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Abstract

Background: CHF6001 is a novel inhaled phosphodiesterase-4 inhibitor. This Phase lla study assessed the effects of
CHF6001 on markers of inflammation in induced sputum and blood in patients with chronic obstructive pulmonary
disease (COPD).

Methods: This was a multicentre, three-period (each 32 days), three-way, placebo-controlled, double-blind, complete
-block crossover study. Eligible patients had COPD, chronic bronchitis, and were receiving inhaled triple therapy for 22
months. Patients received CHF6001 800 or 1600 g, or matching placebo twice daily via multi-dose dry-powder inhaler

pulmonary disease

(NEXThaler). Induced sputum was collected pre-dose on Day 1, and post-dose on Days 20, 26 and 32. Blood was
sampled pre-dose on Day 1, and pre- and post-dose on Day 32.

Results: Of 61 randomised patients, 54 (88.5%) completed the study. There were no significant differences between
groups for overall sputum cell count, or absolute numbers of neutrophils, eosinophils or lymphocytes. CHF6001 800 ug
significantly decreased the absolute number and percentage of macrophages vs placebo.

In sputum, compared with placebo both CHF6001 doses significantly decreased leukotriene B4, C-X-C motif chemokine
ligand 8, macrophage inflammatory protein 13, matrix metalloproteinase 9, and tumour necrosis factor a (TNFa). In
blood, both CHF6001 doses significantly decreased serum surfactant protein D vs placebo. CHF6001 1600 ug
significantly decreased TNFa ex-vivo (after incubation with lipopolysaccharide).

Conclusion: The data from this study show that CHF6001 inhaled twice daily has anti-inflammatory effects in the lungs
of patients with COPD already treated with triple inhaled therapy.

Trial registration: The study is registered on ClinicalTrials.gov (NCT03004417).
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Background

The pathogenesis and progression of chronic obstructive
pulmonary disease (COPD) is, in part, due to chronic
inflammation [1]. However the nature and severity of
inflammation in COPD varies, and pharmacological
anti-inflammatory treatments are unlikely to be effective
in all patients; a precision medicine approach is needed
to selectively target patients to increase the chance of
therapeutic success [2].
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Phosphodiesterase-4 (PDE4) is an enzyme that medi-
ates the breakdown of cyclic adenosine monophosphate
(cAMP), with PDE4 inhibition having anti-inflammatory
effects in a broad range of cell types. The orally adminis-
tered PDE4 inhibitor roflumilast prevents exacerbations
in patients with COPD, although is effective only in a
specific subgroup: individuals with chronic bronchitis
and a history of exacerbations [3—-6]. However, systemic
exposure after oral administration can cause side effects
such as nausea, weight loss and gastrointestinal disturb-
ance, which may limit its use in clinical practice.
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CHF6001 is a novel PDE4 inhibitor [7, 8], currently in
clinical development that has been specifically designed
and formulated as an extrafine formulation (i.e., with
mass median aerodynamic diameter <2 pm) to be deliv-
ered via inhalation and to have a low systemic exposure.
This allows CHF6001 to reach therapeutic concentration
in the target organ, the lung, yet reduces exposure in the
systemic circulation thus limiting systemic adverse
effects. The current manuscript describes the results of a
Phase Ila study that aimed to assess the effects of
CHF6001 on markers of inflammation in induced
sputum and blood in patients with COPD who have a
chronic bronchitis phenotype. Since in clinical practice a
PDE4 inhibitor is often administered in addition to
inhaled triple therapy (i.e., inhaled corticosteroid [ICS]
plus long-acting muscarinic antagonist [LAMA] plus
long-acting P,-agonist [LABA]) [9], the study recruited
patients who were receiving inhaled triple therapy prior
to study start, and who continued this therapy for the
duration of the study.

Methods

Study design

This was a multicentre, three-period, three-way, placebo-
controlled, double-blind, complete block crossover study.
No later than 21days after a screening visit, eligible
patients attended a randomisation visit, followed by three,
32-day treatment periods, each separated by a 28 to 42-
day washout, with a follow-up visit 12 days after comple-
tion of the third treatment period (Fig. 1). During each
treatment period, patients attended visits on Days 1, 20,
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Induced sputum was collected pre-dose on Day 1 of
each treatment period (for the first treatment period, the
sample could be collected up to 10 days prior to Day 1),
and 2h post-dose on Days 20, 26 and 32 (see the
Additional file 1 for further detail on sputum and blood
analysis methods). Blood samples were taken pre-dose
on Day 1, and pre-dose and at 30 min, and 1, 1.5, 2, 3, 4,
6, 8 and 12h post-dose on Day 32. Other pre-dose
assessments on Days 1 and 32 were spirometry (forced
expiratory volume in 1s [FEV;] and forced vital capacity
[FVC]), forced oscillometry, and COPD Assessment Test
(CAT), with Baseline Dyspnea Index recorded on Day 1
and Transition Dyspnea Index (TDI) on Day 32. Central
and peripheral airways mechanics were assessed using
forced oscillometry, with the following values deter-
mined: inspiratory and expiratory resistance (at 5 and
19 Hz), inspiratory and expiratory reactance, tidal expira-
tory flow limitation and the percentage of flow limited
breaths.

Patients were instructed not to inhale salbutamol
(rescue medication) for 6 h prior to each visit, and not to
inhale concomitant COPD maintenance therapy for 12 h
prior to the visit for twice-daily (BID) medication or 24
h for once-daily medication. Patients fasted for at least
10 h prior to the Day 32 visits, with alcohol, xanthine-
containing beverages or food, and grapefruit not permit-
ted from 48 h prior to the visit.

The study was approved by independent ethics
committees for each institution (see the Additional file 1 for
details), and was performed in accordance with the princi-
ples of the declaration of Helsinki, and the International
Conference on Harmonization notes for guidance on Good

26 and 32. Clinical Practice (ICH/CPMP/135/95). The study is
CHF6001 CHF6001
1600 g BID Placebo 800 g BID
Placebo CHF6001 CHF6001
800 g BID 1600 pg BID
CHF6001 CHF6001
800 pg BID 1600 pg BID Placebo
Screening Randomisation
Treatment Treatment Treatment
period 1 period 2 period 3
(32 days) (32 days) (32 days)
Run-in Washout Washout
(up to (28-42 (28-42
21 days) days) days)
Fig. 1 Study design. Abbreviation: BID, twice daily
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registered on ClinicalTrials.gov (NCT03004417). There were
no protocol amendments.

Patients

Eligible patients were male or female, >40 years of age,
current or ex-smokers with smoking history >10 pack-
years, a diagnosis of COPD, post-bronchodilator FEV,/
FVC ratio < 0.70 and FEV; >30% and <70% predicted,
CAT score>10, and a history of chronic bronchitis
(defined as chronic cough and sputum production for
more than three months per year for at least two years).
All eligible patients were to have been receiving inhaled
triple therapy daily for at least two months. In addition,
patients were to be able to produce an adequate induced
sputum sample, defined as a load 2300 mg, with viability
factor = 70%, < 30% epithelial cells and a neutrophil dif-
ferential count of >60%. All patients provided written
informed consent prior to study start.

The key exclusion criteria were a moderate or se-
vere COPD exacerbation within six weeks prior to
entry or between screening and randomisation, and
the use of a PDE4 inhibitor within two months prior
to entry. Full inclusion and exclusion criteria are
listed in Additional file 1, as are non-permitted
COPD concomitant medication.

Interventions

Treatments administered were CHF6001 800 or 1600 pg
BID (total daily doses of 1600 or 3200 pg) or matching
placebo, all via multi-dose dry-powder inhaler (NEXTha-
ler”). On Day 1 of the first treatment period, patients
were randomised to one of six treatment sequences,
according to a balanced block randomisation scheme
prepared by the sponsor, such that each patient received
all three treatments. All patients, investigators, site staff
and employees of the sponsor were blinded to treatment
for the duration of the study.

Outcomes

Given the nature of the study, all of the objectives were
exploratory:

® To evaluate the effect of CHF6001 on biomarkers of
inflammation in induced sputum and in blood, and
on pulmonary function and symptoms in
comparison with placebo;

® To evaluate the safety and tolerability of CHF6001;

® To assess the pharmacokinetic profile of CHF6001
at steady state.

Statistical analysis

There were no formal hypotheses or sample size calcula-
tions due to the exploratory nature of this study. A sam-
ple size of 42 patients was expected to be appropriate
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for the study purpose; with an estimated non-evaluable
rate of 30%, approximately 60 patients were required to
be randomised.

A patient had to have a minimum of one acceptable
sputum sample on Day 20, 26 or 32 to be included in
the sputum biomarker evaluation for that treatment
period, with the available cell count and biomarker data
averaged for each patient. The mean change from base-
line (pre-dose on Day 1 of each treatment period) was
then compared between treatments using an analysis of
covariance (ANCOVA) that included treatment, patient
and period as fixed effects, and baseline values as covari-
ate. The mean change from baseline to Day 32 for
biomarkers in blood were analysed using the same
model as for sputum data. All data were log-transformed
before analysis, and the results are presented as ratio of
geometric means.

The mean changes from baseline to Day 32 for lung
function, CAT and TDI were analysed using similar
methodology to sputum biomarkers, but were not log-
transformed. Plasma pharmacokinetic endpoints calcu-
lated at steady state (Day 32) included maximum
concentration (Cp.x ), time to maximum concentration
(Taxss)» concentration area under the curve from 0 to
12h (AUCy_12), and clearance adjusted for absolute
bioavailability (CL/Fg). The sputum concentration of
CHF6001 was also evaluated at 2 h post-dose, using the
mean of all values measured on Days 20, 26 and 32.
Pharmacokinetic variables were summarised using geo-
metric means and coefficients of variation, except for
T naxss» Which is presented as median (range).

The Safety population is all randomised patients who
received at least one dose of study medication. The
Pharmacodynamic population is all patients in the Safety
population with available evaluations in at least two
treatment periods, excluding patients with major proto-
col deviations affecting the pharmacodynamic evalua-
tions. The Pharmacokinetic population consists of all
patients from the Safety population excluding patients
without any valid pharmacokinetic assessment and with
major protocol deviations affecting the pharmacokinetic
evaluations.

Results

Patients

The study ran from October 2016 to December 2017 at
six sites in the UK and Germany. Patient disposition
throughout the study is shown in Fig. 2. All randomised
patients were included in the Safety population. Three
patients were excluded from the Pharmacodynamic
population as they did not have data available in at least
two treatment periods. One patient was excluded from
the Pharmacokinetic population as no pharmacokinetic
data were available. The mean post-bronchodilator FEV;


http://clinicaltrials.gov

Singh et al. Respiratory Research (2019) 20:180

Page 4 of 12

140 patients screened

61 completed
79 discontinued

Primary reason for not

Y

Y

completing screening

78 did not meet screening
criteria

1 lost to follow-up

61 underwent randomisation to the following treatment sequences:
+ CHF6001 800 ug BID — CHF 6001 1600 ug BID — placebo (n=11)
CHF6001 800 pg BID — placebo — CHF 6001 1600 pg BID (n=10)
CHF6001 1600 ug BID — CHF 6001 800 ug BID — placebo (n=10)
CHF6001 1600 ug BID — placebo — CHF 6001 800 g BID (n=12)
Placebo — CHF6001 800 ug BID — CHF 6001 1600 ug BID (n=
Placebo — CHF6001 1600 g BID — CHF 6001 800 ug BID (n=9)

=9)

54 completed
7 discontinued

Primary reason for not

Y

completing study
6 had adverse event (none
related to study drug)

(88.5%)

54 completed three treatment periods

1 lost to follow-up

\

Fig. 2 Screening, randomisation and study completion. Abbreviation: BID, twice daily

of the 61 randomised patients was 50.2% predicted,
while the mean CAT score was 20.7 (Table 1).

Sputum cell counts and inflammatory biomarkers

There were no significant differences between treat-
ments for overall sputum cell count, or the absolute
numbers of neutrophils, eosinophils or lymphocytes
(Fig. 3 shows the ratio of CHF6001 vs placebo). For mac-
rophages, CHF6001 800 pg significantly decreased the
absolute number vs placebo; there was no difference vs
placebo for 1600 pg. Similarly, there was no consistent
effect of CHF6001 on the percentage of neutrophils, eo-
sinophils, lymphocytes or macrophages, although 800 pg
significantly increased the percentage of neutrophils and
decreased the percentage of macrophages vs placebo
(Fig. 3).

Compared with placebo, both CHF6001 doses signifi-
cantly decreased the levels of leukotriene B4 (LTB4), C-
X-C motif chemokine ligand 8 (CXCL8), macrophage in-
flammatory protein 1p (MIP-1B; also known as C-C
motif chemokine ligand [CCL] 4), matrix metallopro-
teinase 9 (MMP9), and tumour necrosis factor o (TNFa)
(Fig. 4, with absolute values in Additional file 1: Table
S1). There was no clear CHF6001 dose-related trend for
any of these inflammatory biomarkers. CHF6001
1600 ug significantly increased interleukin 6 (IL-6) levels
compared with placebo, whereas CHF6001 800 pg
significantly decreased monocyte chemotactic protein-1
(MCP1; also known as CCL2) levels compared with pla-
cebo with the higher dose failing to reach significance.

Blood inflammatory biomarkers

Overall, there were few changes in any blood inflamma-
tory biomarker (Fig. 5, with absolute values in Additional
file 1: Table S2). Both CHF6001 doses significantly
decreased serum surfactant protein D (SP-D) levels com-
pared with placebo. CHF6001 1600 ug significantly
decreased TNFa ex-vivo (i.e., assessed after incubation
of whole blood with lipopolysaccharide); the decrease
with CHF6001 800 pug was almost significant (p = 0.057).
By contrast, non-stimulated TNFa in serum was not
affected by CHF6001 (Fig. 5).

Lung function and symptoms

Neither CHF6001 dose differed from placebo in terms of
lung function (FEV; and FVC) or symptoms (Additional
file 1: Table S3), and there were no consistent treat-
ment—placebo differences in any of the oscillometry
parameters (Additional file 1: Table S4).

Pharmacokinetics

On Day 32, CHF6001 systemic exposure was broadly
proportional to dose; T ., and clearance was similar for
the two doses (Table 2). Although there was high
variability in the sputum concentration of CHF6001,
dose-proportionality was observed at 2h post-dose in
steady state conditions (after Day 20), with the concen-
tration in sputum approximately 2000-fold higher than
in plasma (Table 2).
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Table 1 Baseline demographics and disease characteristics
(Safety population)

Parameter Patients (N =61)
Age (years), mean (SD) 66.0 (6.1)
Male gender, n (%) 43 (70.5)
Race, n (%)

Caucasian 60 (98.4)

Asian 1(1.6)

BMI (kg/m?), mean (SD) 260 (4.3)
Time since first COPD diagnosis (years), mean (range)  9.51 (1.8 to 21.0)
Smoking status at screening, n (%)

Ex-smoker 27 (443)

Current smoker 34 (55.7)
Post-bronchodilator FEV; (L), mean (SD) 130 (0.42)
Post-bronchodilator FEV; (% predicted), mean (SD) 502 (11.8)

50 to 70% predicted, n (%) 33 (54.1)

30 to 50% predicted, n (%) 28 (45.9)
COPD Assessment Test, mean (SD) 20.7 (5.8)
Baseline Dyspnea Index, mean (SD) 6.2 (1.9)
Sputum characteristics, mean (SD)

Total cell count (x 10%g) 5.69 (20.26)

Neutrophil cell count (x 10%/g) 482 (8.04)

Macrophage cell count (><1O6/g) 0.354 (0.319)

Eosinophil cell count (x 10%/q) 0.142 (0.230)

Lymphocyte cell count (x10°/g) 0.007 (0.011)

Neutrophil % 82.7 (9.46)

Macrophage % 11.0 (7.81)

Eosinophil % 3.60 (4.27)

Lymphocyte % 0.180 (0.267)

Epithelial cells % 2.50 (3.80)

Abbreviations: BMI body mass index, COPD chronic obstructive pulmonary
disease, FEV; forced expiratory volume in 1s

Safety

Overall, a similar proportion of adverse events were
reported with each treatment (Table 3). The most com-
monly reported adverse event in all three groups was
nasopharyngitis, which was reported by more patients
with placebo than either CHF6001 dose. More import-
antly, only two events were considered related to treat-
ment, neither of which was serious, and no events had a
fatal outcome. Gastrointestinal adverse events were
reported by seven (12.1%), six (10.2%) and six (10.3%)
patients during treatment with CHF6001 800 g,
CHF6001 1600 pg and placebo respectively (see the
Additional file 1 for a list of the preferred terms). Only
one of these events was considered related to study drug
(mild dry mouth during treatment with CHF6001
1600 pg), which had resolved by the study end and
required no change in study drug. Two patients had
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severe adverse events, both leading to study drug with-
drawal. One of these occurred during treatment with
CHF6001 1600 pg — staphylococcal wound infection, not
considered related to study drug. None of the other
adverse events that led to study drug withdrawal were
considered related to study drug. There were no major
differences between treatments in any of the haematol-
ogy or biochemistry data. There were also no differences
between either dose of CHF6001 and placebo in systolic
or diastolic blood pressure, heart rate or Fridericia’s
corrected QT interval.

Discussion

The PDE4 inhibitor CHF6001 given twice daily by inhal-
ation significantly decreased the levels of a variety of in-
flammatory biomarkers in sputum, such as LTB4,
CXCL8, MIP-13, MMP9, and TNFa, but had no consist-
ent effect on sputum inflammatory cell numbers.
CHF6001 also significantly decreased SP-D levels in the
blood. Notably, these anti-inflammatory effects were
achieved with both doses tested in addition to back-
ground ICS-containing triple therapy.

The sputum cytokines and chemokines downregulated
by CHF6001 are known to be relevant to the patho-
physiology of COPD. LTB4, CXCL8, MMP9, and TNFa
play important roles in COPD inflammation, with
CXCL8 and LTB4 acting as neutrophil chemoattractants,
TNF« causing amplification of inflammation, and MMP-
9 being a protease that can target lung elastin [10]. Stud-
ies using isolated human alveolar macrophage have
shown that PDE4 inhibition reduces TNFa and chemo-
kine secretion [11, 12], compatible with our observations
of TNFa and MIP-1f suppression in sputum. MIP-1p
levels are elevated in the lungs of patients with COPD
[10], resulting in CCR5 activation, and subsequent
recruitment of T cells, eosinophils and macrophages
during COPD exacerbations [10].

Among the inflammatory cells, macrophage levels
were numerically reduced in sputum by CHF6001, with
a significant effect for the 800 ug dose. There are mul-
tiple studies showing the role and importance of macro-
phages to the pathophysiology of COPD. The number of
lung macrophages is increased in patients with COPD
compared to controls, with greater numbers associated
with more severe disease [13]. Further, macrophages
become dysfunctional in patients with COPD [14, 15],
with a reduced ability to perform phagocytosis and
efferocytosis [15, 16], and can release a wide range of
inflammatory mediators, including during COPD exacer-
bations [15]. The inflammatory mediators suppressed by
CHF6001 are known to be secreted by macrophages
[17], and this could be a key target cell for PDE4 inhibi-
tors in COPD. Given CHF6001 had no consistent statis-
tically significant effects on the numbers or percentages
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Fig. 3 Ratio of geometric means for CHF6001 to placebo for overall cell count, and absolute and relative differential cell counts in sputum
(Pharmacodynamic population). Data are the ratios of geometric means and 95% Cl. *p < 0.05. Abbreviation: BID, twice daily. A total of 56 patients
were included in the CHF6001 800 pug Pharmacodynamic population, 57 in the CHF6001 1600 pug population and 57 in the placebo population
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Fig. 4 Ratio of geometric means for CHF6001 to placebo for markers of inflammation in sputum (Pharmacodynamic population). Data are the
ratios of geometric means and 95% Cl. *p < 0.05. Abbreviation: BID, twice daily. A total of 56 patients were included in the CHF6001 800 ug
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Fig. 5 Ratio of geometric means for CHF6001 to placebo for markers of inflammation in blood (Pharmacodynamic population). Data are the
ratios of geometric means and 95% Cl. *p < 0.05. Abbreviation: BID, twice daily. A total of 56 patients were included in the CHF6001 800 ug
Pharmacodynamic population, 57 in the CHF6001 1600 ug population and 57 in the placebo population
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Table 2 Plasma and sputum pharmacokinetic parameters for CHF 6001 at steady state (Pharmacokinetic population)

CHF6001 800 pg BID
N =57)

CHF6001 1600 pg BID
(N =58)

Plasma on Day 32
Crnaxss (09/mL)
Trnaxss™ ()
AUCo 125 (Pg.h/mL)
CL/Fg (L/h)
Sputum, mean of all values measured on Days 20, 26 and 32

Concentration at 2 h post-dose (pg/mL)

4502 (50.8)°
2.00 (048; 4.05)°
40,814 (532)°
392 (53.2)°

2439 (50.0)°
2.00 (0.50; 4.08)°
22,116 (51.4)
36.2 (51.4)°

4,900,000 (121.9) 10,200,000 (127.1)

Abbreviations: BID twice daily, Cp,qyss maximum concentration at steady state, T,,qyss time to maximum concentration at steady state, AUC,_;,ss plasma
concentration area under the curve from 0 to 12 h at steady state, CL/F,; apparent body clearance at steady state. Data are geometric mean (percent coefficient of

variation), except * which is median (range); ®n = 56; °n = 58; °n =55

of macrophages in sputum (with statistical significance
reached for the lower CHF6001 dose but not the higher
dose), our results suggest that CHF6001 may act mainly
to reduce secretion of inflammatory mediators rather
than the trafficking of cells through tissues. The
increased level of IL-6 with the higher CHF6001 dose
(and not with the lower dose) is an unexpected finding,
but is likely to be a chance false positive result, since
during treatment with placebo there was a significant
reduction from baseline for this biomarker. Importantly,
corticosteroids have a limited effect on the secretion of
many of these mediators [17]. There was a trend to
decreased sputum eosinophil levels with both CHF6001

doses, a result that is consistent with that of other com-
pounds that target PDE4 [12, 18, 19]. Since in the
current study all patients were also receiving ICS, the
small effect on sputum eosinophil levels with CHF6001
might have been blunted by the background therapy.

In blood, ex-vivo TNFa production by LPS (a model
that mimics the typical systemic inflammation occurring
during an exacerbation) was significantly decreased with
the higher CHF6001 dose. These data suggest that
CHF6001 could have some systemic anti-inflammatory
activity upon interaction with pathogenic material (des-
pite the low systemic exposure). This anti-inflammatory
activity may translate into clinical efficacy during

Table 3 Patients (%) reporting adverse events, overall and most common (> 2 patients in any treatment group; Safety population)

Patients (%)

CHF6001 800 g BID (N = 58)

CHF6001 1600 pg BID (N =59) Placebo (N =58)

Adverse events 30 (51.7)
Nasopharyngitis 5(86)
Cough 1(1.7)
Oropharyngeal pain 3(5.2)
Back pain 4 (6.9
Toothache 3(5.2)
Diarrhoea 3(5.2)
Headache 1(1.7)
Tension headache 1(1.7)
Fatigue 1(1.7)

Drug-related adverse events 1(1.7)
Dry mouth 0
Sleep disorders 1(1.7)

Serious adverse events 2 (34)

Drug-related serious adverse events 0

Severe adverse events 0

Adverse events leading to study drug withdrawal 3(52)

Adverse events with a fatal outcome 0

33 (55.9) 26 (44.8)
6(102) 8 (13.8)
3(5.1) 1(1.7)
2(34) 0
1(01.7) 2 (34)
1(1.7) 2(34)
1(1.7) 0
7(119) 1(1.7)
3(.1) 0
3(5.1) 0
1(1.7) 0
1(01.7) 0

0 0
2(34) 2(34)
0 0
1(17) 1(7)
2(34) 1(1.7)
0 0

Abbreviation: BID twice daily
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exacerbations; this requires further investigation. The
only in-vivo blood inflammatory biomarker that was
consistently decreased was SP-D, which exerts anti-
microbial effects and dampens inflammation in a range
of tissues, including the lung [20]. Importantly, circulat-
ing SP-D is a biomarker of lung injury, with decreases
associated with improvements in health status in pa-
tients with COPD [21, 22]. SP-D is a secretory prod-
uct of non-ciliated bronchiolar cells [23], suggesting
an active involvement in surfactant metabolism and/
or host defence within small airways. This is particu-
larly important in view of the extrafine formulation of
CHF6001, which might have the potential to decrease
SP-D leakage from the small airways to the systemic
circulation and ameliorate small airways integrity. As
expected, given the current study was not powered or
designed to evaluate effects on lung function or
symptoms (with all patients receiving inhaled triple
therapy), CHF6001 did not show any effect on these
endpoints. It should be noted that only modest im-
provements of lung function are typically observed
even in larger studies using the oral PDE4 inhibitor
roflumilast [3-6], with a lack of effect on symptoms
also common [5, 6], while two other inhaled PDE4
inhibitors did not show consistent effects on lung func-
tion [24, 25].

The pharmacokinetic data clearly demonstrate dose-
proportionality for CHF6001, both in terms of sys-
temic exposure and sputum concentration. Import-
antly, the concentration of CHF6001 in the sputum
was approximately 2000-fold that in the systemic cir-
culation. These data are compatible with the positive
biological effects of CHF6001 on inflammatory media-
tors in the sputum, and explain the lack of typical
systemic PDE4-inhibitor side effects. These pharmaco-
kinetic results validate the inhaled route of delivery as
a way of both overcoming tolerability issues and
avoiding systemic exposure.

Overall, CHF6001 demonstrated a good safety profile,
with few adverse events considered related to study
drug, and no major differences between treatments (in-
cluding placebo) in vital signs or laboratory data. Not-
ably, there was no dose-relationship with the adverse
events typically experienced with roflumilast, especially
those associated with the gastrointestinal tract.

This study has some limitations. First, despite clear
dose-proportionality for systemic exposure of CHF6001
we were not able to show a dose-response for the major-
ity of sputum and blood inflammatory markers. Second,
we did not show an effect on cell numbers apart from
macrophages for one of the tested doses — surprising
given the anti-inflammatory effect of CHF6001 on cyto-
kines and chemokines. Finally, the study was too short
to fully evaluate the safety and tolerability profile of
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CHF6001. Key strengths of the study are the detailed
sputum and blood sampling, and that all patients were
receiving inhaled triple therapy throughout the study,
consistent with how a PDE4 inhibitor is often used (and
as per the Global Initiative for Chronic Obstructive Lung
Disease recommendations [1]).

In conclusion, this study demonstrated that inhaled
CHF6001 has lung anti-inflammatory activity when
administered twice daily in addition to triple therapy
in patients with COPD and chronic bronchitis. The
high lung relative to systemic exposure provided by
inhaled delivery improves the therapeutic index of
CHF6001 by delivering anti-inflammatory effects while
minimising the possibility of typical PDE4 inhibitor
side effects.
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