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Dipeptidyl peptidase-1 inhibition in patients hospitalised
with COVID-19: a multicentre, double-blind, randomised,
parallel-group, placebo-controlled trial

Holly R Keir*, Merete B Long*, Hani Abo-Leyah, Yan Hui Giam, Thenmalar Vadiveloo, Thomas Pembridge, Rebecca C Hull, Lilia Delgado, Margaret Band,
Fiona McLaren-Neil, Simon Adamson, Eva Lahnsteiner, Amy Gilmour, Chloe Hughes, Benjamin JM New, David Connell, Rebecca Dowey, Helena Turton,
Hollian Richardson, Diane Cassidy, Jamie Cooper, Jay Suntharalingam, Lavanya Diwakar, Peter Russell, Jonathan Underwood, Alexander Hicks,
Davinder PS Dosanjh, Beth Sage, Devesh Dhasmana, Mark Spears, AA Roger Thompson, Christopher Brightling, Andrew Smith, Manish Patel,

Jacob George, Alison M Condliffe, Amelia Shoemark, Graeme MacLennan, James D Chalmers, on behalf of the STOP-COVID19 Investigatorst

Summary

Background Neutrophil serine proteases are involved in the pathogenesis of COVID-19 and increased serine protease
activity has been reported in severe and fatal infection. We investigated whether brensocatib, an inhibitor of dipeptidyl
peptidase-1 (DPP-1; an enzyme responsible for the activation of neutrophil serine proteases), would improve outcomes
in patients hospitalised with COVID-19.

Methods In a multicentre, double-blind, randomised, parallel-group, placebo-controlled trial, across 14 hospitals in
the UK, patients aged 16 years and older who were hospitalised with COVID-19 and had at least one risk factor for
severe disease were randomly assigned 1:1, within 96 h of hospital admission, to once-daily brensocatib 25 mg or
placebo orally for 28 days. Patients were randomly assigned via a central web-based randomisation system (TruST).
Randomisation was stratified by site and age (65 years or =65 years), and within each stratum, blocks were of random
sizes of two, four, or six patients. Participants in both groups continued to receive other therapies required to manage
their condition. Participants, study staff, and investigators were masked to the study assignment. The primary
outcome was the 7-point WHO ordinal scale for clinical status at day 29 after random assignment. The intention-to-
treat population included all patients who were randomly assigned and met the enrolment criteria. The safety
population included all participants who received at least one dose of study medication. This study was registered
with the ISRCTN registry, ISRCTN30564012.

Findings Between June 5, 2020, and Jan 25, 2021, 406 patients were randomly assigned to brensocatib or placebo;
192 (47-3%) to the brensocatib group and 214 (52-7%) to the placebo group. Two participants were excluded after
being randomly assigned in the brensocatib group (214 patients included in the placebo group and 190 included in
the brensocatib group in the intention-to-treat population). Primary outcome data was unavailable for six patients
(three in the brensocatib group and three in the placebo group). Patients in the brensocatib group had worse clinical
status at day 29 after being randomly assigned than those in the placebo group (adjusted odds ratio 0-72 [95% CI
0-57-0-92]). Prespecified subgroup analyses of the primary outcome supported the primary results. 185 participants
reported at least one adverse event; 99 (46%) in the placebo group and 86 (45%) in the brensocatib group. The most
common adverse events were gastrointestinal disorders and infections. One death in the placebo group was judged as
possibly related to study drug.

Interpretation Brensocatib treatment did not improve clinical status at day 29 in patients hospitalised with COVID-19.

Funding Sponsored by the University of Dundee and supported through an Investigator Initiated Research award
from Insmed, Bridgewater, NJ; STOP-COVID19 trial.

Copyright © 2022 Published by Elsevier Ltd. All rights reserved.

Introduction

COVID-19 is a respiratory disease caused by SARS-CoV-2.
In severe cases, patients develop pneumonia that can
lead to acute respiratory distress syndrome (ARDS).
Respiratory failure is the primary cause of death in
people with severe COVID-19."

Severe COVID-19 is reportedly associated with a
dysregulated immune response and hyperinflammation.
This response is characterised by the antiviral interferon

response, increased concentration of systemic cytokines
(eg, interleukin [IL]-6), and an influx of inflammatory cells
into the lungs. However, the extent of inflammatory
response, in terms of the concentration of IL-6 and other
proinflammatory cytokines, is reported to be less than in
non-COVID-19 ARDS and sepsis.’ Neutrophils have been
less well studied than other immune cell types
involved in COVID-19, but as the understanding of the
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Research in context

Evidence before this study

We searched PubMed from Dec 1, 2019, until March 31, 2022,
for articles related to COVID-19 and neutrophils, using the
search terms COVID and Neutrophil. We did not restrict
searches by language and we filtered findings for relevance
based on abstract alone. We identified 1238 publications.
Extensive evidence implicated neutrophils, neutrophil
proteases, and neutrophil extracellular traps in the
pathophysiology of COVID-19. Markers of neutrophilic
inflammation, such as neutrophil elastase have increased
concentration or activity in the blood and bronchoalveolar
lavage from patients with COVID-19, and these markers predict
poor outcome in patients who are hospitalised. No therapies
directly targeting neutrophilic inflammation have been
investigated in large-scale clinical trials. Brensocatib is an
investigational dipeptidyl peptidase-1 (DPP-1) inhibitor, which
has been shown to reduce neutrophilic inflammation in a phase
2 trial in bronchiectasis. We hypothesised that DPP-1 inhibition
would improve outcomes in patients in hospital with COVID-19
by reducing neutrophil serine protease activity.

Added value of this study
To our knowledge, this is the first trial to test the clinical efficacy
and safety of DPP-1 inhibition with brensocatib in patients

pathophysiology of COVID-19 has evolved, evidence
supports an important role for neutrophils in severe
disease.* Increased neutrophil counts are associated with
disease severity, and neutrophils have been implicated in
amplifying inflammation, coagulopathy, organ damage,
and immunothrombosis in people with COVID-19.>¢
Increased concentrations of neutrophil serine proteases
have been identified in the blood and lungs of people
with COVID-19, and are associated with disease severity
and mortality” Although anti-inflammatory treatments
(eg, dexamethasone and anti-IL-6 receptor monoclonal
antibodies) have been shown to reduce the risk of death
in patients with COVID-19, there is an urgent need for
additional therapies.*"

Dipeptidyl peptidase-1 (DPP-1) activates neutrophil
proteases, such as neutrophil elastase, proteinase 3, and
cathepsin G, during maturation in the bone marrow and
activates proteases in other immune cells types, such as
chymases in mast cells.”” Brensocatib (INS1007,
formerly AZD7986) is an oral, selective, competitive, and
reversible inhibitor of DPP-1. Brensocatib has been
shown to inhibit neutrophil serine protease activity in
blood, in animal models, and in healthy people."
In a phase 2 trial of brensocatib in patients with
bronchiectasis, treatment with brensocatib reduced lung
inflammation and was associated with prolonged time to
first exacerbation.”

To examine whether brensocatib could improve clinical
outcomes in people with COVID-19, we conducted

hospitalised with COVID-19 who had at least one risk factor for
severe disease. Brensocatib treatment did not improve the
primary outcome of clinical status at day 29 after being
randomly assigned. Similarly, there was no difference between
the brensocatib group and placebo group in time to clinical
improvement and time to discharge from hospital. Mortality
over 28 days was 11% in the placebo group and 15% in the
brensocatib group. Prespecified subgroup analyses, based on
age, sex, baseline severity, co-medications, and duration of
symptoms supported the primary results. Adverse events were
reported in 46% of patients given placebo and 45% of patients
given brensocatib. Active blood neutrophil elastase levels were
reduced over 29 days in the brensocatib group versus in the
placebo group.

Implications of all the available evidence

Although multiple studies suggest high amounts of
neutrophilic inflammation are associated with worse outcomes
in COVID-19, our study does not support targeting neutrophilic
inflammation with DPP-1 inhibition as a therapeutic strategy in
patients hospitalised with COVID-19. The worse clinical status
in the brensocatib group suggests the need for caution in
targeting DPP-1 or DPP-1-dependent proteases in patients
hospitalised with COVID-19.

arandomised placebo-controlled trial in patients admitted
to hospital with COVID-19 in the UK. We hypothesised
that brensocatib, by blocking the activity of damaging
neutrophil proteases, would improve clinical outcomes
over 28 days in patients hospitalised with COVID-19.

Methods

Study design and patients

This multicentre, double-blind, randomised, parallel-
group, placebo-controlled trial was done at 14 hospitals in
the UK (appendix pp 2—4). Eligible patients were 16 years
of age or older with confirmed (confirmed by RT-PCR
from combined oropharyngeal and nasopharyngeal swabs)
or clinically suspected SARS-CoV-2 infection. Patients
were required to have at least one risk factor for severe
COVID-19, which were defined as: radiographic infiltrates
by imaging, evidence of rales or crackles during physical
examination, peripheral capillary oxygen saturation of
94% or less on room air, requiring supplemental oxygen,
or a lymphocyte count of less than 1x109 cells per L before
being randomly assigned.

Key exclusion criteria were participant (or a legally
authorised representative) unable to give informed
consent; alanine aminotransferase (ALT) or aspartate
aminotransferase (AST) concentration of five times the
upper limit of normal within 72 h of being randomly
assigned; history of severe liver disease; stage 4 chronic
kidney disease or requiring dialysis; absolute neutrophil
count less than 1-0x109 cells per L within 72 h of being
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randomly assigned; current treatment with potent
Cyp3A4 (cytochrome P450 3A4) inducers or inhibitors
(eg, itraconazole, ketoconazole, diltiazem, verapamil,
phenytoin, or rifampicin); and current treatment with
HIV protease or integrase inhibitors or non-nucleoside
reverse transcriptase inhibitors. The complete eligibility
criteria are provided in the appendix (pp 5-6).

The trial was done in accordance with the ethical
principles of the declaration of Helsinki, International
Conference on Harmonisation Good Clinical Practice
guidelines, and applicable regulatory requirements. The
study was approved by the Scotland A Research
Ethics Committee (20/SS/0057). All patients or legal
representatives provided written informed consent. An
independent, external data monitoring committee
(comprising physicians with pulmonary expertise and a
statistician experienced in the evaluation of clinical trials)
reviewed all adverse events.

Randomisation and masking

Patients were screened for eligibility up to 24 h before
random assignment and patients meeting the
eligibility criteria were randomly assigned within 96 h
of admission to hospital for COVID-19. Patients were
randomly assigned via a central web-based random-
isation system (TruST). Participants, study staff, and
investigators were masked to the study assignment.
Brensocatib and placebo tablets were identical and
packaged into identical individual high-density poly-
ethylene bottles. Randomisation was stratified by site
and age (<65 years or =65 years). Within each stratum,
blocks were of random sizes of two, four, or six patients.
Eligibility for participation and enrollment in the trial
was confirmed by the principal investigator or medically
qualified delegate.

Procedures

Patients were assigned to either brensocatib (INS1007,
formerly AZD7986) 25 mg once daily or placebo once
daily orally for 28 days. Patients could be co-enrolled into
the RECOVERY trial, but could not receive lopinavir—
ritonavir due to potential drug-drug interactions.®
Patients’ clinical status and safety were evaluated daily
while they were in hospital and, in patients discharged
from hospital, safety assessments were done by telephone
ondays 3, 5, 11, 15, and 29 after being randomly assigned.
Patients in both groups continued to receive other
therapies required to manage their condition. Use of
other therapies were recorded. Patients continued to
receive the intervention after being discharged from
hospital until the end of the treatment period (28 days
after being randomly assigned).

The 7-point WHO ordinal scale for clinical status (WHO
7-point ordinal scale) was used to assess clinical status at
each timepoint (baseline, days 3, 5, 11, 15, and 29 after
random assignment; not hospitalised and no limitations
on activities [1]; not hospitalised and limitations on activities

[2]; hospitalised and not requiring supplemental
oxygen [3]; hospitalised and requiring supplemental oxygen
[4]; hospitalised and on non-invasive ventilation or high-
flow oxygen devices [5]; hospitalised and on invasive
mechanical ventilation or extracorporeal membrane
oxygenation [6]; and death [7]). The highest score for each
day was recorded. The UK National Early Warning Score
(NEWS) was used as an efficacy measure and was collected
throughout a participant’s hospital stay (the number of
NEWS measurements were determined by the managing
clinicians). Quality of life was assessed using the EQ-5D-5L
quality-of-life tool in patients in-person (hospitalised) or
over the telephone (discharged). Neutrophil elastase activity
was measured as previously described." Briefly, whole
blood samples were treated with either 10 mg/mL zymosan
or with Hanks’ balanced salt solution at 37°C for 30 min.
Following incubation, samples were centrifuged, and blood
plasma was frozen at —80°C for analysis. Neutrophil
elastase activity was measured by cleavage of the
specific fluorogenic substrate MeOSuc-AAPV-AMC (Sigma
Aldrich, Poole, UK; M9771). The stimulated elastase activity
was calculated by subtracting the plasma elastase activity
after incubation with buffer alone from the plasma elastase
activity following incubation with zymosan stimulation.

Outcomes

The primary objective of the study was the comparison of
participant clinical status between treatment groups,
assessed with the WHO 7-point ordinal scale. The
secondary outcome measures were: time to improvement
in one category on the WHO 7-point ordinal scale;
clinical status at days 3-15 after first dose; mean change
in the 7-point ordinal scale over 29 days from
randomisation; time to discharge from hospital or time
toa NEWS of 2 or less and maintained for 24 h, whichever
occurred first; number of days not requiring oxygen
therapy; incidence and duration of new oxygen therapy
use during the trial; number of mechanical ventilator-
free days; incidence and durations of new mechanical
ventilation use during the trial; duration of hospital stay;
and 28-day mortality.

Safety assessments were: the cumulative incidence of
adverse events and serious adverse events (SAEs) during
the trial; discontinuation or temporary suspension of
treatment; and adverse events of special interest
(hyperkeratosis, infections, and dental complications).
Adverse events were reported by the participant, site
principal investigators, or delegated staff responsible for
detecting, documenting, and recording events that met
the definition of an adverse event. Participants discharged
from hospital before the end of the trial were given a
diary to record adverse events up to day 28. Site principal
investigators were responsible for assigning seriousness
and causality of adverse events. Additional details are
described in the appendix (pp 6-7).

As an exploratory endpoint, we also did a substudy at
two centres (Dundee and Sheffield), in which blood was
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For the protocol see
https://stop-covid19.org.uk/

| 406 randomly assigned |

|
v v

| 192 assigned to brensocatib

| | 214 assigned to placebo

2 excluded after being
randomly assigned
1 admitted to hospital
96 h before
randomisation
1 received a prohibited
medication

>

v v

190 received brensocatib |

v v

190 in the intention-to-treat 214 in the intention-to-treat
population population

v v

| 192 in safety population

213 received placebo*

| | 214 in safety population

Figure 1: Trial profile
*One patient was randomly assigned but did not receive placebo as they
withdrew from study treatment before the first dose.

obtained at day 8, 15, and 29 after randomisation for
measurement of neutrophil elastase activity.

Statistical analysis

The sample size calculation used the WHO master
protocol for COVID-19 trials in March, 2020. We required
outcome data on a total of 272 participants to detect an
odds ratio (OR) of 2-0 for 5% two-sided a and 85% power,
which was inflated to 300 for a potential 9% loss to
follow-up. The sample size calculation assumed the
following proportions of patients in each WHO class
at day 29: not hospitalised and no limitations on

activities (42%), mnot hospitalised and limitations
on activities (38%), hospitalised and not requir-
ing supplemental oxygen (8%), hospitalised and
requiring supplemental oxygen (7%), hospitalised

and on non-invasive ventilation or high flow oxygen
devices (2%), hospitalised and on mechanical ventilation
or extracorporeal membrane oxygenation (1%), and death
(2%). A prespecified blinded sample size re-evaluation by
an independent statistician after 100 participants had
completed 28 days treatment resulted in an increase in the
sample size to 400 patients for 85% power for an OR
of 1.75. Efficacy analyses were based on the intention-to-
treat population, comprising all randomly assigned
patients. The primary efficacy endpoint of the WHO
7-point ordinal scale at day 29 was analysed using ordinal
logistic regression, assuming proportional odds, adjusted
for the stratifying factors of age as a fixed effect and site,
using robust SEs to account for clustering. Results are
presented as OR (95% CI), in which an OR greater than 1
indicates better clinical status at day 29 in the brensocatib

group. Secondary outcomes based on time-to-event (time
to clinical improvement, time to hospital discharge, and
28-day mortality) were analysed by Cox proportional
hazards regression, adjusted for age and site (using robust
SE). Proportional hazards were assessed visually with log
(-log[(survival]) versus log (analysis time) plots. There was
some evidence of proportional hazard assumption
violation early in follow-up in the mortality analysis and,
therefore, we also used a post-hoc analysis of restricted
mean survival time to analyse 28 day mortality. We
analysed number of days free from oxygen, new oxygen
use, days free from ventilation, and new ventilation using
negative binomial regression. The EQ-5D-5L quality of life
assessment tool was analysed using linear regression
adjusted for age and site (using robust SEs). We analysed
neutrophil elastase activity in blood during the treatment
period using mixed model repeated measures approach.
The model included a fixed effect for treatment group and
nominal time (1, 8, 15, and 29 days after random
assignment), and treatment-by-time interaction. Patient
was included in the model as a random intercept and an
unstructured covariance structure assumed. We analysed
adverse events between brensocatib and placebo groups
using negative binomial regression, ordinal regression, or
Fisher's exact test.

Prespecified subgroups were aged 65 years or older
versus younger than 65 years; sex; baseline clinical status;
co-enrolment in the RECOVERY trial; and duration of
symptoms less than 10 days versus 10 days or more. The
analysis included a treatment-by-subgroup interaction.

All estimates are presented with 95% CIs. No
imputation of missing data was done. No adjustment
was made for multiplicity of comparisons, and p values
were displayed only for the primary outcome and safety
results, and not displayed for secondary outcomes.

A post-hoc analysis for the primary outcome was
adjusted for baseline demographic variables with at least
a 5% difference between the groups. The study was
prospectively  registered with ISRCTN  registry,
ISRCTN30564012.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the article.

Results

Between June 5, 2020, and Jan 25, 2021, 406 participants
were randomly assigned to the placebo group
(n=214 patients) or to the brensocatib group (n=192;
figure 1). There were two post-randomisation exclusions
due to ineligibility in the brensocatib group (one patient
was admitted to hospital as an inpatient more than 96 h
before randomisation and another was receiving a
prohibited medication). One patient was randomly
assigned but did not receive placebo as they withdrew
from study treatment before the first dose. We included
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Placebo (n=214) Brensocatib (n=190)

Placebo (n=214) Brensocatib (n=190)

Mean age, years 62-0 (14-9) 623 (12'5)
Sex

Male 127 (59%) 125 (66%)

Female 87 (41%) 65 (34%)
Ethnicity

White British 189 (88%) 167 (88%)

Irish 1(0%) 2 (1%)

Any other White background 5(2%) 6 (3%)

White and Black Caribbean 1(0%) 0

White and Black African 1(0%) 0

Any other mixed or multiple 1(0%) 0

ethnic background

Indian 5(2%) 1(1%)

Pakistan 3 (1%) 4 (2%)

Bangladeshi 1(0%) 0

Any other Asian background 2 (1%) 4 (2%)

African 0 1(1%)

Any other Black, African, or 1(0%) 0

Caribbean background

Arab 1(0%) 1(1%)

Any other ethnic group 3(1%) 2 (1%)

Unknown 0 2 (1%)
Smoking status

Current Smoker 12 (6%) 9 (5%)

Never smoked 98 (46%) 93 (49%)

Former smoker 72 (34%) 67 (35%)

Unknown 32 (15%) 21 (11%)
Comorbidities

Chronic cardiac disease, 37 (17%) 34 (18%)

including congenital heart

disease

Hypertension 90 (42%) 70 (37%)

Chronic obstructive 22 (10%) 29 (15%)

pulmonary disease

Asthma (physician 38 (18%) 34 (18%)

diagnosed)

Chronic kidney disease 9 (4%) 7 (4%)

(estimated glomerular

filtration rate <44 mL/min

on dialysis or previous

transplant)

Obesity 48 (22%) 41 (22%)

Diabetes with complications 14 (7%) 5(3%)

Diabetes without 33 (15%) 29 (15%)

complications

Rheumatological disorder 18 (8%) 19 (10%)

Median duration of 8.0 (6-0-11-0) 9.0 (6-0-12-0)

symptoms, days

(Table 1 continues in next column)

these excluded patients in the safety analysis.
404 participants (190 patients in the brensocatib group
and 214 in the placebo group) were included in the
intention-to-treat analysis.

There was a slightly higher proportion of male
participants, with chronic obstructive pulmonary disease

(Continued from previous column)
Disease severity

Required supplemental
oxygen

160 (75%) 148 (78%)

Peripheral capillary oxygen 120 (56%)
saturation <94% on room air

before randomisation

112 (59%)

Radiographic infiltrates by
imaging (eg, chest x-ray or
CT scan)

Evidence of rales or crackles
on physical examination

146 (68%) 138 (73%)

99 (46%) 101 (53%)

Lymphocyte count less than
1x10° cells per L

95 (44%) 88 (46%)

Clinical status at randomisation

Hospitalised and not
requiring supplemental
oxygen

50 (23%) 42 (22%)

Hospitalised and requiring
supplemental oxygen

140 (65%) 128 (67%)
Hospitalised and on non-
invasive ventilation or high
flow oxygen devices

Median 7-point WHO ordinal 4(4-4) 4(4-4)

scale for clinical status

SARS-CoV-2 PCR status

24 (11%) 20 (11%)

Confirmed positive 204 (95%) 186 (98%)
SARS-CoV-2 PCR test

Clinically suspected without 10 (5%) 4 (2%)
confirmed SARS-CoV-2 PCR

test

Data are n (%), mean (SD), or median (IQR).

Table 1: Baseline characteristics by treatment group

(COPD), and with crackles on examination, and a lower
proportion with hypertension in the brensocatib group
than in the placebo group (table 1). Clinical status at
baseline was balanced. During hospitalisation, 155 (81%)
of 192 patients in the brensocatib group and 171 (80%) of
214 in the placebo received low-dose dexamethasone;
47 (25%) in the brensocatib group and 51 (24%) in the
placebo received remdesivir; and seven (4% in the
brensocatib group and 3% in the placebo group)
participants in each group received tocilizumab
(co-medications are shown in the appendix p 8).

169 (79%) of 214 participants in the placebo group and
140 (74%) of 190 in the brensocatib group were discharged
from hospital by day 29 (table 2). There were three (1%)
participants in the placebo group and three (1%) in the
brensocatib group whose status was unknown due to
loss to follow-up or declining additional follow-up. The
adjusted OR from a proportional odds model for clinical
outcomes measured by the WHO 7-point ordinal scale
was 0-72 (95% CI 0-57-0-92; p=0-0077), favouring the
placebo group. The proportional odds assumption was
tested and there was no violation for the treatment effect.
In a post-hoc analysis adjusted for baseline demographic
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variables with at least 5% difference between the groups
(sex, hypertension, and COPD) the adjusted OR was 0-75
(0-59-0-96).

We did a prespecified subgroup analyses in patients
aged 65 years or older versus those aged younger than
65 years, based on sex, baseline clinical status,
co-enrolment in the RECOVERY trial, and duration of
symptoms less than 10 days or 10 days or more. Results

Placebo Brensocatib Model Effect size p value
(n=214) (n=190) (95% ClI)

Not hospitalised and no 40(19%)  28(15%)  Unadjusted  0-74(0-50-1-09)

limitations on activities

Not hospitalised and 129 (60%) 112 (59%)  Adjusted* 072 (0-57-0-92)  0-0077

limitations on activities

Hospitalised and not requiring 11 (5%) 7 (4%)

supplemental oxygen

Hospitalised and requiring 1(0%) 6 (3%)

supplemental oxygen

Hospitalised and on non- 1(0%) 0

invasive ventilation or high

flow oxygen devices

Hospitalised and on invasive 6 (3%) 5(3%)

mechanical ventilation or

extracorporeal membrane

oxygenation

Death 23(11%) 29 (15%)

Lost to follow-up 3 (1%) 3 (1%)
Data are n (%) unless otherwise specified. *Adjusted for minimisation variables, age and site (using clustered SEs).
Table 2: Estimates of treatment effect on the primary outcome measured by WHO 7-point ordinal scale
on day 29 after randomisation

of subgroup analyses on the primary outcome are shown
in appendix (pp 8-16). Effect estimates were consistent
across all subgroups for the primary outcome and there
was no evidence of effect moderation in any subgroup
analysis.

In total, there were 71 (18%) participants (35 [16%] of
214 in the placebo group and 36 [19%] of 190 in the
brensocatib group) who discontinued the trial drug during
the study period. The main reasons for discontinuation of
treatment were participant choice or due to an adverse
event. After excluding these participants, 179 participants
in the placebo group and 154 in brensocatib group were
included in the per-protocol analysis. The adjusted OR
from a proportional odds model was 0-79 (95% CI
0-60-1-06; appendix pp 16-17).

3 (11%) of 214 patients died in the placebo group and
29 (15%) of 190 patients died in the brensocatib group by
day 28 after random assignment (table 3). The adjusted
HR was 1-41 (1-06 to 1-88) for mortality of patients in the
brensocatib group versus in the placebo group. The
restricted mean survival times were 26-0 (95% CI
25-2 to 26-9) days for placebo and 25-6 (24-7 to 26-5)
days for brensocatib (figure 2A). The difference in
restricted mean survival time was -0-43 (95% CI
-1-66 to 0-80). With adjustment, the difference was
~0-37 (~1-5110 0-77).

Time to clinical improvement was calculated as the
number of days from randomisation to the first follow-up
day in which there was at least a 1 point improvement in
the WHO 7-point ordinal scale. Overall, 186 (87%)
patients in the placebo group and 159 (84%) patients in

ratio from ordinal logistic regression model.

Placebo (n=214) Brensocatib (n=190) Unadjusted effect Adjusted* effect
estimate (95% Cl) estimate (95% Cl)

28 day mortalityt, n (%) 23 (11%) 29 (15%) 144 (0-83-2-48) 1-41 (1-06-1-88)
Clinical improvement

Patients improved, n (%) 186 (87%) 159 (84%)

Time to clinical improvementt 0-87 (0:70-1-07) 0-87 (0:76-1-00)
Discharge or UK National Early Warning Score <2t

Patients discharged or with UK National 195 (91%) 172 (91%)

Early Warning Score <2, n (%)

Time to discharge or UK National Early 0-98 (0-79-1-21) 0-98 (0-84-1-13)

Warning Score <2t
Oxygen use and ventilation

Oxygen-free dayst 24.5 (17:0-27-0) -0 (11:0-27-0) 0-93 (0-78-1-12), 0-93 (0-87-0-99)

Duration of new oxygen use¥ 0-0 (0-0-1-0) -0 (0-0-2-0) 115 (0-39-338) 1-13(0-73-1-74)

Ventilation-free days§ 280 (26:0-28.0) .0 (22:0-28.0) 0-85 (0-55-1:30) 0-84 (0-69-1-04)

Duration of new ventilation usef 0-0 (0-0-0-0) -0 (0-0-0-0) 1-64 (0-69-3-92) 1-68 (1-09-2:58)

Mechanical ventilation-free daysS§ 28.0(28-0-28-0) -0 (28:0-28.0) 0-77 (0-46-1-29) 0-77 (0-59-1.01)

Duration of new mechanical ventilation 0-0 (0-0-0-0) -0 (0-0-0-0) 122 (0-30-4-86) 132 (0-68-2:56)

uset

Duration of hospitalisationt 5-0 (3-0-11.0) 6-0 (3:0-10-5) 103 (0-84-1-26) 1.03(0:92-1-15)

Data are median number of days (IQR), unless otherwise specified. Duration of ventilation use includes non-invasive and invasive mechanical ventilation. *Adjusted for
minimisation variables; age and site as a random effect. tHazard ratio from Cox proportional hazards model. tIncidence rate ratio from negative binomial regression. §Odds

Table 3: Estimates of treatment effects on secondary endpoints
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the brensocatib group had a clinical improvement
during the study period (adjusted HR 0-87 [0-76-1-00]).
The clinical status at timepoints before day 29 (days 3, 5,
8,11, and 15 after random assignment) are shown in the
appendix (pp 17-18). Time to discharge or to a NEWS
of 2 or less was not different between the groups
(adjusted HR 0-98 [95% CI 0-84-1-13]). The mean
change from baseline to day 29 after randomisation in
clinical status using the WHO 7-point ordinal scale was
a 1.0 point improvement in the brensocatib group
(SD 2-0) and a 1-3 point improvement in the placebo
group (SD 1-7).

We compared the number of days free from oxygen
support between treatment groups using negative
binomial regression. The median number of oxygen-
free days was 24-5 (IQR 17-0-27-0) days in the placebo
group and 24-0 (11-0-27-0) days in the brensocatib
group (adjusted incidence rate ratio [IRR] 0-93 [95% CI
0-87-0-99]). For the analysis of duration of new oxygen
use, only participants who were hospitalised but did not
require supplemental oxygen at baseline were included.
In total 81 patients, 42 (52%) patients in the placebo
group and 39 (48%) in the brensocatib group, were
included in the analysis. There was no association
between treatment with brensocatib and new oxygen
use versus placebo (IRR 1-13 [0-73-1-74]). For the
duration of new ventilation use analysis, only
participants who were not requiring ventilatory support
at baseline were included. Brensocatib treatment was
associated with an increased risk of new ventilation use
(adjusted IRR 1-68 [1-09-2-58]) versus the placebo.
Ventilation-free days were not significantly different
between patients given brensocatib compared with
those given placebo. We noted no differences in the
duration of new mechanical ventilation, mechanical
ventilation-free days, or duration of hospitalisation
between the groups (table 3).

The exploratory endpoint of neutrophil elastase activity
was done in 152 patients enrolled at two sites (University
of Dundee and University of Sheffield; 75 in the
brensocatib group and 77 in the placebo group). There
was no significant difference in neutrophil elastase
activity between the two groups at baseline (134 units per
mL [95% CI 108 to 160] in the brensocatib group and
132 units per mL [113 to 152] in the placebo group).
Neutrophil elastase activity data were available for
patients who were still in hospital at day 8 (n=57) and
day 15 (n=29) after random assignment and participants
returned for follow-up visits for neutrophil elastase
measurement at day 29 (n=98; 50 in the brensocatib
group and 48 in the placebo group). Neutrophil elastase
activity was reduced from the first measurement at day 8
to day 29 after random assignment in participants given
brensocatib. The mean reduction in neutrophil elastase
activity at day 29 was —67 units per mL (95% CI
-102 to -31) (figure 2B). Additional information is
provided in the appendix (p 19).

A
100 —— Placebo

J/ —— Brensocatib

20

15

10

Probability of death (%)

Number at risk
(number censored)
Placebo 214(7)  206(11)  193(2)  191(3)  188(0)
Brensocatib 190 (7) 181 (11) 169 (4) 165 (6) 159 (0)

B
250
200+

150

100+

Elastase activity (units per mL)

50

0 T T T T T 1
0 5 10 15 20 25 30

Time since randomisation (days)

Figure 2: Kaplan-Meier survival curve (A) and neutrophil elastase activity in
blood (B)

Data for neutrophil elastase activity in blood are shown as mean (SE) at each
timepoint (day 0, 8, 15, and 29 after first randomisation).

For safety analysis, 185 (46%) participants, 99 (46%) of
214 in placebo group and 86 (45%) of 192 in the
brensocatib group, reported at least one adverse event
(OR 0-94 (95% CI 0-64-1-39); p=0-77; table 4) and there
was no difference in the frequency of adverse events
between groups (IRR 0-97 [95% CI 0-73-1-29]; p=0-83).
There were 296 events in total, 164 in the placebo group
and 132 in the brensocatib group. The most common
adverse events were gastrointestinal disorders and
infections in both groups. 75 (18%) of all 406 participants
had at least one SAE, 35 (16%) participants in placebo
group and 40 (21%) in brensocatib group (IRR 1-27
[95% CI 0-81-2-01]; p=0-30). There were 81 SAEs in
total; 39 in the placebo group and 42 in brensocatib
group. There were 23 (11%) SAEs related to infections
and infestations in the placebo group and 26 (14%) in the
brensocatib group. Only one death in the placebo group
was judged as possibly related to study drug. Detailed
safety data are shown in the appendix (pp 19-26).

Quality-of-life scores using the EQ-5D-5L quality-of-life
tool were collected for 151 participants in the placebo
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Placebo Brensocatib Odds ratio p value
(n=214)  25mg(n=192) (95%Cl)
Any TEAE 99 (46%) 86 (45%) 0-94 (0-64-139) 077
TEAE maximum severity
Mild 44(21%) 36 (19%)
Moderate 24 (11%) 12 (6%)
Severe 31 (15%) 38 (20%) 1.01(070-1-47) 094
TEAEs in =5% of patients in any group*
Gastrointestinal disorders 30 (14%) 18 (9%) 0-63(0-34-118)  0-15
Infections and infestations 31(15%)  31(16%) 114 (0-66-1-.95)  0-64
Respiratory, thoracic, and mediastinal 12 (6%) 15 (8%) 143 (0-65-313) 0-38
disorders
Nervous system disorders 11 (5%) 11 (6%) 112 (0-47-2-65)  0-79
Skin and subcutaneous tissue disorders 14 (7%) 12 (6%) 0-95(0-43-2:11) 091
TEAE resulting in treatment 7 (3%) 9 (5%) 1-45(0-53-3-98) 047
discontinuation
Adverse events of special interest
Hyperkeratosis 0
Dental complications 1(0%) 1.00
Secondary infections 7 (3%) 6 (3%) 0-95(0-31-2-89)  0-93
Serious TEAE
Infections and infestations 23 (11%) 26 (14%) 130 (0-72-2:37)  0-39
Respiratory, thoracic, and mediastinal 5(2%) 6 (3%) 0-76
disorders
Gastrointestinal disorders 2 (1%) 1(1%) 1.00
Relation to drug treatmentt
Adverse event related to study drug 37(17%) 39 (20%) 122 (0:74-2-01) 0-44
Deaths related to study drug 1(0%) 0 1.00
Data are n (%), unless otherwise specified. Safety analyses were based on the safety population, which included all
patients who received at least one dose of brensocatib or placebo. p values are brensocatib group vs placebo logistic
regression, except TEAE maximum severity, which was analysed using ordinal regression. If odds ratios were not
provided then p values were determined using Fisher's exact test. TEAE=treatment-emergent adverse event. *Adverse
events are reported and classified based on Medical Dictionary for Regulatory Activities terminology. tJudged as
possible or probable by the site principal investigator.
Table 4: Summary of safety results

group and 131 participants in the brensocatib group.
There was no association between treatment and quality-
of-life scores with an adjusted mean difference of 0-003
(95% CI -0-060 to 0-066). Detailed analyses are shown
in the appendix (p 27).

Discussion

Among patients hospitalised with COVID-19, treatment
with brensocatib for 28 days was associated with a worse
clinical status on the WHO 7-point ordinal scale at the
end of treatment than was placebo. The number of
deaths was higher in the brensocatib group than in the
placebo group. Participants randomly assigned to
brensocatib also had significantly fewer oxygen-free days
and an increased duration of new ventilator use, which
indicated worse respiratory function during the study
period. Several other study outcomes, including time to
hospital discharge, time to clinical improvement, and
duration of hospitalisation were mnot significantly
different between the groups. Results were consistent
among subgroups, and also in the per-protocol and

post-hoc analyses, and no results showed a benefit
associated with brensocatib treatment. Despite the worse
clinical status at day 29 following randomisation
according to the 7-point WHO ordinal scale, there were
no large differences between the groups in the frequency
of adverse events and SAEs. In addition, no increase in
infections was seen in the bresocatib treatment group,
suggesting that treatment did not increase the risk of
bacterial coinfection.

The exploratory endpoint of neutrophil elastase release
in the blood suggests that the treatment had the desired
effect on inhibition of neutrophil serine proteases, which
is consistent with the pharmacology research previously
showing inhibition of neutrophil serine protease activity
in the blood and the lungs of patients given this dose."*
As expected, reductions in neutrophil elastase were
detected at the first timepoint (day 8) due to the release
into the circulation of newly formed neutrophils from
the bone marrow that were deficient in active neutrophil
serine proteases, such as elastase. Therefore, the lack of
efficacy observed in these patients who were hospitalised
with COVID-19 is unlikely to be explained by an absence
of a pharmacological effect.

Alarge number of observational studies have suggested
that neutrophils are important in the pathobiology
of severe COVID-19, and neutrophil-related proteins,
including serine proteases, are linked with outcomes,
including mortality.”* It has been hypothesised that the
release of neutrophil extracellular traps and the associated
antimicrobial proteins and proteases induce lung
damage and promote alveolar oedema, leading to worse
outcomes.”” Despite these findings, our results found
that an effective serine protease inhibitor did not improve
clinical outcomes at this stage of the disease.

In this study, the difference in outcomes observed in
patients given brensocatib compared with those given
placebo, in terms of worse clinical status and increased
requirement for new ventilation use and reduced oxygen-
free days, suggests that inhibition of DPP-1 could have
impaired recovery from COVID-19. However, our results
should be interpreted with caution as the sample size of
this study is small compared with much larger platform
trials*® that have tested other agents for COVID-19
treatment and because of the inconsistent results observed
with other anti-inflammatory or immunomodulatory
therapies administered at different stages of the disease.
For example, a small randomised open-label trial of the
anti-IL-6 receptor monoclonal antibody tocilizumab in
129 patients with COVID-19 in Brazil was terminated early
due to a large increase in mortality reported in the
tocilizumab group (OR for mortality of 6-42 [95% CI
1-59-43-2]).” Subsequently, larger open-label trials had
shown the effectiveness of tocilizumab in preventing
mortality and requirement for mechanical ventilation in
patients who have been hospitalised with COVID-19.°%" It
is therefore possible that our results represent a chance
finding. Dexamethasone was found to be effective in
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patients requiring supplementary oxygen or ventilatory
support with a duration of illness greater than 7 days;
however, it was ineffective in patients who did not require
oxygen and had a duration of illness less than 7 days.* The
concept that the inflammatory phase of COVID-19 occurs
late informed the design of our study. We are unable to
comment on whether protease inhibition earlier in the
course of disease might have been more beneficial than in
our study. We observed some baseline imbalances in the
study, with a higher proportion of male patients, a higher
proportion of patients with COPD, and a longer duration
of symptoms in the brensocatib group and more patients
in the placebo group. These differences were small and
adjusting for baseline imbalances in a post-hoc analysis
did not affect the primary conclusions.

Additional research is required to understand the
potential mechanisms underlying our results and to
characterise the role of neutrophils in COVID-19. In-vitro
and mouse models of respiratory viral infections suggest
that neutrophils can have both a positive and negative
role in host response.®? Neutrophil recruitment and
response involve a delicate balance between these
protective and deleterious effects. Although capable of
inducing tissue damage, neutrophils have been shown to
suppress T-cell-mediated immune pathology in influenza
infection, dependent on CD11b and CD18 (Macl).” There
are sparse data available on potential beneficial effects of
neutrophil serine proteases but neutrophil elastase has
been reported to enhance the release of immuno-
modulatory prostaglandins and to cleave receptors on
T cells, macrophages, and neutrophils to limit
hyperinflammation.”* Uptake of neutrophil extracellular
traps by macrophages has been shown to promote type I
interferon generation via neutrophil elastase-mediated
pathways.” T cell, macrophage, and type I interferon
signalling are also central to the immune pathology in
COVID-19. Although these mechanisms are plausible
explanations for our findings, in our study, we did not
have direct measures of pulmonary inflammation or
effects on pulmonary immunity.® Although our results
might suggest a need for caution in testing inhibitors of
neutrophil serine proteases in COVID-19, it is important
to note that DPP-1 has functions beyond those in
neutrophils. In DPP-I-deficient murine models, serine
proteases are inactivated in a range of inflammatory and
immune cells, including cytotoxic T lymphocytes, natural
killer cells, and mast cells, suggesting that the effects
seen in our study are not solely the result of targeting
neutrophils.**

The limitations of the study should be acknowledged.
Patients could receive additional interventions, either as
part of clinical care or through co-enrolment in the
RECOVERY trial. Since the majority of patients who
were co-enrolled in the RECOVERY trial were given
azithromycin, aspirin, colchicine, or convalescent
plasma, all of which were found to have no effect on
outcomes and the probability of receiving these

interventions was equal between the two groups, they are
unlikely to have affected the results of the study. Although
we measured neutrophil elastase activity in blood as
an exploratory endpoint in the study, we were unable
to measure neutrophil serine protease activity in
bronchoalveolar lavage and so we cannot comment on
the extent of any anti-inflammatory effects of brensocatib
in the lungs.

In  summary, this multicentre, double-blind,
randomised, parallel-group, placebo-controlled trial done
during the first and second waves of the COVID-19
pandemic in the UK showed no significant benefit of
brensocatib compared with placebo in patients who were
hospitalised with COVID-19.
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