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AIMS
The oncostatin M (OSM) pathway drives fibrosis, inflammation and vasculopathy, and is a potential therapeutic target for
inflammatory and fibrotic diseases. The aim of this first-time-in-human experimental medicine study was to assess the safety,
tolerability, pharmacokinetics and target engagement of single subcutaneous doses of GSK2330811, an anti-OSM monoclonal
antibody, in healthy subjects.

METHODS
This was a phase I, randomized, double-blind, placebo-controlled, single-dose escalation, first-time-in-human study of subcutaneously
administered GSK2330811 in healthy adults (NCT02386436). Safety and tolerability, GSK2330811 pharmacokinetic profile, OSM
levels in blood and skin, and the potential for antidrug antibody formation were assessed. The in vivo affinity of GSK2330811 for OSM
and target engagement in serum and skin blister fluid (obtained via a skin suction blister model) were estimated using target-mediated
drug disposition (TMDD) models in combination with compartmental and physiology-based pharmacokinetic (PBPK) models.

RESULTS
Thirty subjects were randomized to receive GSK2330811 and 10 to placebo in this completed study. GSK2330811 demonstrated
a favourable safety profile in healthy subjects; no adverse events were serious or led to withdrawal. There were no clinically
relevant trends in change from baseline in laboratory values, with the exception of a reversible dose-dependent reduction in
platelet count. GSK2330811 exhibited linear pharmacokinetics over the dose range 0.1–6 mg kg–1. The estimated in vivo affinity
(nM) of GSK2330811 for OSM was 0.568 [95% confidence interval (CI) 0.455, 0.710] in the compartmental with TMDD model
and 0.629 (95% CI 0.494, 0.802) using the minimal PBPK with TMDD model.

CONCLUSIONS
Single subcutaneousdosesofGSK2330811werewell tolerated inhealthy subjects.GSK2330811demonstrated sufficient affinity toachieve
target engagement in systemic circulation and target skin tissue, supporting the progression of GSK2330811 clinical development.
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Oncostatin M (OSM) is a member of the glycoprotein 130/interleukin-6 cytokine family that acts on a broad range of cell
types to elicit pleiotropic effects, including cell differentiation and proliferation, and inflammatory mediator release.

• Preclinical studies have suggested an involvement of OSM in the pathogenesis of a range of inflammatory and fibrotic
diseases.

WHAT THIS STUDY ADDS
• Single subcutaneous administrations of GSK2330811, an anti-OSMmonoclonal antibody, were well tolerated and showed
pharmacokinetic characteristics typical of an immunoglobulin G1 monoclonal antibody in healthy subjects.

• GSK2330811 had sufficient affinity to achieve high target engagement in systemic circulation and target skin tissue,
supporting the progression of GSK2330811 clinical development.

• The skin suction blister model is a useful technique for assessing drug pharmacokinetic and target engagement in the skin
compartment.

Introduction
Oncostatin M (OSM) is a pleiotropic member of the glyco-
protein 130 (gp130)/interleukin (IL) 6 (IL-6) cytokine
family that also includes IL-6, leukaemia inhibitory
factor (LIF) and IL-31 [1]. It is produced by leukocytes, in-
cluding macrophages, activated T cells and neutrophils, and
acts primarily via OSM receptors on a broad range of cell
types, including chondrocytes, fibroblasts, keratinocytes and
endothelial cells [1, 2], to elicit diverse biological functions
[3]. Depending on the context, its functions include:
activation of endothelium; induction of the acute phase
response; induction of cellular proliferation and/or differenti-
ation of cell types such as fibroblasts, epithelial cells and
keratinocytes; modulation of erythropoiesis and megakaryo-
poiesis; inflammatory mediator release; and promotion of
wound healing [4–6]. OSM is implicated in a broad range of
inflammatory and fibrotic diseases, including inflammatory
bowel disease, liver fibrosis, idiopathic pulmonary fibrosis
and systemic sclerosis (SSc) [4, 7–9], an autoimmune disease
characterized by fibrosis of the skin and internal organs [10].
As such, OSM is an important therapeutic target.

GSK2330811 is a humanized immunoglobulin G1 kappa
(IgG1κ) monoclonal antibody (mAb) that functionally blocks
human OSM from binding to the gp130 receptor. It is
currently in development for the treatment of SSc and other
immune-mediated diseases. Compared with GSK315234, an
anti-OSM mAb previously developed for the treatment of
rheumatoid arthritis and discontinued owing to a lack of
efficacy that is probably associated with poor binding affinity
[11], GSK2330811 has superior affinity for human OSM, with
an approximately 10-fold increased binding affinity, as
measured in vitro using surface plasmon resonance with drug
capture and solution-phase affinity methodology (six-fold
and 20-fold, respectively; data on file).

This first-time-in-human study was an experimental med-
icine study that assessed the safety and tolerability of
GSK2330811 in healthy subjects. It was also prospectively
designed to determine whether the improved in vitro affinity
of GSK2330811, compared with GSK315234, for OSM led to
improved affinity in vivo.

A skin suction blister model was used to analyze
GSK2330811 levels and target engagement of GSK2330811 to
OSM in the skin compartment, a target tissue for inflammatory

and fibrotic diseases such as SSc. Skin suction blisters are a
minimally invasive method for studying target engagement
in skin [12] and have been applied successfully to cytokine
measurements in previous studies [13]. This model involved
separating the epidermis from the dermis at the lamina lucida
through the application of prolonged negative pressure [14].
In vivo antibody affinity was determined using compartmental
and physiology-based pharmacokinetic (PBPK) with target-
mediated drug disposition (TMDD) models.

Methods

Study design
This was a phase I, first-time-in-human, randomized, double-
blind (sponsor open), placebo-controlled, single-centre,
single-dose escalation study of subcutaneously (SC) adminis-
tered GSK2330811 in healthy subjects (NCT02386436; GSK
study number: 201246). A 30-day screening phase was
followed by an 8-day inpatient dosing andmonitoring period
and a 105–133-day follow-up phase (Figure S1). A total of nine
outpatient visits were scheduled over 76 days plus a follow-up
visit on day 105, and on day 133 for cohorts 4 and 5 only. En-
rolment was planned as 40 subjects in five sequential cohorts
(eight per cohort) in a 3:1 (GSK2330811 : placebo) ratio.

The study was conducted at a single centre
(GlaxoSmithKline Clinical Unit Cambridge, Addenbrooke’s
Hospital, Cambridge, UK) in accordance with the ethical
principles of the Declaration of Helsinki and International
Council for Harmonisation – Good Clinical Practice (GCP),
and the applicable subject privacy requirements. The ethics
committee was the National Research Ethics Service Commit-
tee East of England, Cambridge Central. All subjects provided
written informed consent.

Subject randomization was carried out using validated in-
house software. Subjects and site personnel, with the
exception of the pharmacy team who prepared treatments,
remained blinded to treatment allocation.

Investigational treatment
Subjects received the studymedication according to their body
weight and were injected in the abdomen. GSK2330811 was
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administered as single ascending SC doses from 0.1 mg kg–1 to
6.0mgkg–1: cohort 1 (0.1mgkg�1), cohort 2 (0.3mg kg–1), cohort
3 (1 mg kg–1), cohort 4 (3 mg kg�1) and cohort 5 (6 mg kg–1).
In order to limit the volume of each injection to a maximum
of 1.2 ml, cohorts 1–3 received one injection of 1 ml, cohort
4 received three injections of 1 ml each, and cohort 5 received
four injections of 1.2 ml each. Multiple injections were
administered immediately after each other.

Dose levels were selected based on pharmacokinetic (PK)/
pharmacodynamic (PD) predictions and preclinical data. The
lowest administered dose of 0.1 mg kg–1 corresponded with
the minimal anticipated biological effect level [15], with a
maximum predicted PD inhibition of 41%, according to hu-
man PK/PD predictions in the best-case scenario. The highest
planned dose of 6 mg kg–1 was expected to provide full target
engagement in serum (defined as >90%) lasting 14–40 days,
with lower target engagement levels (<90%) predicted to be
achieved in tissue compartments, including skin. The pre-
dicted highest exposures, measured by the peak plasma con-
centration (Cmax) and area under the curve (AUC), were
almost 100-fold below the safety margin provided by the tox-
icology study.

A sentinel group (n = 2) in each cohort was randomized to
receive GSK2330811 or placebo; dosing of the remainder of
the cohort proceeded if no safety concerns were identified
up to and including 5 days postdose. Dose escalation in sub-
sequent cohorts was based on safety data during a minimum
of 28 days postdose in ≥5 subjects who received GSK2330811,
accumulated safety and tolerability data from previous co-
horts and all available PK data.

Study population
Subjects eligible for the study were healthy adults, including
men and women of nonreproductive potential, 18–65 years
of age, with body weight ≤100 kg (≤80 kg for cohort 5; in order
to limit the number of injections required for 6 mg kg–1 of
GSK2330811 to four injections of 1.2 ml) and body mass in-
dex (BMI) 18.5–29.9 kg m–2. Subjects with abnormal clinical
chemistry values, including platelet or haemoglobin values
below the lower limit of normal, a history of gastrointestinal
bleeding disorders or donation of >500 ml of blood within
56 days prior to dosing, were excluded, as were those with a
history of haematological disease or acquired platelet disor-
ders and coagulation disorders, or of opportunistic infection
or serious, active or unresolved infection. Paracetamol at
doses of ≤ 2 g day–1 was permitted at any time during the
study; other concomitant medications were considered on a
case-by-case basis.

Endpoints and assessments
The primary objective of the study was to evaluate the safety
and tolerability of single SC doses of GSK2330811 in healthy
subjects. Primary endpoints were the frequency of adverse
events (AEs) and serious AEs (SAEs), and changes in clinical
laboratory evaluations, vital signs and 12-lead electrocardio-
grams (ECGs). Blood samples for safety assessments
(haematology and clinical chemistry) were collected during
the inpatient monitoring, at each visit during the outpatient
monitoring and at follow-up. Secondary objectives were to
evaluate the PK profile (endpoints: plasma concentrations

of GSK2330811 and derived PK parameters) and assess the po-
tential for antidrug antibody formation (endpoints: inci-
dence, specificity and titres of anti-GSK2330811 antibodies)
following single SC doses of GSK2330811 in healthy subjects.
Exploratory objectives were included to explore GSK2330811
PD and the PK/PD relationship in the blood (endpoints: se-
rum levels of free and total OSM) and GSK2330811 PK, PD
and the PK/PD relationship in the skin in healthy subjects
(endpoints: skin blister fluid levels of GSK2330811, and of
free and total OSM). These exploratory endpoints were used
to assess target engagement, based on free and total OSM
levels in serum and skin blister fluid.

PK plasma and PD serum samples were collected via an in-
dwelling cannula or by direct venepuncture, predose and at
8 h, 24 h, 48 h, 96 h and 144 h, and on day 10, day 14, day
21, day 28, day 42, day 56, day 84, day 105 and, for cohorts
4 and 5 only, day 133 postdose.

Suction blisters were raised by applying prolonged nega-
tive pressure using a VP25 or VP28 suction pump
(Eschmann, Lancing, West Sussex, UK) attached to a suction
chamber placed over unblemished skin on the volar surface
of the left and right forearm (one site per visit) on days �1,
7 and 42, similar to the method described by Akbar et al.
[14]. The negative pressure was applied for 4 h until a single
unilocular blister was formed. Skin blister fluid was collected
4 h postblister induction and briefly centrifuged to remove
cellular contents. Serum samples for immunogenicity assays
were collected at predose, day 14, day 28 and day 105
(follow-up visit). The suction blister procedure was only
performed for subjects in the higher dose cohorts (3–5) in
which target engagement in the skin was anticipated to be
measurable.

PK samples were analyzed for GSK2330811 concentra-
tions in plasma and skin blister fluid using a qualified analyt-
ical method based on sample dilution followed by
immunoassay analysis. The lower limit of quantification
(LLQ) for GSK2330811 was 100 ng ml–1, using a 40 μl aliquot
of plasma or a 10 μl aliquot of blister fluid diluted 25-fold into
assay buffer, with a higher limit of quantification (HLQ) of
5000 ng ml–1. Further details are provided in the Supplemen-
tary Methods.

PD (free OSM and total OSM) samples were measured
using a validated ligand-binding assay. The LLQ for both free
and total OSM (free and GSK2330811 bound) was 1.45 pg ml–1,
with an HLQ of 2500 pg ml–1. Further details are provided in
the Supplementary Methods.

PK/PD analysis
Actual blood sampling times were used to determine individ-
ual PK parameters. The concentration–time results for
GSK2330811 were used to assess Cmax, AUC, apparent clear-
ance, steady-state apparent volume of distribution, time of
maximum plasma concentration and terminal half-life.
Values below the LLQ of the PK assay (5% of data, mainly in
the 0.1 mg kg–1 cohort at the latest time points) were not in-
cluded in the analysis. Parameters were determined via
noncompartmental PK analysis using WinNonlin Phoenix
version 6.4 (Certara USA, Inc., Princeton, NJ).

Plasma PK and serum OSM data above the LLQ of the as-
says were used to evaluate the relationship between PK and
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target engagement using nonlinear mixed-effect modelling.
A one-compartment PK with TMDD model [16, 17] (Figure 1)
was developed using the observed GSK2330811 plasma con-
centration and total OSM (free plus complex) serum concen-
tration to assess the in vivo affinity of GSK2330811 for OSM.
Free target was assumed to be synthesized at a zero-order rate
and degraded at a first-order rate. Free OSM levels in serum
and skin blister fluid at baseline were used to estimate target
turnover parameters. A quasi-steady-state solution was con-
sidered among drug, free target and drug–OSM complex
[18]. In addition, GSK2330811 and OSM concentrations in
blister fluid were used together with plasma and serum data
to develop a minimal PBPK (mPBPK) with TMDD model
[19] (Figure 1). Physiological parameters of the mPBPKmodel
were fixed to their physiological value [19]. Drug absorption
rate constant, plasma clearance and interstitial fluid volume
were estimated from the data. Parameters describing the tar-
get turnover, drug–target binding and complex clearance
were estimated from the data. The percentage of target en-
gagement (TE%) at every time point was computed as TE (t)
= [baseline free OSM – free OSM (t)]/baseline free OSM * 100.
Predicted free levels were used as measured values and were
all below the LLQ of the assay after drug administration.
Model selection was based on general goodness-of-fit criteria,
including diagnostic goodness-of-fit plots, reduction in min-
imum value of objective function, precision of parameter es-
timates, convergence of the minimization algorithm and
visual predictive check for the final PK/PD model. Model pa-
rameters were estimated using the Monte Carlo importance
sampling (IMP) estimation method with the software
NONMEM (version 7.2, ICON Development Solutions,
Ellicott City, MD, USA) and Perl-speaks-NONMEM (version

3.4.2) [20]. The differential equations describing the one-
compartment model and the mPBPK model are provided in
the Supplementary Methods.

Sample size and statistical analysis
Sample size was based primarily on feasibility. Unless otherwise
stated, all analyses were carried out in the all-subjects popula-
tion, comprising all randomized subjects who received a dose
of study treatment. The PK population comprised all subjects
for whom a PK sample was obtained and analyzed.

Nomenclature of target and ligands
Key protein targets and ligands in this article are hyperlinked
to corresponding entries in http://www.guidetopharmaco-
logy.org, the common portal for data from the IUPHAR/BPS
Guide to PHARMACOLOGY [21], and are permanently
archived in the Concise Guide to PHARMACOLOGY
2017/18 [22].

Results

Study population
The first patient was enrolled on 21 April 2015 and the last
subject completed the study on 11 April 2016. In total, 89
subjects were screened and 41 were randomized; 40 were
included in the all-subjects population (one subject was
withdrawn prior to dosing at the investigator’s discretion)
(Figure S2). All dose escalations occurred as planned in
the protocol.

Figure 1
Block scheme of the one-compartment model with TMDD in plasma (A) and themPBPKmodel including TMDD in plasma and leaky tissue (B). AR,
antibody–target complex; CL, clearance; CLp, plasma clearance; KA, absorption constant; KD, dissociation constant; kdeg, degradation rate con-
stant; Kint, antibody–target complex degradation rate constant; ksyn, biosynthesis rate constant; L, lymph flow; σ,vascular reflection coefficient;
mAb, monoclonal antibody; mPBPK, minimal physiology-based pharmacokinetic; PK, pharmacokinetics; R, target; TMDD, target-mediated drug
disposition; V, volume; Vp, plasma volume
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All randomized subjects were male except for one female
subject in cohort 4. Mean body weight was lower in cohort
5 (69.5 kg) compared with the other cohorts (78.5–85.4 kg)
due to the lower body weight inclusion criterion for this
group (≤80 kg vs. ≤100 kg). Mean BMI (23.7 kg m–2 vs. 24.6–
26.7 kgm–2) and age (36.8 vs. 41.5–47.7 years) were also lower
in cohort 5 than in the other cohorts.

Safety and tolerability
All subjects except one in each of theGSK2330811 0.3mg kg–1

and 1 mg kg–1 groups reported ≥1 AE. Nasopharyngitis and
headache were the most commonly reported (Table 1);
oropharyngeal pain was reported at higher dose levels only
(≥3 mg kg–1). Two reports of injection site bruising (placebo
group and 0.3 mg kg–1 group) and one of injection site pain
(0.1 mg kg–1 group) were suspected by the investigator to be
related to the study drug. Skin suction blisters were well
tolerated and no AEs related to blister healing were reported.
There were no deaths, nonfatal SAEs, or AEs leading to
withdrawal from the study.

No treatment-emergent occurrences of antidrug
antibodies were reported. Treatment-unrelated pre-existing
antibodies, detected in three subjects, were low titre and were

not associated with any specific AEs, inhibition of target
engagement or alteration in PK.

Liver function tests showed no clinically significant eleva-
tion of liver enzymes; no subjects recorded alanine amino-
transferase (ALT) >2 times the upper limit of normal and no
dose–response relationship was observed in subjects with
Grade 1 ALT elevations. There were no clinically significant
changes in other clinical chemistry laboratory parameters
(haematology results are detailed below), vital signs or ECGs
which were accompanied by any signs and symptoms.

Platelet count and blood cell parameters
A reversible dose-dependent reduction in platelet count was
seen after single doses of GSK2330811 in the three highest
dose groups (1 mg kg–1, 3 mg kg–1 and 6 mg kg–1) (Figure 2A).
Median time to platelet count nadir was similar, with a range
of 20 to 26 days in these groups (Table S1). Platelet count had
recovered to the normal range by day 42 in all subjects. The
number of subjects with graded Common Terminology
Criteria for Adverse Events version 4.03 (CTCAE) events of
decreased platelet count rose [23] with increasing dose level.
One subject in the 6 mg kg–1 group had a Grade 2 CTCAE
(73 GI l–1 [where GI = 109] on day 18; Table S1).

Table 1
AEs by category and individual events with ≥2 subjects in any group (all-subjects population)

GSK2330811

Placebo
N = 10

0.1 mg kg–1

N = 6
0.3 mg kg–1

N = 6
1 mg kg–1

N = 6
3 mg kg–1

N = 6
6 mg kg–1

N = 6

Any AE, n (%) 10 (100) 6 (100) 5 (83) 5 (83) 6 (100) 6 (100)

Infections and infestations, n (%) 7 (70) 1 (17) 4 (67) 2 (33) 1 (17) 3 (50)

Nasopharyngitis 6 (60) 0 (0) 2 (33) 2 (33) 1 (17) 1 (17)

Folliculitis 0 (0) 0 (0) 2 (33) 0 (0) 0 (0) 0 (0)

Nervous system disorders, n (%) 3 (30) 2 (33) 1 (17) 0 (0) 3 (50) 5 (83)

Headache 3 (30) 2 (33) 1 (17) 0 (0) 2 (33) 2 (33)

Sinus headache 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (33)

Injury, poisoning and procedural
complications, n (%)

3 (30) 4 (67) 1 (17) 2 (33) 0 (0) 1 (17)

Scratch 0 (0) 2 (33) 0 (0) 0 (0) 0 (0) 0 (0)

Soft tissue injury 0 (0) 2 (33) 0 (0) 0 (0) 0 (0) 0 (0)

Respiratory, thoracic and mediastinal
disorders, n (%)

0 (0) 1 (17) 1 (17) 1 (17) 4 (67) 2 (33)

Oropharyngeal pain 0 (0) 0 (0) 0 (0) 0 (0) 2 (33) 2 (33)

Skin and subcutaneous tissue disorders, n (%) 3 (30) 1 (17) 0 (0) 1 (17) 2 (33) 1 (17)

Dermatitis contact 3 (30) 0 (0) 0 (0) 1 (17) 0 (0) 0 (0)

Gastrointestinal disorders, n (%) 2 (20) 1 (17) 1 (17) 0 (0) 1 (17) 1 (17)

General disorders and administration site
conditions, n (%)

1 (10) 1 (17) 1 (17) 1 (17) 0 (0) 2 (33)

Musculoskeletal and connective tissue
disorders, n (%)

3 (30) 0 (0) 0 (0) 0 (0) 0 (0) 3 (50)

AE, adverse event.
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Mean platelet count (GI l�1) (A) and mean haemoglobin (g l�1) (B) to first follow-up visit by GSK2330811 treatment group (all-subjects
population). CI, confidence interval; FU, Follow-up

In vivo affinity and target engagement of an anti-OSM monoclonal antibody

Br J Clin Pharmacol (2018) 84 2280–2291 2285



A reduction in haemoglobin values was observed in the
6 mg kg–1 group: this was maximal at day 56 (Figure 2B). In
all subjects, values had returned to the normal range by day
133. Four subjects in the highest dose group had Grade 1
CTCAEs of anaemia; no subjects had Grade 2 or higher anae-
mia. Changes in red blood cell counts followed similar trends
to changes in haemoglobin levels. An initial decrease in retic-
ulocyte count starting from day 10 was seen in the 3 mg kg–1

and 6 mg kg–1 groups, followed by a reticulocytosis starting
from day 21 to day 28 (Figure S3).

Only one CTCAE Grade 3 laboratory abnormality was ob-
served (lymphopenia). This occurred in a subject receiving
GSK2330811 3 mg kg–1 who recorded a lymphocyte count
of 0.42 GI l–1 on day 10. The subsequent lymphocyte counts
were 0.93 GI l–1 on day 14 and 1.83 GI l–1 on day 18 (normal
range, 1.2–3.65 GI l–1). Three additional subjects (one in each
of the placebo, GSK2330811 1 mg kg–1 and GSK2330811
3 mg kg–1 groups) recorded a transient Grade 2 neutropenia.
No dose-related trends were observed in either lymphocyte
or neutrophil numbers or in total white cell count.

PK
GSK2330811 exhibited approximately linear PK over
0.1 mg kg–1 to 6 mg kg–1 following a single SC administration
(Figure 3), and PK parameters determined with noncompart-
mental analysis were consistent with an IgG1 antibody
against a soluble target (Table 2). Following single SC
administration, the median time to reach the maximum
observed plasma concentration ranged from 119.77 h to
264.18 h. GSK2330811 was eliminated from the circulation
with a geometric mean terminal half-life ranging from
462.1 h to 609.2 h.

The observed concentration–time profiles of GSK2330811
were adequately described by a one-compartmental PKmodel
with first-order absorption and first-order elimination

(Figure 4). Comparable fitting and prediction of PK data were
obtained with the mPBPK model (data not shown). The im-
pact of age and weight as covariates was tested. No correlation
was found; however, this could have been due to the limited
number of subjects, typical of a first-time-in-human study.
The GSK2330811 ratio between mean skin blister fluid
(Table 3) and plasma concentration ranged from 19% to 45%.

Target engagement and in vivo affinity
assessment
All free OSM levels in both serum and skin blister fluid
were below the LLQ after drug administration, indicating
substantial OSM inhibition. Baseline total OSM levels were,
in general, consistent among dose groups, with mean
values ranging from 9.1 pg ml–1 to 14.1 pg ml–1 in serum,
and from 11.7 pg ml–1 to 19.2 pg ml–1 in skin blister fluid,
with the placebo group showing a similar concentration
profile over time (data not shown). Total OSM levels in-
creased rapidly after GSK2330811 administration, achieving
a saturation level at doses ≥3 mg kg–1 (approximately
80-fold in serum and 26-fold in skin blister fluid), with a
prolonged saturation observed at 6 mg kg–1. Observed vs.
predicted mean total OSM is shown in Figure 5A for serum
and 5B for skin blister fluid.

The estimated in vivo affinity of GSK2330811 to OSM was
0.568 nM [95% confidence interval (CI) 0.455, 0.710] in the
one-compartment PK with TMDD model. A rapid free OSM
degradation rate constant of 2.05 h�1 (95% CI 1.62, 2.59)
was estimated. Similar results were obtained using the com-
bined mPBPK and TMDD model [in vivo affinity of
GSK2330811 to OSM: 0.629 nM (95% CI 0.494, 0.802); free
OSM target turnover rate: 1.90 h�1 (95% CI 1.45, 2.50)].

Target engagement was assessed using model predictions
as measured free OSM levels were below the LLQ. Following
a single 6 mg kg–1 SC administration of GSK2330811, target
engagement predictions from the physiologically based PK
model (mPBPK)were approximately 90% in serum (Figure 5C)
and >80% in skin (Figure 5D). Model-predicted free OSM
concentrations were estimated above the LLQ of the assay
(Figure S4). This was inconsistent with free OSM observations
that were below the LLQ after dosing administration.

Discussion
This first-time-in-human study demonstrated a favourable
safety and tolerability profile of GSK2330811 in healthy sub-
jects. There were no deaths, nonfatal SAEs, or AEs leading to
withdrawal from the study. Three AEs were suspected by the
blinded investigator to be drug related – two of injection site
bruising (one in each of the placebo and GSK2330811
0.3 mg kg–1 groups) and one of injection site pain (in the
GSK2330811 0.1 mg kg–1 group). No treatment-related anti-
GSK2330811 antibodies were detected in any subjects. There
were no clinically relevant trends in change from baseline in
laboratory values, vital signs or ECGs, with the exception of
changes in platelet counts.

A reversible reduction in platelet count was observed at
the higher (1–6 mg kg–1) dose levels. This was expected, as
the previous anti-OSM antibody (GSK315234) demonstrated

Figure 3
Mean (±SD) GSK2330811 concentration by treatment group in
plasma (PK population). LLQ, lower limit of quantification; PD,
pharmacodynamic; PK, pharmacokinetic; SD, standard deviation.
Note: GSK2330811 concentration values lower than the LLQ were
not included in the noncompartmental analysis and PK/PD model-
ling analysis
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a modest dose-dependent effect on platelet count [11], al-
though platelet reduction with GSK315234 was not consid-
ered clinically significant. In addition, OSM-deficient mice
exhibit anaemia and thrombocytopenia [24]. OSM is known
to regulate haematopoiesis via stimulation of bone marrow
stromal cells and haematopoietic progenitors [25, 26]. A
reduction in haemoglobin and red blood cell parameters
was also seen at the 6 mg kg–1 dose level, with evidence of re-
covery beginning during the study period and reticulocytosis
starting from day 21 to 28, providing early evidence of
compensatory mechanisms. Dose-related reductions in
peripheral platelet counts have also been observed with treat-
ment with anti-IL-6 agents, including tocilizumab [27, 28],

but in contrast to IL-6 inhibition, inhibition of OSM did not
lead to a dose-related reduction in neutrophil counts in the
present study.

PK parameters estimated using modelling for
GSK2330811 were consistent with an IgG1 antibody against
a soluble target [29], with a typical apparent distribution
volume of 11.5 l and typical apparent systemic clearance
of 14.1 ml h–1. GSK2330811 PK were approximately linear
over the dose range of 0.1 mg kg–1 to 6 mg kg–1, and the
mean terminal half-life was estimated at approximately
24 days.

Understanding the complex pharmacology and interde-
pendent PK and PD properties of mAbs is important in im-
proving their clinical success [30]. For mAbs against soluble
targets such as cytokines, in many cases drug PK will not be
affected by binding to the target, but rather the kinetics of
the target will be affected by the drug. Ligands such as cyto-
kines often have very low baseline levels and short half-lives
in the range of minutes, while the mAbs targeting them often
have longer half-lives in the range of weeks and are adminis-
tered in high molar excess. Binding of a mAb to a ligand with
rapid turnover usually results in significant accumulation of
mAb–ligand complex above baseline levels of the ligand,
and in low free-ligand concentrations [31, 32] often below
the LLQ of the assay. However, it is of central relevance to de-
termine the reduction in the free ligand due to binding to the
target, as it is a direct measurement of target engagement and
its magnitude and duration theoretically drive the mAb effi-
cacy. When free ligand cannot be measured directly owing
to assay sensitivity, PK/PD modelling approaches using total
target data (unbound and bound) can be used to assess target
engagement.

The present study was prospectively designed to deter-
mine if the improved in vitro affinity of GSK2330811 led to
improved affinity in vivo and to measure target engagement
in skin, a target tissue in SSc. Saturation of total OSM was

Table 2
GSK2330811 plasma PK parameters determined with noncompartmental analysis (PK population)

PK parameter

GSK2330811

0.1 mg kg–1

N = 6
0.3 mg kg–1

N = 6
1 mg kg–1

N = 6
3 mg kg–1

N = 6
6 mg kg–1

N = 6

AUC0–t, h*μg ml–1 510 (31.3) 1427 (16.3) 5099 (41.7) 14 321 (21.6) 27 187 (22.7)

AUC0–inf, h*μg ml–1 615 (26.2) 1605 (21.6) 5316 (42.5) 14 656 (21.6) 27 681 (23.3)

Cmax, μg ml–1 0.6 (32.3) 1.5 (42.7) 5.7 (43.5) 19.0 (42.7) 36.4 (22.9)

Vss/F, ml kg–1 108.44 (22.8) 164.30 (27.5) 127.19 (33.4) 136.46 (42.5) 163.23 (24.0)

CL/f, ml h–1 kg–1 0.1625 (26.2) 0.1870 (21.6) 0.1881 (42.5) 0.2047 (21.6) 0.2168 (23.3)

tmax, h
a 264.18 (96.0, 650.0) 216.28 (96.0, 482.0) 178.56 (142.3, 337.7) 180.66 (24.0, 309.8) 119.77 (96.0, 213.2)

t½, h 462.6 (15.2) 609.2 (13.7)b 468.6 (15.5) 462.1 (43.5) 522.0 (17.0)

aMedian (range) for tmax only, all other PK parameters are geometric mean (%CVb); bn = 3, as t½ could not be identified unambiguously for three
subjects
AUC0–inf, area under the concentration–time curve from zero to infinity; AUC0–t, area under the concentration–time curve from zero hours to time t;
Cmax, maximum observed concentration; CL/f, apparent clearance; CVb, between-subject coefficient of variation; PK, pharmacokinetic; t½, terminal
phase half-life; tmax, time to reach the maximum observed plasma concentration; Vss/F, steady-state volume of distribution/bioavailability

Figure 4
Mean (±SE) observed vs. mean predicted total GSK2330811 concen-
tration in plasma by treatment group (PK population). PK, pharma-
cokinetic; SE, standard error
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Table 3
Summary of blister fluid concentration (PK population)

GSK2330811

1 mg kg–1

N = 6
3 mg kg–1

N = 6
6 mg kg–1

N = 6

Day 7, ng ml–1, mean (SD) 1115.0 (383.36) 5479.7 (2821.99) 9438.2 (2855.00)

Day 42, ng ml–1, mean (SD) 442.2 (159.0) 2113.8 (985.70) 2951.3 (1384.51)

PK, pharmacokinetic; SD, standard deviation.

Figure 5
Mean observed vs. mean predicted total OSM concentration by treatment group in serum (A) and blister fluid (B); and mean predicted % TE in
serum (C) and blister fluid (D) (PK population). CI, confidence interval; OSM, oncostatin M; PK, pharmacokinetic; SE, standard error; TE, target
engagement
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observed after dosing with 3mg kg–1 and 6mg kg–1, with total
OSM concentration achieving up to an 80-fold accumulation
with respect to baseline values. Comparable accumulation
levels had been observed with GSK315234 after dosing with
30 mg kg–1. Furthermore, total OSM accumulation levels ob-
tained after dosing with 1 mg kg–1 GSK2330811 were compa-
rable with levels obtained after dosing with 10 mg kg–1

GSK315234 (data on file). These results showed an improved
in vivo affinity consistent with 10-fold increased binding
in vitro affinity. PK/PD models using drug PK and total OSM
data were developed to assess the in vivo affinity of
GSK2330811 for OSM. The one-compartment PK with TMDD
model gave an estimated in vivo affinity of GSK2330811 for
OSM of approximately 0.6 nM, with an OSM half-life of
approximately 30 min (half-life was computed as the ratio
between the natural logarithm of 2 and the estimated OSM
degradation rate constant). A similar estimate of in vivo
GSK2330811 to target OSM affinity and target turnover was
achieved from a mPBPK model including both serum and
skin blister fluid data.

PKPD models development and validation were based
only on total OSM and total GSK2330811 data. Predicted free
OSM was not in agreement with the below LLQ measure-
ments for the free target. Discrepancy between free and total
target data is not unusual for therapeutic proteins binding
to soluble target. As widely reported in the literature, measur-
ing the concentration of a free soluble target in the presence
of a capturing drug is challenging, and total data are consid-
ered more reliable [32, 33].

According to the model predictions, GSK2330811
achieved approximately 90% and 80% target engagement in
serum and skin blister fluid, respectively, following a single
6 mg kg–1 GSK2330811 SC administration. Model predictions
after repeat dosing can be used to inform dose selection in
subsequent studies.

The skin blister model allowed measurement of OSM and
GSK2330811 levels in skin interstitial fluid and provided
information on target engagement within the skin.
GSK2330811 was successfully detected in skin blister fluid at
concentrations ranging from 19% to 45% of those observed in
plasma, in line with the results of Dragatin et al. [34]. The skin
blisters werewell tolerated, with noAEs related to blister healing
reported. These findings, alongside another study using the skin
blister model [35], support the use of a dermal suction blister
model as a minimally invasive technique for measuring PK
and assessing target engagement of cytokines in the skin com-
partment, and highlight its potential utility in future clinical
studies for indications with skin involvement.

The limitations of the present study included the fact that
GSK2330811 was assessed as a single dose and in a healthy
study population; further assessment of GSK2330811 distri-
bution and skin OSM levels following repeat dosing and in a
patient population are required. Due to the parallel study de-
sign of the study, within-subject variability to each ascending
dose level could not be studied.

In conclusion, single SC doses of 0.1–6.0 mg kg–1

GSK2330811 were well tolerated in healthy subjects.
GSK2330811 showed linear PK over this dose range, and amean
terminal half-life estimated at approximately 24 days with
sufficient affinity to achieve target engagement in the systemic
circulation and target skin tissue. Together with the favourable

safety and tolerability profile, this finding supports the progres-
sion of GSK2330811 clinical development in inflammatory and
fibrotic disease. A proof-of-mechanism study in patients with
diffuse cutaneous SSc is now under way (NCT03041025).
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