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Abstract Introduction: p38 mitogen-activated protein kinases (MAPK) are key signalling mol-
ecules in cellular responses to external stresses, regulate pro-inflammatory cytokine expres-
sion and are implicated in the inflammatory pathogenesis of Chronic Obstructive Pulmonary
Disease (COPD) and atherosclerosis. The EVOLUTION trial is a randomised, double-blind, pla-
cebo-controlled, Phase 2a trial recruiting from two UK centres that aims to evaluate the ef-
fects of Losmapimod (GW856553), a potent oral p38a/b MAPK inhibitor in COPD patients
stratified by a fibrinogen level >2.8 g/L.
Methods: Patients are randomised to 7.5 mg losmapimod or matching placebo tablets twice
daily for four months. Vascular and pulmonary inflammation is assessed by 18F-FDG PET/CT
at baseline and following treatment. Other endpoints including flow-mediated dilatation,
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aortic pulse wave velocity, spirometry, six-minute walk distance and blood biomarkers of
inflammation, are evaluated pre- and post-treatment.
Results: The primary endpoints following 16 weeks treatment include, 1) change in arterial
inflammation measured by 18F-FDG PET/CT signal in the aorta and carotid arteries, 2) change
in atheromatous plaque and aortic wall characterisation evaluated by 18F-FDG PET/CT and MRI,
and 3) change in flow-mediated dilatation.

Key secondary endpoints include change in 1) pulmonary inflammation evaluated by 18F-FDG
PET/CT, 2) change in respiratory and physical function indices, 3) arterial stiffness, and 4)
measures of systemic biomarkers. Safety endpoints include serious and non-serious adverse
events, clinical laboratory results and ECGs.
Discussion: Data gained from the EVOLUTION trial will provide novel information on pulmonary
and extra-pulmonary effects of losmapimod in inflammatory disease, in a COPD population
with evidence of systemic inflammation.
ª 2013 Association for Research into Arterial Structure and Physiology. Published by Elsevier
B.V. All rights reserved.
Introduction

Chronic Obstructive Pulmonary Disease (COPD) is the third
leading cause of death globally and is associated with sub-
stantial morbidity and healthcare utilisation.1e3 Although
COPD is by definition, a pulmonary condition, it is associated
with extra-pulmonary features, which include systemic
inflammation, cardiovascular disease and muscle weakness.
Cardiovascular disease accounts for half of all deaths in pa-
tients with mild to moderate COPD, and airflow limitation is
inversely associated with cardiovascular mortality.4e6 Due to
shared risk factors of COPD and cardiovascular disease; it is
unclear whether a causal association between COPD and the
coexistence of cardiovascular disease exists. However, recent
evidence does suggest that COPD may indeed be an inde-
pendent risk factor.7 This in part may be due to low-grade
chronic systemic inflammation seen in COPD, since athero-
sclerosis is thought to be an inflammatory driven condition.8,9

Elevated levels of circulating biomarkers and cytokines,
indicating systemic inflammation, are associated with COPD
and cardiovascular disease. Raised fibrinogen levels are
associated with impaired lung function, hospitalisation due
to COPD, exacerbations and cardiovascular comorbidity and
are also associated with cardiovascular risk in the general
population.10e15 Of note, plasma fibrinogen is currently
undergoing a regulatory qualification process as an enrich-
ment biomarker for clinical trials in COPD.16

Inhibition of p38 mitogen-activated protein kinase
(MAPK) is an attractive therapeutic target for both COPD
and cardiovascular disease, because the p38 MAPK cascade
is believed to have an important role in the initiation and
progression of inflammatory disease. p38 MAP kinases are
key signalling molecules in cellular responses to external
stresses such as tobacco smoke and regulate pro-
inflammatory cytokines.17 Such pro-inflammatory cyto-
kines are implicated in the inflammatory pathogenesis of
COPD and atherosclerosis,18e20 (Figs. 1 and 2).

Losmapimod (GW856553, GlaxoSmithKline [GSK], Brent-
ford, UK) is a novel, potent, selective inhibitor that
competes with adenosine triphosphate (ATP) for binding
to p38 MAPKa/b. Losmapimod has been shown to
improve endothelial dysfunction and vasoregulation in
hypercholesterolaemics, and reduce arterial inflammation
in patients with stable atherosclerosis.21,22 In COPD pa-
tients, a Phase 2a clinical trial with losmapimod showed a
significant reduction in plasma fibrinogen and improvement
in hyperinflation relative to placebo.23

The EVOLUTION trial is an exploratory, stratified medi-
cine study (registered on ClinicalTrials.gov, NCT01541852)
designed to evaluate the hypothesis that losmapimod will
reduce arterial inflammation in an enriched COPD popula-
tion. The trial is unique in using fibrinogen as an enrichment
biomarker entry criterion. We hypothesize that subjects
enrolled in the trial are more likely to have systemic
inflammation, with the overall aim to improve future
evaluation of anti-inflammatory medicines in COPD. The
effects of orally administered losmapimod on arterial
(aorta and carotid arteries) inflammation, and pulmonary
inflammation will be assessed by 18F-Fluorodexoyglucose
positron emission tomography with computed tomography
co-registration (18F-FDG PET/CT). A magnetic resonance
imaging (MRI) scan of the aorta in a subset of eligible pa-
tients will further enhance analysis of aortic wall and pla-
que response to losmapimod. The safety of losmapimod and
effect on lung function and blood biomarkers in inflamed
COPD patients will also be assessed.

Methods

Trial design

EVOLUTION is a prospective, randomised, double-blind
placebo-controlled, parallel-group multicentre trial
recruiting from two UK centres (Cambridge and London).
Randomisation to active drug or placebo is performed at
each site. Blinded study medication and regulatory support
is provided by GlaxoSmithKline.

Role of funding source

This is a collaborative study, which is a component (work
package 2) of the ERICA (Evaluation of the Role of Inflamma-
tion inChronicAirwaysDisease)Consortium.24 Funding for this
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Figure 1 Inflammatory pathogenesis of COPD. The diagram demonstrates current understanding of inflammatory mediators and
processes that lead to COPD.
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study has been awarded by the Technology Strategy Board
(9157-61188). The funding source had no involvement in the
study design, and has no role in the collection, analysis and
interpretation of data, report writing or decision to submit
this article for publication. An educational fellowship award
from GlaxoSmithKline is also acknowledged in contributing to
financial support for staffing for the trial.

The trial is jointly sponsored by the Cambridge Univer-
sity Hospitals NHS Foundation Trust (Cambridge Clinical
Trials Unit) and the University of Cambridge. The sponsors’
role includes trial implementation, data handling and
analysis, audit and medical governance.

Study organisation

GlaxoSmithKline is a partner in this collaborative academic-
industry research initiative into stratified medicines. The
trial steering committee which developed the original
design and concept of the trial consists of ten academic
physicians and representatives from GlaxoSmithKline, and
is led by an independent chair from the University of Cardiff
who also acts as the Medical Monitor. The study is being
conducted in accordance with the Declaration of Helsinki
and Good Clinical Practice standards. The two participating
sites received favourable opinion from the local ethics
committee as well as ARSAC (Administration of Radioactive
Substances Advisory Committee) approval. All patients
provide informed written consent before enrolment in
accordance with the Declaration of Helsinki.

Patient population

The study includes COPD subjects as defined by GOLD
(Global Initiative for Chronic Obstructive Pulmonary Dis-
ease),25 as well as a subset of GOLD-Unclassified (GOLD-U)26

aged 50e85 years, and entry to the trial is based on a
fibrinogen level >2.8 g/L at screening.

Key exclusion criteria are related to the diagnosis of other
respiratory disorders, inflammatory conditions, participa-
tion in prior research studies with radiation exposure, or the
use of systemic steroids one month prior to baseline
assessment and visit 2 (18F-FDG PET/CT scan). The full in-
clusion and exclusion criteria are listed in Tables 1 and 2.

Randomisation & trial treatments

Randomisation to either losmapimod 7.5 mg (GW856553) or
matching placebo twice daily is via an online coded pro-
gramme (TENALEA data management, Holland). Blinded
investigational medicinal products are supplied by Glax-
oSmithKline, Harlow, UK.

Losmapimod 7.5 mg BD or placebo is provided for a
treatment period of 16 weeks. This dose was selected
based on pharmacodynamic evidence obtained previously
in relevant populations. For example, in COPD, this dose
led to a rapid and sustained reduction in systemic inflam-
mation markers, especially plasma fibrinogen23 and in sta-
ble atherosclerosis, this dose led to reduction in vascular
inflammation in the most inflamed regions (area with
highest 18F-FDG measured uptake), as well as observed
reduction in serum inflammatory biomarkers and 18F-FDG
visceral fat uptake.22

Trial visits schedule

Details of trial visits, including measures performed at each
visit, are provided in Table 3 and a trial flow chart is shown
in Fig. 3. Participants are entered into the trial for a period
of approximately six months, with ten scheduled outpatient
visits. Blood and urine samples, vital signs, adverse events
and a concomitant medication check are performed at all
visits. Aortic pulse wave velocity (to evaluate large artery
stiffness) and flow-mediated dilatation (to assess endo-
thelial function) are performed at visits three and nine and
are described in further detail below.

Arterial stiffness measurements

Aortic pulse wave velocity (APWV) is performed before and
on completion of 16 weeks of losmapimod versus placebo



Figure 2 The role of inflammatory mediators in different stages of atherosclerosis.

Table 1 Inclusion criteria of the EVOLUTION trial.

A participant will be eligible for inclusion only if all of the following criteria apply:
� Male/female aged 50e85 years of age inclusive at screening, weighing � 45 kg & BMI � 35 kg/m2.
� A clinical diagnosis of COPD with GOLD Stages 1, 2, 3, or 4, or GOLD-U.
� FEV1/FVC<0.7 post bronchodilator
� Participant is a smoker or an ex-smoker with a smoking history of at least 10 pack years (1 pack yearZ 20 cigarettes smoked
per day for 1 year or equivalent).

� Baseline plasma fibrinogen value of >2.8 g/L (Klauss method).
� ALT < 2 � ULN at screening; alkaline phosphatase and bilirubin �1.5 � ULN at screening (isolated bilirubin > 1.5 � ULN is
acceptable if bilirubin is fractionated and direct bilirubin <35%).

� Subjects must have a QTc <450 msec on screening (V1) ECG (using average value of triplicate ECGs). For patients with
complete Right bundle branch block, the QTc must be <480 msec on Screening V1 ECG. Patients with other ECG findings will
be excluded if warranted at the discretion of the CI/PI. QTc readings will be QTcF.

� If participants consent to optional MRI, they must fulfil local imaging centre requirements.
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therapy. All haemodynamic studies are conducted in a
quiet, temperature controlled room. Seated brachial blood
pressure is first recorded using a validated oscillometric
sphygmomanometer (OMRON-705CP, OMRON Corp, Japan).
Then, using a high-fidelity micromanometer (SPC-301,
Millar Instruments, Houston, Texas), radial artery wave-
forms are recorded and a corresponding central waveform
generated using a validated transfer function27,28 (Sphyg-
moCor, AtCor Medical, Sydney, Australia) as described
previously. The augmentation index (AIx), which is a com-
posite measure of arterial stiffness, wave-reflection
amplitude and heart rate, is calculated using the integral
software. Aortic PWV is measured by sequential recording
of ECG-gated carotid and femoral pulse waveforms, as
described previously.29 Pulse wave velocity is calculated by
dividing the surface distance between the recording sites
by the wave transit time.
Endothelial function measurements

Endothelial function is evaluated in the brachial artery with
the technique of flow-mediated dilatation.30 Using a high-
resolution vascular ultrasound (Acuson 128XP/10; Siemens
AG, Germany) with a 5e20 MHz linear-array transducer,
vessel diameter is measured continuously for 1 min at
baseline and for a further 5 min, following release of a cuff
inflated to 200 mm Hg, placed distal to the ultrasound
probe. After returning to baseline, vessel diameter is again
measured continuously for 5 min after administration of
25 mg of sublingual glycerl trinitrate (GTN). FMD is defined
as the maximum percentage increase in vessel diameter
during reactive hyperaemia; GTN-mediated dilatation is
defined as the maximum percentage increase in vessel
diameter after sublingual administration. This is a standard
technique described in previous studies.
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Imaging protocols

Scanning protocol information for the 18F-FDG PET/CT
(which includes a high resolution computed tomography scan
(HRCT) at baseline only) and an optional MRI scan, are pro-
vided in the Supplementary Appendix. The effective radia-
tion dose is estimated to be 21 mSv for the entire study. To
compare this with health risks of daily living, this radiation
dose is equivalent to having two diagnostic CT scans of the
body, and is below the 50mSv threshold considered to be the
radiation limit for research purposes by ARSAC.31

Trial endpoints

This is an exploratory study and has a range of endpoints
centred around the effects of losmapimod on vascular and
pulmonary inflammation in COPD patients selected based
on an enrichment biomarker (plasma fibrinogen). The
endpoints of the trial are summarised in Table 4. Partici-
pant withdrawal and dose stopping criteria are provided in
the Supplementary Appendix.

Trial size and data analysis

Sample size estimation for this exploratory trial is based on
feasibility and a formal power calculation was
Table 2 Exclusion criteria for EVOLUTION trial.

The presence of any of the following will preclude patient inclus
� Inability to provide Informed Consent.
� A cardiovascular event in the last 6 months
� Patients on daunorubicin, doxorubicin, topotecan, mitoxantr
� Previous lung reduction surgery.
� Known clinically significant pulmonary diagnoses in which in
bronchiectasis, sarcoidosis, lung fibrosis, interstitial lung dise

� Known hepatitis B or C
� Active or chronic liver disease, or known hepatic or biliary a
� Known chronic infections such as HIV or known active tuberc
� Diagnosis of rheumatoid arthritis, connective tissue disorde
chronic inflammation (e.g. Inflammatory Bowel Disease).

� Insulin controlled Type 1 or Type 2 diabetics.
� Diabetics on oral hypoglycaemics/diet with HbA1c (DCCT) >
fasting glucose to be checked again at first FDG-PET/CT scan
excluded from trial]

� Participation in research trial in the last 3 years which involv
research radiation dose>5 mSv)

� History of malignancy within the past 5 years (with the excep
for cure).

� Previous exposure to Losmapimod.
� Subjects who have donated more than 500 mL of blood within
� Participation in a clinical trial where the patient has received
twice the duration of the biological effect of the drug (whic

� History of alcohol/drug abuse or dependence within the past
� Women of childbearing potential
� An unwillingness of male patients to abstain from sexual inter
of the patient to use appropriate contraception

� Any medical history or clinically relevant abnormality that is
to make the patient ineligible for inclusion because of a safe

� Use of systemic corticosteroids (oral or IV) prior to visit 2
inappropriate for such an experimental trial. However, data
from our previous 18-F-FDG PET study in stable athero-
sclerosis which evaluated the effects of losmapimod on
vascular inflammation in atherosclerosis determined a
feasible number per arm (approximately 30 per arm) to
provide a 90% chance of achieving a reasonable conclusion
(SD of 0.3 for TBR).22 TBR is a measure of tissue 18F-FDG
uptake corrected for blood 18FDG uptake.

The methodology for evaluating vessel wall tracer up-
take is established from previous PET/CT vascular imaging
studies.22,32,33 From co-registered PET/CT images, a Stan-
dard Uptake Value (SUV) and a Target to Background Ratio
(TBR) are calculated using dedicated software (OsiriX 5.52,
OsiriX Imaging Software, Geneva, Switzerland). The
maximum standardized uptake values (SUV) of 18F-FDG
within each region of interest defined on scan slices, con-
taining the arterial wall and the lumen, will be recorded
and divided by blood 18F-FDG concentration (average of 5
slices) in the superior vena cava or jugular vein (for ca-
rotids) to yield an arterial TBR ratio.

Assessment of pulmonary tissue 18F-FDG uptake will
involve quantification of tracer uptake in pulmonary regions
of interest using a voxel-based 3-dimensional Patlak map
analysis. This enables calculation of the ratio of lung tissue
PET signal (SUV level) to plasma radioactivity normalised to
the Patlak determined intercept and visualisation of
ion:

one.

flammation is thought to play a role including diagnosis of
ase, or a1-antitrypsin deficiency.

bnormalities
ulosis.
rs and other conditions known to be associated with active

8% (OR HbA1c (IFCC) > 64 mmol/mol), at screening. [note:
, and if glucose > 11 mmol/L at that visit, patients will be

ed exposure to significant ionising radiation (i.e. cumulative

tion of localized carcinoma of the skin that has been resected

2 months prior to the trial medication administration, Visit 3
a drug or new chemical entity within 30 days or 5 half-lives, or
hever is longer) prior to the first dose of trial medication.
6 months

course with pregnant or lactating women; or an unwillingness

deemed by the principal investigator and/or medical monitor
ty concern



Table 3 Trial visits schedule & events. The table highlights the various tests performed at different visits of the trial.

Assessments Treatment days

Screening
V1

Day �14
to �1
Imaging
visit V2

Day 1
V3

Day 14
(Days 10e18)
V4

Day 28
(Days 24e32)
V5

Day 56
(Days 52e60)
V6

Day 84
(Days 80e88)
V7

Day 107
(Days 105e111)
imaging visit
V8

Day 112
(Days 109e112)
V9

Day 120e126
follow-up
V10

Attend unit * * * * * * * * * *
Medical history *
Demography *
Physical examination * *
Standard supine 12-lead
ECG (triplicate)

* * *

Blood: haematology (FBC, LFT
Chemistry (Urea, Uric acid),
urinalysis

* * * * * * * *

Hep B, Hep C and HIV
Test, HbA1C

*

Biomarkers (plasma fibrinogen,
hsCRP)

* * * * * * * *

Bloods for imaging (glucose
& radiation levels)

* *

Lipid profile, serum store * *
FDG-PET/CT * *
MRI (optional) * *
Adverse event check * * * * * * *
Concomitant medication check * * * * * * *
Arterial haemodynamics * *
Flow mediated dilatation * *
Muscle assessment (SNIP) * *
Spirometry * * *
6 Minute walk test * *
Randomisation *
Vital signs * * * * * * * *
Dispensing of IMP * * * *

p
38

M
A
P
K
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h
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n
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in
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a
m
e
d
C
O
P
D
su
b
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Figure 3 Trial flow chart.

Table 4 EVOLUTION trial Primary and Secondary Endpoints.

Primary endpoints
� Change in vascular inflammation
(quantified using SUV and TBR measures of
18F-FDG uptake) in aorta and carotids arteries
following 16 weeks of treatment

� Change in flow-mediated dilatation following
16 weeks of treatment

� Change in atheromatous plaque & vessel wall
characterisation using MRI &/or 18F-FDG PET/CT
following 16 weeks of treatment

� Safety endpoints:
� Adverse events & SAEs
� Physical examination (including BP & HR)
� ECGs
� Clinical laboratory tests
� Lung function

Secondary endpoints
� Change in pulmonary inflammation assessed
by 18F-FDG PET/CT following 16 weeks of treatment

� Change in serum/plasma measures of systemic
inflammation following 16 weeks of treatment

� Change in visceral & subcutaneous fat
inflammation assessed by 18F-FDG PET/CT
and body composition measured by BMI

� Change in spirometry, maximal sniff nasal
inspiratory pressure and 6 min walk test
following 16 weeks of treatment
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uptake. Plasma 18F-FDG activity will be measured by venous
blood sampling performed during the dynamic lung acqui-
sition scan. Glucose samples are also taken to evaluate
serum glucose levels during this acquisition scan.

For all derived variables and endpoints to be evaluated
in the trial, summary statistics and change from baseline
will be reported and assessed by time-point and treatment
group.

All participants who receive at least one dose of trial
drug will be included in the safety population data. Par-
ticipants in the safety population will be classified ac-
cording to the treatment received.
Discussion

To our knowledge, this is the first trial in which fibrinogen
has been used as an entry criterion to identify patients with
high vascular inflammation risk. Given that this biomarker
has been selected by the COPD Biomarker Qualification
Consortium (CBQC) for regulatory qualification as a drug
development tool,16 it is anticipated that this trial will
provide some novel data on the use of targeted anti-
inflammatory therapies in COPD patients with high base-
line measures of systemic inflammation.
p38 MAPK in COPD: pulmonary and non-pulmonary
manifestations

Studies have shown increased p38 MAPK in alveolar walls of
COPD subjects compared to smoking and non-smoking
controls and a preclinical study of a selective p38 MAPKa/
b inhibitor in a murine model of tobacco smoke-induced
inflammation showed markedly reduced inflammatory re-
sponses, whereas oral dexamethasone was ineffective.34,35

This demonstrates that p38 MAPK inhibitors and steroids
mediate their effects on different anti-inflammatory
pathways. p38 MAPK inhibitors have been shown in vitro
to reduce cytokine production in different lung cells of
COPD subjects, including alveolar macrophage bronchial
epithelial cells, and lymphocytes.36,37 Early clinical trials of
different p38 MAPK inhibitor compounds have shown
improvement in both fibrinogen levels and trough FEV1.

23,38

p38 MAPK inhibitors are also currently being evaluated in
cardiovascular disease and early clinical studies have shown
improved nitric-oxide mediated vasodilatation in hyper-
cholesterolaemia and a reduction in vascular and systemic
inflammation in stable atherosclerosis.21,22 The results of
the SOLSTICE (Study of Losmapimod treatment in inflam-
mation and infarct size) trial evaluating the effect of
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losmapimod in ACS (Acute Coronary Syndrome) have been
encouraging from a cardiovascular viewpoint.39,40

Fibrinogen stratification

Fibrinogen has proven to be one of the most promising
biomarkers in COPD in prognosis and profiling of patients
both at baseline and repeated measurement. It does not
show the variability observed in repeated CRP (C-reactive
protein) measurement, and is a widely available cost-
effective clinical laboratory test.11 The use of biomarkers
beyond improving delineation of a population to stratifying
treatment is however the most clinically effective way to
improve patient outcomes. Evidence based guidelines for
statin therapy use, glycosylated haemoglobin (Hb1ac) for
diabetic control and troponin in the acute coronary syn-
drome demonstrate how biomarker stratification can direct
targeted treatments.

The recruitment of subjects with plasma fibrinogen
>2.8 g/L was selected to include patients approximately in
the upper and middle tertiles of the general population.
Dahl showed in a cross sectional Danish population that
fibrinogen values of 2.7e3.3 g/L and >3.3 g/L compared to
<2.7 g/L in smokers and non-smokers were associated with
worse FEV1 and increased risk of hospitalisation due to
COPD.41 In addition, epidemiological studies from the
United States have shown the mean fibrinogen level is
approximately 3 g/L.42 Hence an enriched cohort of COPD
subjects with evidence of systemic inflammation is likely
the most relevant patient group to benefit from therapy in
a small trial with a novel anti-inflammatory medication. A
post-hoc analysis centred on response to treatment
compared to fibrinogen level within the trial group will also
be of value; particularly as studies of p38 MAPK inhibitors in
non-stratified COPD patients have also shown preliminary
evidence of benefit.23,38

18F-FDG PET/CT
The use of 18F-FDG PET/CT to assess vascular inflammation
has been evaluated in previous clinical studies assessing
arterial wall inflammation in rheumatoid arthritis, athero-
sclerosis, and in a small pilot study involving COPD pa-
tients.32,33,22,43 Aortic inflammation identified by 18F-FDG
PET/CT in rheumatoid arthritis, is thought to account for
arterial stiffening and endothelial dysfunction observed in
this condition.32 Indeed, the increased cardiovascular (CV)
risk in rheumatoid arthritis is independent of traditional CV
risk factors and postulated to be due to systemic inflam-
mation.44,45 In atherosclerosis, tracer uptake reflects pla-
que inflammation, which has been validated by histology as
correlating with macrophage rich areas of plaque.46

Vascular inflammation quantified by 18F-FDG PET/CT has
also been observed in COPD subjects in comparison to
healthy ex-smokers as controls.43

Additionally, 18F-FDG PET/CT has been used to evaluate
pulmonary parenchymal inflammation in a range of respi-
ratory conditions including cystic fibrosis, pneumonia and
pulmonary fibrosis.47,48 Though 18F-FDG is a non-specific
tracer, relying on cellular uptake of glucose, it enables
assessment of all types of metabolically active inflamma-
tory cells. In COPD, where a host of inflammatory cells are
implicated in pulmonary inflammation and coexistent
atherosclerosis is a likely finding, it is an ideal tracer to use
to evaluate the objectives of this study.49,50

Aortic stiffness and endothelial function

Aortic pulse wave velocity (PWV) (carotid to femoral PVW)
is a robust predictor of cardiovascular risk.51 We have
previously demonstrated a strong association between PWV
and inflammation (defined by serum CRP levels) in health
and disease.52e54 Others have similarly shown a positive
association between PWV and circulating biomarkers
including interleukin-6 (IL-6) and fibrinogen.55,56 We have
also shown that intervention with anti-inflammatory agents
reduces aortic PWV as well as direct vascular inflammation
using 18F-FDG PET/CT, suggesting that inflammation may
have a role to play in this process.57,32

Aortic PWV is elevated in COPD patients compared to
matched controls adjusted for cofounding variables, and
systemic inflammation present in COPD may be a contrib-
uting factor.58 The hypothesis is that systemic inflammation
drives atherosclerosis, which may account for the increased
cardiovascular risk in COPD, by impairing endothelial
function and promoting premature arterial stiffening, both
of which predispose to atheroma development.

Endothelial dysfunction is also an independent predictor
of future cardiovascular events.59 In COPD patients, it is
related to the severity of airflow limitation and extent of
emphysema measured on CT scan.60,61 Losmapimod has
been shown to improve endothelial function in stable
hypercholesterolaemics21 and its effect on endothelial
function in COPD patients will certainly be of interest.

This trial therefore provides an opportunity to test the
hypothesis that using a targeted anti-inflammatory therapy
in COPD patients may help reduce vascular inflammation,
(as assessed by 18F-FDG PET/CT) and also evaluate its ef-
fects on aortic stiffness and endothelial function.

Losmapimod safety & tolerability

To date, losmapimod has been evaluated in a range of in-
flammatory conditions and in total over 2000 subjects have
been exposed to the drug. Various trial dosing regimens and
duration periods have been assessed including a 6 month
Phase 2b COPD trial at doses of 2.5 mg and 7.5 mg and
15 mg BD, (ClinicalTrials.gov NCT01218126). No major
adverse safety or tolerability concerns have been identified
in any of the clinical studies involving losmapimod thus
far.62,63

Conclusion

EVOLUTION is an academic-industry partnership trial of a
novel, potent selective p38 MAPK inhibitor (losmapimod) in
COPD subjects stratified by fibrinogen level. The trial will
provide novel understanding of the potential for fibrinogen
as a drug development tool in COPD and the effects of
losmapimod on arterial inflammation and function, as well
as pulmonary inflammation and function, in an enriched
COPD population. EVOLUTION will also provide further data
regarding safety and tolerability of losmapimod and results

http://ClinicalTrials.gov
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from this will help inform plans for future trials evaluating
p38 MAPK inhibitors and other anti inflammatory medicines
in COPD.
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