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ABSTRACT
Nemiralisib (GSK2269557), a potent inhaled inhibitor of phosphoi-
nositide 3-kinase d (PI3Kd), is being developed for the treatment of
respiratory disorders including chronic obstructive pulmonary
disease. Determining the pharmacokinetic (PK) and pharmacody-
namic (PD) responses of inhaled drugs early during drug develop-
ment is key to informing the appropriate dose and preferred dose
regimen in patients. We set out to measure PD changes in induced
sputum in combination with drug concentrations in plasma and
bronchoalveolar lavage (BAL) taken from healthy smokers (n5 56)
treated for up to 14 days with increasing doses of inhaled
nemiralisib (0.1–6.4mg). Induced sputum analysis demonstrated
a dose-dependent reduction in phosphatidylinositol-(4,5)-
trisphosphate (PIP3, the product of PI3K activation), with a

maximum placebo-corrected reduction of 23% (90% confidence
interval [CI], 11%–34%) and36% (90%CI, 11%–64%) after a single
dose or after 14 days of treatment with nemiralisib, respectively
(2 mg, once daily). Plasma analysis suggested a linear PK relation-
ship with an observed accumulation of ∼3- to 4.5-fold (peak vs.
trough) in plasma exposure after 14 days of nemiralisib treatment.
TheBAL analysis at trough confirmedhigher levels of the drug in the
lungs versus plasma (32-fold in the BAL fluid component, and 214-
fold in the BAL cellular fraction). A comparison of the drug levels
in plasma and the reductions in sputum PIP3 showed a direct
relationship between exposure and PIP3 reduction. These results
demonstrated target engagement upon treatment with inhaled
nemiralisib andprovide confidence for a once-daily dosing regimen.

Introduction
Inhaled drug therapeutics have the advantage of being

delivered directly to the target organ, providing the opportu-
nity for quick onset of action and a low systemic exposure,
limiting potential unwanted effects in other organs (Lipworth,
1996; Lötvall, 1997). However, compared with systemically
delivered therapies, the development of inhaledmedicines has
two key challenges. First the pharmacokinetic (PK) profile of
local concentrations must be understood. Second, any phar-
macodynamic (PD) changes in the lung after inhaled dosing
must be discerned. Both are challenging to assess as sam-
pling of the local compartment is not feasible in all patients
or stages of disease. Addressing these challenges however,
enables the determination of a PK/PD relationship and
informs future development of novel therapeutics. A recent

review has highlighted the importance of these factors in the
interpretation of clinical study observations to ultimately
reduce the number of failed drug trials (Morgan et al., 2012).
Asthma and chronic obstructive pulmonary disease (COPD)

are characterized by chronic inflammation in the airways and
are currently treated with several inhaled treatments (Barnes,
2013; Durham et al., 2016). Phosphoinositide 3-kinase d (PI3Kd)
is a lipid kinase expressed predominantly in leukocytes, where
it regulates the activation, proliferation, and function of multiple
cell types, thereby modulating immune responses (Down et al.,
2015; Stark et al., 2015). Inhibitors of PI3Kd have been proposed
as therapeutics for asthma and COPD due to their potential
to inhibit the recruitment of inflammatory cells and reduce
the release of proinflammatory mediators such as cytokines,
chemokines, reactive oxygen species, and proteolytic en-
zymes (Park et al., 2008; Stark et al., 2015; Cahn et al., 2017).
In addition, targeting the PI3Kd pathway improves innate

immune responses to infections by promoting host defense
(Down et al., 2015; Stark et al., 2015) and may restore
steroid effectiveness under conditions of oxidative stress
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(Marwick et al., 2010; Sriskantharajah et al., 2013). Fur-
thermore, individuals with activating mutations in PI3Kd
suffer from profound immune defects, accompanied by
bacterial colonization, severe recurrent respiratory infec-
tions, and progressive lung damage, suggesting the PI3Kd

pathway is involved in pathogen-driven responses (Angulo
et al., 2013). Finally, recent data have suggested that
targeting the PI3Kd pathway could reduce the incidence of
pathogen-induced exacerbations by improving immunity
and enhancing viral clearance (Stark et al., 2015).
Nemiralisib (GSK2269557) is a potent inhaled PI3Kd in-

hibitor that is .1000-fold more selective at PI3Kd than
250 other kinases, including the three other PI3K isoforms
(Down et al., 2015). We postulate that an inhaled PI3Kd

inhibitor will provide localized anti-inflammatory actionwhile
potentially avoiding any unwanted effects in other organs.
Given our approach, an understanding of PK/PD in the lung
early in the clinical phase was deemed critical for successful
drug development.
Here we present data from two independent clinical studies

with nemiralisib in healthy volunteers who were cigarette
smokers, in whom drug concentrations were measured in
plasma and bronchoalveolar lavage (BAL) samples and
correlated directly with levels of phosphatidylinositol-
(3,4,5)-trisphosphate (PIP3), the product of all isoforms of
PI3K activity, from matching induced sputum samples. The
results of our work demonstrate the ability of nemiralisib to
engage the target in the lung, and the data provide confidence
for a once-daily dosing regimen.

Materials and Methods
Subject Population

Data from independent clinical trials are presented. The first
(Study A, protocol PII115117, NCT01462617) was conducted at
Quintiles, Guy’s Hospital London, United Kingdom, from July
2011 to March 2012. The second (Study B, protocol PII116617,
NCT01762878) was conducted at Hammersmith Medicines Research,
London, United Kingdom, from January 2013 to October 2013. Across
the two studies, male and female (without childbearing potential)
subjects between the ages of 18 and 55 were eligible to be recruited
if they were 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 the
normal range (note that only males were included in Study A).

For the pharmacodynamic assessment, subjects were recruited who
were current smokers had a pack history of $5 pack year; Study B
specified that the subjects were able to produce an adequate sputum
sample of .100 mg at screening. Subjects were excluded if they had
liver or heart disease or a history of asthma.Written informed consent
was obtained before study participation. Both studies were conducted
in accordance with the Declaration of Helsinki and relevant ethics
committee/institutional review boards and regulatory authorities
reviewed and approved the study protocols. Anonymized individual
participant data and study documents can be requested for further
research from www.clinicalstudydatarequest.com.

Study Design

Both studies were single-center, double-blind, placebo-controlled,
randomized studies in healthy volunteers, including cigarette smok-
ers, designed to determine the safety, tolerability, and PK and PD
profile of single and repeat doses of nemiralisib.

Study A was performed using a nebulized formulation, and Study B
was conducted using a dry powder formulation provided in a Diskus

inhaler. In each study, therewas amatching placebo. Abstracts of data
from both studies have previously been presented (Wilson et al., 2013,
2014; Worsley et al., 2013).

Study A determined the PK/PD relationship of a single dose of
nemiralisib in a two cohort, crossover design with active doses
administered using a nebulized dosimeter to smokers. In the first
cohort, 15 subjects received nemiralisib as a 0.4- or 6.4-mg single
dose or placebo in a three-way crossover with a 7-day washout
between treatments. Induced sputum samples were collected 3 hours
after treatment inhalation.

In the second cohort, 12 subjects received nemiralisib as a 6.4-mg
single dose or placebo in a two-way crossover with 14 days washout
between treatments. Bronchoscopy for the collection of BAL
samples was conducted 3 hours after the inhalation of the
treatment.

In both cohorts, blood samples for PK analysis were collected after
inhalation of treatment, and at 3 hours (presputum and postsputum
induction or BAL), at 6, 12, and 24 hours after inhalation.

Study B explored the PK/PD relationship of nemiralisib in a
single-dose escalation phase in a total of 16 subjects, all of whom
were regular cigarette smokers, in a four-way crossover with each
subject receiving placebo, 0.1, 0.5, and 2 mg of a dry powder
formulation of nemiralisib administered using the Diskus device,
with a 14-day washout between treatments. Induced sputum
samples were collected 3 and 24 hours after treatment inhalation,
and blood samples for the PK analysis were collected before the dose
and 5, 30, and 45 minutes, and 1, 2, 3, 4, 6, 8, 12, and 24 hours after
the dose.

A 14-day repeat dose arm was conducted in a further cohort where
the subjects received 2mg of nemiralisib (n5 10) or placebo (n5 3) in a
parallel group design, also delivered as a dry powder formulation
using the Diskus device. Induced sputum samples were collected
before the dose, and at 3 hours after the dose on days 1 and 6 of
treatment, then at 3 and 24 hours after the dose on day 12 of treatment.
Blood samples for the PK analysis were collected before the dose and
5minutes after the dose on days 1–13 inclusive, and before the dose and
5, 30, and 45minutes, and 1, 2, 3, 4, 6, 8, and 12 hours after the dose on
day 14. Bronchoscopy for the collection of BAL samples was performed
at 24 hours (trough) after the final (day-14) dose.

Study Procedures

Sample Collection.
Pharmacokinetics blood sample. For the PK analysis of nemirali-

sib, 2 ml of blood samples were collected in K3 ethylenediaminetetra-
acetic acid tubes, inverted 8–10 times, and placed on wet ice in an
upright position. Blood samples were centrifuged for 10 minutes at
approximately 1500g at 2–8°C to generate plasma. The resulting
plasma samples were aliquoted into clean tubes and frozen at
approximately 220°C within 1 hour of collection and were stored
at 220°C until shipment to the bioanalysis site.

Bronchoalveolar lavage sample. Lung lavage was collected via the
instillation of 3 � 50 ml aliquots of saline administered to the right
middle lobe. Aliquots were aspirated (directly by syringe connected to
a bronchoscope) after each instillation; the separate return volume
was measured for each aspirate and kept separately on ice for
analysis. Each separate wash was centrifuged at 4000g for 5 minutes,
and the supernatant containing epithelial lining fluid (ELF) was
removed; the cell pellet was kept separately. The cell pellet for the
concentration analysis was then resuspended in deionized water
(causing cell lysis) to an equivalent volume of 20% of the individu-
al lavage return volume. The reconstituted pellet and superna-
tant (ELF) samples were stored at 280°C until shipment to the
bioanalysis site.

Induced sputum sample. Induction was performed after each of up
to three 5-minute inhalations of saline (0.9%, 3%, 4%), following
standard local procedures. The sputum samples were frozen at each
site for subsequent phospholipid analysis.
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Sample Analyses.
Drug concentration measurements in plasma and BAL cells and

fluid. Derivation of concentrations in the lung ELF and cell pellet
were conducted using the raw concentration data with the equations
detailed in Supplemental Table 1. Human plasma, lung ELF super-
natant, and BAL cell pellet samples were analyzed for nemiralisib
using a validated analytic method based on protein precipitation,
followed by high-pressure liquid chromatography with tandem mass
spectrometry analysis. The lower limit of quantification (LLQ) was
20 pg/ml using a 25-ml aliquot of human plasma, lung ELF superna-
tant, and BAL cell pellet with a higher limit of quantification (HLQ) of
10,000 pg/ml.

Human plasma and lung ELF supernatant samples were analyzed
for urea by a validated analytic method based on the Roch-Ramel
enzymatic reaction, using a urease and glutamate dehydrogenase
methodology on the Siemens Advia 1800 chemistry analyzer. In
plasma, the LLQ was 0.2 mM with a HLQ of 239.5 mM, and in lung
ELF supernatant the LLQwas 0.01mMwith aHLQ of 2.8mM. Due to
the invasive nature of the BAL procedure, it was performed at a single
time point at a single dose in our healthy volunteers.

Pharmacokinetic analysis of concentration data. Individual plasma
nemiralisib concentration–time data using actual times was ana-
lyzed using WinNonlin Professional Edition v5.3 or higher
(Certara, Inc., Princeton, NJ) to derive PK parameters, including
the maximum observed plasma concentration (Cmax), time to Cmax

(tmax), trough concentration (Cmin), and area under the plasma
concentration–time curve (AUC(0–t)). The assessment of dose
proportionality was performed for the plasma PK data using a
power model (Supplemental Tables 2 and 3). An estimate of the
mean slope of loge (dose) was reported for each relevant parameter,
along with corresponding 90% confidence intervals (CI). Further
exploratory analysis was performed using the ANOVA method
after normalizing the parameters by a chosen nominal dose of
100 mg. The adjusted geometric mean and 90% CI were presented
for each dose along with the estimated treatment ratios and
corresponding 90% CI.

Assessment of the accumulation for the plasma PK data was
performed using data from the single and repeat dose phases in Study
B. The accumulation ratios were calculated for both peak (5 minutes
after the dose) and trough (24 hours after the dose) values, using the
day-14 and day-1 values. Peak-to-trough ratios were also calculated
for days 1 and 14.

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

BAL samples (cells and supernatant) were analyzed for nemiralisib
concentrations for derivation of lung ELF and cell pellet concentra-
tions (Study B only). Urea levels were measured in the BAL 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 tomultiply the BAL nemiralisib
concentration to derive the volume of ELF within the sample, and
subsequently the concentrations within ELF. The derived ELF
concentrations of nemiralisib for each BAL wash were calculated
separately.

A pooled analysis was calculated per subject by calculating the total
mass of nemiralisib in all three washes and dividing by the total
volume of ELF within all three washes. The cell pellet concentration
(Study 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 (reconstituted and lysed).

PIP2 and PIP3 detection and analysis in sputum samples. PIP3
peak area proportion (PIP3 peak area/[PIP3 peak area 1 PIP2 peak
area]) was calculated from themass spectrometer peak areas for PIP3
and phosphatidylinositol-(4,5)-bisphosphate (PIP2), derived using
established methodology (Clark et al., 2011). The PIP3 proportion,
using PIP2, was calculated to correct for changes in cell numbers

between different sputum samples, assuming PIP2 was correlated
with cell number (Clark et al., 2011).

The time of freeze of each sputum sample was recorded, and the
time elapsed between collection and freeze was calculated. For clinical
study samples, Loge (PIP3 peak area proportion) was analyzed using
mixed effects, repeatedmeasures analyses, including time to freeze as
a covariate. Treatment ratios (and 90% CI) of the adjusted geometric
mean for nemiralisib versus placebo are presented. Statistical models
were used to determine Bayesian posterior probabilities (assuming a
noninformative prior). Student’s t-cumulative distribution function
was used to obtain the probabilistic statements.

Results
Demographics and Safety Data for Study A and

Study B. For the PK and PD assessment, 56 subjects were
randomized in the two studies (Table 1). The ages, heights,
and weights of the subjects in both studies were broadly
similar. All subjects were current smokers, with the mean
number of cigarettes smoked per day ranging from 14 to
19 across the two studies, and mean pack years ranging from
10 to 18 (Table 1). The reported adverse effects were minor,
with the most common being headache, none of which were
attributed to being related to the test agent (Supplemental
Table 4).
Single-Dose PK (Plasma). After single inhaled adminis-

tration of doses of 0.1 to 6.4mg of nemiralisib, the peak plasma
nemiralisib concentrations (Cmax) were achieved rapidly,
typically in the initial sample taken approximately 5 minutes
after the dose (Fig. 1). The concentrations declined rapidly and
in a biexponential manner, with a more protracted terminal
elimination phase. Minor fluctuations in the concentration–time
profiles after the dose were observed and are reflected in the
mediandata, particularly at the lowdose.Exposures increased in
an approximately proportional manner in both Study A and
Study B, with the geometric mean values presented in Table 2.
Repeat-Dose PK (Plasma). After once daily administra-

tion of 2 mg nemiralisib for 14 days in Study B, there was an
accumulation of approximately 4.5-fold on trough concentra-
tions and 3-fold on peak values (Fig. 2). The peak-to-trough
ratios were approximately 3.2 on day 1 and 2.2 on day 14.
Based on the peak and trough concentrations, the steady state
was reached by day 7, with levels comparable, although
variable, between days 7 and 14. The exposure data can be
seen in Table 2.
BAL PK (BAL ELF and Cell Fraction). In Study A,

after single nebulized dosing at 6.4 mg, the concentrations of
nemiralisib in ELF derived from BAL data obtained 3 hours
after dosing was approximately 598 ng/ml of ELF. Using the
time-matched plasma concentration of nemiralisib (approxi-
mately 1.1 ng/ml), the lung ELF-to-plasma ratio was approx-
imately 540:1.
In Study B, exposure of the lung to nemiralisib after

repeated 2-mg daily dosing was derived from BAL samples
obtained 24 hours after day 14. Lung ELF and cell pellet
concentrations at 24 hours after the day-14 dose were
55 ng/ml (ELF-to-plasma ratio 32:1) and 366 ng/ml (cell-
to-plasma ratio 213:1), respectively (Table 3).
PIP3 Levels in Induced Sputum. In Study A, the

PIP3 proportion at 3 hours after dosing was reduced from
0.00382 (0.00341, 0.00428) after receiving placebo, to 0.00306
(0.00273, 0.00343) after a single 0.4-mg dose, and to 0.00294
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(0.00262, 0.00330) after a single 6.4-mg dose of nemiralisib
(Fig. 3A). The ratios of the adjusted geometric mean were
0.801 (0.691, 0.928) for 0.4 mg versus placebo, and 0.770 (0.663,
0.895) for 6.4 mg versus placebo, representing reductions of
20% and 23%, respectively. Therefore, from these data, the
probability that there truly is a decrease from placebo is 99.1%
for 0.4 mg and 99.6% for 6.4 mg.
In Study B, nemiralisib reduced PIP3 levels measured

3 hours after inhalation in a dose-dependent manner from
0.00320 (0.00292, 0.00350) after receiving placebo to 0.00260

(0.00236, 0.00286) after a single 2-mg dose (Fig. 3B). The ratio
of adjusted geometric means for 2 mg versus placebo was
0.813 (0.723, 0.915), representing a 19% decrease in the levels
of PIP3 comparedwith placebo, with the probability that there
truly is a decrease from placebo of 99.8%. The reduced levels of
PIP3 were maintained at 24 hours after receiving a single
2-mg dose, but they broadly returned to placebo levels in the
subjects dosed with 0.1 and 0.5 mg.
The degree of reduction in PIP3 levels was enhanced after

12 days of repeat dosing of 2 mg of nemiralisib to 0.00205

TABLE 1
Demographics and baseline lung function of the subjects who smoked cigarettes in Study A (nebulized formulation) and Study
B (dry powder formulation)
Values are mean 6 S.D. unless otherwise indicated.

Study A Study B

Single-Dose Crossover
Single-Dose Crossover

Repeat-Dose Parallel Group

Cohort 1 Cohort 2 Placebo 2 mg

N 15 12 16 3 10
Age (yr) 34.2 (9.85) 34.8 (11.48) 39.3 (9.69) 31.1 (6.51) 35.7 (6.65)
Sex, n (%)

Female 0 (0%) 0 (0%) 1 (6%) 0 1 (10%)
Male 15 (100%) 12 (100%) 15 (94%) 3 (100%) 9 (90%)

BMI (kg/m2) 25.15 (3.22) 23.37 (2.58) 25.06 (3.338) 23.53 (2.458) 23.18 (2.777)
Height (cm) 175.7 (6.66) 177.2 (6.10) 177.1 (6.42) 176.3 (10.21) 177.0 (7.85)
Weight (kg) 77.45 (9.46) 73.46 (10.05) 78.34 (9.085) 73.07 (8.406) 72.51 (9.370)
History of smoking use

Current smoker, n (%) 15 (100%) 12 (100%) 16 (100%) 3 (100%) 10 (100%)
Cigarettes smoked per day 14.1 (4.20) 19.2 (4.69) 14.4 (4.49) 18.3 (2.89) 14.0 (4.90)
Years smoked 14.7 (8.00) 18.7 (11.27) 18.0 (9.24) 14.0 (8.00) 17.6 (4.65)
Number of pack years 10.0 (5.4) 18.0 (12.31) 13.0 (8.21) 12.0 (5.29) 11.8 (4.34)
FEV1 (L) 3.903 (0.4081)a 3.843 (0.3835)a 3.413 (0.5740)a 4.063 (1.0053) 3.995 (0.7295)

BMI, body mass index; FEV1, forced expiratory volume in 1 second.
aValues obtained when receiving placebo dose.

Fig. 1. Nemiralisib 24-hour plasma PK profile. Median
plasma concentration of nemiralisib over 24 hours after
single dosing in Study A (0.4 and 6.4 mg only) and single
dosing (SD) and 14-day repeat dosing (RD) in Study B (0.1,
0.5, and 2.0 mg SD and 2 mg RD).
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(0.00175, 0.00241), representing a 36% decrease at 3 hours
compared with placebo, with the probability that there truly
is a decrease of 98.1% (Table 4). The levels of PIP3 were
still reduced at 24 hours after the final 14-day dose at 0.00208
(0.00186, 0.00234). Therefore, both studies demonstrated a
reduction in the levels of PIP3 in sputum samples after single
and repeat dosing with nemiralisib compared with placebo
(Table 4).
Relationship between Nemiralisib Exposure and PD

Effect. Figure 4 shows a post hoc analysis of the combined
PIP3 proportion values from both studies plotted against
the respective time matched plasma concentration from
each individual subject treated with nemiralisib. When evalu-
ating this data, it can be observed that as the plasma
concentration of nemiralisib increased, the PIP3 proportion
decreased (range: 0.0016–0.0063), with a correlation of20.3518
and an unadjusted P value of 0.0012. The range of PIP3
proportion after placebo dosing was 0.0020–0.0064.

Discussion
The value of inhaled therapeutics includes quick onset of

action, target organ deposition, and potential avoidance of
systemic consequences. The research described here aimed
to address the need to understand lung exposure and the
consequences of target engagement in an early stage of clinical

development. Here, we present the PK of nemiralisib
(GSK2269557), a novel inhaled inhibitor of PI3Kd, in blood
and lung samples, and we compare the data with alterations
in a PDmarker in induced sputum samples taken at the same
time. We have successfully demonstrated PI3Kd target en-
gagement in these samples, as indicated by consistent reduc-
tions in sputum PIP3 levels after single and repeat dosing of
nemiralisib. This was observed in two clinical studies with
different formulations, and the combined data show that
as the levels of inhaled drug exposure increase (measured
in plasma), the proportion of PIP3 in sputum decreases in a
linear fashion. The data are consistent with a once-daily
dosing interval.
Smoking is described to directly activate the PI3Kd pathway

(To et al., 2010; Daijo et al., 2016), and although the PIP3
reductions (∼36%) may seem modest in our studies, this is
likely because only the PI3Kd-dependent PIP3 component of
total PIP3 will have been inhibited due to the high selectivity
of nemiralisib over other PI3K isoforms.
To try and understand the observed degree of reduction

in PIP3 in sputum, we performed an additional in vitro
experiment. We measured the reduction of PIP3 levels in
unstimulated isolated human neutrophils in the presence of
nemiralisib and a pan-PI3K inhibitor (Supplemental Fig. 1).
In this experiment, the reduction with nemiralisib was similar
to that achieved with the pan-PI3K, suggesting the change
was entirely PI3Kd driven (Supplemental Fig. 1). Interest-
ingly, the degree of reduction in PIP3 levels in isolated
neutrophils is similar to that observed in sputum after dosing
of nemiralisib, suggesting this change is the maximal achiev-
able inhibition through inhibition of PI3Kd alone. We have
recently demonstrated that inhalation of nemiralisib also
results in reduction of inflammatory cytokines in sputum
from stable COPD patients dosed for 14 days (Cahn et al.,
2017).
The reduction in PIP3 levels was greater in subjects dosed

for 14 days compared with a single dose, demonstrating that
the effects of nemiralisib are increased upon repeat dosing,
potentially due to greater exposure. Notably, reductions in
PIP3 levels were still observed 24 hours after dosing (see
Table 4). The absolute PIP3 values together with the degree of
change in PIP3 proportion observed were broadly consistent
across the two clinical studies, indicating that this is a robust
biomarker of PI3Kd activity.

TABLE 2
Summary of plasma PK from Study A and Study B after single and repeat dosing with nemiralisib

Parameter (U) Dose (mg) Day N Geometric mean (90% CI)

Study A (nebulized)
Cmax (pg/ml) 0.4 1 12 225 (188–271)

6.4 1 13 3276 (2468–4348)
6.4 (BAL cohort) 1 12 2575 (2134–3106)

Study B (dry powder inhaler)
Cmax (pg/ml) 0.1 1 16 44.4 (34.1–57.8)

0.5 1 15 291 (230–370)
2 1 21 1266 (1006–1593)
2 14 9 3682 (3154–4299)

AUC(0–24) (pg.h/ml) 0.1 1 16 142 (94–214)
0.5 1 15 2763 (2107–3625)
2 1 21 14,272 (10,690–19,054)
2 14 9 50,612 (42,689–60,004)

AUC(0–24), plasma concentration-time curve over 0–24 hours; BAL, bronchoalveolar lavage; Cmax, maximum observed
plasma concentration.

Fig. 2. Daily Cmax and Cmin plasma values after 14-day repeat dosing of
nemiralisib in Study B. Geometric mean (with minimum and maximum
values) of postdose plasma concentrations of nemiralisib at 5 minutes
(Cmax), and 24 hours (Cmin) after 14-day daily dosing.

Pharmacologic Responses of Nemiralisib in Healthy Smokers 341

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/lookup/suppl/doi:10.1124/jpet.118.255109/-/DC1
http://jpet.aspetjournals.org/lookup/suppl/doi:10.1124/jpet.118.255109/-/DC1
http://jpet.aspetjournals.org/


The nemiralisib plasma concentration–time profiles were
slightly variable, consistent with a drug taken by inhalation,
and were characterized by two peaks: a first one occurring at
5 minutes after dosing and a second smaller one at approxi-
mately 2 hours, thus resulting in a median tmax ranging
between 5 minutes and 2 hours. The first peak represented
rapid absorption from the lung, and the second peak repre-
sented an oral absorption component, as recently charac-
terized (Wilson et al., 2018). The plasma concentrations
subsequently decreased less rapidly, with the profile show-
ing a more protracted elimination route.
Exposure to nemiralisib increased with increasing dose in

an approximately proportionate manner, with some devia-
tions in derived Cmax and AUC parameters between indi-
viduals within a dose level, and between doses and cohorts.
Definitive kinetics, in particular the calculation of the termi-
nal elimination phase, were difficult to show in both studies
due to the slow rate of observed elimination of the compound
from plasma. This meant that the sampling regimen (and in
particular the last time point) were influential in the ability
to accurately determine the terminal half-life, and this also
impacted the ability to calculate AUC to infinity. In a recent
study in healthy Japanese volunteers (Ino et al., 2019), the
terminal half-life appeared to be approximately 42 hours
and is being further characterized in an ongoing human
absorption, distribution, metabolism, and excretion study
(NCT03315559).
In our studies, plasma accumulation was observed upon

repeat administration of nemiralisib, consistent with a
long terminal elimination rate, with a steady state being
achieved by day 7. This is a consistent time to steady state
for a molecule with an elimination rate of at least 36 hours,

which would be expected to achieve steady state by day
6 after once-daily administration.
The data derived from BAL demonstrated a high concen-

tration of nemiralisib in the lungs as compared with the
plasma exposure, as would be expected after topical de-
livery. At 3 hours after dosing with a single nebulized
solution, the ELF levels were approximately 540 times
higher than those in plasma. Upon repeat administration of
a dry powder formulation to steady state, however, the ELF
levels at 24 hours after the last dose were 32 times that of
plasma. Given that the cellular concentration was 213 times
higher when compared with plasma, collectively these data
demonstrate that the compound was distributed into the
cellular compartment. The measured total cell fraction may
be an overestimation of the available drug, as it reflects a
combination of intracellular, cell-bound, and undissolved
drug captured during the BAL process. Therefore, the
intracellular concentration capable of inhibiting the kinase
could be lower.
Measuring the cellular lung trough concentration is ex-

tremely valuable for translating in vitro to in vivo data, and it
suggests a 2-mg dose would be sufficient to engage the target
for a period of 24 hours, indicating a once-daily therapeutic
dosing interval. However, the cellular levels may not be truly
reflective of drug within the cell and could represent drug
that is intracellular and bound to the outside, or undissolved
drug material. Although we cannot be certain if the drug is
intracellular or cell bound, the BAL concentration measured
in our study (see Table 3) equates to approximately 10 nM.
This concentration of nemiralisib has been shown to generate
robust effects across multiple in vitro assays (Down et al.,
2015). This demonstrates the importance of combining target

TABLE 3
BAL pharmacokinetics (plasma, ELF, and cell pellet pharmacokinetics) at day-14 trough

Study A: Single 6.4-mg nebulized BAL at 3 hoursa after dose Concentration (ng/ml, 90% CI)

Plasma pre-BAL 1.11 (0.83–1.48)
Plasma post-BAL 1.02 (0.72–1.46)
BAL ELF 598 (385–927)

Study B: Repeat daily 2-mg dry powder BAL at 24 hours after day-14 dose Concentration (ng/ml, 90% CI)

Plasma 1.72 (1.41–2.09)
BAL ELF 55.3 (39.8–77.1)
Cell fraction 366 (214–628)

BAL, bronchoalveolar lavage; ELF, epithelial lining fluid.
aPlasma sample taken either side of BAL procedure with actual time range 2.7–3 and 3.2–3.5 hours for before and after

dose, respectively, with pre-BAL used for ratio to plasma estimate. Methodology for cell fraction drug level detection was
not available during Study A.

Fig. 3. PIP3 levels in induced sputum
3 hours after the dose. Nemiralisib reduced
the PIP3 levels in induced sputum sam-
ples in healthy smokers who were given
single dose administration of a nebulized
(A) or dry power formulation (B).
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PK with PD over a range of doses and exposures to character-
ize the shape of the PK/PD response.
Although the formulation was different between the two

studies explored here (solution vs. dry powder), the high
solubility of nemiralisib means the dry powder is likely to
rapidly dissolve upon deposition in the lung and thus would be
expected to demonstrate similar PK properties to the nebu-
lized solution. It is also assumed that distribution of the drug
in the lung would be broadly similar for both formulations,
although this is difficult to experimentally establish. Recently
we have demonstrated that the PK profile in stable COPD
patients closely matches that presented here in healthy
volunteers, suggesting a similar exposure (Cahn et al., 2017).
The combination of plasma PK profile with the PD reduc-

tions in sputum PIP3 demonstrate a direct relationship
between increasing plasma exposure and reducing PIP3
proportion in sputum with no evidence of hysteresis. This
suggests a good correlation between plasma exposures at the
times measured (3 and 24 hours after dosing) and exposure in
the effect compartment driving the response. Plasma PK is
absorption/distribution limiting after delivery of nemiralisib
to the lungs. It is assumed (although not proven) that the

sputum response reflects the pharmacology within the ELF
and lung cellular compartment.
In conclusion, we have demonstrated that nemiralisib has

acceptable tolerability, with a well-defined PK profile, show-
ing significantly higher levels in lung compared with plasma.
Nemiralisib appears to engage PI3Kd in the target organ, as
demonstrated by the reduction of PIP3 in sputum, with a
linear relationship observed between plasma exposure and
reduction in PIP3 levels. The generation of a well-defined
PK/PD relationship adds to our confidence in progressing with
the development of a molecule and facilitates the interpreta-
tion of subsequent clinical observations.
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Materials and methods 

PI3K  in vitro inhibition of PIP3 levels in isolated human neutrophils  

Briefly, peripheral blood neutrophils were isolated from seven healthy volunteers, then 

incubated with nemiralisib (10nM), or Wortmanin (10µM) for 30 min. Following the 30-min 

incubation, neutrophils were frozen for subsequent analysis of PIP3 as described in main 

body of manuscript. 

Results 

Nemiralisib (GSK2269557) directly inhibits PIP3 levels in isolated human 

neutrophils 

In an in vitro set of experiments nemiralisib (10nM) significantly reduced basal levels of PIP3 

in unstimulated neutrophils from 0.00210.0002 to 0.00160.0002 (Figure S1), representing 

a 24% decrease. Wortmanin (10µM) also significantly reduced basal levels of PIP3 in 

unstimulated neutrophils from 0.00210.0002 to 0.00160.0003 (Figure S1).  

  



Tables legend 

Table S1: Formulae used for derivation of BAL ELF and cell concentration data 

Table 2: Summary of Results of Statistical Analysis of Plasma GSK2269557 to estimate 

Single Dose Proportionality (Power Model) 

Table 3: Summary of Results of Statistical Analysis of Plasma nemiralisib to estimate 

Single Dose Proportionality (ANOVA Model) 

Table 4: Adverse events reported by subjects in Study A and Study B 

 

Figure legend 

Figure 1: Nemiralisib directly inhibits PIP3 levels from isolated healthy volunteer 

neutrophils 

 Nemiralisib inhibits the levels of PIP3 (the product of PI3K activity) from unstimulated 

neutrophils isolated from healthy volunteer neutrophils. * = p<0.01 (one-way ANOVA 

followed by post-hoc Dunnet’s test) 

  



Table 1: Formulae used for derivation of BAL ELF and cell concentration data 

Derivation of BAL/ELF Drug Concentration Data 

• Urea concentration data was used to calculate the dilution effect of the lavage which 

is used to extract the epithelial lining fluid (ELF) from the lung. A correction for 

dilution was applied to all BAL fluid drug concentrations for each wash as follows: 

FactorDilutionmLpg
ionConcentratDrug

FluidBAL
mLpgionConcentrat Drug ELF = )/()/(

where 𝐷𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 =
𝑃𝑙𝑎𝑠𝑚𝑎 𝑈𝑟𝑒𝑎𝑝𝑟𝑒−𝑏𝑟𝑜𝑛𝑐ℎ

𝐵𝐴𝐿 𝑈𝑟𝑒𝑎 
 

• Additionally, for each wash, the Volume of ELF in BAL fluid and the Total Drug in 

BAL fluid was calculated as follows: 

Volume of ELF in BAL Fluid (mL) = BAL Fluid Volume (mL)/Dilution Factor 

)()/()( mLVolumeFluidBALmLpg
ionConcentratDrug

FluidBAL
pgFluidBAL in Drug =  

• Data was then pooled across all three washes as follows: 

321

)(
W ASHW ASHW ASH BALin

ELFofVolume

BALin

ELFofVolume

BALin

ELFofVolume
mL

FluidBALin

ELFofVolumeTotal
++=  

 

321)( W ASHW ASHW ASH BALinDrugBALinDrugBALinDrugpg
FluidBAL

inDrugTotal
++=  

)(

)(

mLFluidBALinELFofVolumeTotal

pgFluidBALinDrugTotal
(pg/mL) ionConcentrat Drug ELF Pooled =  

  

Derivation of BAL Cell Pellet Drug Concentration Data 

 

• Cell pellet samples were diluted in a 1:5 ratio for resuspension. Concentrations were 

corrected for the dilution before the ratio calculated on an individual subject level 

between the raw lavage result for wash 2 and the cell pellet concentration: 

𝐷𝑒𝑟𝑖𝑣𝑒𝑑 𝑐𝑒𝑙𝑙 𝑝𝑒𝑙𝑙𝑒𝑡 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 

=
𝑐𝑒𝑙𝑙 𝑝𝑒𝑙𝑙𝑒𝑡 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑥 5

𝑤𝑎𝑠ℎ 2 𝑙𝑎𝑣𝑎𝑔𝑒 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛
 𝑥 𝑑𝑒𝑟𝑖𝑣𝑒𝑑 𝑝𝑜𝑜𝑙𝑒𝑑 𝑙𝑎𝑣𝑎𝑔𝑒 𝐸𝐿𝐹 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 

 

 

  



Table 2: Summary of Results of Statistical Analysis of Plasma GSK2269557 to 

estimate Single Dose Proportionality (Power Model) 

Study Parameter 
Slope 

90% CI for slope Log (parameter) vs log 
(dose) 

A AUC(0-24)(pg.hr/mL) 0.980 (0.843 - 1.12) 

  Cmax (pg/mL) 0.926 (0.813 - 1.04) 

B AUC(0-24)(pg.hr/mL) NA NA 

  Cmax (pg/mL) 1.16 (1.08 - 1.24) 

NA: Not available due to limited data  

 



Table 3: Summary of Results of Statistical Analysis of Plasma nemiralisib to estimate Single Dose Proportionality (ANOVA Model) 

 

Study 
Parameter 

Treatment Comparison Ratio SELogs 90% CI  ratio 
(unit) 

A 

AUC(0-24) 
(pg*hr/mL) 

  6.4 mg vs 0.4 mg 1.056 -0.2433 0.695-1.61 

Cmax 
(pg/mL) 

6.4 mg vs 0.4mg 0.764 -0.3859 0.397-1.47 

 

B 

Cmax  
(pg/mL) 

0.5 mg vs 0.1 mg 
2mg vs 0.1 mg  

1.96 
1.02  

0.317 
0.240  

1.15-3.35 
0.684-1.15   

  



Table 4: Adverse events reported by subjects in Study A and Study B  

Adverse event, n (%) Study A - Single Dose Cross 
Over 

Study B - Single Dose Cross Over Study B - Repeat 
Dose 

Placebo 
(N=24) 

0.4 mg 
(N=12) 

6.4 mg 
(N=25) 

Placebo 
(N=15) 

0.1 mg 
(N=16) 

0.5 mg 
(N=15) 

2 mg 
(N=11) 

Placebo 
(N=3) 

2 mg 
(N=10) 

Any event 3 (13) 2 (17) 6 (24%) 2(13) 4 (25) 4 (27) 2 (18) 1 (33) 7 (70) 

Headache  1 (4) 0 0 0 2 (13) 1 (7) 0 1 (33) 2 (20) 

Dermatitis Acneiform  0 1 (8) 0 0 0 0 0 0 0 

Cellulitis  0 1 (8) 0 0 0 0 0 0 0 

Chest Discomfort  0 0 1 (4%) 0 0 0 0 0 0 

URTI 0 0 1 (4%) 0 0 1 (7) 0 0 0 

Nasopharyngitis 0 0 0 0 0 1 (7) 0 0 0 

Bronchial irritation  0 0 0 0 0 0 1 (9) 0 0 

Cough  0 0 0 0 0 0 0 0 1 (10) 

Dyspnoea exertional  0 0 0 0 1 (6) 0 0 0 0 

Palpitations 0 0 1 (4) 0 0 0 0 0 0 

Elevated Mood 0 0 1 (4) 0 0 0 0 0 0 

Wound/soft tissue injury 0 0 1 (4) 1 (7) 0 0 0 0 0 

Vomiting 1 (4) 0 0 0 0 0 0 0 1 (10) 

Dizziness 1 (4) 0 0 0 0 0 0 0 1 (10) 

Influenza like illness  1 (4) 0 0 0 0 0 0 0 0 

Flatulence 0 0 1 (4) 0 0 0 0 0 0 

Toothache 0 0 1 (4) 0 0 0 0 0 1 (10) 

Haemoptysis  0 0 0 0 0 0 1 (9) 0 0 

Somnolence  0 0 0 0 0 1 (7) 0 0 0 

Bursitis  0 0 0 1 (7) 0 0 0 0 0 

Pain in extremity  0 0 0 0 1 (6) 0 0 0 0 

Dyspepsia  0 0 0 0 0 1 (7) 0 0 0 

Paraesthesia  0 0 0 0 0 0 0 1 (33) 0 

Odynophagia  0 0 0 0 0 0 0 0 1 (10) 

Ear pain  0 0 0 0 0 0 0 0 1 (10) 

Pyrexia  0 0 0 0 0 0 0 0 1 (10) 

Procedural pain  0 0 0 0 0 0 0 0 1 (10) 



Figure 1: Nemiralisib directly inhibits PIP3 levels from isolated healthy volunteer 

neutrophils 

 

 

 


