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Purpose: This study evaluated the safety and efficacy of inhaled nemiralisib,
a phosphoinositide 3-kinase & (PI3Kd) inhibitor, in patients with an acute exacerbation of
chronic obstructive pulmonary disease (COPD).

Methods: In this double-blind, placebo-controlled study, 126 patients (40-80 years with a
post-bronchodilator forced expiratory volume in 1 sec (FEV ) <80% of predicted (previously
documented)) were randomized 1:1 to once daily inhaled nemiralisib (1 mg) or placebo for
84 days, added to standard of care. The primary endpoint was specific imaging airway
volume (siVaw) after 28 treatment days and was analyzed using a Bayesian repeated
measures model (clintrials.gov: NCT(02294734).

Results: A total of 126 patients were randomized to treatment; 55 on active treatment and 49
on placebo completed the study. When comparing nemiralisib and placebo-treated patients,
an 18% placebo-corrected increase from baseline in distal siVaw (95% credible intervals (Cr
) (—1%, 42%)) was observed on Day 28. The probability that the true treatment ratio was
>0% (Pr(6>0)) was 96%, suggestive of a real treatment effect. Improvements were observed
across all lung lobes. Patients treated with nemiralisib experienced a 107.3 mL improvement
in posterior median FEV, (change from baseline, 95% Cr I (=2.1, 215.5)) at day 84,
compared with placebo. Adverse events were reported by 41 patients on placebo and 49
on nemiralisib, the most common being post-inhalation cough on nemiralisib (35%) vs
placebo (3%).

Conclusion: These data show that addition of nemiralisib to usual care delivers more
effective recovery from an acute exacerbation and improves lung function parameters
including siVaw and FEV,. Although post-inhalation cough was identified, nemiralisib was
otherwise well tolerated, providing a promising novel therapy for this acutely ill patient
group.
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Introduction

Chronic obstructive pulmonary disease (COPD) is caused by exposure to tobacco
smoke, biomass fuel, bacterial colonization, small airway remodeling and fibrosis,
chronic asthma and genetic causes such as alpha-l-antitrypsin deficiency.'
Exacerbations in COPD are episodes of acute inflammation, commonly following
a viral and/or bacterial infection,' but can have other causes such as air pollution
and irritants, allergens and changes in air temperature. Exacerbations often lead to

reduced physical activity, poor quality of life, hospitalization and repeated courses
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of oral corticosteroids and/or antibiotics.>*® Standard of
care treatment is not always fully effective, and the time
course of recovery can be variable and lengthy, with lung
function and symptoms improving at different rates.
Importantly, a significant proportion of patients who
experience a COPD exacerbation are more susceptible to

a recurrent exacerbation event,”'’

and subsequent events
are often more severe and associated with worse
outcomes.'! Therefore, there is an unmet need for novel
therapies that can effectively treat and improve recovery
from acute exacerbations.

Phosphoinositide 3-kinase & (PI3K9), is a lipid kinase
expressed exclusively in leukocytes where it regulates
activation, proliferation and function of multiple cell
types, through phosphorylation of AKT.'? Nemiralisib
(GSK2269557) is a potent and highly selective inhaled
PI3K$ inhibitor.'*'* The PI3K$ pathway is upregulated
in blood neutrophils and lung tissue derived from COPD
patients.'>'® Moreover, individuals with inherited activat-
ing mutations in PI3K$ display profound immune defects
including recurrent respiratory infections.'” ' As COPD
exacerbations are often triggered by lung infections,
PI3K$ inhibitors may provide therapeutic benefit through
their unique potential to improve neutrophil immune func-
tion by correcting the aberrant directionality of chemotaxis
observed in COPD neutrophils,*® and by inhibiting inflam-
matory mediator release.”’ Both of these aspects of neu-
trophil function are not known to be addressed by
corticosteroids.

Functional respiratory imaging (FRI) is an emerging
technique for the assessment of alterations in lung
function.”” The core feature of FRI is that local measure-
ments of airway volumes and resistance can be performed,
while conventional lung function incorporates the whole
respiratory system into a single number. Of the parameters
derived, specific imaging airways volume (siVaw) has
shown significant correlation with forced expiratory
volume in 1 sec (FEV;) and patient reported outcomes in
both stable and acutely exacerbating patients.”>** The
siVaw has also shown promise in demonstrating drug-
induced improvements in lung function using sample
sizes far smaller than typically required in FEV,-focused
trials,”> and was recently used to predict the onset of an
exacerbation,”® hence it was selected as the primary end-
point for the current trial.

This study evaluated the effects of inhaled nemiralisib,
given in addition to standard of care treatment, in COPD
patients presenting with a moderate or severe acute

exacerbation using a combination of FRI and conventional
lung function techniques. To our knowledge, this study is
the first time a PI3KJ inhibitor has been evaluated in this
patient population.

Methods
Study Design and Patients

This was a randomized, double-blind, placebo-controlled,
parallel group study that evaluated the effects of nemirali-
sib (1 mg) in addition to standard of care in COPD patients
recruited from secondary care in five European countries
between March 2015 and January 2016 (Figure 1A).

Eligible patients were male or female, aged 40-80
years with an established 6-month history of COPD,'
a previously documented post-bronchodilator FEV/forced
vital capacity (FVC) ratio of <0.70, an FEV; <80% of
predicted values,?’ a smoking history of >10 pack years
and a diagnosed acute exacerbation of COPD requiring
escalation in therapy including both antibiotics and oral
corticosteroids. An acute exacerbation was defined as
described by Seemungal et al,” as a recent change in at
least two major and one minor symptom, one major and
two minor symptoms, or all 3 major symptoms. Exclusion
criteria included patients with invasive mechanical venti-
lation or hemodynamic instability, significant heart failure
or pneumonia (detailed in NCT02294734).

Written informed consent was obtained from each
patient. The study (GSK protocol: PII116678) was con-
ducted in accordance with the Declaration of Helsinki and
relevant ethics committee/institutional review boards and
regulatory authorities reviewed and approved the study,
detailed in Supplementary Materials, Appendix 1.

Procedures

Patients presenting with an acute exacerbation of COPD at
an outpatient clinic, emergency department, or who had been
hospitalized for their exacerbation were invited to partici-
pate. The “baseline” measurements for this study were per-
formed at the presentation/onset of the exacerbation.

Over a short screening period (up to 3 days), baseline
assessments were conducted including medical history,
safety assessments, lung function tests and FRI using low
dose high resolution computed tomography (LD-HRCT).

Standard of care treatment (a combination of antibio-
tics and systemic corticosteroids to all subjects) was
started after diagnosis, though could have been started
shortly before formal diagnosis. The LD-HRCT scan was
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A
Baseline Day12 Day28 Day 84
HRCT HRCT  HRCT End Treatment
Screening Once Daily Dosing (Placebo or Nemiralisib [1mg]) Follow Up
Day 1  Within 48hr or upon hospital discharge 1to 2 weeks

Randomization  Baseline lung function

B
145 patients screened for
eligibility
19 screen failures
14 failed inclusion/exclusion criteria
3 protocol deviation
2 investigator discretion
h 4
126 patients randomized
L J A 4
63 Placebo 63 Nemiralisib
12 discontinued treatment 8 discontinued treatment
5 adverse event / adverse event
1 reached protocol-stopping criteria 3 withdrew consent
™ 1 investigator discretion —™
5 withdrew consent
v v
51 (81%) completed 55 (87%) completed
treatment treatment
v A4
63 included in 63 included in
intention-to-treat intention-to-treat
analysis analysis

Figure | Study schematic (Panel A) and trial profile (Panel B).
Abbreviation: HRCT, high resolution computed tomography.
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conducted at the earliest opportunity, within 48 h of diag-
nosis. Patients were then randomized 1:1 to receive 84
days treatment with nemiralisib (I mg) or placebo.
Patients continued to use their normal maintenance ther-
apy throughout the study. First dose administration took
place within 24 h of completing the LD-HRCT scan. Both
active and placebo treatments were administered via the
DISKUS dry powder inhaler, containing nemiralisib as the
hemisuccinate salt, GSK2269557H, in a lactose monohy-
drate blend and placebo containing lactose monohydrate
(GSK, Ware, UK). During treatment, patients attended
study visits as outlined in Figure 1A.

LD-HRCT scans (1-2 mSv per scan) were conducted at
both total lung capacity (TLC) and functional residual
capacity (FRC) at baseline and after 12 and 28 days of
treatment. During LD-HRCT measurements, patients wore
a nose clip and TLC and FRC lung volumes were deter-
mined with a handheld
Geratherm® Respiratory). Anonymized scans were sent
to FLUIDDA nv, (Kontich, Belgium) for analysis. All
airways present in each scan were analyzed unless other-

spirometer (Spirostik™ by

wise stated. Further details of the methodology can be
found in Supplementary Methods.

Full lung function including spirometry, plethysmogra-
phy and diffusion capacity were measured at the clinic within
48 h of starting treatment for outpatients or prior to discharge
for hospitalized patients, and subsequently on Days 28 and
84 of treatment. The following assessments were also made
during the study: daily FEV, and peak expiratory flow (PEF),
the COPD Assessment Test (CAT),”® and the modified
Medical Research Council Dyspnea Scale (mMRC),?’ vital
signs, electrocardiograph (ECG) and routine laboratory tests,
and blood sampling for PK analysis. See the Supplementary
Methods for further methodology details.

Outcomes

The primary endpoint was the change from baseline in
siVaw after 28 days of treatment. Other LD-HRCT endpoints
were secondary endpoints (details in Supplementary
Methods). Further clinical endpoints were change from base-
line in lung function parameters, CAT and mMRC scores,
reliever medication use, number of treatment failures and
exacerbation rates (see Supplementary Methods for further

details), safety and PK parameters.

Statistical Analyses
We utilized data from a now published data set from
a similar population which describes a between-subject

standard deviation of 0.145 (natural logarithmic scale) in
siVaw; the primary endpoint of this study.** A sample size of
approximately 50 subjects completing both post dose HRCT
scans per arm was estimated to be sufficient to declare
success at the end of the study; precise assumptions and
calculations are described in the Supplementary Methods.

The study was not designed to formally test any
hypothesis, this was an exploratory study to estimate the
effects of nemiralisib on a number of functional imaging
endpoints; therefore, the primary endpoint, siVaw, was
analyzed using a Bayesian repeated measures model. The
siVaw values were log, transformed prior to analysis. The
pre-dose siVaw values were grouped into a separate treat-
ment arm and were fitted as a time point in the model,
allowing modelling of missing data points. Treatment by
time by lobe/region was fitted as a three-way interaction.
Age, gender and BMI were fitted as covariates in all
models. Adjusted posterior medians and 95% credible
intervals (Cr 1) were constructed for each of the treatment
arms at both time points, in addition to the comparison of
nemiralisib/placebo. Specific posterior probabilities that
the true treatment difference is greater than specified quan-
tities were produced. Further details on the statistical ana-
lysis of other endpoints are available in the Supplementary
Methods.

Results

Patient Characteristics and Safety

In total, 126 patients were recruited and randomized to
treatment as depicted in Figure 1B. “Baseline” character-
istics at the point of index exacerbation were similar
between groups (Table 1).

Adverse events (AEs) were reported by 41 (65%)
patients in the placebo group and 49 (78%) patients in
the nemiralisib group (Table 2). The most commonly
reported AEs were cough, worsening COPD and head-
ache. Cough was reported more commonly with nemirali-
sib (22 (35%)) than with placebo (2 (3%)), and in 20 (out
of the 22) patients cough was assessed as related to treat-
ment. There were no clinically significant abnormal
laboratory results, vital signs or ECGs when compared
between groups.

Primary Endpoint: Specific Airway Volume
(siVaw) as Measured by LD-HRCT

When comparing nemiralisib and placebo-treated patients,
an 18% increase from baseline in distal siVaw measured at
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Table | Baseline Characteristics

Table 2 Summary of Adverse Events

Demographics Placebo Nemiralisib
n [%] 63 (50) 63 (50)
Age in Years [Mean (SD)] 64.9 (7.88) 65.6 (7.14)
Sex [n (%)]
Female: 17 (27) 17 (27)
Male: 46 (73) 46 (73)

BMI (kg/m?) [Mean (SD)]

25.45 (4.336)

25.93 (4.904)

Height (cm) [Mean (SD)]

170.6 (6.90)

169.6 (8.67)

Weight (kg) [Mean (SD)]

74.24 (14.350)

74.78 (16.208)

Hospitalized for the primary
exacerbation? [n (%)]

Yes 27 (43%) 26 (41%)
No 36 (57%) 37 (59%)
Concurrent maintenance
therapy®, n (%)
LAMA 4 (6) 2 (3)
LABA 0 1 (2)
LAMA and LABA 3 (5) 3 (5)
ICS 3 (5) 3 (5
ICS and LAMA 3 (5) 5(8)
ICS and LABA 15 (24) 20 (32)
ICS, LAMA and LABA 35 (56) 27 (43)
No ICS, LAMA or LABA 0 2 (3)

specified

Note: *Post-hoc summary.
Abbreviations: BMI, body mass index; ICS, Inhaled corticosteroids; LABA, Long-
acting beta agonists; LAMA, long-acting muscarinic antagonists.

FRC on Day 28 was observed (posterior median ratio from
baseline, 95% Cr I (—1%, 42%); Figure 2). The probability
that the true treatment ratio was >0% (Pr(6>0)) was 96%,
suggestive of a real treatment effect. This increase in
siVaw represented a 10% increase in the nemiralisib
group (95% Cr I (4%, 27%)) and a 7% decline in the
placebo group (95% Cr I (—19%, 8%)). Day 28 siVaw
values at FRC in the nemiralisib-treated group indicated
greater improvements across all lung lobes compared with
placebo. From Day 12 to Day 28 results showed continued
improvement over time in this parameter (Figure 3).

There were no notable changes in siVaw measured at
TLC in any regions of the lung, possibly reflective of
COPD patients suffering from difficulty with expiration
rather than inspiration.

Notably, the improvement in distal airway volumes
was also accompanied by a reduction in specific ima-

ging airway resistance (siRaw) and specific imaging

Placebo Nemiralisib
(N=63) (N=63)
Adverse Events n (%) n (%)
Subjects with any AE(s), n (%) 41 (65%) 49 (78%)
Most common AEs*
Cough 2 (3%) 22 (35%)
Worsening COPD 9 (14%) 4 (6%)
Headache 5 (8%) 7 (11%)
Dry mouth 5 (8%) 2 (3%)
Hypertension 4 (6%) 0
Diarrhea 3 (5%) 3 (5%)
Constipation 3 (5%) 1 (2%)
Nasopharyngitis 2 (3%) 3 (5%)
Pneumonia 2 (3%) 3 (5%)
Infestations and Infections n (%) n (%)
Any Event 6 (10%) 10 (16%)
Nasopharyngitis 2 (3%) 3 (5%)
Pneumonia 2 (3%) 3 (5%)
Respiratory tract infection 1(2%) 0
Respiratory tract infection (viral) 0 I (2%)
Upper respiratory tract infection I (2%) 0
Lower respiratory tract infection I (2%) 0
Candida infection 0 I (2%)
Oral Candidiasis 0 I (2%)
Oral fungal infection I (2%) 0
Cystitis 0 I (2%)
Clostridium difficile infection 0 I (2%)
Conjunctivitis 0 I (2%)

Notes: *Most common AEs were defined as 2 5% in at least one of the treatment
arms.

airway wall thickness (siVaww) in the distal regions of
the lung, as well as a reduction in the low attenuation
score (LAS),
increased airflow to the lower lobes, as indicated by
internal airflow lobar distribution (IALD) (Table 3).
Therefore, improvement in multiple imaging parameters

a marker of hyperinflation, and an

in nemiralisib-treated patients compared with placebo
was demonstrated.

Secondary Endpoints: Lung Function

Parameters as Measured by Spirometry

A 1073 mL (95% Cr I (2.1, 215.5)) improvement in
posterior median FEV; (change from baseline) was
observed at the end of 84 days’ treatment with nemiralisib,
compared with placebo (Figure 4, Panel A), suggesting that
exacerbating patients on active treatment demonstrated an

improved recovery in lung function. This was further
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at FRC at day 28 ’
Placebo adjusted +18% (-1%, 42%) 96%
GSK2269557 +10% (-4%, 27%) 91%
Placebo -1% (-19%, 8%) 83%
Figure 2 Median % change from baseline in distal region siVaw at FRC after 28 days.
Abbreviations: siVaw, specific imaging airway volume; FRC, functional residual capacity.
Individual Lobes Upper / Lower Distal
m Day12 :
¢ Day28
e
Right Upper : +19% :
A +6% 4%
Left Upper : +29% Upper B +18%
-13% :
—— :
Right Middle ;__, *28%, <
: " - 4%,
Distal : +189
+14%
Right Lower : +30%
s : +5%
Left Lower Lo t15% Lower L ot15%

Figure 3 Placebo-corrected change in siVaw at FRC after 12 and 28 days of treatment with nemiralisib.

supported by an improvement in the median ratio from
baseline in specific airway conductance (sGaw) in nemirali-
sib-treated patients over 84 days, with the largest placebo-

% Change with 95% Credible Intervals

-60 40 -20 0 20 40 60 -60 -40 -20 0O 20 40 60 -60 40 -20 0 20 40 60

corrected ratio observed at Day 28 (1.215 (95% Cr 1 (1.011,
1.458))) (Figure 4, Panel B); the ratio at Day 84 was 1.068
(95% Cr 1(0.902, 1.262)). Interestingly, a post-hoc analysis

1612

International Journal of Chronic Obstructive Pulmonary Disease 2021:16


https://www.dovepress.com
https://www.dovepress.com

Dove Cahn et al
Table 3 Placebo Corrected Changes in Secondary LD-HRCT Endpoints
Endpoint Parameter Region Placebo (Baseline vs Nemiralisib (Baseline vs Nemiralisib vs Placebo Probability
D28, Treatment Ratio D28, Treatment Ratio (Baseline vs D28, Treatment (6>1) or
(95% Cr 1)) (95% Cr 1)) Ratio (95% Cr 1)) o<n?
siRaw Specific imaging Distal 0.99 (0.75, 1.30) 0.91 (0.71, 1.19) 0.93 (0.64, 1.36) 66%
airway resistance
siVaww Specific imaging Distal 1.02 (0.97, 1.08) 0.98 (0.93, 1.03) 0.96 (0.89,1.03) 87%
airway wall
thickness
LAS Low attenuation Total 1.01 (0.85, 1.20) 0.93 (0.78, I.11) 0.92 (0.73, 1.17) 75%
score
Upper 1.02 (0.84, 1.23) 0.95 (0.79, 1.15) 0.94 (0.72, 1.21) 69%
Lower 1.01 (0.85, 1.20) 0.90 (0.75, 1.07) 0.89 (0.70, 1.13) 83%
IALD Internal airflow Upper 1.04 (0.99, 1.09) 0.98 (0.93,1.03) 0.94 (0.88, 1.01) 96%
lobar L 97 (0.93,1.02 | 1.00,1.1 | 1.01, I.1 999
distribution ower 097 (0.93,1.02) 05 (1.00,1.10) .08 (1.01, 1.16) %
BVD Blood vessel Upper 0.96 (0.91, 1.02) 1.01 (0.95, 1.06) 1.05 (0.97, 1.13) 87%
density
Lower 0.98 (0.92, 1.05) 1.00 (0.94,1.07) 1.02 (0.93, I.11) 63%
Endpoint Parameter Region Placebo (Baseline vs Nemiralisib (Baseline vs Nemiralisib vs Placebo Probability
D28, Treatment D28, Treatment (Baseline vs D28, Treatment (6<0)
Difference (95% Cr 1)) Difference (95% Cr 1)) Difference (95% Cr 1))
AT® Air trapping Upper —0.59 (-3.73, 2.51) 0.17 (-2.99, 3.25) 0.73 (-3.44, 5.02) 36%
Lower —1.04 (—4.12, 2.03) —0.41 (-3.52, 2.66) 0.60 (—3.54, 4.79) 38%

Notes: Scans conducted at FRC (functional residual capacity) for siRaw and AT, TLC (total lung capacity) for siVaww and LAS, N/A for IALD. All data presented as untrimmed data other
than siRaw, presented as trimmed data for the screening: day 28 pair. %0 represents the true treatment ratio to placebo. PAT data presented as treatment difference rather than treatment
ratio, with 0 representing the true treatment difference vs placebo, as data were not log normally distributed and therefore were not log-transformed.

split by index exacerbation severity, showed that patients
hospitalized for their acute exacerbation improved most
from treatment with nemiralisib. This was consistently
shown for both FEV, and sGaw (placebo-corrected posterior
median change from baseline at Day 84 for hospitalized
subjects: FEV;=305.8 mL (95% Cr 1 (130.4, 476.9));
sGaw=1.45 1/kPa*s (95% Cr 1 (1.05, 2.02))) (Figure 4,
Panels A and B). Rescue medication use was higher with
nemiralisib than placebo (post-hoc summary; Table S1,
Supplementary Materials).

Secondary Endpoints: Patient Reported
Outcomes and Re-Exacerbations

Mean CAT score decreased from baseline by an average of 3
points (improved health status) at Day 84 of treatment with
both nemiralisib and placebo (Figure S1A, Supplementary

Materials). Similarly, patients on either treatment showed
improvements in breathlessness as assessed by mMRC

(Figure S1B, Supplementary Materials), reflective of recov-

ery from exacerbation.

There was a numerical reduction in both treatment
failures and the number of patients who developed new
exacerbation events in the nemiralisib-treated group com-
pared to placebo (Figure 5). In placebo-treated patients,
a greater proportion of re-exacerbations were severe (46%)
when compared with patients treated with nemiralisib
(33%) (severe defined by the need for hospitalization and
investigator-reported, see Figure 5). Over the 12-week
treatment period, the rate of investigator reported exacer-
bations that required hospitalization was 0.25 in the pla-
cebo group (95% CI (0.10, 0.62)) compared with 0.15 on
nemiralisib (95% CI (0.05, 0.44)). Post-hoc summary on
overall patient oral corticosteroid burden showed that there
was less oral corticosteroid taken during treatment with
(124 vs 15.6 days,

nemiralisib versus placebo

respectively).
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Figure 4 Change from baseline in FEV, (Panel A) and sGaw (Panel B) in relation to the severity of the index exacerbation (FEV, and sGaw measured at clinical visits at
baseline, Day 28 and Day 84). Data presented as median * 95% Cr |. Analyses of FEV, data excludes data for one subject (281) due to erroneously large FEV, recorded at

baseline.

Abbreviations: FEV|, forced expiratory volume in | sec; sGaw, specific airway conductance; Cr |, credible interval.

Secondary Endpoints: Pharmacokinetics

Plasma concentrations of nemiralisib were at steady-state
by Day 12, with levels maintained through to Day 84
following repeated daily dosing. Similar geometric mean
pre-dose levels were observed on Day 12 (821 pg/mL
(95% CI (670, 1006))) and Day 84 (835 pg/mL (95% CI
(676, 1033))). Between subject variability (% CVb) was
high, ranging from 72% to 96% at pre-dose time points
from Day 12 to Day 84. Notably, no clear differences were
observed in plasma concentrations between those patients
reporting post-inhalation cough and those who did not.

Discussion

This proof of concept study explored whether nemiralisib,
a highly selective and potent inhaled inhibitor of PI3KS$,
could deliver more effective recovery from a COPD
exacerbation when added to standard of care in patients
presenting with an acute exacerbation. Nemiralisib-treated
patients demonstrated an 18% placebo-corrected increase

from baseline in distal siVaw measured at FRC on Day 28,
with a consistent improvement observed across all lung
lobes, thus meeting the primary endpoint of the study. In
addition, placebo-corrected FEV, and sGaw at Day 84
improved, respectively, by 107.3 mL (difference) and
1.068 (ratio) compared to baseline. During the exacerba-
tion recovery period, results compared to placebo show
continued improvement over time in lung function-related
parameters including siVaw, sGaw and FEV . In summary,
our study shows that nemiralisib could potentially deliver
improved recovery from exacerbation, as demonstrated by
changed lung function parameters, which would be of
valuable therapeutic benefit for acutely exacerbating
COPD patients.

To capture the time course of recovery, LD-HRCT was
performed at diagnosis, Days 12 and 28. Nemiralisib treat-
ment showed an increase in effectiveness between Day 12
and Day 28 in most LD-HRCT endpoints. A possible
explanation for this may be that by Day 12, the majority
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Figure 5 Number of patients (out of 63 per arm) with any new exacerbation events® during treatment and of the observed total number of severe exacerbations® (28 in the
placebo arm and 21 in the nemiralisib arm) the proportion requiring hospitalization. *New exacerbation event based on observed treatment for an exacerbation; a new
prescription for corticosteroids and/or antibiotics. *Severe exacerbations based on investigator-reported exacerbations resulting in hospitalization.

of patients would have only recently stopped treatment
with antibiotics and systemic corticosteroids, and the ben-
eficial effects of these treatments may have influenced Day
12 LD-HRCT endpoints. While the relationship between
LD-HRCT and traditional lung function endpoints is not
fully understood, and the clinical translation of the
improvement in siVaw in nemiralisib-treated patients is
unknown, the siVaw improvement observed in this study
was of similar magnitude to the siVaw improvement seen
following recovery from exacerbation in an earlier study
using FRI.*® The approach used in the earlier study differs
slightly from the current study where the primary endpoint
was conducted at Day 28 irrespective of if the subject had
fully recovered or not. Furthermore, a similar improve-
ment in siVaw (~25%) was observed with acute ipratro-
pium bromide treatment in stable COPD,”” which is
similar to our study. In the current study, the observed
effects the distal with
a corresponding drop in airway resistance, compared

were greatest in airways,
with the central airways where little change was seen.
This suggests a reproducibility in observations in both
stable and exacerbating patients across different studies.
Although the improvement was observed across all lung
lobes, the subtle differences observed between each lobe
requires further research.

The use of LD-HRCT endpoints is gaining traction as
a sensitive alternative to traditional lung function mea-
sures, providing anatomical, regional and modelled func-
tional information that can be obtained for a multitude of
parameters down to the lobar level that cannot be obtained
by conventional spirometry. Furthermore, smaller numbers
of patients are required to detect changes in FRI, building
confidence in the efficacy of novel mechanisms thereby
not exposing significant numbers of acutely ill patients to
an unproven new treatment. The differences shown
between treatments using FRI technology is an encoura-
ging observation and future studies will explore the clin-
ical relevance of these findings. Beyond studies in COPD,
FRI has shown promise in early detection of bronchiolitis
obliterans syndrome in lung transplant patients,®' and loss
of FEV, following lobectomy/pneumonectomy,’” and
most recently in redistribution of pulmonary blood flow
in COVID-19 patients.>*-*

The role of nemiralisib in improving the recovery from
exacerbation is further supported by other LD-HRCT para-
meters measured on Day 28. These include a nemiralisib-
induced reduction in siRaw, which may have occurred as
a result of the increase in airway volume. A similar pattern
was seen with plethysmographic sGaw. SiVaww was also
reduced by nemiralisib, potentially reflecting a reduction
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in airway inflammation and mucus. In addition, a greater
reduction in the LAS was observed in nemiralisib-treated
patients compared with placebo, suggesting a greater
reduction in pulmonary hyperinflation, and hyperinflation
is a well-recognized contributor to symptoms in COPD
patients. Assessing the lobar volume changes between
TLC and FRC allows modelling of regional ventilation.
The change in IALD observed in nemiralisib but not
placebo-treated patients suggests a relative increase in air-
flow to the lower lobes on nemiralisib, perhaps reflecting
reduced hyperinflation in the upper lobes. An increase in
IALD to a particular lung region as a consequence of
treatment also has the potential to improve deposition of
other inhaled treatments, including bronchodilators and
inhaled steroids.

LD-HRCT was not performed at day 84 to focus the
analysis on the effect of nemiralisib on the acute recovery
phase following exacerbation; however, treatment contin-
ued for 84 days to explore the impact on additional sec-
ondary endpoints and future exacerbations.

In this study, more traditional lung function endpoints
were included to allow for correlation between LD-HRCT
and standard measures. Unexpectedly, in exacerbating
patients FEV, declined from baseline to day 28 in both
treatment arms; however, nemiralisib treatment improved
the FEV; over time, whereas the FEV; in patients on
placebo had not fully recovered to baseline by day 84. The
FEV, in patients on nemiralisib recovered to 27 mL above
baseline, with an average difference of 107 mL compared
with placebo at day 84. It should be noted that “baseline”
FEV, was not measured at the start of exacerbation, where
the priority was to obtain LD-HRCT endpoints but the
FEV, was performed after randomization, and after the
start of standard of care treatment. It was considered that
lung function maneuvers might be difficult to complete for
exacerbating patients and consequently highly variable. In
addition, FEV; was being used to track longer-term effects
of nemiralisib out to day 84 once the exacerbation had
resolved. Thus, baseline FEV; also reflects the activity of
systemic corticosteroids and the increased bronchodilator
use early in exacerbation, perhaps explaining its initial
decline during recovery. Spirometry performed at later
time points was not required to be post-bronchodilator,
which might also have resulted in lower values compared
to the first measurement and may explain differences from
other studies which observed recovery in FEV; post

exacerbation.®® In general, there are few interventional or

imaging studies,”® interrogating responses immediately
after an acute exacerbation.

In a post-hoc analysis of both FEV, and sGaw mea-
sures, data were separated by severity of the initial (index)
exacerbation (ie, requiring hospitalization or not). This
revealed a substantial improvement in both FEV, and
sGaw in nemiralisib but not placebo-treated patients who
experienced a severe index exacerbation. This suggests
either that the airways of patients with severe index
exacerbations are more responsive to PI3K3 inhibition,
or alternatively, a nemiralisib-responder phenotype may
be more prevalent among patients suffering from severe
exacerbations. Interestingly, when siVaw was similarly
examined, improvements were present in both severe and
moderate index exacerbation groups treated with nemira-
lisib, with a slightly larger siVaw improvement in the
moderate index exacerbation group on Day 28.

While our study was not powered to explore the effect
of nemiralisib on re-exacerbations, numerically fewer sub-
jects on nemiralisib than placebo experienced new exacer-
bation events, and subsequent exacerbations on
nemiralisib were less severe. Reducing the risk of future
new exacerbations is important for COPD patients, as
these events are known to decrease life expectancy,® and
affect loss of lung function. As anticipated, no notable
treatment difference between groups was observed in
CAT scores measured at days 28 and 84. However, both
CAT and mMRC scores in both groups improved and
reflected clinical recovery from exacerbation.

In response to inhalation of nemiralisib, mild-to-
moderate post-inhalation cough was reported in 35% of
patients compared with 3% of patients on placebo.
Overall, nemiralisib was otherwise generally well tolerated
but three subjects discontinued study drug due to cough.
Cough has been noted with other PI3K$ inhibitors,*® pos-
sibly due to a direct effect on neuronal activity.*’

Pharmacokinetic data demonstrated that systemic expo-
sure in exacerbating patients was similar to that observed in
stable patients,'* and importantly, was similar between
patients who did and did not report cough. The exposure
data confirm that the extrapolated target exposure in lungs of
nemiralisib-treated patients was at levels expected to provide
sufficient target inhibition for the treatment duration.®

As exacerbations of COPD are quite heterogeneous in
clinical presentation,' our study captured spontaneous spu-
tum samples in an attempt to characterize the pathogens
present at the point of exacerbation. Unfortunately, an insuf-
ficient number of samples were obtained for any meaningful
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analysis, and may have required a larger sample size. This is
a limitation of the current study, particularly if only
a proportion of exacerbations, such as bacterially driven,
can be effectively treated by nemiralisib. However, the abil-
ity to accurately determine the drivers of an exacerbation at
the point of presentation is currently not broadly feasible, and
hence our study represents the current standard of patient
management. We believe improvements in rapid point of
care diagnostics will allow treatment with more precision in
the future. The time between onset of symptoms and pre-
sentation for enrollment is not known, but represents the real-
world situation of patients presenting after differing
durations of symptomology.

To our knowledge, this is the first study exploring the
therapeutic benefit of PI3KS inhibition in exacerbating
COPD patients, using both novel and more traditional end-
points. Although immediate post-inhalation cough was identi-
fied as a drug-related adverse event, nemiralisib was otherwise
generally well tolerated and demonstrated an acceptable safety
profile in this acutely ill patient group. Based on the data
presented here, we believe that nemiralisib given in addition
to standard of care has the potential to deliver more effective
recovery in patients experiencing an acute exacerbation.
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