 of child-bearing potential 

 1 had confirmation of SARS-CoV-2 
infection >24 hours  

 13 were negative for SARS-CoV-2 
infection 

50 met ITT criteria 

43 met PP criteria 

 

36 completed follow-up at Day 28 

14 withdrawn: 

 5 withdrew consent 

 2 lost to follow-up 

 2 due to Investigator’s decision 

 2 for other reasons 

 2 due to a fatal serious adverse reaction 

 1 due to non-serious adverse reaction 
36 completed follow-up at Day 28 

14 withdrawn: 

 5 withdrew consent 

 2 lost to follow-up 

 2 due to Investigator’s decision 

 2 for other reasons 

 2 due to a fatal serious adverse reaction 

 1 due to non-serious adverse reaction 

 

51 assigned to Placebo: 

 50 received intervention 

 1 withdrew consent 

39 completed follow-up at Day 28 

9 withdrawn: 

 6 withdrew consent  

 2 lost to follow-up 

 1 for other reason 

 

50 assigned to SNG001: 

 48 received intervention 

 2 withdrew consent 

  

48 met ITT criteria  

43 met PP criteria 

 

Allocation 

Analysis 

Follow-Up 

101 randomised 
 

Enrolment 
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Figure 2 Odds Ratios of Recovery, Hospital Discharge and Improvement 

Odds ratios (95% confidence intervals) of recovery, hospital discharge and improvement on 

the World Health Organization Ordinal Scale of Clinical Improvement on Day 15 or 16 (end-

of-treatment visit) and Day 28 (follow-up visit) are indicated. Comparisons were made 

between the SNG001 (n = 48 patients) and placebo (n = 50 patients) groups in the intention-

to-treat (ITT) population. 
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Figure 3 Patient Recovery During the Study 

Percentage of patients who recovered up to Day 15 or 16 (end-of-treatment visit) and on 

Day 28 (follow-up visit) is presented for the intention-to-treat (ITT) population (SNG001: 

n = 48; placebo: n = 50). 
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Figure 4 Hospital Discharge 

Percentage of patients who were discharged up to Day 15 or 16 (end of treatment visit) and 

on Day 28 (follow-up visit) is presented for the intention-to-treat (ITT) population (SNG001: 

n = 48; placebo: n = 50). 
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Figure 5 Breathlessness, Cough and Sputum Scale Evaluation 

Least squares mean (95% confidence intervals) change from the baseline score up to Day 14 

is presented for total breathlessness, cough and sputum Scale (BCSS) scores (A) and 

individual scores for breathlessness (B), cough (C) and sputum (D) for the intention-to-treat 

(ITT) population (SNG001: n = 48; placebo: n = 50). 


