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Background: Inhibition of phosphoinositide 3-kinase δ (PI3Kδ) exerts corrective effects on 
the dysregulated migration characteristics of neutrophils isolated from patients with chronic 
obstructive pulmonary disease (COPD).
Objective: To develop novel, induced sputum endpoints to demonstrate changes in neu
trophil phenotype in the lung by administering nemiralisib, a potent and selective inhaled 
PI3Kδ inhibitor, to patients with stable COPD or patients with acute exacerbation (AE) of 
COPD.
Methods: In two randomized, double-blind, placebo-controlled clinical trials patients with 
A) stable COPD (N=28, randomized 3:1) or B) AECOPD (N=44, randomized 1:1) received 
treatment with inhaled nemiralisib (1mg). Endpoints included induced sputum at various 
time points before and during treatment for the measurement of transcriptomics (primary 
endpoint), inflammatory mediators, functional respiratory imaging (FRI), and spirometry.
Results: In stable COPD patients, the use of nemiralisib was associated with alterations in 
sputum neutrophil transcriptomics suggestive of an improvement in migration phenotype; 
however, the same nemiralisib-evoked effects were not observed in AECOPD. Inhibition of 
sputum inflammatory mediators was also observed in stable but not AECOPD patients. In 
contrast, a placebo-corrected improvement in forced expiratory volume in 1 sec of 136 mL 
(95% Credible Intervals −46, 315mL) with a probability that the true treatment ratio was 
>0% (Pr(θ>0)) of 93% was observed in AECOPD. However, FRI endpoints remained 
unchanged.
Conclusion: We provide evidence for nemiralisib-evoked changes in neutrophil migration 
phenotype in stable COPD but not AECOPD, despite improving lung function in the latter 
group. We conclude that induced sputum can be used for measuring evidence of alteration of 
neutrophil phenotype in stable patients, and our study provides a data set of the sputum 
transcriptomic changes during recovery from AECOPD.
Keywords: nemiralisib, sputum, transcriptomics, COPD exacerbations, PI3Kdelta

Introduction
The mechanisms of action of novel immunomodulator drugs are far removed from 
established clinical efficacy endpoints, hence translational endpoints are helpful to 
build confidence in the pharmacology of the drug and enables better interpretation 
of study outcomes. We set out to explore the consequence of treatment with the 
inhaled phosphoinositide 3-kinase δ (PI3Kδ) inhibitor nemiralisib, which was 
administered to patients suffering from chronic obstructive pulmonary disease 
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(COPD) and to see if in vitro observations translated into 
clinical immune modulation.

COPD is characterized by progressive airflow limita
tion in association with a chronic inflammatory response, 
and many patients have a persistent colonization with 
respiratory pathogens.1 COPD patients experience exacer
bations resulting in increased risk of hospitalization and 
a reduction in life expectancy.2 Despite the existence of 
extensive clinical analyses of patients with COPD, little is 
known about the cellular mechanisms driving this 
disorder.3

Analysis of the longitudinal Acute Exacerbation and 
Respiratory Infections in COPD (AERIS) study,4,5 demon
strated the presence of bacteria and viruses in sputum 
taken from stable and exacerbating COPD patients. 
Neutrophils are required for the clearance of pathogens 
from the lung,6 and are increased in COPD patients.7 

However, neutrophils from COPD patients display dysre
gulated migration characteristics which may interfere with 
their ability to adequately clear pathogens. This aberrant 
migration has been shown to be corrected in vitro by 
inhibitors of PI3Kδ,8 and increased expression and activa
tion of the PI3Kδ pathway has been demonstrated in 
neutrophils from COPD patients, where it correlates with 
disease severity.9,10 As COPD exacerbations are often 
triggered by lung infections, PI3Kδ inhibitors may provide 
therapeutic benefit through their unique potential to 
improve neutrophil immune function by correcting the 
aberrant directionality of chemotaxis observed in COPD 
neutrophils,8 and by inhibiting inflammatory mediator 
release.11

Monitoring lung neutrophils in a clinical trial setting is 
currently largely limited to counting the abundance of 
neutrophils in sputum samples,12 or through imaging 
techniques.13 Neither can demonstrate if the phenotype 
of the neutrophil itself has been altered. Clinical trials 
have used changes in the messenger ribonucleic acid 
(mRNA) transcriptome to explore the effect of immune 
modulatory drugs,14–16 which could potentially be adopted 
to explore changes in neutrophils in the lung following 
treatment with nemiralisib.

Nemiralisib is a potent and highly selective inhaled 
PI3Kδ inhibitor,17 which has been shown to reduce the 
inflammatory mediators IL-6 and IL-8 in induced sputum 
from stable COPD patients.18 Not previously reported 
from that trial was genome scale unbiased transcriptomic 
analysis of induced sputum which was suggestive of an 
improvement in neutrophil migration phenotype.

The objective of the current study was to replicate 
induced sputum neutrophil transcriptomic observations in 
patients with an acute exacerbation (AE) of COPD 
(AECOPD), hence developing novel translational end
points to confirm mechanism of action of a novel immu
nomodulator. The primary endpoint was a predefined 
subset of genes relating to neutrophil function. The effects 
of inhaled nemiralisib was additionally assessed using 
functional respiratory imaging (FRI), spirometry and 
other sputum and systemic biomarkers. To our knowledge, 
this study is the first comprehensive profiling of induced 
sputum and blood transcriptome following recovery from 
AECOPD.

Methods
Two double-blind, multicenter, randomized, placebo- 
controlled, parallel group studies (GSK protocols: 
PII115119 and 201928) were performed with nemiralisib, 
in stable COPD patients or those experiencing AECOPD. 
Written informed consent was obtained from each patient 
prior to any study-specific procedures. The studies were 
conducted in accordance with the principles of the 
Declaration of Helsinki and both were approved by the 
relevant ethics committees/institutional review boards and 
regulatory authorities (details given in Supplementary 
Materials, Appendix 1).

Study A (NCT02130635)
Study A dosed stable COPD patients with inhaled nemir
alisib (1mg) daily for 14 days. Full details of the study 
inclusion/exclusion criteria and primary (safety) and sec
ondary (pharmacokinetic (PK)) endpoints from this trial 
have been published previously.18 The exploratory end
point of mRNA analysis at Day 1 and Day 14 is included 
in this report.

Study B (NCT02522299)
Study B evaluated treatment with inhaled nemiralisib 
(1mg or equivalent) in COPD patients experiencing 
AECOPD in Canada and Denmark between 
November 2015 and June 2018 (see Online Data 
Supplement for dosing device information, and patient 
visit schedule (Figure S1)). The primary endpoint was 
alterations (fold change >1.5 and p<0.05) in a panel of 
258 predefined neutrophil-related genes determined by 
changes in mRNA transcriptomics in induced sputum. 
Secondary endpoints included safety, FRI with low dose 
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high resolution computed tomography (LD-HRCT),19 lung 
function assessments and plasma PK.

To be eligible for recruitment, patients were male or 
female (of non-child bearing potential), aged 40–80 years 
with an established 6-month history of COPD,20 

a previously documented post-bronchodilator forced 
expiratory volume in 1 sec (FEV1)/forced vital capacity 
(FVC) ratio of <0.70, an FEV1 ≤80% of predicted 
values,21 a smoking history of ≥10 pack years and 
a diagnosed AECOPD requiring escalation in therapy. 
A body weight ≥45 kg and body mass index (BMI) within 
the range 18–32 kg/m2 (inclusive) was also required. 
Subjects were excluded if they required mechanical venti
lation, were suspected of having cardiac failure, had any 
abnormal clinical or laboratory observations, or ongoing 
liver or kidney disease. Subjects with active tuberculosis, 
lung cancer, clinically overt bronchiectasis, pulmonary 
fibrosis, asthma were also excluded.

An acute exacerbation was defined as described pre
viously by Seemungal et al.22 Standard of care treatment 
was started after the diagnosis of an AECOPD and 
included both antibiotics and systemic corticosteroids. 
Sputum induction and LD-HRCT scan were conducted at 
the earliest opportunity and within 48 h of the diagnosis of 
the AECOPD. Patients were monitored for 14 days post 
final dose.

Induced Sputum Capture for mRNA, 
Total Cell Counts and Cytokine Analysis
Induced sputum samples were collected prior to randomi
zation and again on Day 12, 28 and 84, and processed for 
cytokine measurement as described previously.18 RNA 
transcriptomics detection was conducted using 
a methodology as described previously.23 Additional meth
odology is provided in the Supplementary Materials- 
Methods.

Pharmacokinetic (PK) Assessments
Plasma samples were derived from sparse 2 mL blood 
samples, and analyzed using a previously described, vali
dated, analytical method.17

In vitro Neutrophil Elastase and Reactive 
Oxygen Species Production
Blood neutrophils captured from exacerbating COPD 
patients and assayed for neutrophil elastase and reactive 
oxygen species were analyzed as previously described.24 

Blood neutrophils from COPD patients experiencing an 
acute exacerbation were isolated to explore their respon
siveness to treatment with a PI3Kδ inhibitor. Neutrophils 
were primed with LPS (25 µg/mL) and activated with 
fMLP (1 µM) in the presence of increasing concentrations 
of nemiralisib, and were normalized to vehicle control 
(0.1% DMSO).

Statistical Analysis
Detailed information on RNA transcriptomics analysis is 
provided in the Online Data Supplement. Sample size was 
based primarily on feasibility, but with a subject number 
similar to that used previously.14,15

The LD-HRCT images were processed centrally, 
by blinded radiologist as described previously.19,25 For 
a subset of the lung regions, the endpoints were 
analyzed in a multivariate model, under a Bayesian 
framework.

The change from baseline in the endpoints (FEV1 and 
FVC) were analyzed using a Bayesian repeated measures 
model. The change from baseline at each of the visits was 
represented via adjusted posterior medians for each of the 
treatment groups, as well as their associated 95% credible 
intervals.

Results
Study A
Treatment of Stable COPD Patients with Nemiralisib 
Alters Lung Neutrophil Phenotype
Study A dosed 28 stable COPD patients with nemiralisib 
(1mg) or placebo (3:1) for 14 days; baseline characteristics 
were similar between groups (Table S1, Online Data 
Supplement). A heat map of altered genes suggests 
a separation of subjects by treatment (Figure 1A). 
Nemiralisib altered 371 genes compared to 161 genes in 
the placebo-treated group, with an overlap of 15 genes 
suggesting unique profiles (fold change >1.5 and unad
justed p value <0.05), with no genes reaching cut offs 
when false discovery rate (FDR) adjusted. The top path
ways following nemiralisib treatment using Metacore were 
annotated as neutrophil migration, neutrophil adhesion, 
and bacterial recognition pathways. The nemiralisib- 
evoked enriched genes relating to neutrophil migration 
(Figure 1B) and bacterial infection response (Figure 1C) 
were not observed in the placebo-treated group. These 
genes were not altered in the comparison over the 7 days 
before dosing commenced (Figure 1B and C, right panels). 
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Figure 1 mRNA transcriptomic alterations in induced sputum from stable COPD patients (Study A). Transcriptomic changes in induced sputum taken from stable COPD 
patients dosed for 14 days with nemiralisib show a partial clustering by treatment (Panel A). Unbiased pathway analysis highlighted nemiralisib-evoked alterations in 
neutrophil phenotype and bacterial infection response genes (Panels B and C, left), which were not observed in the samples taken 7 days apart prior to randomization 
(Panels B and C, right).
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Only 24 probes changed when comparing samples taken 
over the 7 days before dosing commenced.

Nemiralisib Inhibited Reactive Oxygen Species and 
Elastase Production in vitro from Neutrophils 
Isolated from COPD Patients Experiencing an Acute 
Exacerbation
Neutrophil elastase, and reactive oxygen species were 
inhibited by nemiralisib in a concentration-dependent 
manner (Figure S3), suggesting that the effects of the 
inhibition of PI3Kδ in exacerbating patients was 
maintained.

Study B
Nemiralisib Treatment Did Not Alter Neutrophil 
Phenotype in COPD Patients Experiencing an Acute 
Exacerbation
Study B dosed nemiralisib to COPD patients experiencing 
an AECOPD with daily treatment continued for 84 days. 
A total of 44 subjects were randomized (Figure S2), and 
baseline characteristics were similar between groups 
(Table S1, Online Data Supplement). Nemiralisib was 
generally well tolerated; see Table S2, Online Data 
Supplement. Due to the low number (20/44) of acceptable 
samples obtained at Day 28, further downstream analyses 
were not performed on this time point (see full list of 
number of samples obtained and those passing quality 
control in Table S3, Online Data Supplement). The list 
of 258 predefined neutrophil genes, and their origin is 
shown in Table S4, Online Data Supplement. Of these, 
35 genes were altered in the placebo-treated group and 29 
genes were altered in the nemiralisib-treated group for the 
Day 12 vs Screening comparison (Table 1), with no genes 
reaching cut offs when FDR adjusted. When 
comparing day 84 versus screening, 15 genes in the 

nemiralisib-treated group were altered and 10 genes in 
the placebo-treated group. In combination, these observa
tions suggest a lack of unique nemiralisib-induced gene 
changes.

Nemiralisib Did Not Evoke Any Unique Changes in 
Sputum Transcriptomics Compared to 
Placebo-Treated Subjects
In addition to the predefined gene set, an unbiased analysis 
of all gene changes was also investigated (Table 1). When 
comparing the Screening visit and Day 12 visit there were 
1383 gene changes for the nemiralisib group and 1395 
genes changed in the placebo group (Figure 2A). There 
was a substantial overlap of 602 genes that were common 
between placebo- and nemiralisib-treated groups, with 600 
genes changing in the same direction (Figure 2B). 
Furthermore, the apparent unique gene set for each treat
ment arm, almost without exception, changed in the same 
direction but did not reach predefined thresholds. 
Consistent with the pre-defined neutrophil-related tran
scripts observations, there were no detected nemiralisib- 
induced changes across the total gene panel. Table 1 also 
displays the genes changing in the blood data at each 
timepoint. Samples were compared between nemiralisib 
and placebo arms on Day 84, with 297 gene changes 
observed, however these did not map to coherent biologi
cal mechanisms.

Nemiralisib Treatment Did Not Impact Lung and 
Circulating Biomarkers
The mean circulating levels of C-reactive protein (CRP) 
were 17.9 mg/L in the placebo group and 18.4 mg/L in the 
nemiralisib group at screening, before decreasing to 
5.04 mg/L in the placebo-treated group and 4.01 mg/L in 
the nemiralisib-treated group by day 84 (Figure 3A), 

Table 1 Summary of Number of Genes Reaching Cut Offs (Fold Change >1.5 and P<0.05) from the Predefined Gene List, and Entire 
Gene Array in Sputum and Blood

Comparison Sputum Gene Changes Predefined 
List

Sputum Gene Changes Total 
Set

Blood Gene Changes Total 
Set

Screening vs D12 nemiralisib 29 1383 336
Screening vs D12 placebo 35 1395 90

Screening vs D28 nemiralisib 3 350 204

Screening vs D28 placebo 1 329 302
Screening vs D84 nemiralisib 15 690 529

Screening vs D84 placebo 29 1096 590

D84 nemiralisib vs D84 
placebo

10 297 253

Abbreviations: D12, Day 12; D84, Day 84.
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Figure 2 mRNA transcriptomic alterations in induced sputum from AECOPD patients (Study B). Transcriptomic changes in induced sputum taken from acutely exacerbating 
COPD patients. Of the predefined neutrophil-related genes a small number were altered in both the nemiralisib and placebo-treated groups (Panel A). The entire unbiased 
gene array output also showed a similar number of genes changing in the nemiralisib and placebo-treated groups when comparing both day 12 or day 84 to the screening 
time point (Panel A, SCN v D12). There was a significant overlap in the genes changing between screening and day 12 in the nemiralisib and placebo-treated groups at day 12 
and day 84, with almost all genes changing in the same direction (Panel B).
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consistent with resolution of the exacerbation.26 Similarly, 
mean circulating blood neutrophil count was 7.1 GI/L in 
the placebo group and 6.4 GI/L in the nemiralisib group at 

screening, before decreasing to 5.0 GI/L in the placebo- 
treated group and 4.6 GI/L in the nemiralisib-treated group 
by day 84 (Figure 3A), consistent with resolution of the 

Figure 3 Inflammatory biomarkers in induced sputum from AECOPD patients (Study B) Sputum and circulating biomarkers measured were also not impacted by treatment 
with nemiralisib. Circulating levels of CRP decreased (Panel A, left), as did neutrophil count (Panel A, right), presented as mean (95% CI) at baseline, Day 12, Day 28, Day 56, 
Day 84 and at follow-up. Total sputum cell count and the inflammatory cytokines IL-8, IL-6 and TNFα were also not inhibited following treatment with nemiralisib (Panel B), 
presented as geometric mean (95% CI) at baseline, Day 12, Day 28 and Day 84.
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exacerbation. Furthermore, the geometric mean (95% CI) 
total sputum cell counts (x106) at screening prior to ran
domization were similar between the placebo (4.297 
[1.220, 15.132]) and nemiralisib (3.011 [1.435, 6.318]) 
groups, Figure 3B. During the study, the geometric mean 
(95% CI) total cell counts in the induced sputum in both 
placebo- and nemiralisib-treated groups were reduced to 
1.656 (0.425, 6.455) and 1.207 (0.558, 2.612), respec
tively, representing approximately a 40% reduction in 
inflammatory cell counts in the sputum consistent with 
exacerbation recovery.

There was no meaningful difference between the 
reductions observed in both the placebo- and nemiralisib- 
treated groups.

Treatment with nemiralisib also had no effect on the 
levels of the sputum cytokines measured compared to 
placebo (Figure 3B). Cytokine levels also remained rela
tively unchanged in both placebo and nemiralisib-treated 
groups across the 84 days of treatment and despite treat
ment with oral corticosteroids.

Nemiralisib Treatment Had No Impact on HRCT 
Parameters
Functional HRCT scans were taken to study the time 
course of improvement in imaging parameters during 
recovery from an exacerbation. Imaging endpoints did 
not meaningfully change by treatment with nemiralisib 
compared to placebo, at any time points measured 
(Table 2).

Nemiralisib Treatment Evoked a Clinically Meaningful 
Improvement in FEV1

FEV1 remained relatively constant in the placebo-treated 
group throughout the study (Figure 4A). By contrast FEV1 

increased in the nemiralisib-treated group at all time 
points, with the largest mean change from baseline of 
114mL at day 56 (Figure 4A). This represents a placebo- 
corrected mean change of 136mL (95% credible interval 
(Cr. I.) −46, 315mL) with a probability that the true treat
ment ratio was >0% (Pr(θ>0)) of 93%. This was mirrored 
by improvements in FVC at all time points, with the 
largest placebo-corrected mean change from baseline 
occurring at Day 56 of 275mL (95% Cr. I. −55, 587mL) 
with a Pr(θ>0) of 95% (Figure 4B).

Pharmacokinetics of Nemiralisib Were Similar to 
Previous Studies
A sparse PK sampling schedule was used in this study to 
confirm drug exposures which were similar to previously 
reported data.16,17 Importantly there were no meaningful 
differences in mean trough/pre-dose exposures achieved 
between each study (Table S5 Online Data Supplement).

Exploration of Lung and Blood Transcriptomics 
During Exacerbation Recovery Showed Overlap with 
Existing COPD Disease Severity Data Sets
Given the lack of unique nemiralisib-evoked changes in 
gene transcriptomic data, the sputum and blood data 
from both arms of the study were combined to provide 

Table 2 Alterations in Functional Respiratory Imaging Endpoints Measured Using HRCT

Endpoint Parameter Region Placebo 
(Baseline vs 

D28, 
Treatment 
Ratio (95% 

Cr I))

Nemiralisib 
(Baseline vs D28, 
Treatment Ratio 

(95% Cr I))

Nemiralisib vs 
Placebo (Baseline vs 

D28, Treatment 
Ratio (95% Cr I))

Probability 
(θ>1) or 
(θ<1)a

siVaw Specific Imaging Airway Volume Distal 1.01 (0.83, 1.24) 1.00 (0.83, 1.20) 0.98 (0.75, 1.30) 45.2%

siRaw Specific imaging airway resistance Distal 0.97 (0.53, 1.77) 1.13 (0.63, 2.02) 1.17 (0.51, 2.72) 35.6%
siVaww Specific airway wall thickness Distal 0.96 (0.88, 1.06) 0.92 (0.84, 1.00) 0.95 (0.83, 1.09) 77.1%

LAS Low attenuation score Total 1.01 (0.84, 1.21) 0.98 (0.83, 1.17) 0.97 (0.75, 1.26) 58.6%

IALD Internal airflow lobar distribution Upper 1.03 (0.98, 1.09) 0.99 (0.94, 1.04) 0.96 (0.89, 1.03) 59.7%
Lower 0.98 (0.93, 1.02) 0.99 (0.95, 1.04) 1.02 (0.95, 1.09) 97.9%

BVD Blood vessel density Total 0.95 (0.88, 1.03) 0.94 (0.88, 1.01) 0.99 (0.89, 1.10) 44.4%

Note: aθ represents the true treatment ratio to placebo. 
Abbreviations: BVD, blood vessel density; Cr l, credible interval; D28, day 28; HRCT, high resolution computed tomography; IALD, internal airflow lobar distribution; LAS, 
low attenuation score; siRaw, specific imaging airway resistance; siVaw, specific imaging airway volume; siVaww, specific imaging airway wall thickness.
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a post-hoc analysis. The principle component analysis 
and heat maps of altered genes for each data set showed 
an element of separation between the screening time 
point and days 12 and 28 when adjusting for subject 

to subject variability (Figures 5 and 6A and B (sputum 
and blood, respectively)). Computational pathway ana
lysis of the sputum data set showed an enrichment for 
genes associated with corticosteroid treatment, B-cell 

Figure 4 Summary of statistical analysis of FEV1 and FVC in AECOPD patients (Study B). Treatment with nemiralisib showed an improvement in FEV1 and FVC at all time 
points. Panel A shows adjusted median change from baseline in FEV1 (95% Cr I), and Panel B shows adjusted median change from baseline in FVC (95% Cr I) measured at 
clinical visits at baseline, Day 12, Day 28, Day 56 and Day 84. Data presented as adjusted median ± 95% Credible Intervals.
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Figure 5 Lung transcriptomics during exacerbation recovery (Study B). Combined sputum transcriptomic data shows partial clustering by time point (Panels A and B). Unbiased 
overlay analysis showed a highly significant overlap with data from ECLIPSE .27,30 The degree of overlap and gene directionality for the matching genes are displayed in (Panel C).
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Figure 6 Blood transcriptomics during exacerbation recovery (Study B). Combined blood transcriptomic data shows partial clustering by time point (Panels A and B). 
Unbiased overlay analysis showed a highly significant overlap with data from ECLIPSE.27,30 The degree of overlap and gene directionality for the matching genes are displayed 
in (Panel C).
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biology, cellular metabolism, peroxisome proliferator- 
activated receptor alpha (PPARα) agonists and mito
chondrial dysfunction. In the combined blood analysis, 
there was an enrichment for corticosteroid regulated 
genes hand genes associated with treatment with granu
locyte-CSF (Filgrastim).

An unbiased comparison of the overlap of differen
tially expressed genes with publicly available data sets 
revealed significant overlap between the sputum data and 
the Evaluation of COPD Longitudinally to Identify 
Predictive Surrogate End-points (ECLIPSE) cohort.27–29 

The current study (recovery from exacerbations) showed 
a strong inverse relationship to Gold 3 vs Gold 2 compar
ison in ECLIPSE (Figure 5C) suggesting recovery from an 
exacerbation is the inverse of an increase in disease sever
ity. Downstream pathway enrichment focused on 
Phenethylamine metabolism, Liver X receptor (LXR), 
Retinoid X receptor (RXR), and lipopolysaccharide 
(LPS) signaling. Although not as strong, there was also 
a largely inverse relationship between ECLIPSE and the 
blood transcriptomic data sets (Figure 6C).

Discussion
In drug development, the mechanism of action of novel 
immunomodulators is removed from established clinical 
efficacy endpoints and outcomes. Translational endpoints, 
linking biomarkers to clinical endpoints, help enable the 
appropriate interpretation of clinical study outcomes, both 
positive and negative. Here we present the steps taken to 
translate the preclinical therapeutic rationale for the use of 
PI3Kδ inhibitors in COPD patients, initially in stable 
patients, then subsequently in patients experiencing an 
AECOPD. In this report, we demonstrate that treatment 
of stable COPD patients with the PI3Kδ inhibitor nemir
alisib modulates neutrophil phenotype, inferred from 
changes in gene expression patterns. However, this mod
ulation was not observed during recovery from an 
AECOPD despite a clinically significant improvement in 
lung function.

Neutrophils isolated from blood of COPD patients 
demonstrate a dysregulated migration pattern to chemoat
traction which in vitro can be corrected using selective 
inhibitors of PI3Kδ.8 Given the major role of neutrophils 
in pathogen clearance in the lung, this observation pro
vides a potential novel mechanism to target recurrent lung 
infections in COPD. Limited availability of clinical meth
odologies for demonstrating alterations in lung neutrophil 
characteristics prompted our application of gene 

transcriptomic pathway analysis in induced sputum to 
pursue changes in neutrophil biology that might result 
from nemiralisib treatment.

In stable COPD patients, treatment with nemiralisib 
evoked gene changes which focused on two key areas; 
neutrophil migration machinery and bacterial recognition/ 
infection responses. Importantly, stability of transcription 
profile in sputum was demonstrated by the very few 
expression changes observed prior to randomization, the 
neutrophil changes were not observed in the placebo 
group, and absolute number of neutrophils did not change 
(see Figure 3 Cahn et al).18 This provides reassurance that 
exploring nemiralisib-evoked gene changes in sputum 
could provide a mechanistic clinical readout of improved 
neutrophil function observed in vitro, suitable for transla
tion into a clinically meaningful endpoint.

Before moving to exacerbating patients, we confirmed 
that neutrophils isolated from COPD patients experiencing 
an AECOPD retained the ability to be inhibited by PI3Kδ. 
This was achieved by measuring inhibition of reactive 
oxygen species and neutrophil elastase production from 
isolated neutrophils with a similar concentration range to 
previous reports, consistent with another report of the 
ability of PI3Kδ to inhibit mediator production by neutro
phils from AECOPD patients.30

There was no evidence for unique nemiralisib-evoked 
gene changes in the exacerbating patients, neither in the 
predefined neutrophil subset (primary endpoint), nor the 
unbiased whole-gene array (exploratory endpoint). In 
the predefined set, a subset of these genes did change 
following treatment with nemiralisib, but a similar number 
also changed in the placebo arm, with a modest number in 
common. Consistent with the predefined gene set there 
was also no apparent consequence of treatment with 
nemiralisib at the gene expression level when probing 
the entire array. This was concluded due to a similar 
number of genes changing in both treatment arms, 
a significant overlap between them, and a striking coher
ence in gene change directionality.

The breadth of genes changing proximal to the index 
exacerbation is likely reflective of the significant immune 
response in the lung at exacerbation which begins to 
resolve after 12 days.31 Furthermore, the data set is likely 
influenced by the oral steroids and antibiotics administered 
to every subject at entry to the study.32 Hence detecting 
subtle changes evoked by nemiralisib may not be achiev
able using an Affymetrix approach on a mixed cell popu
lation obtained from sputum. It could also be the case that 
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due to the heterogeneity of exacerbations of COPD the 
population most likely to be PI3Kδ-dependent were not 
represented, or that overall, PI3Kδ-dependent neutrophil 
processes are not relevant during acute recovery from an 
exacerbation.

Several additional biomarker and lung function end
points were measured in this study with the intent of 
exploring the relationship with the gene signature data. 
As expected, circulating CRP and total sputum cell counts 
were elevated at screening, suggestive of infection in the 
patients, and resolved during the duration of the study, 
however no meaningful effect of nemiralisib treatment 
was observed on either endpoint. At exacerbation, levels 
of IL-8, TNFα, and IL-6 in sputum were elevated, com
pared to our study A in stable COPD patients, but were not 
reduced following treatment with nemiralisib. In fact, 
levels of inflammation in the lung, as indicated by cyto
kines, remained elevated for the entire 3 months despite 
patients showing clinical improvement. This suggests that 
exacerbation may result in a prolonged inflammatory 
insult in the lung. HRCT has been used to measure subtle 
and regional changes in lung function in COPD patients 
experiencing an exacerbation. In the current study, no 
notable improvement in any of the HRCT parameters 
was detected following treatment with nemiralisib when 
compared to placebo. This is contrary to our previous 
study in exacerbating patients.25 Consistent however, 
with this previous study, a clinically meaningful improve
ment in FEV1 and FVC was observed following treatment 
with nemiralisib.

As there was no discernible difference between pla
cebo and nemiralisib with respect to gene expression, 
gene data sets were combined to explore a larger recov
ery dataset as a post-hoc analysis. Pathway mapping of 
the sputum data suggested a strong overlap in genes 
associated with cellular metabolism and mitochondrial 
dysfunction, which are known to be dysregulated in 
COPD,33,34 and B-cell biology which in COPD is less 
well understood.35 There was also an overlap with 
PPARα agonist data sets which may be related to ske
letal muscle dysregulation seen in COPD.36 Analysis of 
the blood data set suggested overlap with corticosteroid 
treatment and interestingly with treatment with granulo
cyte-CSF (Filgrastim) which is known to influence 
blood neutrophil numbers. This is likely to be 
a consequence of blood neutrophils being elevated at 
screening and reduced with resolution.

The sputum data in the current study strongly over
lapped with data obtained from the ECLIPSE cohort,29,32 

which provides support that the data from our small cohort 
study is reflective of a wider population of COPD patients. 
The current study (recovery from exacerbation) showed 
a strong inverse relationship to the Gold 3 vs Gold 2 
comparison in the ECLIPSE cohort, suggesting recovery 
from exacerbation is possibly the transient inverse of an 
increase in disease severity. Highly enriched pathways 
were those related to LPS-activation which commonly 
appear in COPD data sets,28,37 and interestingly, those 
related to LXR and RXR pathways, which have been 
previously explored as potential mechanisms to treat 
COPD.38,39 From this data overlap it would be enticing 
to generate an overall physiological hypothesis as to why 
repeated acute exacerbation events lead to a decline in 
disease status and increased mortality.2

The investigation of local lung biology in exacerbat
ing COPD patients presented several risks. Firstly, it was 
unknown if acutely unwell patients would be willing to 
participate in the clinical trial procedures, and if inducing 
sputum from this population would be safe and tolerated. 
Despite these challenges 44 patients were successfully 
recruited, producing a matched sample set of enough 
quality for downstream analysis. The study design also 
presented challenges due to a lack of stable baseline 
sampling before exacerbations, however our approach 
reflects real-world patient management,40 and enables 
assessment of drug mechanisms under appropriate clin
ical conditions. Exacerbations of COPD are heterogenous 
in clinical presentation, and the ability 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.

Conclusions
Our aim was to compare in vitro mechanistic observations 
of the inhibition of PI3Kδ with those seen in a clinical trial 
setting where inhaled nemiralisib was administered to 
COPD patients. This was achieved through the measuring 
of transcriptomic changes as a marker of drug action. In 
nemiralisib-treated stable COPD patients, a transcriptomic 
profile was obtained which was consistent with the mod
ulation of neutrophil dysfunction observed in vitro. This 
neutrophil profile was not observed in the samples taken 
from exacerbating patients treated with nemiralisib despite 
an improvement in FEV1. Further research is required to 
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explain, the absence of detectable transcriptomic changes 
during COPD exacerbations, and the lack of relationship 
between the reduction in FEV1 and the minimally mean
ingful HRCT endpoint changes in COPD exacerbating 
patients exposed to nemiralisib.

We have successfully translated preclinical in vitro 
observations in stable COPD patients and observed 
improvements in FEV1 in exacerbating COPD patients 
treated with nemiralisib. Furthermore, we have generated 
a comprehensive profile of the human lung transcriptome 
following recovery from an AECOPD which is a valuable 
resource that can be explored further.
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