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Abstract

Background Respiratory viral infections are major drivers of chronic obstructive pulmonary disease (COPD)
exacerbations. Interferon-3 is naturally produced in response to viral infection, limiting replication. This exploratory
study aimed to demonstrate proof-of-mechanism, and evaluate the efficacy and safety of inhaled recombinant
interferon-B1a (SNG0O01) in COPD. Part 1 assessed the effects of SNGOO1 on induced sputum antiviral interferon-
stimulated gene expression, sputum differential cell count, and respiratory function. Part 2 compared SNG001 and
placebo on clinical efficacy, sputum and serum biomarkers, and viral clearance.

Methods In Part 1, patients (N=13) with stable COPD were randomised 4:1 to SNG0O1 or placebo once-daily for
three days. In Part 2, patients (N=109) with worsening symptoms and a positive respiratory viral test were randomised
1:1 to SNGOO1 or placebo once-daily for 14 days in two Groups: A (no moderate exacerbation); B (moderate COPD
exacerbation [i.e, acute worsening of respiratory symptoms treated with antibiotics and/or oral corticosteroids)).

Results In Part 1, SNG0O1 upregulated sputum interferon gene expression. In Part 2, there were minimal SNG001-
placebo differences in the efficacy endpoints; however, whereas gene expression was initially upregulated by viral
infection, then declined on placebo, levels were maintained with SNGOO1. Furthermore, the proportion of patients
with detectable rhinovirus (the most common virus) on Day 7 was lower with SNG0OO1. In Group B, serum C-reactive
protein and the proportion of patients with purulent sputum increased with placebo (suggesting bacterial infection),
but not with SNGOO1. The overall adverse event incidence was similar with both treatments.

Conclusions Overall, SNGOO1 was well-tolerated in patients with COPD, and upregulated lung antiviral defences to
accelerate viral clearance. These findings warrant further investigation in a larger study.

Trial registration EU clinical trials register (2017-003679-75), 6 October 2017.
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Background

Exacerbations of chronic obstructive pulmonary dis-
ease (COPD) account for much of the overall burden
of COPD despite currently available therapies, and are
thought to be a key reason for disease progression (in
particular lung function decline) [1]. Respiratory viral
infections, such as the common cold and influenza,
are a major driver of these exacerbations [2—4], with
growing evidence that viral infections increase suscep-
tibility to subsequent bacterial infection [5, 6]. Thus,
there is a strong rationale for the development of anti-
viral treatments to reduce the impact of viral COPD
exacerbations.

Interferon-p is a naturally-occurring protein pro-
duced as an immediate local response to viral infec-
tion, and that results in antiviral protein production
thereby limiting viral replication [7-9]. Impor-
tantly, deficiencies in interferon-p-mediated antivi-
ral responses are associated with poorer outcomes
in virus challenge studies in patients with COPD [10,
11]. SNGOO01 is a unique formulation of recombinant
interferon-Bla that contains few excipients and has
near-neutral pH, making it appropriate for inhaled
administration. It is delivered via nebuliser with the
aim of reaching a high local concentration within the
lower respiratory tract, and has previously been shown
to upregulate antiviral biomarker levels in the lungs
of patients with asthma [12, 13]. Use of SNGO0O01 has
also been investigated in two studies in patients hospi-
talised due to Coronavirus Disease 2019 (COVID-19)
[14, 15]. In the first, patients receiving SNGO001 were
more likely to improve, and recovered more rapidly,
than those receiving placebo [14]. The second sug-
gested that SNG001 may prevent progression to severe
disease, although the primary endpoint was not met
[15]. Other interferon formulations (typically given by
injection) have been used to treat chronic hepatitis,
although with limited efficacy [16].

The efficacy of SNGOO1 had not previously been
evaluated in COPD. The aims of this exploratory, two-
part study, the first in COPD, were to provide evidence
of proof-of-mechanism (in terms of upregulation of
antiviral defences), to demonstrate promotion of viral
clearance, and to evaluate the efficacy, tolerability and
safety of SNGOO1 in patients with COPD. Given this
was a new population for SNGO001, Part 1 was designed
as a conventional clinical pharmacology proof-of-con-
cept study. Key results from Part 1 were presented at
the 2019 European Respiratory Society annual confer-
ence [17].
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Methods
This was a two-part, double-blind, placebo-controlled,
exploratory study conducted in non-hospitalised
patients.

Objectives

Given the exploratory nature of the study, none of the
objectives were prespecified as primary or secondary,
and there was no hierarchy applied to the endpoints.

Part 1

To assess the safety and tolerability of SNGO001, and its
effects on antiviral interferon-stimulated gene [ISG]
expression in induced sputum, sputum differential cell
count, and respiratory function (forced expiratory vol-
ume in 1 s [FEV;], and peak expiratory flow [PEF]) in
patients with stable COPD.

Part 2

To compare SNGO001 versus placebo in terms of efficacy
and sputum and serum biomarkers (including ISGs), and
to evaluate safety and tolerability in patients experiencing
an acute viral infection. Efficacy endpoints included lung
function, sputum viral load, Breathlessness, Cough and
Sputum Scale (BCSS), COPD Assessment Test (CAT)
total score, and reliever medication use.

Design

In Part 1, patients were randomised 4:1 to SNGO001 6
MIU or placebo once-daily for three days (see supple-
ment), and were followed until four days after the last
dose. Lung function was assessed pre- and up to 8 h post-
dose on Day 1, pre- and up to 1 h post-dose on Days 2
and 3, and on Day 4, with sputum induced at screening,
and pre-dose on Days 2 and 4 (see Additional file 1).

In Part 2, patients entered a pre-treatment observa-
tion phase, progressing to the treatment phase only
if they developed upper respiratory symptoms and/
or their COPD symptoms worsened, and they then
tested positive for a respiratory virus (BioFire Respira-
tory panel, bioMerieux, Marcy-I'Etoile, France). During
the pre-treatment phase, patients received a daily text
message asking about the onset of cold symptoms and/
or a deterioration in their COPD symptoms. As soon as
this was detected, patients were asked to either respond
to the text message or telephone the site, so that study
medication could be initiated within 48 h of the onset
of respiratory virus symptoms and/or deterioration in
COPD symptoms if the treatment phase eligibility crite-
ria were met. Patients were randomised 1:1 to SNG001
6 MIU or placebo once-daily for 14 days, stratified into
two Groups: A (cold symptoms and/or COPD symptoms
deterioration without moderate COPD exacerbation)
and B (moderate COPD exacerbation with or without
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cold symptoms). Moderate exacerbations were defined
as acute worsening of respiratory symptoms treated with
short-acting bronchodilators plus antibiotics and/or oral
corticosteroids (the choice of which was left to the inves-
tigators). Pre-dose on Day 1 (baseline) and post-dose on
Days 4, 7, 10 and 13 (treatment phase), and 17 and 28
(follow-up), CAT, FEV; and forced vital capacity (FVC)
were assessed, with blood sampled for biomarkers. Spu-
tum was induced at selected sites if a spontaneous sample
could not be produced (supplement), but sputum cul-
tures were not performed. Patients recorded BCSS, PEF
and reliever medication use daily.

Both parts recruited patients diagnosed with
COPD 212 months prior to entry. The main Part 1 inclu-
sion criteria were post-bronchodilator FEV,;>40% pre-
dicted at screening and =30% prior to the first dose, with
sputum production on most days. The main pre-treat-
ment Part 2 inclusion criteria were post-bronchodilator
FEV,230% predicted (=40% for the first 16 patients),
>1 exacerbation requiring oral corticosteroids/antibiot-
ics in the prior year, and COPD previously worsened by
a respiratory virus, with patients excluded if they had a
severe exacerbation. Patients provided written informed
consent prior to any study-related procedure. See Addi-
tional file 1 for full inclusion/exclusion criteria.

The study was approved by a central independent ethics
committee, performed in accordance with the Declara-
tion of Helsinki and Good Clinical Practice, and regis-
tered at the EU clinical trials register (2017-003679-75).

The protocol was amended nine times. Most of the
changes were minor, and were to clarify existing wording.
The main amendment followed a review of safety data by
the Data Safety Monitoring Committee for the first 16
patients after they had completed treatment in Part 1.
This resulted in the post-bronchodilator FEV; inclusion
criterion for Part 2 being changed from 40 to 30% pre-
dicted. In addition, the sample size for Part 2 was re-esti-
mated. This was originally based on gene expression data,
and required 40 patients to be recruited per treatment,
which was considered also sufficient to evaluate the clini-
cal endpoints, including BCSS.

Interventions
In both parts, patients were randomised to treatment
according to a pre-specified randomisation schedule. In
Part 2, study medication was supplied in blocks of four
consecutive randomisation numbers per Group, with
randomisation numbers allocated sequentially at each
site within each Group. The first dose of study medica-
tion was to be administered no later than 48 h after the
onset of (or deterioration in) symptoms, or the start of
the moderate COPD exacerbation.

Study medication was administered double-blind in
both parts of the study, with patients and investigators
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blinded to treatment assignment using matching pla-
cebo. SNGO001 was administered at a dose of 6 MIU (in
a volume of 0.5 mL) via portable mesh nebuliser (I-neb,
Philips Respironics). In Part 1, medication was adminis-
tered at the study site for all doses; in Part 2 the first dose
was administered at the study site, with subsequent doses
taken either at the study site or in the patients home.

Sample size and statistical methods

Part 1 was not formally powered; 10 patients (eight
receiving SNGOO01 and two placebo) was considered suf-
ficient based upon previous findings in patients with
asthma [13]. For Part 2, 55 patients per arm were esti-
mated to detect a BCSS SNGO01-placebo difference of
11.2 with probability (power) of 0.8 [18, 19]. To allow for
missing data, 60 patients per arm were required.

For Part 1, changes from baseline in biomarkers were
analysed for SNGOO1 using a mixed model for repeated
measures (MMRM), with observed values as the depen-
dent variable, baseline as covariate and visit as fixed
effect. Other endpoints were evaluated using summary
statistics only.

All results in Part 2 are presented separately for Group
A and Group B. The change from baseline in BCSS daily
score was analysed using a MMRM, including terms for
treatment, Group, smoking status, baseline BCSS score,
day, and baseline-by-day and treatment-by-day interac-
tions. The model was fitted with an unstructured vari-
ance-covariance matrix, where possible. A similar model
was used for the analysis of clinic spirometry, CAT score,
home PEF and reliever medication data. There were no
adjustments for multiplicity.

Exploratory analyses of sputum antiviral-stimulated
genes, viral load clearance and sputum purulence were
conducted following unblinding of the study data. Spu-
tum antiviral-stimulated genes were analysed over time
using a MMRM with treatment, visit and the treatment
by visit interaction as covariates. The models were fitted
with an unstructured variance-covariance matrix. Analy-
ses were conducted separately for Group A and Group B.

Viral load clearance for patients with detectable rhi-
novirus was analysed at each post-baseline visit using a
Firth logistic regression model with covariates for treat-
ment and baseline viral load. Viral load clearance was
defined as undetectable rhinovirus viral load. Sputum
purulence, defined as sputum colour classified as 3, 4 or
5 according to the BronkoTest colour chart was analysed
at each visit using Fisher’s exact test. Analyses were con-
ducted separately for Group A and Group B.

The proportion of patients whose symptoms had
returned to normal were compared between treatments
using a generalised linear mixed model with a logit link
function, including terms for treatment, Group, smok-
ing status, visit and treatment by visit interactions. The
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sputum sample data were summarised by treatment and
Group, with data from spontaneous and induced sam-
ples combined. In both parts of the study the intention-
to-treat (ITT) population was all randomised patients
who received at least one dose of study medication, and
was used for all efficacy analyses. The safety population,
used for all safety analyses, was the same as the ITT
population.

Results

Participants

Part 1 was conducted between 5 February and 7 June
2018 at a single UK site, with Part 2 between 3 Decem-
ber 2018 and 5 May 2020 at 16 UK sites. Recruitment
into Part 2 was terminated early due to the COVID-19
pandemic. Of the 13 patients randomised into Part 1,
10 completed the study (Fig. 1). Two of the patients who
withdrew had an FEV, decrease from baseline >20% (one
in each treatment arm), a pre-specified stopping rule
(supplement); neither were symptomatic. The baseline
demographics and disease characteristics were consistent
across the two treatment arms (Table 1). In Part 2, a total
of 351 patients entered the pre-treatment phase, with
109 subsequently meeting the treatment phase inclusion
criteria, 108 of whom completed the study (Fig. 1). The
baseline demographics and disease characteristics were
generally consistent across the two treatments within
each Group (Table 1).

Part 1

Sputum interferon-stimulated antiviral gene expression

On Day 2 of the treatment period, i.e., approximately
24 h after administration of the first dose, all five assessed
ISGs were upregulated from baseline in the SNGO001
arm, with between 2.2 and 11.5 fold-changes (Fig. 2,
with absolute data in Additional file 1: Table S1). Similar
upregulation was also observed on Day 4 (i.e., approxi-
mately 24 h after administration of the third dose of
SNGO001), although significance was lost for C-X-C motif
chemokine ligand 10 (CXCL10). Note that values were
not calculated for placebo, given data were available for
<3 patients.

Safety

The overall incidence of adverse events was similar with
the two treatments, with none of the events severe, seri-
ous, or leading to treatment discontinuation or death
(Table 2). The only preferred term to occur in at least two
patients with either treatment was cough, in one patient
with placebo and two with SNGO01, all related to study
treatment but mild in severity. In addition, following
administration of SNG001, changes from baseline in spu-
tum differential cell counts were all small (Additional file
1: Table S2). Finally, there was a decrease from baseline
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with both treatments in FEV, and PEF on Day 1 (Addi-
tional file 1: Figures S1 and S2). On Days 2 and 3, changes
from baseline with SNG001 were relatively small and
variable.

Part 2

Clinical efficacy

There was a gradual decrease from baseline in BCSS total
score with both treatments in both Groups, with no sta-
tistically significant SNG001-placebo differences (Fig. 3).
There were also no SNG001-placebo differences in either
CAT total score (Additional file 1: Table S3) or the pro-
portion of patients whose symptoms returned to normal
after a moderate exacerbation, although the percentages
were consistently higher with SNG001 (Additional file 1:
Table S4). Further, reliever medication use was low and
did not change from baseline over the treatment period,
with no SNG001-placebo differences (least squares mean
differences for average use over Days 1-14 of 0.2 [95% CI
—1.2,1.6] and —0.4 [-2.4, 1.6] puffs/day in Groups A and
B, respectively).

For home-assessed PEF in Group A there was no differ-
ence between treatments when evaluated over the entire
treatment period, although on Days 14 and 15 there were
significant differences in favour of placebo (Fig. 4). In
contrast, in Group B mean home PEF with SNG001 was
significantly better than with placebo, when evaluated
over the entire treatment period (SNG001-placebo mean
difference 25.5 [95% CI 1.1, 49.9] L/min; p=0.041), and
on Days 5, 7-9, and 15. There were no consistent differ-
ences between treatments for clinic-assessed FEV;, FVC
and FEV,/FVC, with most changes from baseline being
small (Additional file 1: Table S5).

At randomisation (i.e., baseline), patients had a wide
range of respiratory viral infections, the most common
being human rhinovirus (Fig. 5A and Additional file 1:
Figure S3). A post-hoc analysis was therefore conducted
in the subgroup of patients who had detectable rhino-
virus viral load (there were insufficient data for other
viruses to perform similar analyses). By Day 4 the pro-
portion of patients receiving SNG001 who had detect-
able rhinovirus reduced to 40.0% (compared to 94.7% of
patients receiving placebo), with a further reduction to
20.0% on Day 7 (versus 89.5% receiving placebo; p=0.014;
Fig. 5B).

Sputum and serum biomarkers

Three of the five sputum ISGs evaluated in Part 1 were
evaluated in Part 2 (Mx dynamin like GTPase-1 [Mx1],
2’-5’-oligoadenylate synthetase [OAS1] and CXCL10).
For the two ISGs that were not analysed in Part 2, gua-
nylate-binding protein 1 (GBP1) showed lower upregu-
lation than the other ISGs in Part 1, and so was not
evaluated in Part 2, and there were issues with the Part
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13 patients assessed

13 patients
randomised

A 4

3 assigned to receive placebo
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1 discontinued study early
* 1 FEV, decrease by 220%
below predose value

A
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10 assigned to receive SNG001

—

2 discontinued study early

» 1FEV, decrease by = 20%
below predose value

» 1 other

A 4

2 completed study
+ 3included in intention-to-treat
population
3 included in safety population

Part 2

\ 4

8 completed study

¢ 10 included in intention-to-treat

population

* 10 included in safety population

488 patients assessed
for eligibility

139 patients excluded
* 126 did not meet

349 patients included
in pre-treatment phase

inclusion/exclusion criteria
« 2 withdrew consent
* 11 other

A 4

109 patients randomised

(74 in Group A; 35 in Group B)

A 4

52 assigned to receive placebo
(36 in Group A; 16 in Group B)

>

0 discontinued study early

A 4

52 completed study
* 52 included in intention-to-treat
population
+ 52 included in safety population

Fig. 1 Patient flow through the two parts of the study

Group A: Patients with cold-like symptoms and/or a deterioration in COPD symptoms, but without a moderate COPD exacerbation. Group B: Patients
with a moderate COPD exacerbation with or without cold symptoms. FEV,, forced expiratory volume in 1 s; COPD, chronic obstructive pulmonary disease

A 4

57 assigned to receive SNG001
(38 in Group A; 19 in Group B)

L .

(Group A)

1 discontinued study early
1 withdrew consent

A 4

56 completed study
* 57 included in intention-to-treat
population
« 57 included in safety population
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Table 1 Patient baseline demographics and disease characteristics
Part 1 Part 2
Group A (cold-like symptoms and/or ~ Group B (moderate COPD
deterioration in COPD symptoms) exacerbation)
Placebo SNGO001 Placebo SNGO001 Placebo SNGO001
(N=3) (N=10) (N=36) (N=38) (N=16) (N=19)
Age, years 67.7 (NC) 67.1(5.13) 64.6 (6.52) 66.9 (7.14) 66.8 (8.75) 67.2(7.71)
Sex, male 2 (66.7%) 7 (70.0%) 22 (61.1%) 24 (63.2%) 9 (56.3%) 10 (52.6%)
BMI, kg/m2 26.0 (NQ) 29.5 (6.01) 28.7 (5.98) 29.0 (6.39) 285 (5.12) 284 (6.24)
Race
White 3(100%) 10 (100%) 33(91.7%) 35(92.1%) 16 (100%) 19 (100%)
Smoking status
Current smoker 2 (66.7%) 1(10.0%) 17 (47.2%) 15 (39.5%) 4 (25.0%) 6 (31.6%)
Former smoker 1(33.3%) 9 (90.0%) 19 (52.8%) 23 (60.5%) 12 (75.0%) 13 (68.4%)
Smoking pack-years 40.3 (NO) 38.1(14.39) 43.0 (23.49) 51.0(30.36) 488 (17.73) 52.2
(20.28)
CAT total score 22.0 (NQ) 19.7 (5.12) 19.8 (8.38) 20.4 (6.28) 21.0(8.88) 243 (6.31)
Post-bronchodilator FEV,
L 1.83 (NQ) 1.74 (0.394) 1.71(0.568) 1.64 (0.549) 1.56 (0.348) 1.63
(0.599)
% predicted 70.3 (NC) 62.0(11.11) 584 (13.74) 596 (15.05) 58.1(16.13) 61.7
(19.46)
Post-bronchodilator PEF, L/min 3520 355.3(78.74) 329.8 (113.65) 3104 (108.81) 295.7 (64.42) 301.9
(NO) (120.26)
Exacerbations in previous 12 months
0 1(33.3%) 5(50.0%) 0 0 0 0
1 1(33.3%) 4 (40.0%) 18 (50.0%) 14 (36.8%) 7 (43.8%) 6 (31.6%)
>2 1(33.3%) 1 (10.0%) 18 (50.0%) 24 (63.2%) 9 (56.3%) 13 (68.4%)
BCSS total score - - 5.8(3.02) 6.8 (2.39) 792.77) 7.9 (2.46)
Concurrent COPD medication
Long-acting muscarinic 3 (100%) 8 (80.0%) 33 (91.7%) 29 (76.3%) 15 (93.8%) 17 (89.5%)
antagonists
Long-acting B,-agonists 3 (100%) 9 (90.0%) 32 (88.9%) 35(92.1%) 14 (87.5%) 19 (100%)
Inhaled corticosteroids 3 (100%) 8 (80.0%) 28 (77.8%) 31 (81.6%) 14 (87.5%) 16 (84.2%)

Data are mean (SD) or n (%). COPD, chronic obstructive pulmonary disease; NC, not calculated (note that SDs were not calculated when data were available for <3
patients); BMI, body-mass index; CAT, COPD Assessment Test; FEV,, forced expiratory volume in 1 s; PEF, peak expiratory flow; BCSS, Breathlessness, Cough and

Sputum Scale

2 assay for interferon-induced protein with tetratrico-
peptide repeats-2 (IFIT2) that would have necessitated
reanalysis, which was not possible due to the COVID-
19 pandemic. All three of the evaluated ISGs were
upregulated on Day 1 due to the viral infection (Fig. 6).
In patients receiving placebo, this initial upregulation
subsequently declined; in contrast, expression of these
antiviral genes was maintained over the treatment
course in patients receiving SNG001, declining by the
first assessment in the follow-up period (i.e., Day 17).
Serum levels of interferon-inducible T-cell alpha
chemoattractant (ITAC) and CXCL10 increased from
baseline (i.e., pre-dose on Day 1) with both treat-
ments in Groups A and B (Additional file 1: Figure
S4). Serum levels of the inflammatory gene chemokine
(C-C motif) ligand 8 (CCL8) also increased from base-
line with both treatments and in both Groups, whereas

levels of interleukin-6 (IL-6) were broadly unchanged
from baseline (Additional file 1: Figure S5).

For serum C-reactive protein (CRP), whereas mean
changes from baseline in Group A were similar with
the two treatments (Additional file 1: Figure S6), for
patients in Group B (i.e., those experiencing a mod-
erate COPD exacerbation on entry), levels started to
increase from Day 4 with placebo, but were unchanged
with SNGO0O01 (Fig. 7A). A post-hoc analysis was there-
fore conducted in Group B, in which CRP levels
were categorised by a cut-point of 20 pg/mL at each
visit [20]. With placebo, an increasing proportion of
patients had CRP>20 pg/mL from Day 4 to Day 17
(Fig. 7B). In contrast, the proportion of patients receiv-
ing SNG001 who had CRP>20 pg/mL, though higher
at baseline (i.e., pre-dose on Day 1), decreased with
treatment and remained low throughout follow-up.
In Group A, the proportion of patients with purulent
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Fig. 2 Part 1: Antiviral interferon-stimulated sputum gene expression following administration of SNG001

Data are geometric mean fold change from baseline and 95% confidence intervals. Data available from 6 and 5 patients on Days 2 and 4, respectively, for
Mx1, CXCL10,and GBP1, and for 5 and 4 patients, respectively, for OAS1 and IFIT2. Baseline mean (minimum, maximum) values were 3.96 (2.33, 5.28), 2.68
(2.05,2.99), 1.77 (042, 2.90), —0.20 (-0.87, 0.75) and —0.24 (-0.57, — 0.05) for Mx1, OAS1, CXCL10, IFIT2 and GBP1, respectively. Values were not calculated
for placebo, given data were available for <3 patients. Mx1, MX dynamin-like GTPase-1; OAS1, 2'-5"-oligoadenylate synthetase; CXCL10, C-X-C motif che-
mokine ligand-10; IFIT2, interferon-induced protein with tetratricopeptide repeats-2; GBP1, guanylate-binding protein 1

sputum was similar with the two treatments (Addi-
tional file 1: Figure S7). However, in Group B, whilst
the proportion of patients with purulent sputum was
similar at baseline, the proportion receiving SNG001
who had purulent sputum decreased over the 14-day
treatment period, whereas with placebo the propor-
tion increased from Day 4 to Day 10 before decreasing,
resulting in a significant difference between treatments

at Day 17 (15.4% with SNGOO01 vs. 60.0% with placebo;
p=0.039; Fig. 8).

Safety

Overall, the incidence of adverse events was similar
with both treatments and in both Groups (Table 3).
None of the events with SNGO00O1 was considered
severe, and only one was considered serious (a COPD
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Table 2 Part 1: Treatment-emergent adverse events, overall and most common preferred terms (> 2 patients with either treatment)

Number of patients (%) Placebo SNGO0O01
(N=3) (N=10)

Any adverse event 2 (66.7%) 7 (70.0%)
Cough 1(33.3%) 2 (20.0%)

Any on-treatment adverse event 1(33.3%) 4 (40.09%)

Any adverse event related to treatment 2 (66.7%) 3(30.0%)
Cough 1(33.3%) 2 (20.0%)

Any severe adverse event 0 0

Any serious adverse event 0 0

Any adverse event leading to discontinuation of study treatment or study withdrawal 0 0

Any fatal adverse event 0 0

exacerbation in a patient in Group A, moderate in
severity and not considered related to treatment).
There were no notable differences in the other safety
parameters.

Discussion

Overall, the two parts of this exploratory study dem-
onstrated proof-of-mechanism of SNGO001 in patients
with COPD, with upregulation of lung antiviral
responses in response to inhaled interferon-p that
were associated with promotion of viral clearance and
a favourable safety and tolerability profile, although
with limited effect on the clinical efficacy endpoints
(perhaps because use of bronchodilators was permit-
ted throughout the study), aside from an effect on
home measured PEF in patients in Group B (who com-
prised only around a third of the study population). All
five assessed ISGs in sputum cells were upregulated
following administration of SNGOO1 in Part 1, with
the initial upregulation in Part 2 (in response to the
viral infection) prolonged in those patients receiving
SNGO001, showing that SNG001 boosted lung antiviral
responses. Importantly, the fold-changes in sputum
Mx1 and OASI1 following administration of SNG001
in Part 1 were consistent with changes in a previous
asthma study [21], suggesting that the administered
dose is similarly effective in younger patients with
asthma and in older patients with COPD - both of
whom are at increased risk from viral infections. Fur-
thermore, in Part 2, the post-hoc analysis in patients
who had a positive test for human rhinovirus (the most
commonly detected virus during COPD exacerbations
[22]) suggested that viral clearance was enhanced by
SNGO001 — with a more rapid decrease with SNG001
than placebo. Importantly, SNG001 had a good over-
all safety and tolerability profile in both parts of the
study, with the lack of change in sputum differen-
tial cell counts in Part 1 suggesting that SNG001 did
not induce an inflammatory response. In particular,
there were no reports of fever or ‘flu-like symptoms’
as adverse events. This is consistent with the results of

another nebulised formulation of interferon in healthy
adults [23], and contrasts with the safety profile of
interferon when given by injection [24]. Researchers
who conducted a series of in-vitro studies concluded
that these symptoms are due to the systemic activity of
interferon, which is intrinsically pyrogenic by inducing
prostaglandin E2 in the hypothalamus [25]. SNGO001
was also similarly well tolerated when administered to
patients who had been hospitalised with COVID-19 in
previous studies [14, 15]. Overall, the results of these
various studies support the potential for nebulised
delivery of interferon.

The most intriguing data in Part 2 were for patients
in Group B (i.e., those with a moderate COPD exacer-
bation). In this Group, patients receiving placebo had
an increase in CRP in the second week of the treat-
ment period (Days 10-17) that, when combined with
the increased incidence of purulent sputum, poten-
tially suggests the presence of a secondary bacterial
infection [26, 27]. This was not the case in patients
receiving SNG001. Taken together, these data suggest
that SNGOO1 accelerates viral clearance in the lung,
and that in patients with a moderate COPD exacer-
bation it may have the potential to prevent secondary
bacterial infections [6]. Given the study was conducted
between February 2018 and May 2020, few of the
patients would have been active in the study during
the COVID-19 pandemic, and although a number of
patients tested positive for one of the coronaviruses,
none were severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2). We therefore cannot draw any
conclusions about the link between SARS-CoV-2 and
COPD exacerbations.

The main limitation of the results is that although
detailed data are available on viral load in Part 2, data
are not available on bacterial load — and therefore the
hypothesis that SNG001 may prevent secondary bac-
terial infections is supported only by indirect data,
specifically serum CRP and sputum colour. In addi-
tion, both parts of the study recruited relatively small
numbers of patients. In particular, the patients of
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Fig. 3 Part 2: BCSS total score change from baseline in (A) Group A (cold-like symptoms and/or deterioration in COPD symptoms) and (B) Group B

(moderate COPD exacerbation)

Data are least squares mean and 95% confidence intervals. BCSS, Breathlessness, Cough and Sputum Scale. N values are the intention-to-treat population

most interest in Part 2 were those who had a moder-
ate COPD exacerbation. However, this comprised only
32% of the overall population, and it would be inter-
esting to evaluate the efficacy of SNG001 specifically
in this patient population in an appropriately pow-
ered and designed study. Moreover, although sputum
is a useful way of assessing treatment efficacy directly
within the lung, sputum samples were not available for
all patients at all visits. Furthermore, we could only

study clearance of human rhinovirus, as the other
viruses were insufficiently prevalent — to evaluate the
effect of SNG0OO1 on other viruses would require a
much larger study. Additionally, from the data avail-
able in Part 2 we cannot elucidate the impact of smok-
ing status on the disease course from any impact on
treatment efficacy. Finally, although considered suffi-
cient for the purposes of the study, a small number of
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Fig. 4 Part 2: Home-assessed PEF change from baseline in (A) Group A (cold-like symptoms and/or deterioration in COPD symptoms) and (B) Group B

(moderate COPD exacerbation)

*p<0.05 SNGO01 vs. placebo. Data are least squares mean and 95% confidence interval. Mean (SD) baseline values were 254.8 (96.84), 239.6 (93.21), 212.5
(60.42) and 230.0 (105.71) L/min in placebo Group A, SNGOO1 Group A, placebo Group B, and SNG001 Group B, respectively. N values are the intention-

to-treat population. PEF, peak expiratory flow

patients were included in Part 1, the majority of whom
(77%) received SNGOO1.

Conclusions

This exploratory study provides evidence that the
recombinant interferon-pla SNGOO01 is well tolerated
in patients with COPD, and upregulates the lung’s
antiviral defences to accelerate viral clearance. In

particular in patients with a moderate COPD exacer-
bation, there was evidence that SNGO001 provided an
improvement in PEF and potentially prevented sec-
ondary bacterial infection. These findings warrant
investigation in a larger study — especially one that
includes an evaluation of bacterial load, either by cul-
ture or molecular methods.
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Panel A: Note that patients could test positive for more than one respiratory virus. Panel B: N values are the number of patients with detectable viral load
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Fig.6 Part 2: Sputum cell interferon-stimulated gene expression in Group A (cold-like symptoms and/or deterioration in COPD symptoms) and Group B
(moderate COPD exacerbation)

The data plotted are normalised to housekeeping (reference) genes. As reference genes are expressed at a higher level than the interferon-stimulated
genes of interest, higher gene expression is indicated by lower values (i.e., in direction of grey arrow). *p <0.05 SNG0O1 vs placebo. Data are least squares
mean and 95% confidence intervals. Data available at baseline (i.e, pre-dose on Day 1) from 18 and 19 patients receiving placebo and SNG001, respec-
tively, in Group A, and 9 and 7 patients, respectively, in Group B (except for placebo Group B for CXCL10 [N=8]). Mx1, Mx dynamin like GTPase 1; OAST,
2'-5-oligoadenylate synthetase; CXCL10, C-X-C motif chemokine ligand 10
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Table 3 Part 2: Treatment-emergent adverse events, overall and most common preferred terms (> 2 patients with any treatment)

Group A (cold-like symptoms
and/or deterioration in COPD

Group B (moderate COPD Combined
exacerbation)

symptoms)
Placebo SNGO01 Placebo SNGO01 Placebo SNGO01
(N=36) (N=38) (N=16) (N=19) (N=52) (N=57)
Any adverse event 21 (58.3%) 22 (57.9%) 9 (56.3%) 12 (63.2%) 30 (57.7%) 34
(59.6%)
Nasopharyngitis 1 (2.6%) 1(6.3%) 1 (5.3%) 1(1.9%) 2 (3.5%)
Breast cancer 2 (5.6%) 0 0 0 2 (3.8%) 0
Headache 2 (5.6%) 0 1(6.3%) 0 3(5.8%) 0
Flushing 1(2.6%) 1(5.3%) 0 2 (3.5%)
Chronic obstructive pulmonary disease 9 (25.0%) 9 (23.7%) 3(18.8%) 2 (10.5%) 12 (23.1%) 11
(19.3%)
Wheezing 0 5(13.2%) 0 0 0 5 (8.8%)
Cough 4(11.1%) 3(7.9%) 0 1(5.3%) 4.(7.7%) 4 (7.0%)
Dyspnoea 3 (8.3%) 2 (5.3%) 0 0 3(5.8%) 2 (3.5%)
Oropharyngeal pain 2 (5.6%) 0 0 0 2 (3.8%) 0
Diarrhoea 1(2.8%) 2 (5.3%) 2(12.5%) 2 (10.5%) 3(5.8%) 4(7.0%)
Vessel puncture site bruise 2 (5.6%) 1(2.6%) 0 0 2 (3.8%) 1(1.8%)
Any on-treatment adverse event 18 (50.0%) 18 (47.4%) 9 (56.3%) 9 (47.4%) 27 (51.9%) 27
(47.4%)
Nasopharyngitis 0 1(2.6%) 1 (6.3%) 1(5.3%) 1(1.9%) 2 (3.5%)
Flushing 0 1(2.6%) 0 1(5.3%) 0 2 (3.5%)
Chronic obstructive pulmonary disease 9 (25.0%) 5(13.2%) 3(18.8%) 0 12 (23.1%) 5 (8.8%)
Cough 4(11.1%) 3(7.9%) 0 1(5.3%) 4.(7.7%) 4 (7.0%)
Wheezing 0 3(7.9%) 0 0 0 3(5.3%)
Dyspnoea 3 (8.3%) 2 (5.3%) 0 0 3 (5.8%) 2 (3.5%)
Diarrhoea 1(2.8%) 2 (5.3%) 2 (12.5%) 2 (10.5%) 3(5.8%) 4 (7.0%)
Vessel puncture site bruise 2 (5.6%) 1 (2.6%) 0 0 2 (3.8%) 1(1.8%)
Any adverse event related to treatment 7 (19.4%) 5(13.2%) 6 (37.5%) 4(21.1%) 13 (25.0%) 9
(15.8%)
Headache 1(2.8%) 0 1(6.3%) 0 2(3.8%) 0
Flushing 0 1(2.6%) 0 1(5.3%) 0 2 (3.5%)
Cough 1(2.8%) 3(7.9%) 0 1(5.3%) 1(1.9%) 4(7.0%)
Dyspnoea 2 (5.6%) 1(2.6%) 0 0 2 (3.8%) 1(1.8%)
Diarrhoea 1(2.8%) 0 1(6.3%) 0 2 (3.8%) 0
Any severe adverse event 3 (8.3%) 0 1(6.3%) 0 4.(7.7%) 0
Breast cancer 2 (5.6%) 0 0 0 2 (3.8%) 0
Any serious adverse event 2 (5.6%) 1(2.6%) 1(6.3%) 0 3(5.8%) 1(1.8%)
Breast cancer 2 (5.6%) 0 0 0 2 (3.8%) 0
Any serious adverse event related to treatment 0 0 0 0 0 0
Any adverse event leading to discontinuation 1(2.8%) 0 0 0 1(1.9%) 0
of study treatment or study withdrawal
Any fatal adverse event 0 0 0 0 0 0
Abbreviations MMRM mixed model for repeated measures
BCSS Breathlessness, Cough and Sputum Scale Mx1 MX dynamin-like GTPase-1
BMI body-mass index NC not calculated
CAT COPD Assessment Test OAS1 2'-5-oligoadenylate synthetase
CCL8 chemokine (C-C motif) ligand 8 PEF peak expiratory flow
COVID-19 Coronavirus Disease 2019 SARS-CoV-2  severe acute respiratory syndrome coronavirus 2
CRP C-reactive protein
CXCL10 C-X-C motif chemokine ligand-10 .
FEV, forced expiratory volume in 1s Supplementary Information
GBP1 guanylate-binding protein 1 The online version contains supplementary material available at https://doi.
IFIT2 interferon-induced protein with tetratricopeptide repeats-2 0rg/10.1186/512931-024-02854-7.
IL-6 interleukin-6
ISG interferon-stimulated gene [ Supplementary Material 1 ]

ITAC interferon-inducible T-cell alpha chemoattractant
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