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Abstract

Background: Interleukin-1 receptor 1 (IL-1R1) inhibition is a potential strategy for treating patients with chronic
obstructive pulmonary disease (COPD). MEDI8968, a fully human monoclonal antibody, binds selectively to IL-1R1,
inhibiting activation by IL-1a and IL-103. We studied the efficacy and safety/tolerability of MEDI8968 in adults with
symptomatic, moderate-to-very severe COPD.

Methods: This was a phase Il, randomised, double-blind, placebo-controlled, multicentre, parallel-group study.
Subjects aged 45-75 years and receiving standard maintenance therapy with 22 exacerbations in the past year
were randomised 1:1 to receive placebo or MEDI8968 300 mg (600 mg intravenous loading dose) subcutaneously
every 4 weeks, for 52 weeks. The primary endpoint was the moderate/severe acute exacerbations of COPD
(AECOPD) rate (week 56 post-randomisation). Secondary endpoints were severe AECOPD rate and St George's
Respiratory Questionnaire-COPD (SGRQ-C) score (week 56 post-randomisation).

Results: Of subjects randomised to placebo (n = 164) and MEDI8968 (n = 160), 79.3% and 75.0%, respectively,
completed the study. There were neither statistically significant differences between treatment groups in moderate/
severe AECOPD rate ([90% confidence interval]: 0.78 [0.63, 0.96], placebo; 0.71 [0.57, 0.90], MEDI8968), nor in severe
AECOPD rate or SGRQ-C scores. Post-hoc analysis of subject subgroups (by baseline neutrophil count or tertiles of
circulating neutrophil counts) did not alter the study outcome. The incidence of treatment-emergent adverse events
(TEAEs) with placebo and MEDI8968 treatment was similar. The most common TEAE was worsening of COPD.

Conclusions: In this phase Il study, MEDI8968 did not produce statistically significant improvements in AECOPD rate,
lung function or quality of life.

Trial registration: ClinicalTrials.gov, NCT01448850, date of registration: 06 October 2011.
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Background

Chronic obstructive pulmonary disease (COPD) is a pro-
gressive inflammatory disease of the lower airways, char-
acterised by persistent airflow limitation [1]. Acute
exacerbations of COPD (AECOPD) cause a persistent
deterioration of the patients’ quality of life [2]. Once
hospitalisation occurs, patients often require repeated
hospital admissions, with deterioration of COPD leading
to eventual death [3].

Interleukin (IL)-1a and IL-1B are pro-inflammatory
cytokines produced by a variety of immune and stromal
cells [4] and are thought to play an important role in the
pathophysiology of COPD. In patients with COPD, IL-
1P is elevated in sputum, serum and bronchoalveolar
lavage fluid [4] and, along with IL-1q, is elevated both in
patients with stable disease and those experiencing exac-
erbations [5]. Furthermore, both cytokines are released
in response to cigarette smoke [4, 6], the most common
risk factor for COPD [1]. IL-1a and IL-1p bind to the
IL-1 receptor 1 (IL-1R1) [4, 7]. This leads to stimulation
of neutrophilic inflammation, which is associated with
the narrowing of small airways [6, 8] and the release of
other cytokines that sustain the inflammatory response.
IL-1B concentrations in sputum from patients with
COPD correlate with concentrations of sputum neutro-
phils and sputum IL-8, and are inversely correlated with
forced expiratory volume in 1 s (FEV;) [9, 10]. Sputum
IL-1B concentrations are further increased in patients
with AECOPD and show a strong correlation with bac-
terial infections [11]. Animal models of smoke exposure
have shown that inflammation of the airways is
dependent on IL-1R1 signalling [7]. In particular, IL-1a
is a crucial mediator of neutrophilic inflammation [6],
with inhibition of IL-1p reducing this inflammation [12].
Additionally, chronic inflammation may increase suscep-
tibility to bacterial and viral infections that are the major
cause of AECOPD [13, 14]. Inhibition of IL-1R1 using
anakinra resulted in a reduction of airway neutrophilia
in a human lipopolysaccharide challenge model of lung
inflammation in a small number of healthy volunteers
[15]. Inhibition of IL-1R1 represents a potential strategy
for the treatment of patients with COPD by blocking the
effects of both IL-1a and IL-1p.

MEDI8968, a fully human immunoglobulin G2 mono-
clonal antibody that binds selectively to IL-1R1 to inhibit
its activation by IL-1a and IL-1f, has been investigated
in subjects with rheumatoid arthritis [16] and osteoarth-
ritis [17]. We hypothesised that inhibition of IL-1R1
would reduce neutrophilic airway inflammation in sub-
jects with stable COPD, resulting in a reduced frequency
and severity of AECOPD. To test this hypothesis, we
undertook a phase II study to examine the efficacy and
safety/tolerability of MEDI8968 in adults with moderate-
to-very severe COPD, with the primary objective of
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examining whether the frequency of moderate/severe
AECOPD was reduced. In addition, we evaluated the
response to MEDI8968 in subject subgroups defined by
C-reactive protein (CRP), fibrinogen and, in post-hoc
analyses, blood neutrophil counts.

Methods

Subjects

We enrolled subjects aged 45-75 years with symptom-
atic, moderate-to-very severe COPD (Global Initiative
for Chronic Obstructive Lung Disease [GOLD] stage 11—
IV [1]), receiving standard maintenance therapy and
who had =2 AECOPD that required oral corticosteroids,
antibiotics or hospitalisation in the 12 months prior to
screening. Full inclusion, exclusion and study-stopping
criteria are listed in the online Additional file 1.

Study design

This was a phase II, randomised, double-blind, placebo-
controlled, multicentre, parallel-group study (CP1103;
Clinical Trials.gov NCT01448850), conducted at 68 sites in
Bulgaria, Czech Republic, Hungary, Latvia, Lithuania,
Philippines, Poland, Ukraine, United Kingdom and United
States. The study consisted of a 17-23-day run-in period
(visits 1-3) and a 52-week treatment period (visits 4—19;
weeks 1, 4, 5, 8, 9 and every 4 weeks [Q4W] thereafter
until week 53). Subjects returned to the clinic 8 weeks
(week 61) and 16 weeks (week 69) after the treatment
period, for follow-up visits (visits 20-21).

During screening, FEV; measurements determined the
standard maintenance care therapy (budesonide/formo-
terol or tiotropium or budesonide/formoterol plus tio-
tropium), which replaced the existing maintenance
therapy and was assigned for each subject at the start of
run-in (online Additional file 1). Following screening/
run-in, subjects were randomised 1:1 to receive placebo
or MEDIB968 as a 600 mg intravenous (IV) dose on day
1 (loading dose), followed by 300 mg subcutaneous (SC)
(two 150 mg injections) Q4W, for a total of 14 doses.
The single 600 mg IV infusion was administered over a
minimum of 1 h (for further details on randomisation
and blinding, see the online Additional file 1).

Assessments

The primary endpoint was the annualised rate of moder-
ate/severe AECOPD, including data up to week 56, sum-
marised as a per-person-per-year rate (measured at all
visits during treatment and follow-up). An AECOPD
was defined as worsening of >2 major symptoms (dys-
pnoea, sputum volume, sputum purulence) or worsening
of one major and one minor symptom (sore throat, cold,
fever without other cause, increased cough or wheeze)
for >2 consecutive days [18]. The severity of AECOPD
was categorised based on the treatment required:
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increase in normal therapy, antibiotics/systemic cortico-
steroids or hospitalisation for mild, moderate or severe
AECOPD, respectively. Additionally, the moderate/se-
vere AECOPD rate was compared between subjects by
baseline CRP (>0.347 mg/dL cut-off; inclusion criterion
for a study of canakinumab in COPD [19]) and fibrino-
gen (> median cut-off) concentrations as part of a pre-
specified analysis.

Secondary endpoints included severe AECOPD rate
and change from baseline in SGRQ-C total and symp-
tom domain scores (measured at weeks 1, 5, 13, 25, 37,
53 and 69) [20, 21].

Exploratory endpoints included change from baseline
in pre-bronchodilator FEV; and change from baseline in
Exacerbations of Chronic Pulmonary Disease Tool Re-
spiratory Symptoms (E-RS) total score (online Add-
itional file 1) and exploratory serum biomarker analyses
were performed using Rules Based Medicine and in
house assays. Pharmacokinetic (PK) and immunogenic
profile measurements are included in the online
Additional file 1. Safety and tolerability were assessed
throughout the treatment and follow-up periods (online
Additional file 1).

A post-hoc analysis was carried out to evaluate the rate
of moderate/severe AECOPD, as described for the primary
endpoint, and change from baseline in SGRQ-C scores by
baseline blood neutrophil counts and tertiles. The tertiles
comprised subjects with baseline neutrophil counts of
<4.27 x 10% cells/uL (Ist tertile), >4.27 x 10°-<5.68 x 10°
cells/uL (2nd tertile) and >5.68 x 10° cells/uL (3rd tertile).
Time to first severe-only AECOPD was also analysed post
hoc.

Statistics

Efficacy analyses were conducted using the modified
intention-to-treat (mITT) population, which comprised
all randomised subjects who received any study drug. The
safety population included all randomised subjects who
received at least one dose of the study drug. An interim
analysis was carried out at 26 weeks. A total of 134 sub-
jects per arm was required to detect a 40% reduction in
the rate of moderate/severe AECOPD at an interim ana-
lysis performed after 26 weeks of treatment, assuming
80% power and alpha of 10%. Accounting for a dropout
rate of 15%, and subjects contributing partial data to the
primary endpoint, the number of randomised subjects was
increased to 150 per arm. The AECOPD rate was analysed
using a Poisson regression model adjusted for over disper-
sion, with number of exacerbations as the outcome and
the log of follow-up time as an offset variable, with covari-
ates for treatment group, background maintenance ther-
apy and previous exacerbations. The adjusted mean rates,
treatment ratio, 90% confidence interval (CI) and p-value
for the comparison of MEDI8968 versus placebo have
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been presented. The change from baseline in continuous
endpoints was analysed using mixed model repeated mea-
sures, including treatment, visit and treatment-by-visit
interaction, and baseline score and background mainten-
ance therapy as covariates.

Results

Subjects

Between 11 November 2011 and 18 February 2014, 324
subjects were randomised (n = 164 placebo; n = 160
MEDIB968) and formed the mITT and safety popula-
tions. The study ended as planned after subjects com-
pleted the final visit. Overall, 250 subjects (77.2%)
completed the study (79.3% placebo; 75.0% MEDI8968)
(Fig. 1). Demographics and baseline disease characteris-
tics were similar between treatment groups (Table 1).

Efficacy

Exacerbations

Sixty-eight (41.5%) subjects in the placebo group and 65
(40.6%) in the MEDI8968 group experienced at least one
moderate/severe AECOPD to week 56. Although there
was a numerical reduction in the exacerbation rate with
MEDIB968, the primary endpoint was not met, with pla-
cebo and MEDI8968 groups showing moderate/severe
AECOPD rates (90% CI) to week 56 of 0.78 (0.63, 0.96)
and 0.71 (0.57, 0.90), respectively. The treatment ratio
(90% CI) for MEDI8968 versus placebo was 0.92 (0.68,
1.25), a relative annual exacerbation rate reduction
(AERR) (90% CI) of 8% (-25%, 32%; p = 0.645) in the
MEDIB968 group compared with placebo. The AECOPD
rate in the placebo group was lower than expected at
0.78. However, the total number of patient-years in-
cluded in the analysis had sufficient statistical power to
detect a 40% reduction in moderate/severe AECOPD
rate (determined by post-hoc power calculation based on
placebo rate at the end of the study) and ruled out a re-
duction in exacerbation rate of more than 32%.

The severe AECOPD rate (90% CI) was 0.14 (0.09,
0.21) with placebo treatment and 0.10 (0.06, 0.16) with
MEDI8968 treatment (treatment ratio [90% CI]: 0.71
[0.40, 1.28]; relative AERR [90% CI]: 29% [-28%, 60%];
p = 0.340). Twenty (12.2%) subjects in the placebo group
and 16 (10.0%) in the MEDI8968 group had at least one
severe AECOPD to week 56.

There were no significant differences in time to first
moderate/severe or severe-only AECOPD between treat-
ment groups (moderate/severe: hazard ratio [90% CI]:
1.04 [0.78, 1.38], p = 0.824; severe: hazard ratio [90%
CI]: 0.82 [0.47, 1.43], p = 0.562) (Figs. 2 and 3).

Treatment with MEDI8968 did not have a significant
effect on AECOPD rate in any of the pre-specified sub-
group analyses (Fig. 4). Analyses of the moderate/severe
AECOPD rate by baseline CRP (<0.347 mg/dL and
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Fig. 1 Subject disposition*Due to metastatic lung cancer, cardiopulmonary failure and cardiac failure.'Due to pneumonia, metastatic neoplasm,
necrotising pancreatitis, cerebral haemorrhage, dyspnoea and pulmonary embolism
(.

Table 1 Demographics and baseline disease characteristics (ITT population)?

Placebo MEDI8968 Total
(n =164) (n = 160) (N =324)
Age, years, mean (SD) 63.0 (6.8) 62.8 (6.7) 629 (6.8)
Male, n (%) 110 (67.1) 110 (68.8) 220 (67.9)
BMI, kg/m?, mean (SD) 258 (5.1) 25.7 (49) 25.7 (50)
Baseline GOLD 2001 status, n (%) I 44 (26.8) 44 (27.5) 88 (27.2)
Il 90 (54.9) 79 (49.4) 169 (52.2)
\% 30 (18.3) 37 (23.1) 67 (20.7)
FEV;, L, mean (SD) Pre-bronchodilator 1.1 (04) 1.2 (0.5) 1.16 (0.5)
Post-bronchodilator 1.2 (04) 1.3 (0.5) 1.24 (0.5)
FEV, predicted, %, mean (SD) Pre-bronchodilator 386 (12.7) 39.7 (14.7) 39.1 (134)
Post-bronchodilator 42.1 (13.3) 419 (144) 420 (13.8)
SGRQ-C, mean (SD) Total 589 (18.0) 61.2 (17.6) 60.0 (17.8)
Symptom 724 (1838) 744 (18.0) 734 (184)
CRP, mg/dL, n (%) <0.347 84 (51.2) 84 (52.5) 168 (51.9)
20347 80 (48.8) 76 (47.5) 156 (48.1)
Fibrinogen, n (%) < median 82 (51.6) 73 (46.2) 155 (48.9)
2 median 77 (484) 85 (53.8) 162 (51.1)

BMI body mass index, CRP C-reactive protein, FEV; forced expiratory volume in 1's, GOLD Global Initiative for Chronic Obstructive Lung Disease, ITT intention-to-
treat, SD standard deviation SGRQ-C St George's Respiratory Questionnaire-chronic obstructive pulmonary disease
AITT population: all randomised subjects
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457 o MEDI8968 300 mg (n = 160)
o Placebo (n = 164)

Percentage of subjects with a
moderate/severe AECOPD (%)

Baseline 7 14 21

Placebo n = 164 142 130 119
MEDI8968 n = 160 142 124 104

1 End of treatment (week 53)

Fig. 2 Kaplan-Meier plot of time to first moderate or severe AECOPD (mITT population). Kaplan-Meier method used to estimate the percentage of
subjects with a moderate/severe AECOPDAECOPD acute exacerbations of chronic obstructive pulmonary disease, m/TT modified intention-to-treat
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>0.347 mg/dL) and fibrinogen (< median and > median)
concentrations showed no statistically significant
differences between placebo and MEDI8968 groups
(Additional file 1: Table S1 and Fig. 4).

Health-related quality of life and lung function

No significant differences were observed between treat-
ment groups in St George’s Respiratory Questionnaire
for COPD (SGRQ-C) change from baseline at week 53,
for total score (mean difference [90% CI]: 0.54 [-1.99,
3.08]; p = 0.724) or symptom domain score (mean differ-
ence [90% CI]: —-1.21 [-4.25, 1.83]; p = 0.511) (Add-
itional file 1: Figure S1A and B). There were also no
significant differences seen in change from baseline in
FEV, (Additional file 1: Table S2) and E-RS total score
(Additional file 1: Figure S2).

Effect on blood neutrophil counts and serum CRP and
fibrinogen

No subjects had blood neutrophil counts below 1.5 x 10
cells/puL, which is indicative of neutropenia [22], at baseline.
Mean (standard deviation [SD]) blood neutrophil count at
baseline was similar between treatment groups: 5.30 x 10
(2.17 x 10°) cells/uL with placebo (z = 164) and 527 x 10°
(201 x 10%) cells/uL. with MEDI8968 (1 = 160). After the
first dose, mean (SD) blood neutrophil count remained
stable with placebo (540 x 10° [2.58 x 10%] cells/ pL;
n = 151) and decreased in the MEDI8968 group (3.87 x 10
[1.73 x 10°] cells/uL; n = 147). Throughout the treatment
period, blood neutrophil counts in the MEDI8968 group
remained consistently and significantly lower than the pla-
cebo group (p < 0.0012). Sixteen weeks after the last dose,
mean (SD) neutrophil counts were 6.04 x 10% (242 x 10%)
cells/pL in the placebo group (n = 124) and had increased

147 o MEDI8968 300 mg (n = 160)
o 121 o Placebo (n = 164)
£
2 510
o<
°n
20 8-
20
20
2w
5< 6
oo
=
g% 41
So
<
] 24
o
04
T T T
Baseline 7 14 21
Placebo n = 164 161 153 144
MEDI8968 n = 160 157 147 138
1 End of treatment (week 53)

Fig. 3 Kaplan-Meier plot of time to first severe AECOPD (mITT population). Kaplan-Meier method used to estimate the percentage of subjects
with a severe AECOPDAECOPD acute exacerbations of chronic obstructive pulmonary disease, m/TT modified intention-to-treat

28 35 42 50 1 57
Week

138 129 124 118 0

131 126 123 118 0
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Fig. 4 Forest plot of treatment ratio (90% Cl) by subgroup (mITT population). Values <1 represent a reduction of AECOPD rate relative to placebo.
Analysed using Poisson regression with Pearson correction, adjusting for treatment, background therapy and history of previous exacerbations
AECOPD acute exacerbations of chronic obstructive pulmonary disease, BMI body mass index, Cl confidence interval, CRP C-reactive protein, CV
cardiovascular, FEV; forced expiratory volume in 1's, GOLD Global Initiative for Chronic Obstructive Lung Disease, m/TT modified intention-to-treat,

Favors placebo

Treatment ratio

to 544 x 10® (1.71 x 10°) cells/uL (1 = 113) in subjects re-
ceiving MEDI8968 (Fig. 5).

There were statistically significant reductions from base-
line throughout the treatment period in serum concentra-
tions of CRP (p < 0.0001) and fibrinogen (p < 0.0001) in the
MED8968 treatment group compared with placebo (Fig. 5).

Exacerbations and health-related quality of life by baseline
peripheral blood neutrophil count

A post-hoc subgroup analysis of exacerbation rates was per-
formed using baseline neutrophil counts. At high baseline
neutrophil counts, there was a trend towards benefit in the
treatment arm compared with placebo (Fig. 6). Addition-
ally, a tertile analysis of baseline neutrophil counts assessing
exacerbations (Additional file 1: Table S1) or SGRQ-C
(Additional file 1: Figure S3) was consistent with these re-
sults; however, the treatment effect in the top tertile for
neutrophil count was not statistically significant.

Safety and tolerability
The incidence of treatment-emergent adverse events
(TEAEs) was similar between treatment groups

(m = 130 [79.3%] placebo; n = 130 [81.3%]
MEDI8968), with the proportion of subjects with
TEAEs considered treatment-related being low across
both treatment groups (n = 8 [4.9%] placebo; n = 17
[10.6%] MEDI8968) (Additional file 1: Table S3).
Overall, the most common TEAE was worsening of
COPD (n = 76 [46.3%] placebo; n = 70 [43.8%]
MEDI8968). Pneumonia occurred in eight subjects re-
ceiving placebo (4.9%) and ten receiving MEDI8968
(6.3%). The incidence of treatment-emergent serious
adverse events (TESAEs) was similar with placebo
(n = 35 [21.3%]) and MEDI8968 (n = 41 [25.6%]).
There were nine deaths during the study (Fig. 1):
three in the placebo group (due to metastatic lung
cancer, cardiopulmonary failure and cardiac failure)
and six in the MEDI8968 group (due to pneumonia,
metastatic neoplasm, necrotising pancreatitis, cerebral
haemorrhage, dyspnoea and pulmonary embolism);
none were considered related to treatment.

There were no clinically important differences between
the placebo and MEDI8968 groups in laboratory mea-
sures, vital signs and electrocardiogram parameters.
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(See figure on previous page.)

Fig. 5 a Circulating neutrophil count, (b) serum CRP and (c) serum fibrinogen over time (safety population). Raw mean and standard errors
estimated at each visit (neutrophils, panel a; fibrinogen, panel ). Raw geometric mean and standard errors estimated at each visit (CRP, panel b);
the geometric mean was used as the distribution of the CRP data was skewed, thus requiring log transformation prior to calculation of the mean

CRP C-reactive protein, SE standard error

Pharmacokinetic and immunogenicity profile

The PK population comprised 165 subjects (n = 7 placebo;
n = 158 MEDI8968). After the 600 mg IV loading dose,
the mean trough MEDI8968 serum concentration at week
4 in the active treatment participants was 63.4 ng/pL; after
subsequent dosing with 300 mg SC Q4W, this value had
approximately halved by week 53 to 28.6 ng/uL. Sixteen
weeks after the last administered dose (week 69), the
mean MEDI8968 serum concentration had decreased to
0.1 ng/uL, with most samples being below the limit of
quantitation. Of the MEDI8968-dosed subjects, 19 (12.3%)
were confirmed positive for anti-drug antibody (ADA), of
whom nine (5.6%) were positive for neutralising antibodies
(for further information on the immunogenicity profile,
see the online Additional file 1).

Discussion
This is the first study to investigate the efficacy and safety/
tolerability of MEDI8968, an anti—IL-1R1 monoclonal
antibody, in subjects with COPD. Despite being well toler-
ated, MEDI8968 (600 mg IV loading dose; 300 mg SC
Q4W) did not produce statistically significant improve-
ments in the rate of moderate/severe or severe-only
AECOPD, time to first AECOPD, SGRQ-C total or symp-
tom domain score or FEV; in the total study population.
In this study population, MEDI8968 treatment was asso-
ciated with a similar incidence of TEAEs and TESAEs as
the placebo treatment. MEDI8968 decreased the neutrophil
concentration after the first dose, an effect that persisted

throughout the treatment period, but which was reversible
following washout. This is consistent with the mechanism
of action of MEDI8968 and the effect previously observed
with MEDI8968 in osteoarthritis [17]. An increase in
bacterial infections is a concern associated with the use of
biologic therapies, due to potential immunosuppression
[23, 24]. However, in our study, the incidence of pneumonia
in MEDI8968-treated subjects was similar to that in the
placebo group (n = 10 [6.3%] vs. 1 = 8 [4.9%]); furthermore,
the overall highest incidence of infections was reported
with placebo. It is possible this was, in part, due to the ex-
clusion of subjects with neutrophil counts <25 x 10° cells/
pL at baseline.

MEDIB968 has previously been evaluated in subjects
with rheumatoid arthritis [16] and osteoarthritis of the
knee [17]; however, only modest improvements were ob-
served in these studies. Specifically, MEDI8968 demon-
strated statistically significant higher scores in ACR20/
50 (20/50% improvement in American College of
Rheumatology criteria) and Disease Activity Score 28—
CRP protein compared with placebo in subjects with
rheumatoid arthritis, but responses were weak or absent
in swollen joints count and physician and patient global
assessments [16]. In subjects with osteoarthritis of the
knee, MEDI8968 did not demonstrate statistically signifi-
cant improvements in pain [17].

PK analysis showed that MEDI8968 exposure concen-
trations were as expected for the dosing regimen used;
the mean MEDI8968 trough concentration at week 4

-

Exacerbation rate ratio (90% Cl)

......................... ety

2.00

1.334 -

1.00 G et TS N e
Fr SRS ] Ny

0.75 i

Fom e swE e o
- oo

0.254
e Cut above
e Cut below
0 T T
4 5

Cut above n = 277
Cut below n =47

241
83

211
113

180
144

146
178

Mean (+SE) baseline blood neutrophil cut point (x10° cells/uL)

Fig. 6 Treatment effect on rate of AECOPD by baseline neutrophil count (mITT population). Exacerbation rate ratio and 90% confidence interval
estimated by bisecting the data at each value of the baseline blood neutrophils and analysing the data above and below the cut point using a
negative binomial regression adjusting for treatment, background therapy and history of exacerbationsAECOPD acute exacerbations of chronic
obstructive pulmonary disease, C/ confidence interval, m/TT modified intention-to-treat, SE standard error

6 7

119
205

94
230

72
252

47
277




Calverley et al. Respiratory Research (2017) 18:153

(after loading dose) was approximately double that at
week 53 (28.6 ng/uL), which was similar to the trough
concentration previously observed with MEDI8968
300 mg SC Q4W in subjects with osteoarthritis of the
knee (31.1 ng/pL) [17]. Moreover, MEDI8968 exposure
was higher than in subjects with rheumatoid arthritis re-
ceiving 250 mg SC Q4W, in whom a statistically signifi-
cant improvement was seen [16], and more than 10
times higher than the MEDI8968 concentration of
2.03 ng/pL that resulted in a 90% inhibition of IL-1R1
signalling in vitro. Suppression of neutrophil counts in
the MEDI8968-treated group compared with placebo
was consistent with achievement of pharmacologically
active exposure concentrations.

In addition, it was considered that MEDI8968 expos-
ure was affected by the presence of ADA in only nine
(5.6%) MEDI8968-treated subjects. Consequently, inad-
equate exposure was not considered to be a significant
factor affecting the outcome of the study. Nevertheless,
a lack of sufficient pulmonary exposure cannot be ruled
out since concentrations of MEDI8968 reaching the lung
were not measured directly. If this were the case, it
would be difficult to rectify, as subject exposure in this
study was as high as practically possible.

For the primary analysis, the study was designed with
sufficient power to detect a 40% reduction in the rate of
moderate/severe AECOPD at a 26 week-interim analysis.
The annual rate of moderate/severe AECOPD observed in
the placebo group was lower than expected (0.78), and
lower than that assumed in the power calculation of this
study (1.27). Despite this, the study did have sufficient
power to detect a 40% difference after all subjects had
completed 52 weeks of treatment and ruled out a reduc-
tion in exacerbation rate of more than 32%. A smaller ef-
fect of MEDI8968 on AECOPD cannot be excluded and
could be investigated further in another larger study, pow-
ered to detect a smaller effect size. A number of current
therapies for COPD that are indicated to reduce exacerba-
tions have small effect sizes, demonstrating a 14% reduc-
tion in exacerbations [25, 26].

Pre-specified subgroup analyses were based on com-
mon covariates, such as age, gender, severity of disease
and smoking status, as well as subgroups relevant to the
mechanism of action of MEDI8968, such as baseline
CRP and fibrinogen concentrations. Serum CRP and fi-
brinogen concentrations have both been used as surro-
gate markers of inflammation in COPD, and plasma
fibrinogen concentration is now an approved biomarker
in COPD, although not at the time this study was con-
ducted [27, 28]. However, none of these analyses identi-
fied a subgroup in which treatment with MEDI8968 had
a significant effect on AECOPD rate, despite a clear, sta-
tistically significant impact of treatment on serum CRP
and fibrinogen concentrations. As pharmacodynamic
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markers may also serve as predictive biomarkers of re-
sponse [29], and IL-1 pathway activation has been clearly
linked to neutrophilia pre-clinically in multiple animal
models, we sought to evaluate efficacy of MEDI8968 in
the subjects with COPD in this study by their baseline
blood neutrophil counts. Neutrophils are thought to be
a marker of future exacerbation risk [30]. This analysis
suggests potential for a greater treatment effect with
MEDI8968 at higher neutrophil baseline counts, but the
numbers of subjects with higher baseline neutrophils
were low and therefore no significant effect could be
demonstrated when the analysis was performed using a
tertile approach. It has been demonstrated that the sim-
ultaneous elevation of all three markers (neutrophils,
CRP and fibrinogen) increases the risk of COPD exacer-
bations [31]. It could be expected that the inverse, the
simultaneous reduction in all three markers, would re-
duce exacerbations. While we did not specifically evalu-
ate this, it is likely that the majority of subjects who
received MEDI8968 within this study experienced this
combined reduction in neutrophil count and serum CRP
and fibrinogen concentration, but with no subsequent
impact on AECOPD rate.

The population of this study included subjects with
symptomatic moderate-to-very severe COPD receiving
standard maintenance therapy; it was hypothesised that
targeting a more specific patient population may result
in greater clinical benefits. COPD exacerbations are het-
erogeneous in their aetiology and different phenotypes
respond differently to therapy [11]. Bacterial infections,
together with viral infections, are responsible for the ma-
jority of exacerbations of COPD [5, 32]. The lower re-
spiratory tract of 25-50% of patients with stable COPD
is colonised by bacteria [14], which has been linked to
disease progression [13].

An elevated concentration of sputum IL-1p is a marker
for bacterial colonisation of the lower respiratory tract
during stable disease [33] and for bacteria-associated exac-
erbations [11]. Furthermore, an elevated CRP concentra-
tion, a marker of systemic inflammation, can act as a
potential biomarker for identifying patients with bacteria-
associated AECOPD [34, 35]. This suggests that sputum
IL-1p or serum CRP concentrations could be used as bio-
markers for identifying patients with COPD whose exacer-
bations are associated with bacterial infection and who
may benefit from anti-IL-1 treatment approaches. How-
ever, our data suggest that baseline CRP concentration is
not sufficient to identify these individuals. Recognizing
that a biomarker approach would be desirable for this type
of treatment, we did attempt to identify novel serum bio-
markers in this study. However, we did not reliably detect
IL-1 in serum, nor identify any serum biomarkers that
could be clearly linked to clinical response or even PD ef-
fects. This perhaps reflects a lack of down-stream



Calverley et al. Respiratory Research (2017) 18:153

biomarkers that are exclusively dependent on IL-1 within
those that were measurable in the serum by the methods
used, and possibly lack of sufficient power in the study to
detect a biomarker-driven subgroup.

Several studies have suggested that IL-la and IL-1f
play an important role in COPD by initiating an inflam-
matory response, and that blocking their signalling
through IL-R1 could lead to clinical benefits [4, 6, 7, 15].
However, when tested in COPD studies, anti-cytokine
treatments (tumour necrosis factor-a inhibitors, anti—IL-
8 therapies, the anti—IL-1f antibody canakinumab) have
had little clinical efficacy, despite showing potential in
pre-clinical models [4, 36—42]. This inability of anti-
cytokine therapies, including MEDI8968, to produce
clinical benefits in patients with COPD could be due to
the functional redundancy in inflammatory signalling
pathways involved in the disease [43].

A limitation of anti-cytokine studies in COPD, in-
cluding the current study, is that clinical surrogate bio-
markers are used for increased concentrations of IL-1
during subject selection. Given the clinical and patho-
physiological heterogeneity of COPD, it may be more
appropriate for future studies to select subjects using
direct measurements of the concentrations of the target
cytokines. However, analysis of target cytokine concen-
trations in the blood alone may not accurately repre-
sent inflammation occurring in the lungs [44] and can
be difficult to detect, while sputum sampling can be
variable and challenging in large multicentre studies.
Improvements in non-invasive lung sampling would be
desirable. These sampling challenges also limited our
ability to determine whether IL-1R1 and its down-
stream pathways were inhibited in the lung by
MEDI8968 treatment.

Conclusions

In conclusion, although MEDI8968 demonstrated an ac-
ceptable safety profile, it did not produce statistically sig-
nificant results for efficacy endpoints and ruled out a
reduction in exacerbation rate of more than 32%, despite
strong pre-clinical data and efforts to identify a target
patient population by segmentation of subjects with
COPD into subgroups defined by clinical characteristics
or biomarkers. This clinical study raises the possibility
that patients with COPD and high neutrophil counts
may benefit from inhibition of IL-1R1; however, baseline
serum CRP or fibrinogen concentrations may not be
suitable biomarkers to identify this population.
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