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ABSTRACT
This study describes the pharmacokinetic (PK) and pharmaco-
dynamic (PD) profile ofN-(5-(4-(5-(((2R,6S)-2,6-dimethylmorpholino)-
methyl)oxazol-2-yl)-1H-indazol-6-yl)-2-methoxypyridin-3-yl)-
methanesulfonamide (GSK2292767A), a novel low-solubility
inhaled phosphoinositide 3-kinase delta (PI3Kd) inhibitor de-
veloped as an alternative to 2-(6-(1H-indol-4-yl)-1H-indazol-
4-yl)-5-((4-isopropylpiperazin-1-yl)methyl)oxazole (nemirali-
sib), which is a highly soluble inhaled inhibitor of PI3Kd with
a lung profile consistent with once-daily dosing. GSK2292767A
has a similar in vitro cellular profile to nemiralisib and reduces
eosinophilia in a murine PD model by 63% (n 5 5, P , 0.05). To
explore whether a low-soluble compound results in effective
PI3Kd inhibition in humans, a first time in human study was
conducted with GSK2292767A in healthy volunteers who smoke.
GSK2292767A was generally well tolerated, with headache being
themost common reported adverse event. PDchanges in induced

sputum were measured in combination with drug concentrations
in plasma from single (0.05–2 mg, n 5 37), and 14-day repeat
(2 mg, n 5 12) doses of GSK2292767A. Trough bronchoalveolar
lavage (BAL) for PK was taken after 14 days of repeat dosing.
GSK2292767A displayed a linear increase in plasma exposure
with dose, with marginal accumulation after 14 days. Induced
sputum showed a 27% (90% confidence interval 15%, 37%)
reduction in phosphatidylinositol-trisphosphate (the product of
phosphoinositide 3-kinase activation) 3 hours after a single dose.
Reduction was not maintained 24 hours after single or repeat
dosing. BAL analysis confirmed the presence of GSK2292767A in
lung at 24 hours, consistent with the preclinical lung retention
profile. Despite good lung retention, target engagement was only
present at 3 hours. This exposure-response disconnect is an
important observation for future inhaled drug design strategies
considering low solubility to drive lung retention.

Introduction
Inhaled drug treatments for respiratory disorders have the

advantage of being delivered directly to the target organ,
resulting in quick onset of action and low systemic exposure,
limiting potential unwanted effects in other organs (Lipworth,
1996; Lötvall, 1997; Glossop et al., 2010; Perry et al., 2017;
Strong et al., 2018). Typically, the drug needs to be retained in
the lung after inhalation to maintain target exposure. Lung
retention strategies often rely on slow-release reservoirs,
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facilitating drug delivery to its biologic target. This can be
achieved either by lung tissue binding or intracellular uptake
with highly soluble molecules, or alternatively by slow in situ
dissolution with poorly soluble molecules. We have recently
described the pharmacokinetic (PK) and pharmacodynamic
(PD) profile of 2-(6-(1H-indol-4-yl)-1H-indazol-4-yl)-5-((4-iso-
propylpiperazin-1-yl)methyl)oxazole (nemiralisib), an inhaled
inhibitor of phosphoinositide 3-kinase delta (PI3Kd), which
was designed as a basic, soluble molecule with moderate
lipophilicity. This physicochemical profile resulted in a once-
daily dose regimen (Begg et al., 2019). Nemiralisib is currently
being developed for respiratory diseases as an immune
modulator with anti-inflammatory properties (Stark et al.,
2015; Cahn et al., 2017; Khindri et al., 2018).
Here, we have adopted an alternative approach for driving

lung retention through reducedmolecule solubility, resulting
in the novel structurally distinct PI3Kd inhibitor N-(5-(4-(5-
(((2R,6S)-2,6-dimethylmorpholino)methyl)oxazol-2-yl)-1H-
indazol-6-yl)-2-methoxypyridin-3-yl)methanesulfonamide
(GSK2292767A). This strategy has been previously employed
by others (Hochhaus et al., 1995, 1997), and relies on slow
dissolution of inhaled particles to drive lung retention. In
contrast, the strategy used for nemiralisib introduced basicity,
which either maintained levels of dissolved compound in the
lung through trapping in acidic organelles such as lysosomes
(Perry et al., 2017), or delivered lung retention through high
lung tissue binding. Duration of action in the lung relies on
slow release, either from depots of particulate material for
low-solubility molecules or dissolved material trapped in
lysosomes or bound to tissue with soluble molecules.
In this study, we report a detailed profile of the PK and PD

relationship of the low-solubility compound GSK2292767A
and set out to explore whether the lung retention strategy was
successful by investigating the corresponding PD response
in vitro, in vivo, and in a clinical trial. GSK2292767A and
nemiralisib have broadly similar profiles in terms of in vitro
potency, selectivity, and in vivo efficacy, and were shown to
have suitable PK properties for inhaled delivery including low
oral bioavailability (Down et al., 2015). Our prior knowledge of
the profile of nemiralisib and the current detailed research
reported here for GSK2292767A, provides a unique opportu-
nity to compare and contrast two lung retention strategies and
their resulting inhaled clinical profiles. This paper is also the
first full disclosure of the clinical safety profile, tolerability,
and target engagement profile of GSK2292767A.

Materials and Methods
Preclinical Methods

Compound Solubility and Dissolution Profiles. Saturation
solubility studies were performed in simulated lung fluid, a
phosphate-buffered saline containing lecithin and bovine serum
albumin at naturally occurring lung lining fluid pH. The amount of
three different salt forms of GSK2292767 (version A 5 free base,
version C 5 sodium salt, and version K 5 cinnamate salt) and
nemiralisib added into the media was excessive, wetted by sonication
for 5minutes, and all suspensions were kept shaking at 100 rpm on an
orbital shaker (37°C) for 24 hours. The suspensions were centrifuged
at 14,000 rpm for 10 minutes and filtered through a 0.22 mm
polyvinylidene difluoride filter.

For dissolution testing, an abbreviated Next Generation Impactor
(NGI) was used to collect dose. The fine particle fraction of micronized

GSK2292767 salt forms was collected above next-generation impactor
stage 3 (Riley et al., 2012) onto a filtrete for aerosol dissolution.
Micronized active pharmaceutical ingredients were filled into gelatin
capsules and dispersed with a HandiHaler (Boehringer Ingelheim)
into the next-generation impactor at a 60 l/min airflow rate with
4-second exposure. A previously reported USP intravenous apparatus
was used to perform aerosol dissolution work (Davies and Feddah,
2003) with simulated lung fluid as the dissolution media. After dose
collection, the drug-loaded filtrete was transferred to the dissolution
cell, placed in the dissolution oven, and allowed to equilibrate.
Dissolution testing was performed at 37°C with a simulated lung
fluid flow rate of 1ml/min. At the end of the experimental procedure all
parts of the dissolution cell were washed with a defined amount of
solvent [acetonitrile:water (50:50)] to determine total recovery.

All saturation solubility and dissolution samples were quantified
via high-performance liquid chromatography. High-performance liq-
uid chromatography analysis was performed using an Agilent
1100 system with UV-visible detection.

Cell Permeability. GSK2292767A and nemiralisib (GSK2269557B,
HCl salt form) were applied to the apical side of a confluent monolayer of
Madin-Darby canine kidney cells transfected with the efflux transporter
MDR1 (MDR1/Madin-Darby canine kidney II cells), in duplicate at a
concentration of 3 mM Dulbecco’s Modified Eagle’s Medium (DMEM)
buffer at pH 7.4 as both donor and receiver solutions. Incubations were
carried out in an atmosphere of 5% CO2 with relative humidity of 95% at
37°C for 90minutes. The permeabilitywasmeasured from the apical to the
basolateral side of the cellmembrane in thepresence of theMDR1 inhibitor
GF120918A, (N-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)ethyl)
phenyl)-5-methoxy-9-oxo-9,10-dihydroacridine-4-carboxamide). Quantifica-
tion of parent compound in transport media was determined following
analysis by liquid chromatography–tandem mass spectrometry (LC-
MS/MS).

Lung Tissue Binding. All animal studieswere ethically reviewed
and carried out in accordancewith the Animals (Scientific Procedures)
Act 1986 and the GlaxoSmithKline policy on the care, welfare, and
treatment of animals.

The binding of GSK2292767A and nemiralisib (GSK2269557B) was
measured in male CD rat lungs and in female BALB/c mouse lungs
and blood in vitro, using rat and mouse lung homogenate and mouse
whole blood, by rapid equilibrium dialysis at the nominal concentra-
tion of 1 mg/ml. The test compound was spiked into lung homogenate
diluted 1:9, with dialysis buffer (PBS 2100 mM sodium phosphate 1
150 mM sodium chloride, pH 6.9–7.2) or whole blood (diluted 1:1 with
dialysis buffer) and incubated for 4 hours at 37°C in five replicates
using rapid equilibrium dialysis plates (Thermo Scientific, Rockford,
IL). The matrix was on one side on the dialysis membrane with the
dialysis buffer on the other. All buffer, lung homogenate, and blood
samples (50 ml) were matrix matched by diluting 2-fold with control
lung homogenate, blood, or buffer, and the resultant samples were
extracted by protein precipitation. The lung homogenate and blood
binding of GSK2292767Awas determined by peak area ratio following
LC-MS/MS analysis. The lung tissue binding was then determined
using an in-house validated method previously described for brain
homogenates (Kalvass and Maurer, 2002).

Lung and Blood PK Profiles Following Intranasal Delivery
to the Mouse. Eighteen female BALB/c mice were placed under
anesthesia using isoflurane to facilitate intranasal administration of
GSK2292767A or nemiralisib (GSK2269557B) at 1mgbase equivalent/kg,
as a 50ml volume of a 0.4mg/ml suspension formulated in 0.2%Tween 80,
whichwas in salineadjusted topH4.5with1MHCl (∼7ml). Terminal lung
and blood samples were collected at 10 and 30 minutes, and 1, 3, 5, and
8 hours after dosing (n 5 3 per time point). Concentration-time profiles
were used to determine the PK parameters in both blood and lung via
noncompartmental analysis. Unbound concentrations were derived by
correcting for in vitro binding data generated in mouse whole blood and
mouse lung homogenate.

Mouse lungs along with 1 ml water were homogenized with ceramic
beads using a Precellys 24 homogenizer (Bertin Technologies) for two
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20 second cycles at 6500rpm separated by a 10 second pause, with a
further 1 ml water then added. Lung homogenates and blood samples
underwent protein precipitation with 100% acetonitrile containing
internal standard followed by centrifugation. Aliquots of the resultant
supernatants were dried under heated nitrogen (37°C), and then
reconstituted in 200 ml of acetonitrile:water (10:90 v/v) before being
analyzed by LC-MS/MS.

Lung Retention Profiles Following Inhaled Delivery to the
Rat. The PK in lung wasmeasured for the free base, sodium salt, and
cinnamate salt forms of GSK2292767 after a single administration of
each version as a micronized dry powder, blended to 15% active
pharmaceutical ingredients with lactose, to the male Wistar Han rat
at a nominal dose of 0.6 mg/kg. For each version, the drug was
delivered via an aerosolized dust generation inhalation tower con-
nected to a small cupWrights Dust Feeder II aerosol generator, with a
target inhalation period of 20 minutes. Twenty-one rats were exposed
for each study, with termination (n 5 3 rats/time point) scheduled at
the following time points measured from the end of the aerosol
delivery:210 (half-way through drug administration), and 0 minutes
immediately after dosing and 2, 4, 8, 12, and 24 hours. Aqueous tissue
homogenates were obtained from all lung samples, using a Precellys
24 device (two 20 second cycles at 6500 rpm separated by a 10 second
pause).

The PK in lung was measured for nemiralisib (GSK2269557H,
hemisuccinate salt), after a single intratracheal administration by
Penn-Century insufflation as a micronized dry powder, blended to
15% active pharmaceutical ingredients with lactose, to the male
Brown Norway rat at a nominal dose of 0.67 mg/kg. Nine rats were
exposed in total, with termination and collection of lungs (n 5 3 rats/
time point) scheduled at the following times: 0 minutes immediately
after dosing 7 and 24 hours. Aqueous tissue homogenates were
obtained from all lung samples, using a Precellys device as described
previously. Levels of GSK2292767A and nemiralisib were measured
in lung homogenate samples prepared by protein precipitation
followed by LC-MS/MS analysis.

House Dust Mite Rechallenge Model of Pulmonary In-
flammation. Female BALB/c mice were sensitized to house dust mite
[(HDM), Dermatophagoides pteronyssinus; Greer Laboratories, Lenoir,
NC] by intranasal dosing, once a day for 5 days a week over a 21-day
period with 25 mg HDM extract (Greer Laboratories). Pulmonary in-
flammation was then allowed to resolve until day 33. Inflammation was
then reinitiated by an intranasal rechallenge of HDM using 100 mg of
HDM. GSK2292767A and nemiralisib (GSK2269557H) were adminis-
tered as repeat daily doses of inhaled dry powder lactose blends for 7 days
prior to rechallenge and their effect on inflammatory eosinophils was
ascertained by flow cytometry on bronchoalveolar lavage (BAL) samples.

Clinical Trial Methods

First Time in Human Subject Population. This first time in
human study (GSK Protocol 202062, NCT03045887) was conducted at
the Clinical Unit Cambridge (Cambridge, UK), from February 2017 to
August 2017. Male and female (nonchildbearing potential) subjects
between the ages of 18 and 50were eligible to be recruited, if theywere
deemed to be healthy by an experienced physician, had a body mass
index within the range of 18–31 kg/m2, and had blood chemistry,
electrocardiogram, and spirometry results within normal range.
Subjects were required to be current daily cigarette smokers and
had to be able to produce .100 mg of sputum on saline induction at
screening. Subjects were excluded if they had significant ongoing
medical conditions, a recent history of asthma, or currently had
asthma. Written informed consent was obtained prior to study
participation. The study was conducted in accordance with the
Declaration of Helsinki, and relevant ethics committee/institutional
review boards and regulatory authorities reviewed and approved the
study protocols.

Study Design. This study was a single-center, double-blind,
placebo-controlled two-part study to evaluate the safety, tolerability,

PK, and PD of GSK2292767A in healthy participants who smoke
cigarettes. Part A (n 5 16 per cohort) used a two interlocking cohort,
three treatment period crossover design to evaluate ascending single
doses (50, 100, 200, 500, 1000, and 2000 mg) of GSK2292767A or
placebo, with a 4-week washout period between doses. Part B used a
parallel group design (n 5 12; 3:1 ratio; note: 11 subjects from part A
participated in part B) to evaluate the highest tolerated dose from part
A (2000 mg) or placebo for 14 days of repeat dosing. In both parts,
GSK2292767A was administered as a dry powder blended with
lactose, and 1% magnesium stearate using an ELLIPTA dry powder
inhaler; placebo (lactose only) was administered using a matching
device.

In part A, hypertonic saline–induced sputum samples were
collected 3 and 24 hours after administration of inhaled treatment
and blood samples for PK analysis were collected at predose, 5, 30, and
45 minutes, and 1, 2, 3, 4, 6, 8, 12, and 24 hours postdose. In part B,
hypertonic saline–induced sputum samples were collected predose,
3 hours postdose on day 1, and 3 and 24 hours postdose on day 12 of
treatment. Blood samples for PK analysis were collected predose and
5 minutes postdose on days 2–13 inclusive, and predose, 5, 30, and
45minutes, and 1, 2, 3, 4, 6, 8, and 12 hours postdose on days 1 and 14.
Bronchoscopy for the collection of BAL samples was performed on day
15 at 24 hours (trough) after the final (day 14) dose. Salinewashes (3�
50ml) were used for the lavage procedure via a bronchoscope that was
positioned at the second bifurcation of the right middle lobe, and each
return was recorded and kept separately on ice prior to processing.

Study Procedures

Blood Sample for PK. For the PK analysis of GSK2292767A,
whole blood samples of approximately 3 ml were collected for measure-
ment of plasma concentrations of GSK2292767A. Blood samples were
collected via venipuncture or a cannula into uniquely labeled 3 ml
K2EDTA collection tubes (Greiner) and placed in ice water, centrifuged,
and refrigerated at approximately 1500g for 10 minutes at 4°C.
Resultant plasma was transferred into Nunc tubes (ThermoFisher
Scientific) and stored at220°C before shipment to the bioanalysis site.

BAL Sample for PK. BAL supernatant and cells were prepared
by centrifuging the BAL at 750g for 10 minutes. The supernatant was
then removed (BAL supernatant), and the remaining pellet was
reconstituted in deionized water as BAL cells. The volume of deionized
water for reconstitution was equivalent to 20% of the recovered lavage
volume following bronchoscopy. Prior to use, the reconstituted pellet
was frozen at 280°C to ensure complete lysing of the cells and stored
at 280°C. The reconstituted BAL cell sample was defrosted thor-
oughly and mixed prior to analysis for total cell fraction concentration
and intracellular drug level detection.

Sample Analyses

Drug Concentration Measurements in Plasma and BAL
Cells and Fluid. Human plasma, BAL supernatant, and BAL cell
pellet samples were analyzed for GSK2292767A using a validated
analytical method based on protein precipitation, followed by high-
performance liquid chromatography (LC-MS/MS) analysis. The lower
limit of quantification was 20 pg/ml and the higher limit of quantifi-
cation was 10,000 pg/ml when using a 50 ml aliquot of human plasma,
lung BAL supernatant, and BAL cell pellet.

Human plasma and lung BAL supernatant samples were analyzed
for urea by a standard validated analytical method based on the Roch-
Ramel enzymatic reaction, using the urease and glutamate dehydro-
genase methodology on the Siemens Advia 1800 chemistry analyzer.
In plasma, the lower limit of quantification was 0.2 mmol/l with a
higher limit of quantification of 239.5 mmol/l, and in the BAL
supernatant the lower limit of quantification was 0.01 mmol/l with a
higher limit of quantification of 2.8 mmol/l.

PK Analysis of Concentration Data. Individual plasma
GSK2292767A concentration-time data using actual times were
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analyzed using Phoenix WinNonlin (Certara Inc.) to derive PK
parameters, includingmaximumobserved plasma concentration (Cmax),
time to Cmax (tmax), trough concentration (Cmin), and area under the
plasma concentration-time curve (AUC(0–t)). Assessment of dose pro-
portionality was carried out for the plasma PK data using a power
model. An estimate of themean slope of loge (dose)was reported forCmax

and AUC(0–t), along with corresponding 90% confidence intervals (CIs).
Further exploratory analysis was performed using the ANOVAmethod
after normalizing the parameters by a chosen nominal dose of 100 mg.
Adjusted geometric means and 90% CIs were calculated for each dose
along with estimated treatment ratios and corresponding 90% CIs.

Assessment of accumulation for the plasmaPKdatawas carried out
using data from the single (day 1) and repeat dose phases in part B.
Accumulation ratios were calculated for both peak (geometric mean
Cmax) and trough (geometric mean Cmin) values using the day 14 and
1 values. Peak:trough ratios were also calculated for days 1 and 14.

No formal assessment of steady-state was performed. Visual
analysis of the concentration-time profiles taken daily during the
studies was used to assess the achievement of steady-state concen-
tration in the plasma of dosed subjects.

BAL samples (cells and supernatant) were analyzed forGSK2292767A
concentrations for derivation of lung epithelial lining fluid (ELF) and
cell pellet concentrations (part B only). Urea levels were measured in
the BAL supernatant samples together with the corresponding time-
matched plasma sample for calculation of the ELF dilution factor
(using urea as a dilution marker). The dilution factor was used to
multiply theBALGSK2292767A concentration to derive the volume of
ELFwithin the sample, and subsequently concentrations within ELF.
The derived ELF concentrations of GSK2292767A for each BAL wash
were calculated separately. A pooled analysis was calculated per
subject by calculating the total mass of GSK2292767A in all three
washes and dividing by the total volume of ELF within all three
washes. The cell pellet concentration (part B only) was derived using
the resulting ELF concentration and the ratio of the raw (not urea
corrected) sample results between supernatant and cell pellet (recon-
stituted and lysed).

Analysis of Intracellular Drug Detection. The intracellular
drug assessment was based on the LiveCell mass spectrometry
protocol described previously (Masujima, 2009). BAL samples for
intracellular mass spectrometry analysis were stored at 4°C and
assayed within 24 hours of collection. Briefly, 500 ml was mixed with
1.5 ml of PBS and plated on 35-mm-diameter, 0.17-mm base thickness
cell culture dishes andmaintained at 37°C for 12 hours. The latterwas
for the cells to settle at the bottom of the dish, since sampling is
dependent on cell adherence to the dish. Intracellular contents were
captured using N-150 CT-1 Humanix tips and an Olympus X81
microscope coupled to a Scientifica Motorized Micromanipulator.
Sampled tips were frozen at 280°C and kept in dry ice until the mass
spectrometry analysis was performed. Just before the analysis, 8 ml of
internal standard solution (20 nM fumaric acid and 20 nM taurocholic
acid in 50:50 methanol) was added to the back of the Humanix
tip and the intracellular contents were analyzed using a Fusion
Lumos Orbitrap mass spectrometer using a direct infusion setup. The
analysis was performed in full scan–only mode, and the mass
resolution of the Orbitrap was set to 250,000. Data were analyzed

usingCompound discoverer 2.1 using both theKEGGandChemspider
processing nodes.

Phosphatidylinositol-Biphosphate and Phosphatidylinositol-
Trisphosphate Detection in Induced Sputum Samples.
Phosphatidylinositol-trisphosphate (PIP3) peak area proportion, i.e.,
PIP3 peak area/[PIP3 peak area 1 phosphatidylinositol-biphosphate
(PIP2) peak area], was calculated from the mass spectrometer peak
areas for PIP3 and PIP2, derived using established methodology
(Clark et al., 2011). ThePIP3 proportion, usingPIP2, was calculated to
correct for changes in cell numbers between different sputum samples,
assuming PIP2 was correlated with the cell number (Clark, 2011).

Statistical Analysis of PIP3 Proportion. For study samples,
Loge (PIP3 peak area proportion) was analyzed using mixed effects,
repeated measures analyses. Treatment ratios (and 90% CI) of
adjusted geometric means for GSK2292767A versus placebo are
presented. Statistical models were used to determine Bayesian
posterior probabilities (assuming a noninformative prior); a Student’s
t test cumulative distribution function was used to obtain the
probabilistic statements.

Results
Comparison of In Vitro Solubility and Permeability

between GSK2292767A and Nemiralisib. GSK2292767
was demonstrated to have high permeability and low solubility,
with the free base (GSK2292767A) displaying the lowest solu-
bility of the salt forms investigated. Nemiralisib also displayed
high permeability, but much greater solubility and very high
lung tissue binding in the rat (Table 1). Individual dissolution
rate profiles of each salt are shown in Supplemental Fig. 1.
Lung and Blood PK Following Pulmonary Adminis-

tration of Aqueous Suspension and Dry Powder
Material in Rodents. Following intranasal administration
to the mouse, analysis of the aqueous dose confirmed nemir-
alisib to be completely in solution, whereas the lower solubility
compoundGSK2292767Awas only 56% in solution in the 0.2%
Tween 80/saline pH 4.5 dose formulation. Both compounds
rapidly appeared in blood with tmax occurring at the earliest
time point sampled (10 minutes). Despite this, both com-
pounds showed selectivity for lung tissue following deposition
into the lung, with an apparent steady-state tissue partition
achieved by 3 hours postdose; this was characterized by a high
unbound lung-to-blood concentration ratio of ∼27 (average
across 5–8 hours) for nemiralisib and very high total lung-to-
blood concentration ratios of ∼3600 and 40 for GSK2292767A
and nemiralisib, respectively (Fig. 1). It was not possible to
derive unbound lung concentrations for GSK2292767A be-
cause it was administered as a suspension rather than a
solution.
When comparing the free base form of GSK2292767A with

more soluble forms, i.e., sodium and cinnamate salts, en-
hanced lung retentionwas primarily observed after delivery of

TABLE 1
Equilibrium solubility, permeability, and tissue binding data

Parameter GSK2292767 Nemiralisib

Passive permeability across an MDCK monolayer at pH 7.4 (nm/s) 213 157
SLF solubility (mg/ml) of micronized crystalline material at 4 h 4 (free base), 27 (sodium salt),

36 (cinnamate salt)
457 (hemisuccinate)

Rat lung tissue binding (% bound) 97.9 99.2
Mouse lung tissue binding (% bound) 96.3 97.8
Mouse blood binding (% bound) 94.6 96.7

MDCK, Madin-Darby canine kidney; SLF, simulated lung fluid.
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the free base GSK2292767A as an inhaled micronized lac-
tose blend dry powder to rats. The lung retention of
GSK2292767A was confirmed to correlate with reduced
solubility (Fig. 2). An elimination half-life in the lung of
approximately 9 hours was calculated for the selected free
base; this, together with an increased plasma half-life
following inhaled dry powder over intravenous administra-
tion (4.3 hours vs. 2.6 hours), indicated that the lung
retention following pulmonary delivery is driven by slow
dissolution in situ. The lung PK profile for nemiralisib
following administration as a dry powder to the rat is
included in Fig. 2 for comparison, highlighting that lung
retention, although greater for GSK2292767A, was also
achieved for nemiralisib. This is in keeping with the basicity
and the high lung tissue binding displayed by nemiralisib.
GSK2292767A and Nemiralisib Inhibit Eosinophilia

in a Murine Model of Pulmonary Inflammation. Both
compounds were administered as inhaled dry powders in a
HDM rechallenge model of pulmonary inflammation. Both
GSK2292767A and nemiralisib displayed efficacy in this
model when the rechallenge was given 12 hours after the last
of seven daily doses, inhibiting BAL eosinophils collected 24 hours
post rechallenge by 63% (P 5 0.015) and 74% (P 5 0.033),
respectively (Fig. 3). Mean total lung drug levels for
GSK2292767A measured on day 7 were 688 ng/g immedi-
ately after dose, 20 ng/g 18 hours postdose (6 hours post
rechallenge), and 8 ng/g 36 hours postdose (24 hours post
rechallenge). For nemiralisib, the levels were 630 ng/g
immediately after dose, 10 ng/g 18 hours postdose (6 hours
post rechallenge), and below the level of detection 36 hours
postdose (24 hours post rechallenge). Total lung levels
determined immediately after dose were consistent on
days 1 and 7 of dosing for both compounds.

First Time in Human Study with GSK2292767A
Demographics and Safety Data. In total, 37 subjects

were randomized. All subjects were healthy volunteers who
were current smokers (Table 2). The drug was generally well

Fig. 1. Lung and blood PK following aque-
ous intranasal administration to the mouse.
Lung disposition and systemic exposure of
GSK2292767A (A) and nemiralisib (B) in the
female BALB/c mouse following a single
dose of 1 mg/kg administered intranasally.
Profiles are displayed as total concentration
and unbound concentration (with the excep-
tion of GSK2292767A lung for which un-
bound concentrations could not be estimated)
derived by correcting for in vitro binding
data generated in mouse whole blood and
mouse lung homogenate.

Fig. 2. Time course of percentage of total lung concentration measured
immediately after dose following dry powder administration of different
salt forms of GSK2292767 and nemiralisib (GSK2269557H) to the rat
GSK2292767 salt forms delivered via an aerosolized dust generation
inhalation tower with a Wright’s dust feeder. Doses derived from filter
analysis were 5, 4.5, and 1.5 mg/kg for the free base (GSK2292767A),
sodium salt (GSK2292767C) and cinnamate salt (GSK2292767K), re-
spectively. Nemiralisib (GSK2269557H, hemi-succinate salt form) data
following dry powder delivery of 0.67 mg/kg via a Penn-Century device
included for comparison.
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tolerated and there were no incidences of any serious adverse
events. All reported adverse events (AEs) were of mild-to-
moderate severity and were resolved during the study
(Table 3).
During the single ascending doses (part A) of the study, the

no dose responsewas observed for the incidence of AEs and the
number of subjects experiencing AEswere highest in the 50mg
group (nine subjects, 75%) compared with the other groups.
The most commonly reported AE was headache, which was

also reported by three subjects when receiving placebo. One
subject from part A was reported to have an AE of idioven-
tricular rhythm that led to subject withdrawal, but this was
not considered to be related to the study drug.
The commonly reported AEs during the multiple daily

dosing (part B) part of the study on 2000 mg dose was contact
dermatitis, followed by venipuncture site bruising. The AE of
headache was observed in 12 subjects (part A) and 1 subject
(part B), and was considered to be study drug related by the
investigator during the blinded review of the data. Although
there were some fluctuations observed around the normal
ranges in the laboratory data, none of themwere of any clinical
significance or associated with any symptoms. No trends were
observed for any of the clinical safety/laboratory parameters,
vital signs, or ECG abnormalities.
During repeat dose of 2000 mg once daily for 14 days, five

incidental bronchoscopy findings of epithelial erythema were
reported across both groups, with greater incidence for those on
placebo. Ingeneral, the safetyprofile ofGSK2292767Awassimilar
to that previously observed with nemiralisib (Begg et al., 2019).
Single Dose PK (Plasma). Following single inhaled

administration of doses of 50–2000 mg of GSK2292767A, the
PK of GSK2292767A is characterized by an absorption phase
reaching peak within approximately 1 hour (median tmax

0.75–1 hours), followed by a biexponential decline in drug
levels with geometric mean terminal phase elimination half-
lives ranging from 1.67 to 6.32 hours across the 50–2000 mg
dose levels (Fig. 4). Exposures increased in an approximately
proportional manner in both parts A and B with the geometric
mean values presented in Table 4.

Fig. 3. GSK2292767A and nemiralisib inhibit eosinophilia in the HDM
rechallenge model of pulmonary inflammation in the mouse. Inhibition of
BAL eosinophil numbers 24 hours post HDM rechallenge, with HDM
rechallenge administered 12 hours after the last of seven repeat once-daily
doses of either lactose, GSK2292767A (0.042 mg/kg), or nemiralisib
(GSK2269557H, 0.093 mg base equivalent/kg) as a dry powder inhalation
over 20 minutes on each occasion. Error bars represent S.E.M.; P value
derived using Dunnett’s test.

TABLE 2
Subject disposition and demographics for parts A and B

Parameter Part A
Total

Part B

Placebo 2000 mg Total

Number of subjects
Number of subjects planned (N) 32 3 9
Number of subjects randomized (N) 37 3 9
Number of subjects completed as planned [n (%)] 29 (78) 3 (100) 9 (100)
Number of subjects withdrawn (any reason) [n (%)] 8 (22) 0 (0) 0 (0)
Number of subjects withdrawn for AE [n (%)] 1 (3)

Other reasons for subject withdrawal [n (%)]
Withdrew consent 2 (5)
Investigator discretion 5 (14)
Positive drug screen 2 (5)
Withdrawn due to raised/elevated ALT 2 (5)
Chest tightness overnight 1 (3)

Demographics (n = 37) (n = 3) (n = 9) (n = 12)
Age in years [mean (S.D.)] 34.4 (8.73) 30.3 (3.21) 35.4 (10.01) 34.2 (8.95)
Sex [n (%)]

Female 0 0 0 0
Male 37 (100) 3 (100) 9 (100) 12 (100)

BMI (kg/m2) [mean (S.D.)] 25.92 (3.22) 22.94 (2.81) 26.05 (3.40) 25.27 (3.43)
Height (cm) [mean (S.D.)] 180.49 (7.07) 182.33 (10.02) 183.78 (6.70) 183.42 (7.17)
Weight (kg) [mean (S.D.)] 84.44 (11.73) 76.27 (10.83) 88.11 (13.51) 85.15 (13.52)
Ethnicity [n (%)]

Hispanic or Latino 1 (3) 0 1 (11) 1 (8)
Not Hispanic or Latino 36 (97) 3 (100) 8 (89) 11 (92)

Race [n (%)]
African American/African Heritage 2 (5)
Asian: Central/South Asian Heritage 1 (3)
White: White/Caucasian/European Heritage 34 (92) 3 (100) 9 (100) 12 (100)

Screening FEV1 (L) [Mean (S.D.)] 4.35 (0.69) 4.27 (0.14) 4.63 (0.72)a 4.53 (0.63)b

Predicted normal FEV1 [(%), mean (S.D.)] 97 (8.22) 91 (8.72) 100 (11.15)a 97 (10.97)b

AE, adverse event; ALT, alanine transaminase; BMI, body mass index; FEV1, maximal amount of air forcefully exhaled in 1 second.
an = 8.
bn = 11.
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Repeat Dose PK (Plasma). On repeat once-daily dosing
at 2000 mg, GSK2292767A PK was predictable from single
doses, with marginal accumulation in Cmax and AUC(0–24)

values consistent with the calculated terminal phase elimina-
tion half-life after a single inhaled dose (Fig. 4). The Cmax and
AUC values showed moderate-to-high variability. The peak-
to-trough ratios (geometric mean Cmax:Cmin ratios) were high
for GSK2292767A, with ratios ranging from 16.15 (day 1) to
9.48 (day 14), but relatively constant between days 2 and 13.
BAL PK (BAL Supernatant, Total Cell, and Intra-

cellular Fractions). In part B following repeat daily dosing
at 2000mg, the concentrations of GSK2292767A inELF values
were derived from BAL supernatant data obtained 24 hours
postdosing. Individual-derived ELF GSK2292767A concen-
trations were higher than the median plasma concentra-
tions at the concurrent time point (24 hours). Arithmetic
mean–derived ELF GSK2292767A concentrations were 133-
fold higher than GSK2292767A plasma concentrations at

24 hours postdose. Derived cell pellet concentrations were
appreciably higher than derived ELF concentrations, as
shown in Table 5. However, GSK2292767A was not detected
in the intracellular fraction of BAL cells, whereas metabolites
of nicotine (the subjects were smokers) and lignocaine (ad-
ministered during bronchoscopy) were detected in the major-
ity of samples (Supplemental Table 1).
GSK2292767A Reduces PIP3 Proportion in Induced

Sputum. GSK2292767A reduced PIP3 proportions measured
3 hours after inhalation from adjusted geometric means of
0.00504 (0.00467 and 0.00544) after receiving placebo to
0.00369 (0.00319 and 0.00426) following a single 2 mg dose
(Fig. 5). The ratio of adjusted geometric means for 2 mg versus
placebo was 0.73 (0.63 and 0.85), representing a 27% decrease
in the levels of PIP3 proportion with the probability that there
truly is a decrease from placebo of 99.9%. The reduced levels of
PIP3 proportion were not maintained at 24 hours after re-
ceiving a single inhalation of the dose strengths administered.

TABLE 3
Nonserious adverse events by preferred term for both part A (single dose) and part B (repeat dose)

Preferred Term

Part A (Single Dose) Part B (Repeat Dose)

Placebo
(N = 23)

50 mg
(N = 12)

100 mg
(N = 12)

200 mg
(N = 13)

500 mg
(N = 12)

1000 mg
(N = 9)

2000 mg
(N = 12)

Total
(N = 37)

Placebo
(N = 3)

2000 mg
(N = 9)

Total
(N = 12)

Any event, n (%) 6 (26) 9 (75) 6 (50) 7 (54) 6 (50) 4 (44) 5 (42) 29 (78) 3 (100) 8 (89) 11 (92)
Headache 3 (13) 4 (33) 2 (17) 1 (8) 2 (17) 2 (22) 2 (17) 13 (35) 0 2 (22) 2 (17)
Bronchoscopy abnormal — — — — — — — — 3 (100) 2 (22) 5 (42)
Dermatitis contact 3 (13) 2 (17) 0 2 (15) 1 (8) 0 0 7 (19) 1 (33) 4 (44) 5 (42)
Viral upper respiratory

tract infection
0 0 2 (17) 1 (8) 2 (17) 1 (11) 0 5 (14) 0 0 0

Vessel puncture site
bruise

0 0 0 0 0 0 0 0 (0) 0 3 (33) 3 (25)

Hepatic enzyme increased 1 (4) 1 (8) 0 0 1 (8) 0 0 3 (8) 0 0 0
Back pain 1 (4) 2 (17) 0 0 0 0 0 3 (8) 0 1 (11) 1 (8)
Dizziness 0 1 (8) 0 2 (15) 0 0 0 2 (5) 0 1 (11) 1 (8)
Contusion 0 0 0 0 2 (17) 0 1 (8) 2 (5) 0 0 0
Seasonal allergy 1 (4) 0 0 1 (8) 0 0 0 2 (5) 0 0 0
Visual impairment 0 2 (17) 0 0 0 0 0 2 (5) 0 0 0
Rhythm idioventricular 0 0 0 1 (8) 0 0 0 1 (3) 0 0 0
Gingival bleeding 0 0 1 (8) 0 0 0 0 1 (3) 0 0 0
Lip ulceration 0 1 (8) 0 0 0 0 0 1 (3) 0 0 0
Nausea 0 0 1 (8) 0 0 0 0 1 (3) 0 0 0
Toothache 0 0 0 0 0 0 1 (8) 1 (3) 0 0 0
Chest discomfort 0 0 0 1 (8) 0 0 0 1 (3) 0 1 (11) 1 (8)
Chest pain 0 0 0 0 0 0 0 0 (0) 0 1 (11) 1 (8)
Chills 0 0 0 0 0 1 (11) 0 1 (3) 0 0 0
Feeling cold 0 0 0 1 (8) 0 0 0 1 (3) 0 0 0
Malaise 0 0 0 0 0 1 (11) 0 1 (3) 0 0 0
Viral infection 0 0 0 0 0 1 (11) 0 1 (3) 0 0 0
Laceration 0 0 1 (8) 0 0 0 0 1 (3) 0 1 (11) 1 (8)
Muscle strain 0 0 0 0 0 0 1 (8) 1 (3) 0 0 0
Sunburn 0 0 0 0 0 0 1 (8) 1 (3) 0 0 0
Myalgia 0 0 0 1 (8) 0 0 0 1 (3) 0 0 0
Pain in jaw 0 0 0 1 (8) 0 0 0 1 (3) 0 0 0
Insomnia 0 1 (8) 0 0 0 0 0 1 (3) 0 0 0
Cough 0 0 0 0 1 (8) 0 0 1 (3) 0 0 0
Oropharyngeal pain 0 0 1 (8) 0 0 0 0 1 (3) 0 1 (11) 1 (8)
Rhinorrhea 0 0 0 0 1 (8) 0 0 1 (3) 0 1 (11) 1 (8)
Suffocation feeling 0 0 0 0 1 (8) 0 0 1 (3) 0 0 0
Rash 0 0 1 (8) 0 0 0 0 1 (3) 0 0 0
Acne 0 0 0 0 0 0 0 0 0 1 (11) 1 (8)
Nasal obstruction 0 0 0 0 0 0 0 0 1 (33) 0 1 (8)
Sputum abnormal 0 0 0 0 0 0 0 0 0 1 (11) 1 (8)
Oropharyngeal

candidiasis
0 0 0 0 0 0 0 0 0 1 (11) 1 (8)

Lymphadenopathy 0 0 0 0 0 0 0 0 0 1 (11) 1 (8)
Ear disorder 0 0 0 0 0 0 0 0 0 1 (11) 1 (8)
Ear pain 0 0 0 0 0 0 0 0 0 1 (11) 1 (8)
Catheter site bruise 0 0 0 0 0 0 0 0 0 1 (11) 1 (8)
Catheter site hematoma 0 0 0 0 0 0 0 0 0 1 (11) 1 (8)

Bronchoscopy was not performed in Part A of the study.
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After 12 days of repeat dosing of 2 mg of GSK2292767A, the
PIP3 proportion reduced from the unadjusted geometric mean
of 0.00500 (0.00428 and 0.00584) at baseline to 0.00350
(0.00303 and 0.00405) 3 hours after the final dose, represent-
ing a 34% reduction with the probability that there truly is a
decrease of .99.9% (Table 6). This reduction in PIP3 was not
maintained in the sputum sample obtained 24 hours after the
12-day dosing.
GSK2292767A Has a Direct Relationship between

Exposure and PD Effect. From part B of the study, a
scatter plot of individual subject’s PIP3 proportion in sputum

against respective time-matched GSK2292767A plasma con-
centration after single and repeat daily 2 mg dosing is
provided in Fig. 6. This shows a direct relationship between
exposure and levels of PIP3.

Discussion
It is critical for drugs targeting the lung to be retained in the

airways after inhalation tomaintain target exposure.We have
used two different drug optimization strategies to drive lung
retention and present a detailed comparison of a novel inhaled
inhibitor of PI3Kd (GSK2292767A) with the previously re-
ported, structurally distinct PI3Kd inhibitor nemiralisib.
Evaluation in a first time in human study demonstrated that
GSK2292767A was safe and well tolerated. The key finding of
our detailed comparison of the in vitro, in vivo, and clinical
profiles of GSK2292767A and nemiralisib was that our lung
retention strategies were successful for both compounds;
however, unexpectedly for GSK2292767A this did not trans-
late into a prolonged target engagement profile. This has
important implications for choice of lung retention strategies
when optimizing drugs for inhaled delivery.
While lowering solubility is an effective strategy to drive

lung retention for extended duration of inhaled molecules, our
data raise the question of whether this is a desired approach,
particularly where the drug target is intracellular. Analyses of
compound in BAL and intracellular clinical samples, com-
bined with a target engagement marker, were key factors in
understanding the reason behind the lack of translation of the
increased lung retention profile into prolonged target engage-
ment with GSK2292767A. It was our observation that the
total BAL cell drug concentration represented undissolved
particulate material, drug bound to the outside of cells, and
drug free to engage with the target. To determine the relevant
drug concentration, one would need to determine the in-
tracellular drug concentration available to interact with the
target. Therefore, measuring this in a clinical trial in combi-
nation with matching preclinical approaches is recommended
to fully understand the profile of any novel inhaled molecule.

Fig. 4. Median plasma concentration-time plots after single and 14-day
repeat inhaled dosing of GSK2292767A. Concentration-time plots follow-
ing single inhaled dose administrations of 50–2000 mg GSK2292767A (A),
and the comparison of single dose vs. 14-day repeat dosing of 2000 mg
GSK2292767A (B).

TABLE 4
Summary of plasma PK from parts A and B following single and repeat dosing with GSK2292767A

PK Parameter Treatment N n Geometric Mean 95% CI

U mg

Part A (single dose)
AUC(0–24) (h*pg/ml) 50 12 0 NE NE

100 12 2 596 (242, 1467)
200 13 5 722 (370, 1408)
500 12 10 2460 (1564, 3871)

1000 9 8 3690 (2756, 4940)
2000 12 11 7781 (5587, 10,838)

Cmax (pg/ml) 50 12 12 36.9 (30.3, 45.0)
100 12 12 90.9 (75.2, 110)
200 13 12 171 (131, 223)
500 12 12 356 (280, 453)

1000 9 9 580 (433, 777)
2000 12 12 1325 (1009, 1741)

Part B (repeat dosing)
AUC(0–24) (h*pg/ml) 2000 Day 1 8 8163 (4764, 13,989)

2000 Day 14 9 9942 (6759, 14,622)
Cmax (pg/ml) 2000 Day 1 9 1146 (819, 1603)

2000 Day 14 9 1306 (958, 1779)

Cmax, maximum observed plasma concentration;N, total number of subjects; n, total number of subjects with sufficient
samples with detectable levels of drug; NE, not evaluable.
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However, understanding the PK/PD relationship for low-
solubility inhaled compounds is complex. The total lung and
blood concentration profiles shown in Fig. 1 demonstrate clear
selectivity for lung tissue with both compounds in a preclinical
setting. Importantly, lung selectivity could be confirmed for
nemiralisib through derived unbound concentrations because
nemiralisib was dosed as a solution. Nemiralisib displayed an
unbound lung:blood ratio of 27; calculated across the latter part
of the time concentration profile. However, it is more difficult to
derive unbound lung concentrations for GSK2292767A follow-
ing pulmonary administration as a suspension. With around
one-half of the deliveredGSK2292767Adose being undissolved,
total lung concentrations include particulate material unavail-
able for binding to lung tissue or indeed the intracellular
therapeutic target. Consequently, any attempt to derive

unbound lung concentrations for GSK2292767A would be an
overestimate (Cooper et al., 2012).
The free base form of GSK2292767A was selected because it

had longer lung retention compared with the more soluble
sodium and cinnamate salt forms (see Fig. 2). The risk of
accumulation often associated with poorly soluble compounds
upon repeat dosing (Owen, 2013; Lewis et al. 2014) was
mitigated through a combination of high permeability and
an appropriate dissolution profile, and proved successful. The
data in Supplemental Fig. 1 show the low-solubility free base
dissolving at a slower rate than the sodiumand cinnamate salt
forms. However, the constant removal of dissolved material
under sink conditions allows the free base to dissolve through-
out the duration of the dissolution test. This is in keeping with
conditions in the lung, where the high permeability of
GSK2292767A is expected to drive the rapid absorption of
the dissolved fraction across the lungs. Assuming a similar
dissolution profile in situ, this also supports the hypothesis
that GSK2292767A offers slow release to the site of action in
the lungs.
Based on the longer lung retention of the free base version,

GSK2292767A was profiled in a murine pulmonary inflam-
mation model. Using once-daily dosing, both GSK2292767A
and nemiralisib demonstrated efficacy following HDM rechal-
lenge, suggesting that both lung retention strategies success-
fully translated into sufficient target engagement to drive
duration of effect in the mouse. Overall, the preclinical profile
for GSK2292767A supported progression into a first time in
human clinical trial to explore its safety, PK, and PD profiles
as an alternative molecule to nemiralisib. Since nemiralisib
had already been confirmed as a once-daily inhaled molecule
based on target engagement, GSK2292767A provided the
unique opportunity to compare the two compounds and their
differentiated lung retention strategies in a clinical setting.
The drug was generally well tolerated, with headache being

the only drug-attributed adverse effect observed during the
single dose escalation phase. During the repeat dosing phase
there were five incidental bronchoscopy findings of bronchial
epithelial erythema reported across both active and placebo
groups, which was most likely related to active smoking.
Smoking is described to directly activate the PI3Kd pathway
(To et al., 2010; Daijo et al., 2016).
Following single inhaled administration, GSK2292767A

was rapidly absorbed with plasma levels declining after
achieving tmax approximately 1 hour after dosing. Plasma
Cmax andAUCwere linear, increasing in an approximate dose-
proportional manner. Consistent with the estimated half-life,
there was marginal 2-fold accumulation at trough on day
14 relative to day 1. Consistent with preclinical observations,
high levels of GSK2292767A were observed in the BAL cell

TABLE 5
Summary of derived lung epithelial lining fluid and cell pellet GSK2292767A pharmacokinetic concentrations

Measurement N n Geometric Mean 90% CI Fold Change vs. Nemiralisiba

ng/ml

Day 14 plasma Cmin 9 9 0.06 (0.03, 0.09) Decrease (∼29-fold)
Pooled epithelial lining fluid drug concentration 9 8 8.85 (3.53, 22.22) Decrease (∼6-fold)
Derived cell pellet concentration 9 8 17,572 (8278, 37,303) Increase (∼48-fold)

Cmin, trough concentration; N, total number of subjects; n, total number of subjects with sufficient samples with detectable levels of drug.
aCompared with previously reported data (Begg et al., 2019).

Fig. 5. GSK2292767A reduced PIP3 levels in induced sputum 3 and
24 hours post single and repeat dose GSK2292767A reduced the PIP3
levels in induced sputum samples in healthy smokers who were given
single dose administration (A) and 12-day repeat dose administration (B).
SD = single dose and RD = repeat dose at 3 hours post dose, but not
24 hours post dose.
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pellet fraction 24 hours post inhalation, more so than observed
previously with nemiralisib. This would lead us to believe
there were sufficient levels of GSK2292767A in the lung
24 hours after dosing to adequately inhibit PI3Kd, based on
previous data generated with nemiralisib.
However, to our surprise the robust target engagement

detected shortly after dosing was not maintained. Induced
sputum samples captured 3 hours after single inhaled
dosing showed a reduction in PIP3, demonstrating that
GSK2292767A had successfully been delivered into the lung
and inhibited the kinase. However, these reductions were not
meaningfullymaintained at 24 hours, suggesting a single dose
did not adequately engage the target for 24 hours. Reductions
in PIP3 proportionwere also observed to a similar degree upon
repeat dosing, and despite drug being present in BAL the
reduction was not observed at 24 hours. This suggested that
the levels of GSK2292767A detected in the BAL cell pellet at
24 hours were either undissolved or bound to the outside of
cells. This profile differs significantly from that of nemiralisib,
which showed similar magnitude reductions in PIP3 pro-
portion at both 3 and 24 hours after single and repeat dosing.

We noted that levels in the BAL fluid fraction were lower for
GSK2292767A compared with nemiralisib, indicating that
drug levels at the target may not have been as high as
suggested by the BAL cell pellet data. Analytically, the
technique for measuring GSK2292767A in the BAL cell pellet
is unable to differentiate between undissolved particulate
material and the free versus bound drug. To directly address
this, we extracted the intracellular contents of cells taken from
the BAL and analyzed them (analyst blinded) for presence of
GSK2292767A. Despite high levels of drug detected in the
BAL cell pellet, GSK2292767A was undetectable inside BAL
cells. This methodology is time consuming; hence, a limited
number of individual cells were analyzed. However, metabo-
lites of nicotine (the subjects were smokers) and lignocaine
(applied topically to lung during bronchoscopy procedure)
were detected, consistent with the population recruited into
this study and increasing confidence in the methodology. The
BAL fluid concentrations, being lower for GSK2292767A than
for nemiralisib, are potentially a better surrogate measure for
free concentration in the lung available to engage the drug
target. It should be noted that BAL fluid concentrations could
remain an overestimation of free drug concentration, for
example, if particulate material is dissolved during the BAL
sample capture or if significant protein binding is present.
In summary, this approach highlights the importance of

generating a detailed analysis of exposure and response in the
correct compartment to adequately interpret the human
PK/PD relationship. Therefore, we recommend measuring
drug levels in both fluid, total cell, and intracellular compart-
ments to obtain a complete understanding of target exposure.
This approach should also be employed in preclinical PK and
PD models to generate translational data sets. This study has
demonstrated that prolonged lung retention can indeed be
achieved by lowering molecule solubility; however, if the drug
target is intracellular, adopting this strategymay not result in
sufficient target engagement to deliver a PD response. This
study was a unique opportunity to compare and contrast two
similar molecules with differing solubilities in matching
clinical studies to directly explore the translation of inhaled
drug optimization strategies. The outcomes should be used to
inform future inhaled drug discovery approaches.

TABLE 6
PIP3 levels in induced sputum following single and repeat dosing

Dose Time Point Ratio of Adjusted Geometric Mean (90% CI) vs. Placebo Reduction in PIP3 proportion Probability (ratio ,1)

mg h % %

Part A
50 3 0.75 (0.64, 0.88) 25 99.8

24 0.93 (0.78, 1.10) 7 76.8
100 3 0.88 (0.76, 1.03) 12 90.5

24 0.97 (0.82, 1.15) 3 59.8
200 3 0.71 (0.61, 0.84) 29 100

24 0.98 (0.83, 1.17) 2 56.7
500 3 0.72 (0.61, 0.84) 28 100

24 1.07 (0.90, 1.28) 27 26.1
1000 3 0.76 (0.64, 0.89) 24 99.7

24 0.88 (0.73, 1.06) 12 86.7
2000 3 0.73 (0.63, 0.85) 27 99.9

24 0.95 (0.81, 1.13) 5 68.1
Part B

2000 3 (day 1) 0.62 (0.44, 0.89) 38a 98.3
2000 3 (day 12) 0.80 (0.67, 0.97) 20a 96.9

24 (day 12) 1.03 (0.77, 1.38) 23a 42

aPlacebo corrected values.

Fig. 6. GSK2292767A shows a linear relationship between exposure and
pharmacodynamic effect. A scatter plot of plasma GSK2292767A
concentration vs. PIP3 proportion 3 hours following single (closed squares)
and 24 hours following 12-day repeated (open squares) inhaled dosing of
2000 mg GSK2292767A suggest a direct relationship between the increase
in plasma exposure of drug and the decrease in proportion of PIP3 levels.
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