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Biological and clinical insights from a randomized
phase 2 study of an anti-oncostatin M monoclonal
antibody in systemic sclerosis
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Abstract

Objectives. The cytokine oncostatin M (OSM) is implicated in the pathology of SSc. Inhibiting OSM signalling using
GSK2330811 (an anti-OSM monoclonal antibody) in patients with SSc has the potential to slow or stop the disease
process.

Methods. This multicentre, randomized, double-blind, placebo-controlled study enrolled participants >18years of
age with active dcSSc. Participants were randomized 3:1 (GSK2330811:placebo) in one of two sequential cohorts to
receive GSK2330811 (cohort 1: 100mg; cohort 2: 300mg) or placebo s.c. every other week for 12 weeks. The pri-
mary endpoint was safety; blood and skin biopsy samples were collected to explore mechanistic effects on inflam-
mation and fibrosis. Clinical efficacy was an exploratory endpoint.

Results. Thirty-five participants were randomized to placebo (n=28), GSK2330811 100mg (n=3) or GSK2330811
300mg (n=24). Proof of mechanism, measured by coordinate effects on biomarkers of inflammation or fibrosis,
was not demonstrated following GSK2330811 treatment. There were no meaningful differences between
GSK2330811 and placebo for any efficacy endpoints. The safety and tolerability of GSK2330811 were not favour-
able in the 300mg group, with on-target, dose-dependent adverse events related to decreases in haemoglobin and
platelet count that were not observed in the 100 mg or placebo groups.

Conclusion. Despite a robust and novel experimental medicine approach and evidence of target engagement,
anticipated SSc-related biologic effects of GSK2330811 were not different from placebo and safety was unfavour-
able, suggesting OSM inhibition may not be a useful therapeutic strategy in SSc.

Trial registration number. ClinicalTrials.gov, NCT03041025; EudraCT, 2016-003417-95.

—
<
O
pd
4
(@)

SCIENCE

Key words: biomarkers, fibrosis, GSK2330811, inflammation, monoclonal antibody, placebo-controlled trial,
safety

Rheumatology key messages

« Preclinical evidence suggests that OSM is a cytokine implicated in the pathogenesis of SSc.
e OSM inhibition by GSK2330811 did not modulate biomarkers of inflammation or fibrosis in SSc patients.
o This study advances understanding of OSM biology and provides valuable insights into SSc trial design.
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Introduction

Diffuse cutaneous SSc (dcSSc) is a systemic auto-
immune rheumatic disorder characterized by dysregu-
lated immune response and progressive fibrosis of the
skin and internal organs [1, 2]. Nintedanib [3] and tocili-
zumab [4] are licenced for the treatment of SSc-associ-
ated interstitial lung disease (ILD) and haematopoietic
stem cell transplantation can improve skin thickening,
progression-free survival and long-term survival [5, 6].
However, effective disease-modifying therapies are
needed [7].

Oncostatin M (OSM) is a member of the IL-6 cytokine
family with a potentially important role in the pathogen-
esis of SSc. OSM levels are elevated in the serum of
patients with SSc [8] and OSM receptor expression in
the skin of patients with SSc is associated with more
rapid progression of skin disease [9]. OSM induces a
profibrotic response in human skin organoid and murine
models [10-14] that may be driven in part by an increase
in profibrotic M2-like macrophages [11].

GSK2330811, a humanized IgG1 monoclonal antibody,
prevents OSM receptor binding. It was well tolerated in
healthy volunteers following single s.c. doses of 0.1-
6 mg/kg [15]. This is the first study of GSK2330811 in
participants with SSc and investigated the safety, toler-
ability, pharmacokinetics (PK) and target engagement
following repeat dosing. To explore mechanistic efficacy,
we used multivariate modelling of biomarkers that reflect
the anticipated mechanism of action of GSK2330811,
representing a rigorous statistical framework for investi-
gation of experimental medicine in complex immune-
mediated disease.

Materials and methods

Additional methods are provided in the Supplementary
Methods, available at Rheumatology online. Full study
details are available in the protocol (Supplementary File
S1, available at Rheumatology online).

Study design

This was a phase 2a, multicentre, randomized, double-
blind (sponsor open), placebo-controlled, proof of mech-
anism study in adults with dcSSc conducted at 14
centres across four countries (Canada, the Netherlands,
UK and USA) (Supplementary Table S1, available at
Rheumatology online).

The study comprised a <6week screening period, a
12 week treatment period and a 16 week post-treatment
follow-up. Eligible participants were randomized (3:1) to
six doses of s.c. GSK2330811 or placebo, administered
every other week in one of two sequential cohorts, each
with a block size of four: GSK2330811 100mg or pla-
cebo (cohort 1) or GSK2330811 300mg or placebo (co-
hort 2, stratified according to mycophenolate use).
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Study population

Eligible participants were >18years of age with active
dcSSc and a modified Rodnan skin score (mMRSS) >10
and <35 at screening and <5years from onset of the
first non-RP manifestation. Active SSc was defined as
meeting at least one of the following criteria during
screening: CRP >6mg/l, disease duration <18 months
(from the first non-RP manifestation), or any of the fol-
lowing within the previous 6 months: increase of >3
mRSS units, involvement of one new body area and an
increase of >2 mRSS units, or involvement of two new
body areas. Participants taking mycophenolate were eli-
gible if they had been on a stable dosage for >3 months
prior to the first dosing day and were willing to continue
this dosage until the day 85 visit.

Endpoints

The primary endpoint was safety and tolerability.
Secondary endpoints were PK, target engagement in
blood and anti-drug antibodies (ADA). Exploratory end-
points included biomarkers of fibrosis, inflammation and
vasculopathy in the blood and skin and clinical
endpoints.

PK and target engagement

Blood samples were collected on days 1, 15, 29, 57, 85,
113, 155 and 197. A skin suction blister was optional for
participants in cohort 2 and performed on day 57-85 as
previously described [15]. The GSK2330811 concentra-
tion and free and total OSM in blood and skin blister
fluid samples were analysed using validated assays [15].
Individual dosing information and parameters from a
minimal physiologically based PK (mPBPK) and target
engagement model [15] were used to simulate exposure
and total and free OSM and derive the percentage target
engagement [(1—free OSM/baseline OSM)*100].

Biomarkers

Four key biomarkers of inflammation and fibrosis were
prespecified for analysis to determine proof of mechan-
ism: alpha smooth muscle actin (aSMA) [16-19] meas-
ured by skin histology, 2-gene skin score (2GSSC) [19-
21] derived from measurement of THBS1 and MS4A4A
mRNA in the skin; procollagen type Ill N-terminal peptide
(PIINP) [17, 22-28] measured in serum and C-C motif
chemokine ligand 2 (CCL2) [20, 21, 29] measured by
mRNA in skin. These markers were selected based on
the strength of evidence for modulation by OSM, differ-
entiation between SSc and healthy populations, correl-
ation with clinical endpoints and response to other
therapies within 6 months [16, 19, 20, 28]. Serum IL-6,
CRP and CCL2 levels and suppressor of cytokine
signalling-3 (SOCS3) mRNA in skin were used as phar-
macodynamic biomarkers of OSM signalling. Serum,
plasma and skin punch biopsies were collected for bio-
marker assessment.
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Clinical endpoints

Among others, mRSS and forced vital capacity (FVC)
measured by respiratory laboratory tests (FVCiy) and
home spirometry (FVCy,ome) Were exploratory endpoints.

Statistical analyses

Sample size was based on feasibility, with the intention
of randomizing 24-36 participants to cohort 2. No formal
analyses were performed for safety. As the study was
not designed for formal hypothesis testing, an estimation
approach was taken. Bayesian analyses used non-
informative priors, adjusting for mycophenolate use at
day 1 and including terms for baseline. Longitudinal ana-
lysis was adjusted for visit, visit by treatment and visit by
baseline interactions. Change from baseline to day 85
data for the four prespecified biomarkers (aSMA,
2GSSC, PIINP and CCL2) were analysed using a multi-
variate model, adjusted for the corresponding baseline
value and treatment. The study would be considered
negative for proof of mechanism if the joint probability of
a change from baseline for all combinations of three bio-
markers was <50%. Spearman correlation coefficients
were calculated for the baseline:change from baseline
ratio by treatment group. No missing data were imputed.

Ethics approval and patient involvement

The study protocol was approved by each study site’s
ethics committee or institutional review board, in accord-
ance with the International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for Human
Use (ICH), Good Clinical Practice (GCP) and applicable
country-specific requirements.

Results
Participant disposition and baseline characteristics

The first participant enrolled on 22 June 2017 and the
last participant completed the study on 7 July 2020. Of
the 47 participants screened, 35 were eligible
(Supplementary Fig. S1, available at Rheumatology
online).

Of the 35 participants, 26 (74%) were women and the
median disease duration from first non-RP symptom was
16 months (range 4-60). Most participants were taking
mycophenolate at entry [n=29 (83%)], with balanced
use between the placebo and GSK2330811 300mg
groups. Study groups were similar at baseline, except
the placebo group comprised fewer patients with ILD
and had a higher mean FVC than the GSK2330811
300mg group (Table 1; Supplementary Table S2, avail-
able at Rheumatology online).

PK, target engagement and anti-drug antibodies

GSK2330811 plasma concentrations are shown in
Supplementary Table S3, available at Rheumatology on-
line. GSK2330811 concentrations in the two available
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skin blister fluid samples in the 300mg group were
3293 ng/ml and 11154 ng/ml.

Model parameter values from the mPBPK model are
shown in Supplementary Table S4, available at
Rheumatology online. The value of the model-predicted
baseline OSM parameter was updated to reflect serum
baseline OSM measured in this study (geometric mean
0.000957 nM; geometric coefficient of variation 59%).
During the on-treatment phase, free OSM levels in serum
were below the lower limit of quantitation (LLQ) in the
300 mg group, therefore the model-predicted free OSM
concentration was used to derive target engagement.
Mean serum total OSM levels increased after
GSK2330811 dosing, suggesting GSK2330811-OSM
binding and target engagement [15] (Supplementary
Fig. S2A, available at Rheumatology online).
Total:baseline OSM ratios for the 300mg group are
shown in Supplementary Table S5, available at
Rheumatology online. The median (80% interval) model-
derived target engagement in serum for this group was
estimated at 91% (range 81-94%) on day 77. In the skin
blister fluid, free OSM from two participants in the
300mg group were below the LLQ; their total OSM val-
ues were 249.13 and 199.28 pg/ml.

Model-derived target engagement was predicted to be
87% (range 77-92) in well-perfused tissues and 67%
(range 51-78) in poorly perfused tissues, but too few
skin blister fluid samples were collected to estimate this
directly for fibrotic skin.

In the GSK2330811 300mg group, two (9%) partici-
pants were positive for ADA at any time post-baseline
and all were negative for ADA at their final study visit. In
the placebo and 100mg groups, no participants were
ADA positive any time post-baseline.

Biomarkers

Despite evidence of target engagement in serum follow-
ing administration of GSK2330811 300mg, there were
no changes from baseline in SOCS3 in the skin
(Supplementary Fig. S2B, available at Rheumatology on-
line) or IL-6, CRP or CCL2 in serum (Supplementary Fig.
S2C-E, available at Rheumatology online). No changes
were observed for other disease and OSM-related genes
analysed in the skin (Supplementary Table S6, available
at Rheumatology online).

No reduction of potential markers of inflammation
or fibrosis (aSMA, CCL2, 2GSSC and PIINP) was
observed from baseline to day 85 for the GSK2330811
300mg group (Fig. 1). The jointly modelled probability
that, based on the observed data, the reduction from
baseline in at least three of four of these biomarkers
was non-zero was 37%, which did not meet the pre-
specified 50% threshold. Although a difference from
placebo was observed for aSMA, only three partici-
pants in the placebo group had sufficient skin biopsy
tissue. Changes in key individual biomarkers following
GSK2330811 300mg were not well correlated (correl-
ation coefficient <0.4; Supplementary Table §7,
available at Rheumatology online); results from the

https://academic.oup.com/rheumatology
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TasLe 1 Participant demographics and clinical characteristics at baseline (safety population, unless stated otherwise)

Characteristics Placebo = GSK2330811 100mg GSK2330811 300 mg
(n=8) (n=23) (n=24)
Age, years, mean (s.p.) 50.8 (15.4) 66.7 (NA) 52.6 (12.6) 53.4(13.2)
Female, n (%) 6 (75) 1(33) 19 (79) 26 (74)
Race, n (%)
White 7 (88) 3 (100) 20 (83) 30 (86)
Black or African American 0 0 3(13) 3(9)
Asian 1(13) 0 0 13)
American Indian or Alaska Native 0 0 14) 1Q
BMI, kg/m?, mean (s.p.) 23.9 (4.1) 27.9 (NA) 29.4 (6.7) 28.0 (6.4)
Time since onset of first non-Raynaud 12.0 (7-21) 14.0 (11-21) 17.5 (4-60) 16.0 (4-60)
manifestation of disease, months, median (range)
Pulmonary fibrosis®, n (%) 1(13) 1(33) 8 (33) 10 (29)
Mycophenolate use at day 1, n (%) 7(88) 2 (67) 20 (83)7 29 (83)7
Baseline mRSS
Mean (s.p.) 20.5 (4.5) 32.0 (NA) 20.5 (6.6) 215
Median (range) 19 (16-29) 31 (29-36) 19 (11-32) 19 (11-36)
Baseline FVC (% predicted)®
Mean (s.p.) 105 (23.1) 104 (NA) 87.7 (18.6) -
Median (range) 104 (79-155) 105 (103-105) 87 (54-129) -
Baseline DLCO (% haemoglobin)?, corrected
Mean (s.p.) 78.8 (22.7) 89.0 (NA) 72.6 (18.7) -
Median (range) 72 (55-126) 88 (80-99) 69 (44-123) -
Baseline CRP, mg/L,? median (range) 2.0(0.1-11.6) 2.1(0.7-3.3) 1.7 (0.2-82.5) -
Baseline PhGA,? median (range) 3.5@2-7) 2.0 (2-6) 4.0 (0-7) -
Baseline PtGA,*? median (range) 2.0 (0-5) 0 5.0 (1-8) -
Baseline autoantibody profile, n (%)
ANA 8 (100) 3(100) 21(88) 32 (91)
Anti-RNA polymerase Il 5(63) 2 (67) 8 (33) 15 (43)
Anti-Scl-70 2 (25) 1(33) 4(17) 7 (20)
Anti-centromere 1(13) 0 1) 2(6)

@Data from the per-protocol population where one participant in the GSK2330811 300mg group was excluded (n=23). s.o.
not calculated in the GSK2330811 100mg group, as there were only three participants. “Confirmed by high-resolution CT.
9Data missing from one participant in the placebo group (n=7) and two participants in the GSK2330811 100mg group
(n=1). DLCO: diffusing capacity of the lungs for carbon monoxide; NA: not applicable; PhGA: Physician’s Global

Assessment; PtGA: Patient’s Global Assessment.

univariate and multivariate models were similar for the
fitted estimates (Supplementary Table S8, available at
Rheumatology online) and the probability of a change in
the biomarkers (Supplementary Table S9, available at
Rheumatology online).

Of 22 biomarkers analysed in blood, only 3 (tissue in-
hibitor of metalloproteinases 1, soluble vascular cell ad-
hesion molecule-1, vascular endothelial growth factor)
showed a marginal change (<1.3-fold) following
GSK2330811 300mg dosing that was not seen in the
placebo group (Supplementary Fig. S3, available at
Rheumatology online). GSK2330811 showed no effect
on M1 and M2 macrophage and fibrosis gene signatures
in skin (Supplementary Fig. S4 and Table S10, available
at Rheumatology online).

Clinical endpoints

The mean change from baseline mRSS at day 85
showed no difference between the GSK2330811 300 mg

https://academic.oup.com/rheumatology

and placebo groups (Table 2). No meaningful differences
between the GSK2330811 300mg and placebo groups
were reported for any other clinical endpoint, including
FVChome (Supplementary Fig. S5, available at
Rheumatology online) or measures of participants’ health
(Table 2; Supplementary Table S11, available at
Rheumatology online). A post hoc analysis indicated that
FVCiome and FVC,,, measurements were highly corre-
lated (correlation coefficients 0.8 at baseline and 0.9 at
day 85) (Supplementary Fig. S6, available at
Rheumatology online). Despite the small sample, an ab-
sence of outliers at week 12 suggests improvement in
the home FVC technique over time.

Safety

All participants reported at least one adverse event (AE)
during the on-treatment phase (Supplementary Table
S12, available at Rheumatology online). In the 300 mg
group, nine (39%) participants experienced AEs of
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Fic. 1 (A-C) Ratio to baseline at day 85 and (D) including visits up to day 85%
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interval.

decreased haemoglobin (5 participants) or anaemia (4
participants). Laboratory values showed dose-dependent
reductions in haemoglobin that worsened over time dur-
ing treatment with GSK2330811 100mg and 300mg,
with a median time to nadir in the 300 mg group at day
84 (range 16-154) and recovery off-treatment to near
baseline by the end of follow-up (Fig. 2A). Two (25%)
participants receiving placebo and 20 (87%) participants
receiving 300 mg had an increase (worsening) of at least
one grade for anaemia based on the Common
Terminology Criteria for AEs (CTCAE). Of these, two
(9%) participants receiving 300 mg worsened to grade 3
anaemia (haemoglobin <80 g/l), necessitating discontinu-
ation of treatment as per protocol. However, the CTCAE
anaemia grade was imbalanced at baseline, with nine
(38%) participants in the 300mg group having grade 1
anaemia pre-dose [haemoglobin <lower limit of normal
(LLN) — 100 g/I] compared with none in the other groups.
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Decrease in mean platelet count was dose dependent.
Six (26%) participants experienced AEs of either a plate-
let count decrease (13%) or thrombocytopenia (13%). In
the 300mg group, nine (39%) participants had an in-
crease (worsening) in thrombocytopenia to grade 1
(platelet count <LLN — 75 x 10%1), with a median time to
nadir at day 42 (range 16-84). Platelet counts recovered
to baseline values by the end of follow-up (Fig. 2B).
Changes in reticulocyte counts, erythropoietin and
thrombopoietin were also treatment group dependent
(Supplementary Fig. S7, available at Rheumatology
online).

The mean total neutrophil counts decreased in the
300mg group compared with placebo (Supplementary
Fig. S7D, available at Rheumatology online); three partic-
ipants (13%) worsened to grade 1 neutropenia
(<LLN — 1.5 x 10%l), one participant (4%) worsened to
grade 3 neutropenia (<1-0.5x10%) and one

https://academic.oup.com/rheumatology
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TasLE 2 Mean change from baseline to day 85 in exploratory efficacy endpoints (per protocol population®)

Efficacy endpoint

mRSS
n
Change from baseline, posterior
mean (95% Crl)
Probability <0, %
FVCiab
n
Change from baseline, posterior
mean (95% Crl)
Probability >0, %
ACR CRISS
n
Predicted probability of improvement
from baseline, median (IQR)
HAQ-DI
n
Change from baseline, posterior
mean (95% Crl)
Probability <0, %
PhGA
n
Mean change from baseline (s.p.)
PtGA
n
Mean change from baseline (s.p.)

Placebo (n =8)

8

—3.13(—6.20, —0.07)

98

8
0.04 (~0.20, 0.28)

64
6

0.11 (0.00, 0.60)
8

0.01 (~0.22, 0.25)

45

8
~0.8(1.67)

6
1.0 2.10)

GSK2330811 300mg (n =23) Difference from placebo

—2.01 (—3?.:32, ~0.20) 1.12 (—2743, 4.72)
98 27
20 _

0.06 (—0.09, 0.21) 0.02 (—0.27, 0.30)
80 56
19 -

0.01 (0.00, 0.06) -
22 -

0.05 (~0.10, 0.19) 0.03 (~0.24, 0.31)
26 41

22 -
0.3 (2.45) -

22 -
0.6 (2.04) -

@Data for 100 mg group not shown. CRISS: combined response index for systemic sclerosis; Crl: credible interval; HAQ-DI:
HAQ-Disability Index; PhGA: Physician’s Global Assessment; PtGA: Patient’s Global Assessment.
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participant (13%) in the placebo group worsened to
grade 2 neutropenia.

Four (17%) participants in the 300 mg group perman-
ently discontinued study treatment or withdrew from the
study due to an AE, compared with none in the placebo

https://academic.oup.com/rheumatology

or 100mg group (Supplementary Table S13, available at
Rheumatology online).

During the on-treatment phase, one participant in the
300mg group experienced serious AEs (SAEs) of atrial
fibrillation, mild hypotension and severe pericarditis.
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During follow-up, one participant in the placebo group
experienced an infected digital ulcer. Two participants in
the 300mg group reported SAEs after completing par-
ticipation in the study: one was diagnosed with urothelial
cell cancer 236days after the last dose and one was
diagnosed with renal cell carcinoma 533 days after the
last dose of GSK2330811. All SAEs were considered by
the investigator to be unrelated or unlikely related to
GSK2330811. No participant died during the study.

Discussion

As well as being the first repeat-dosing study of the anti-
OSM monoclonal antibody GSK2330811 in participants
with SSc, this study incorporated innovative study de-
sign elements to address well-highlighted challenges of
conducting randomized controlled trials in SSc [30-32].
The multivariate modelling of predefined, carefully
selected biomarkers to assess proof of mechanism
avoids an inflated type | error, which can result when
considering endpoints independently, and exemplifies
the potential of an experimental medicine approach com-
bined with a rigorous statistical framework in complex
immune-mediated disease. Assessment of target en-
gagement of GSK2330811 to OSM in the skin compart-
ment using a skin suction blister model [15] and home
FVC measurement are additional contributions towards
innovation in SSc trial design.

Exposure of GSK2330811 in plasma was consistent
with modelled expectations and confirmed target en-
gagement in serum [15]. Skin blister fluid data were lim-
ited, but demonstrated that GSK2330811 reached the
skin. Despite this, proof of mechanism, as measured by
a coordinated effect on biomarkers of inflammation and
fibrosis in skin and serum, was not demonstrated follow-
ing treatment with GSK2330811. A correlation between
OSM and CRP is well described [33], and SOCS3 (a sig-
nalling molecule downstream of OSM and IL-6) was
downregulated by the IL-6 receptor blocker tocilizumab
in the faSScinate study [20]. The lack of anticipated ef-
fect of GSK2330811 on CRP and SOCSS3 implies pos-
sible redundancy in OSM signalling (e.g. IL-6). While
OSM pathways are known to be activated in fibrosis and
SSc [10, 13, 34], OSM blockade alone may be inad-
equate to ameliorate dcSSc disease pathology.

High background use of mycophenolate, which was
excluded in faSScinate, may have dampened the effects
of GSK2330811. Other hypotheses include the potential
for lower GSK2330811 levels in fibrotic skin, leading to
insufficient skin target engagement, and differential
effects of OSM inhibition on signalling through its two
receptors. If the low-affinity leukaemia inhibitory factor
receptor (LIFR) mediates haemoglobin and platelet
effects, and the high-affinity OSM receptor mediates tar-
geted skin effects, increased OSM inhibition may elicit
LIFR-mediated AEs before achieving potentially advanta-
geous inhibition of OSM receptor signalling [35].

The safety of GSK2330811 was not favourable at
300mg based on the observed degree of anaemia,
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thrombocytopenia and mild neutropenia. Anaemia and
thrombocytopenia are consistent with a known role of
OSM in bone marrow [36-38] and were reported in the
phase 1 study of GSK2330811 in healthy participants
[15]. However, anaemia was more pronounced than
anticipated. Elevation of thrombopoietin and erythropoi-
etin and the time course of reticulocytosis provide mech-
anistic insights into potential compensatory mechanisms
following GSK2330811 treatment.

The study was limited by the small number of samples
available for aSMA analysis; insufficient blister fluid sam-
ples for measurement of target engagement; unequal
randomization of underlying ILD, FVC, autoantibodies
and anaemia at baseline; and high background myco-
phenolate usage. Most participants were positive for
ANA and anti-RNA polymerase lll was the most common
SSc-specific reactivity, reflecting recruitment of patients
with early severe dcSSc in the USA and UK.
Generalizability to other ANA subgroups may be limited
but is likely irrelevant for interpretation of a negative trial.
While 12weeks was likely too short a treatment period
to observe changes in clinical endpoints, in the absence
of effects on inflammation and fibrosis biomarkers it is
unlikely that a longer study would show clinical efficacy.

Although these data do not support further clinical de-
velopment of GSK2330811 in SSc, this study advances
our understanding of OSM biology and introduces inno-
vations in early phase clinical study design in SSc.
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