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Purpose: The purpose of this study was to evaluate safety, tolerability, and pharmacokinetics
(PK) of CHF6001, an inhaled phosphodiesterase-4 inhibitor.
Materials and methods: Two healthy volunteer, randomized, double-blind, placebo-controlled
studies were conducted. In each, Part 1 evaluated single ascending doses, with PK sampling
up to 48 hours post-dose; Part 2 evaluated multiple ascending doses (Study 1, 7 days; Study
2, 14 days), with PK sampling up to 24 hours post-dose on first and last day of each period. In
Study 1, treatments were administered via single-dose dry-powder inhaler (SDDPI; Aerolizer):
Part 1, 20, 100, 200, 400, 800, 1,600, and 2,000 µg or placebo; Part 2, 100, 300, 600, 1,200,
and 1,600 µg or placebo once daily (OD). In Study 2, treatments were administered via multidose dry-powder inhaler (MDDPI; NEXThaler): Part 1, 2,400, 4,000, and 4,800 µg or placebo;
Part 2, 1,200, 2,000, or 2,400 µg twice daily (BID) or placebo. Modeling and simulation then
compared OD and BID dosing via MDDPI.
Results: There was a clear correlation between CHF6001 dose and plasma concentration, following single and multiple doses and using SDDPI and MDDPI. CHF6001 plasma concentration
area under the curve (AUC) was dose proportional, with steady state slopes of the fitted line of
0.95 (90% CI: 0.86, 1.04) for AUC0–24 h in Study 1, and 0.85 (90% CI: 0.38, 1.32) for AUC0–12 h in
Study 2. Bioavailability was ~30% higher with MDDPI than SDDPI. The PK simulation confirmed
dose proportionality; the same total daily dose OD or BID via MDDPI resulted in similar 24 hours
exposure, with BID dosing providing smaller fluctuation and lower maximum concentration.
CHF6001 was well tolerated with no relationship between dose and adverse events.
Conclusion: CHF6001 demonstrated a good safety profile. There was a clear dose proportionality for systemic exposure, with higher bioavailability via MDDPI, suggesting that the
MDDPI provides better pulmonary drug deposition. BID dosing was associated with a better
exposure profile.
Keywords: healthy volunteers, chronic obstructive pulmonary disease, phosphodiesterase-4
inhibitors, pharmacokinetics
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Anti-inflammatory agents have an established role in the management of COPD,
especially for the prevention of exacerbations.1 Two main classes of anti-inflammatory
agents are currently approved and used in COPD – inhaled corticosteroids (ICSs)
and oral phosphodiesterase-4 (PDE4) inhibitors.1 In addition to the prevention of
exacerbations, the combination of ICSs with inhaled long-acting bronchodilators
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has been shown to improve lung function and quality of
life, although not all patients with COPD benefit from
treatment.1 Similarly, roflumilast, the only PDE4 inhibitor
currently marketed, reduces the risk of exacerbations and
improves lung function in combination with inhaled longacting bronchodilators, but only in a subgroup of patients
with COPD.1–4 However, roflumilast is taken orally and
is associated with a higher incidence of systemic adverse
events (AEs) than inhaled COPD maintenance medication,
with some of these events (including diarrhea, nausea,
weight loss, and abdominal pain) resulting in high withdrawal from clinical trials.1–4 Since many patients with
COPD continue to exacerbate despite therapy,5 an effective anti-inflammatory treatment with a good tolerability
profile thanks to an inhaled delivery route (ie, a wide
therapeutic window) and that might also be suitable for
co-formulation with other established inhaled therapies
would be welcome.
CHF6001 is a novel PDE4 inhibitor currently in clinical
development. Unlike roflumilast, CHF6001 has been specifically designed and formulated to be delivered via inhalation,
a route of administration that has the potential to avoid the
gastrointestinal adverse effects that are characteristic of oral
therapy in this class. Indeed, in preclinical studies in rats and
ferrets (the latter representing an established model for evaluation of such effects), following intratracheal administration
at doses compatible with those used in humans, CHF6001
exerted anti-inflammatory effects with no evidence of emesis
or nausea.6 Furthermore, the combination of CHF6001 and
a LAMA (either tiotropium or glycopyrrolate) was more
effective than either compound alone in terms of inhibition
of airway smooth muscle remodeling in a guinea pig lung
slice model.7 In addition, following rhinovirus challenge of
human bronchial epithelial cells, CHF6001 reduced the levels
of a range of cytokines in a concentration-dependent manner,
both alone and in combination with low-dose corticosteroids,
indicating anti-inflammatory activity against virus-induced
inflammatory mediators.8 CHF6001 is highly plasma protein
bound (99% in humans),9 with low systemic bioavailability
after intratracheal administration and very low bioavailability
after oral administration suggesting that any portion ingested
following inhaled administration is likely to have a negligible
contribution to overall systemic exposure.6 It is metabolically
stable in human liver, with the main metabolites, which are
pharmacologically inactive, being related to hydrolysis, and
is rapidly eliminated following intravenous administration,
predominantly via the fecal route.10 Two Phase II studies are
ongoing in patients with COPD.
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This manuscript describes the pharmacokinetics (PK) and
safety profile of CHF6001 from two single and repeat ascending-dose studies in healthy volunteers. In the first study,
CHF6001 was administered via a capsule-based single-dose
dry-powder inhaler (SDDPI). In the second study, a reservoirbased multi-dose dry-powder inhaler (MDDPI) was used (the
NEXThaler® – the device that is being used for the ongoing
clinical development of CHF6001). Modeling and simulation
were then used to compare the PK profiles of once daily (OD)
and twice daily (BID) dosing via the MDDPI.

Materials and methods
Trial design
Both studies were randomized, double-blind, and placebo
controlled and were conducted at a single center. Study 1
comprised two parts. Part 1 was single ascending dose, crossover in design. After a screening visit, eligible subjects were
randomized into one of two cohorts attending alternating
visits, with each visit separated by 7–14 days; Cohort A
attended four visits and Cohort B attended three. Subjects
remained at the study center from the evening of day–2 until
the morning of day 2, and returned on day 3 for 48 hours
post-dose assessments. Blood samples were taken for PK
analysis pre-dose and at 5, 10, 15, and 30 minutes, and 1,
1.5, 2, 4, 6, 8, 12, 18, 24, and 48 hours post-dose.
Part 2 of Study 1 was repeat, ascending dose (7 day
dosing), in a parallel group. After a screening visit, subjects
were randomized to one of five cohorts, with subjects in
each cohort receiving one of the CHF6001 doses or placebo
(the CHF6001 dose escalated with subsequent cohorts). The
next cohort did not start treatment until the safety and PK
assessments were completed for the previous cohort, and an
independent safety advisory committee had reviewed all data.
Subjects remained at the study center from the evening of
day–2 until the morning of day 8, returning on day 9 for the
48 hours post-dose assessments. Blood samples were taken
for PK analysis up to 24 hours post-dose on days 1 and 7 at
the same time points as Part 1 and pre-dose on days 2–6.
Study 2 also comprised two parts. Part 1 was three period,
single ascending dose in design. After a screening visit,
eligible subjects were randomized to one of four treatment
sequences. Subjects then attended three visits, receiving
CHF6001 or placebo at each visit, with the administered
CHF6001 dose increasing at each visit. Subsequent visits did
not take place until the acceptable safety and tolerability profile of the lower CHF6001 dose was confirmed (a minimum
of 18 days between subsequent doses). Subjects remained at
the study center from the evening of day–2 until the morning
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of day 3, with blood samples taken for PK analysis pre-dose
and at 30 minutes and 1, 1.5, 2, 3, 4, 6, 8, 12, 18, 24, and
48 hours post-dose.
Part 2 of Study 2 was repeat, ascending dose (14 day
dosing), parallel group. Eligible subjects were randomized to
one of three cohorts, with subjects in each cohort receiving
either one of the CHF6001 doses or placebo (the CHF6001
dose escalated with subsequent cohorts). The next cohort
did not start treatment until the safety assessments had been
completed for the previous cohort. Subjects remained at the
study center from the evening of day–2 until the morning
of day 15, with blood samples taken for PK analysis up to
12 hours post-dose on days 1 and 14 at the same time points
as Part 1, and before the morning dose on days 2–13.
In both studies, blood samples (4 mL at each time point)
were collected in lithium heparin tubes and immediately
chilled in an ice bath. Plasma was prepared by centrifugation
at 2,000 ×g for 15 minutes at ~4°C and was transferred into
polypropylene tubes pre-filled with 1 M citric acid (100 µL
per 1 mL plasma) to stabilize CHF6001. All the plasma
samples were stored at -65°C until analysis. The plasma
concentration of CHF6001 was measured using a validated
liquid chromatography with tandem mass spectrometry
(LC-MS/MS) method with a lower limit of quantification of 10 pg/mL, using deuterium-labeled CHF6001 as
internal standard. Following solid phase extraction of the
plasma samples using 96-well plates (Oasis HLB; Waters
Corp., Milford, MA, USA), samples were injected onto the
LC-MS/MS (Study 1: AB Sciex API 5500; AB Sciex LLC,
Framingham, MA, USA; Study 2: Mass Spectrometer;
Waters Xevo, Milford, MA, USA) using heated electrospray
ionization. Quality control samples spiked with CHF6001
were analyzed together with the study samples, to demonstrate the accuracy and precision of the study. The method
was originally validated for a CHF6001 concentration range
of 10–1,000 pg/mL and was used in Study 1. Subsequently, a
wider concentration range (10–3,000 pg/mL) was validated
and applied to Study 2. The linearity of the analytical method
was validated for both CHF6001 concentration ranges.
The precision of the analytical method as characterized by
the coefficient of variation was 11.7%, with an accuracy
(based on the relative error for the given concentrations)
of 88%. The method was specific in human plasma since
no significant interference was observed in either the blank
plasma samples or in the zero samples (control plasma plus
internal standard).
AEs were captured in both studies, with investigators
being asked to record the relationship to study medication.
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In addition, clinical hematology and blood chemistry were
assessed at baseline and at the end of dosing, with vital signs
(systolic and diastolic blood pressure) and electrocardiogram
(ECG) and 24 hours Holter ECG data captured at regular
intervals. Lung function (FEV1) was also assessed as a safety
parameter in both parts of both studies to exclude the occurrence of post-dose bronchospasm.
All subjects provided written informed consent prior to
any study-related procedure. The studies were conducted
at the same institution, were approved by the following
independent ethics committees: Study 1, Copenhurst Independent Research Ethics Committee, Wirral, UK (25 July
2011); Study 2, Wales Research Ethics Committee, Cardiff,
UK (6 November 2014), and were performed in accordance with the principles of the declaration of Helsinki and
the International Conference on Harmonization notes for
guidance on Good Clinical Practice (ICH/CPMP/135/95).
Both studies are registered in ClinicalTrials.gov (Study 1:
NCT01703052; Study 2: NCT02386761). There were no
substantial amendments to Study 2. Study 1 required two
substantial amendments, both to Part 2 (one to permit escalation to the 1,200 µg dose, and one to permit escalation to
the 1,600 µg dose).

Participants
Both studies recruited healthy volunteers aged 18–55 years,
non- or ex-smokers (5 pack-years), and in good physical
and mental health status. Study 1 recruited male subjects
only, whereas Study 2 recruited both male and female
subjects. The main exclusion criteria for both studies were
clinically significant abnormal 24 hours Holter ECGs at
screening, clinically relevant abnormal laboratory values
or clinically relevant and uncontrolled disorders that could
have impacted completion of the study, and use of medication (whether over-the-counter or prescribed) in the 14 days
prior to screening. The full inclusion and exclusion criteria
are listed in the Supplementary material. Subjects recruited
for Part 1 of each study were not recruited for Part 2.

Interventions
In both studies, subjects were assigned to treatment sequence
using a randomization list prepared by the sponsor. All subjects, investigators, site staff, and employees of the sponsor
were blinded to treatment assignment. The only exception
was a qualified person in the pharmacy of the clinical center
who performed the staggered dosing in Study 1, and who
therefore had a copy of the randomization list (but did not
take part in any of the study assessments).
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Treatments administered were:
• Study 1, Part 1: Single doses of CHF6001: 20, 100, 200,
400, 800, 1,600, and 2,000 µg or matching placebo,
administered via SDDPI
• Study 1, Part 2: CHF6001 100, 300, 600, 1,200, and
1,600 µg or matching placebo OD for 7 days, administered via SDDPI
• Study 2, Part 1: Single doses of CHF6001: 2,400, 4,000,
and 4,800 µg or matching placebo, administered via
MDDPI
• Study 2, Part 2: CHF6001 1,200, 2,000, or 2,400 µg BID
(total daily doses of 2,400, 4,000, or 4,800 µg) or matching placebo for 14 days, administered via MDDPI

Outcomes
The primary objective of both studies was to investigate
the safety and tolerability of CHF6001, with the secondary
objective being to investigate its PK profile. PK endpoints
calculated included maximum plasma concentration (Cmax),
time to maximum concentration (tmax), terminal elimination half-life (t½; calculated following single doses only),
and clearance (CL) determined at steady state, adjusted
for absolute bioavailability (F). Areas under the plasma
concentration–time curve were computed using the trapezoidal rule, from administration to last measurable concentration (AUC0-t) in Part 1 of the two studies and from
administration to the end of the dosing interval in Part 2
(ie, to 24 hours post-dose for OD regimens [AUC0–24 h]
and to 12 hours post-dose for BID regimens [AUC0–12 h]).
The accumulation ratio (Racc) was calculated following
multiple dosing.

Sample size and statistical methods
No formal sample size calculations were performed for
either study. The following sample sizes were considered
adequate: Study 1, Part 1, 20 subjects (10 per cohort);
Study 1, Part 2, 48 subjects (12 per cohort); Study 2, Part 1,
12 subjects; Study 2, Part 2, 36 subjects (12 per cohort). All
PK parameters were determined using non-compartmental
methods, with Study 1 employing WinNonlin v6.1 and
Study 2 employing WinNonlin v6.3.0.395.
In both studies, the safety population was defined as all
randomized subjects who had received at least one dose of
study medication, whereas the PK population was all subjects in the safety population who had at least one valid PK
measurement and who had no major PK-related protocol
deviations. Data were summarized using SAS (Version 8.2
or higher; SAS Institute Inc., Cary, NC, USA).
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A model was developed to compare the PK characteristics of OD and BID dosing of CHF6001 administered via
MDDPI. A two-compartment disposition model was found
to best fit the data, with three-way parallel absorption pathways and first-order elimination from the central compartment. The model was built using NONMEM (Version 7.3),
supplemented with the PsN toolkit (Version 4.4.8). Simulations were run based on 100 subjects replicated 10 times
per dose, performed using NONMEM Version 7.4.1 and
processed using Phoenix WinNonlin (Version 7.0) and
GraphPad Prism (Version 7.0). NONMEM data sets were
prepared using SAS 9.4.

Results
Participants
In Study 1, 20 subjects were randomized into Part 1, with
17 completing all treatment periods (one subject withdrew
due to an AE after dosing with CHF6001 200 µg, and two
were lost to follow-up). For Part 2, 54 subjects were randomized, one of whom was withdrawn prior to receiving any
study medication; the remaining 53 completed the study.
In Study 2, 12 subjects were randomized into Part 1, with
11 completing (one withdrew due to an AE after receiving
CHF6001 2,400 µg), and 36 subjects were randomized into
Part 2 with 33 completing (one withdrew due to an AE in
the CHF6001 2,400 µg BID group, and two withdrew consent). The baseline demographics of the included subjects
are presented in Table 1.

PK

Single dose
Across the two studies, there was a clear correlation
between the dose inhaled and CHF6001 plasma concentration, both via the SDDPI and the MDDPI (Figure 1 and
Table 2). With the exception of the 20 µg dose (for which
plasma concentration was below the limit of quantification
from 8 hours post-dose), tmax was achieved for CHF6001
at ~2 hours post-dose with SDDPI and at 3 hours post-dose
with MDDPI. The t½ varied between 30 and 45 hours for the
SDDPI administration and between 40 and 50 hours for the
MDDPI administration.

Multiple dose
As with single-dose administration, following administration of multiple doses of CHF6001, plasma concentration
increased with increasing dose, both on OD (Figure 2 and
Table 3) and BID administration (Figure 3 and Table 3). The
increase in AUC was dose proportional, with slopes of the
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Notes: Data are mean (SD) unless specified otherwise. aMixed race (black and Caucasian). Safety population is defined as all randomized subjects who had received at least one dose of study medication.
Abbreviations: BID, twice daily; BMI, body mass index; MDDPI, study medication administered via multi-dose dry-powder inhaler; OD, once daily; SDDPI, study medication administered via single-dose dry-powder inhaler.

9 (100)
–
7 (77.8)
2 (22.2)
7 (58.3)
5 (41.7)
13 (100)
–
20 (100)
–

8 (100)
–

8 (100)
–

9 (100)
–

9 (100)
–

7 (100)
–

7 (77.8)
2 (22.2)

6 (66.7)
3 (33.3)

9 (100)
–
9 (100)
–
12 (100)
–
13 (100)
–
20 (100)
–

8 (100)
–

8 (100)
–

9 (100)
–

9 (100)
–

7 (100)
–

8 (88.9)
1 (11.1)

9 (100)
–

35.8 (7.3)
177.3 (7.9)
27.2 (2.7)
31.1 (10.2)
177.7 (10.2)
24.7 (4.0)
41.4 (12.6)
171.1 (7.4)
27.3 (2.7)
36.4 (13.3)
174.4 (10.9)
25.6 (4.3)
33.2 (10.8)
175.5 (7.6)
25.6 (2.6)

Age, years
Height, cm
BMI, kg/m2
Race, n (%)
Caucasian
Othera
Sex, n (%)
Male
Female

35.5 (9.8)
180.1 (9.2)
26.1 (3.0)

42.5 (10.2)
174.0 (7.8)
26.6 (2.3)

29.5 (10.3)
178.6 (3.5)
25.1 (3.2)

29.8 (7.4)
179.9 (9.7)
24.4 (3.3)

32.4 (11.8)
179.7 (9.2)
25.1 (3.9)

33.4 (9.6)
177.9 (6.8)
25.8 (2.5)

31.1 (11.0)
175.9 (8.2)
23.5 (2.4)

2,000 µg
BID
(N=9)
1,200 µg
BID
(N=9)

Placebo
(N=9)
Placebo
(N=13)
Overall
(N=20)

100 µg OD
(N=8)

Part 2
Part 1

CHF6001

300 µg OD
(N=8)

600 µg OD
(N=9)

1,200 µg
OD
(N=9)

1,600 µg
OD
(N=7)

Part 2

Overall
(N=12)

CHF6001

2,400 µg
BID
(N=9)

Pharmacokinetics and safety of CHF6001 in healthy volunteers

Part 1

Study 2 (MDDPI)
Study 1 (SDDPI)

Table 1 Demographic characteristics (safety population)
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fitted line values of 0.96 (90% CI: 0.89, 1.03) and 0.95 (90%
CI: 0.86, 1.04) for AUC0–24 h on Days 1 and 7 of Study 1,
and 1.13 (90% CI: 0.80, 1.46) and 0.85 (90% CI: 0.38, 1.32)
for AUC0–12 h on Days 1 and 14 of Study 2. At steady-state,
median tmax occurred between 1 and 2 hours following OD
administration, and between 1.5 and 3 hours following BID
dosing. CL/F and Racc were unaffected by dose. The average weighted AUC for the SDDPI device was 19.9 pg.h/
mL.µg, compared with 26.6 pg.h/mL.µg for the MDDPI,
indicating ~30% higher bioavailability with the latter.

PK modeling and simulation
The PK modeling and simulation confirmed doseproportionality for the BID dosing regimen via the MDDPI,
in terms of maximum, minimum, and total systemic exposure
at steady state (Table 4), which had been reached for all
CHF6001 doses by day 14 (Figure 4). As shown in Figure 5
and Table 4, simulated systemic exposure of the same total
daily dose given OD or BID via MDDPI (ie, 1,200 µg BID
and 2,400 µg OD) resulted in similar exposure over 24 hours
at steady state, but with BID dosing resulting in smaller
fluctuation and a lower Cmax.

Safety
There was no relationship between CHF6001 dose and the
occurrence of AEs or serious adverse events, either on single
(Table 5) or multiple dosing (Table 6). When grouped by
preferred term, no AE occurred in more than two subjects
with any treatment.
Following single doses of CHF6001 in both studies,
there were no nausea events; one subject reported diarrhea,
abdominal pain, and constipation following administration
of CHF6001 200 µg, but these events were not considered
related to study medication. One subject withdrew from
Study 1 due to an asymptomatic, non-sustained ventricular
tachycardia detected during 24 hours Holter ECG monitoring
after receiving CHF6001 200 µg, an event that was assessed
as mild in severity and not related to study medication.
One subject withdrew from Study 2 due to abnormal liver
function tests (increases in alanine aminotransferase [ALT]
and gamma glutamyltransferase [GGT]) after receiving
CHF6001 2,400 µg. However, both ALT and GGT values
were already high at screening, and the AE was therefore
considered not related to study medication. Two events
were considered potentially related to study medication –
dizziness following the 2,400 µg dose and cough following
the 4,000 µg dose, but neither subject withdrew prematurely
from the study.
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Figure 1 CHF6001 plasma pharmacokinetic–time profile following single doses (PK population).
Notes: Data are mean. PK population is defined as all subjects in the safety population who had at least one valid PK measurement and who had no major PK-related protocol
deviations.
Abbreviations: PK, pharmacokinetics; MDDPI, study medication administered via multi-dose dry-powder inhaler; SDDPI, study medication administered via single-dose
dry-powder inhaler.

Table 2 CHF6001 derived pharmacokinetic parameters following single doses (PK population)
CHF6001 dose
SDDPI
20 µg (N=8)
100 µg (N=8)
200 µg (N=8)
400 µg (N=7)
800 µg (N=7)
1,600 µg (N=7)
2,000 µg (N=5)
MDDPI
2,400 µg (N=9)
4,000 µg (N=8)
4,800 µg (N=8)

Pharmacokinetic parameter
Cmax, pg/mL

tmax, h

AUC0–t, pg.h/mL

t½, h

18.9 (22.2)
63.8 (32.8)
140.2 (28.0)
194.7 (25.4)
432.4 (24.3)
730.0 (29.5)
982.6 (11.6)

0.08 (0.08, 2)
1.74 (1.0, 2)
1.03 (0.5, 2)
2.0 (2, 6)
2.0 (1.0, 4)
2.0 (0.5, 2)
2.0 (1.5, 2)

31.6 (91.3)
1,477 (33.8)
2,782 (18.9)
5,384 (24.9)
10,600 (28.7)
17,990 (32.6)
25,550 (25.3)

5.6 (9.3)a
28.2 (0.0)b
30.1 (29.7)c
45.3 (40.8)a
26.3 (1.0)a
27.4 (NC)d
37.3 (15.5)a

1,234 (19.6)
2,551 (19.2)f
2,723 (22.3)

3.0 (2, 4)
3.0 (2, 4)f
3.0 (1.5, 6)

35,178 (23.4)
75,754 (24.9)f
77,409 (25.6)

49.1 (40.1)e
44.0 (17.7)e
40.0 (35.6)f

Notes: Data are geometric mean (% coefficient of variation), except tmax which is median (range). PK population is defined as all subjects in the safety population who had at
least one valid PK measurement and who had no major PK-related protocol deviations. an=3; bn=2; cn=5; dn=1; en=4; fn=7.
Abbreviations: AUC0–t, area under the curve from administration to last measurable concentration; Cmax, maximum plasma concentration; PK, pharmacokinetics; MDDPI,
study medication administered via multi-dose dry-powder inhaler; NC, not calculated (geometric mean from only one subject); SDDPI, study medication administered via
single-dose dry-powder inhaler; t½, terminal elimination half life; tmax, time to maximum concentration.
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Figure 2 CHF6001 plasma pharmacokinetic–time profile following multiple OD administration via SDDPI (PK population).
Notes: Data are mean. PK population is defined as all subjects in the safety population who had at least one valid PK measurement and who had no major PK-related
protocol deviations.
Abbreviations: PK, pharmacokinetics; OD, once daily; SDDPI, study medication administered via single-dose dry-powder inhaler.

Table 3 CHF6001 derived pharmacokinetic parameters following OD or BID administration (PK population)
CHF6001 dose

SDDPI
100 µg OD (N=7)
300 µg OD (N=8)
600 µg OD (N=9)
1,200 µg OD (N=9)
1,600 µg OD (N=6)
MDDPI
1,200 µg BID (N=9)
2,000 µg BID (N=9)
2,400 µg BID (N=9)

Day

Pharmacokinetic parameter
Cmax, pg/mL

tmax, h

AUC0–24 h or
AUC0–12 h*,
pg.h/mL

1
7
1
7
1
7
1
7
1
7

65.4 (28.9)
165.3 (33.8)
178.6 (22.4)
410.0 (40.3)
290.0 (22.3)
701.7 (24.7)
628.3 (28.0)
1,689.9 (28.0)
710.4 (41.5)
1,974.5 (29.0)

1.5 (0.08, 2.0)
1.0 (0.5, 2)
2.0 (1.0, 4)
1.0 (1.0, 4)
1.5 (1.0, 6)
2.0 (1.0, 4)
2.1 (2, 8)
2.0 (1.5, 2)
2.0 (1.0, 2)
2.0 (1.0, 2)

796.3 (37.7)
2,304 (41.1)
2,340 (24.5)
5,815 (44.7)
4,240 (21.7)
10,460 (28.2)
9,465 (26.4)
25,920 (26.6)
10,640 (27.4)
29,310 (17.0)

1
14
1
14
1
14

547 (19.3)
3,652 (48.9)
928 (32.8)
5,447 (39.3)
1,230 (33.3)
6,922 (34.1)a

3.0 (1.0, 6)
1.6 (1.0, 3)
1.5 (1.5, 4)
1.5 (1.0, 3)
3.0 (1.5, 4)
2.3 (1.0, 3)a

5,097 (22.5)
34,002 (50.7)
8,142 (34.4)
51,139 (39.0)
11,633 (31.7)
61,909 (37.0)a

Weighted
AUC**,
pg.h/mL.µg

CL/F,
mL/min

Racc

23.0 (41.1)

723 (41.1)

2.89 (16.6)

19.4 (44.7)

860 (44.7)

2.49 (31.8)

17.4 (28.2)

956 (28.2)

2.47 (20.2)

21.6 (26.6)

772 (26.6)

2.74 (28.2)

18.3 (17.0)

910 (17.0)

2.75 (16.5)

28.3 (50.7)

588 (50.7)a

6.66 (38.4)

25.6 (39.0)

652 (39.0)

6.28 (19.5)

25.8 (37.0)

646 (37.0)a

5.47 (36.6)a

Notes: *0–24 hours calculated for OD regimens and 0–12 hours calculated for BID regimens. **Calculated as AUC0–24 h divided by total daily dose for Study 1 and AUC0–12 h
divided by half of the total daily dose in Study 2. Data are geometric mean (% coefficient of variation), except tmax which is median (range). PK population is defined as all
subjects in the safety population who had at least one valid PK measurement and who had no major PK-related protocol deviations. an=8.
Abbreviations: AUC0–12 h, area under the curve from administration to 12 post-dose; AUC0–24 h, area under the curve from administration to 24 hours post-dose; BID,
twice daily; CL/F, clearance adjusted for absolute bioavailability; Cmax, maximum plasma concentration; MDDPI, study medication administered via multi-dose dry-powder
inhaler; OD, once-daily; PK, pharmacokinetics; Racc, accumulation ratio; SDDPI, study medication administered via single-dose dry-powder inhaler; tmax, time to maximum
concentration.
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Figure 3 CHF6001 plasma pharmacokinetic–time profile following multiple BID administration via MDDPI (PK population).
Notes: Data are mean. PK population is defined as all subjects in the safety population who had at least one valid PK measurement and who had no major PK-related
protocol deviations.
Abbreviations: BID, twice daily; MDDPI, study medication administered via multi-dose dry-powder inhaler; PK, pharmacokinetics.

On multiple dosing, although in Study 2 a higher proportion of subjects experienced AEs with CHF6001 than
placebo, only one event was considered severe (increased
ALT, 10 days after completing treatment with CHF6001
2,000 µg BID); this event was not considered related to
study medication (Table 6). Two subjects had nausea as
AEs, one with CHF6001 300 µg OD that was not considered
related to treatment and one with placebo. One subject experienced diarrhea and one experienced flatulence, both with

CHF6001 1,200 µg BID, and both considered related to
treatment although mild in nature, and one subject experienced abdominal pain with CHF6001 2,000 µg BID, not
considered related to treatment. One subject withdrew from
the CHF6001 2,400 µg BID group prior to completing the
study, due to moderate otitis media that was not considered
related to study treatment.
In both studies, mean laboratory values were within normal ranges, with few individual values outside the normal

Table 4 CHF6001 derived pharmacokinetic parameters following OD or BID administration via MDDPI
CHF6001 dose
BID
150 µg
300 µg
600 µg
1,200 µg
2,400 µg
OD
2,400 µg

Pharmacokinetic parameter
Fluctuation %

Cmax,ss pg/mL

Cmin,ss pg/mL

AUC0–24 h,ss pg.h/mL

44.1 (28.8)
42.8 (28.2)
42.5 (28.1)
42.4 (28.0)
42.4 (28.0)

442 (34.1)
880 (34.4)
1,758 (34.4)
3,515 (34.5)
7,028 (34.5)

279 (39.9)
563 (39.1)
1,129 (38.9)
2,259 (38.8)
4,519 (38.8)

8,555 (35.8)
17,111 (35.8)
34,222 (35.8)
68,444 (35.8)
136,885 (35.8)

65.1 (27.1)

3,969 (31.9)

2,064 (39.0)

68,259 (35.1)

Notes: Simulation of data from 100 subjects replicated 10 times. Data are geometric mean (% coefficient of variation).
Abbreviations: AUC0–24 h,ss, area under the curve from administration to 24 h post-dose at steady state; BID, twice daily; Cmax,ss, maximum plasma concentration at steady
state; Cmin,ss, minimum plasma concentration at steady state; MDDPI, study medication administered via multi-dose dry-powder inhaler; OD, once daily.

3406

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

International Journal of COPD 2018:13

&+)SODVPDFRQFHQWUDWLRQ SJP/

Pharmacokinetics and safety of CHF6001 in healthy volunteers
 ±
 ±
 ±
 ±
 ±
 ±
 ±
±

















'D\V













&+)GRVH
J%,'

J%,'

J%,'

J%,'

J%,'

Figure 4 Plasma concentration of CHF6001 following BID administration via MDDPI: simulation of data from 100 subjects replicated 10 times.
Abbreviations: BID, twice daily; MDDPI, study medication administered via multi-dose dry-powder inhaler.

range and no relationship with CHF6001 dose. All mean values for systolic and diastolic blood pressure were within the
normal range following both single and multiple doses, with
no notable changes from baseline and no notable dose-related

trend in the number of subjects with substantial changes. All
mean ECG values were within the normal range following
both single and multiple doses, with no notable changes from
baseline and no marked difference between CHF6001 doses,
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Figure 5 Plasma concentration of CHF6001 following OD or BID administration of the same total daily dose via MDDPI: simulation of data from 100 subjects replicated
10 times.
Abbreviations: BID, twice daily; MDDPI, study medication administered via multi-dose dry-powder inhaler; OD, once daily.
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Note: Safety population is defined as all randomized subjects who had received at least one dose of study medication.
Abbreviations: AE, adverse event; MDDPI, study medication administered via multi-dose dry-powder inhaler; SAE, serious adverse event; SDDPI, study medication administered via single-dose dry-powder inhaler.

0
0
0
0
0
0
0
0
0
0
0
0
1 (12.5)
0
0
0
0
0
0
0
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0
0

1 (11.1)
0

1 (12.5)
0
0
0
1 (12.5)
0
0
1 (12.5)
3 (33.3)
1 (11.1)
0
1 (11.1)
1 (12.5)
0
0
0

At least one AE
Severe AE
At least one SAE
AE considered related to study
medication
AE leading to withdrawal
AE leading to death

3 (21.4)
0
0
0

0
0
0
0

3 (37.5)
0
0
0

2 (28.6)
0
0
0

3 (42.9)
0
0
0

2 (28.6)
0
0
0

0
0
0
0

2 (22.2)
0
0
0

4,000 µg
(N=8)
2,400 µg
(N=9)
20 µg
(N=8)

CHF6001

100 µg
(N=8)

200 µg
(N=8)

400 µg
(N=7)

800 µg
(N=7)

1,600 µg
(N=7)

2,000 µg
(N=6)

Placebo
(N=9)
Placebo
(N=14)

CHF6001

Study 2 (MDDPI)
Study 1 (SDDPI)

Table 5 Number (%) of subjects reporting AEs and SAEs following administration of single doses (safety population)
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and no clinically significant individual findings. Following
multiple dosing in Study 2, there were a small number of statistically significant differences between CHF6001 and placebo in mean heart rate, PR interval and QT interval corrected
for heart rate using Fridericia’s formula (QTcF) interval, none
of which were considered clinically significant. There were
no clinically significant post-dose decreases in FEV1, indicating that none of the subjects experienced bronchospasm.

Discussion
A significant dose range with a large number of doses were
studied: CHF6001 was well tolerated even up to high doses
above the predicted therapeutic dose. There were few AEs
considered related to treatment and no relationship between
overall AE incidence and CHF6001 dose, either following
single doses or multiple doses. Importantly, gastrointestinal
AEs were rare, with only two events considered related to
CHF6001 treatment (one event each of diarrhea and flatulence), both of which were mild in severity and did not result in
study withdrawal. These results suggest that CHF6001 given
via the inhaled route of administration may be more acceptable
to patients than roflumilast given via the oral route, although
this needs to be confirmed in larger, longer-term studies. There
were no clinically significant findings from the other safety
data, with no evidence of any dose-related trend.
A clear relationship was shown between the inhaled dose
of CHF6001 and plasma exposure (total and maximum) following administration of single and multiple doses, and when
delivered via both devices. The weighted AUC systemic
bioavailability of CHF6001 was ~30% higher following
administration via the MDDPI than via the SDDPI. Since
the systemic bioavailability of CHF6001 is mainly due to
absorption from the lungs rather than oral ingestion;6 this
suggests that the MDDPI device provides more efficient
pulmonary drug deposition than the SDDPI device.
The PK modeling and simulation confirm the findings from
the two studies, clearly demonstrating dose-proportionality.
One of the strengths of modeling these data is that by simulating PK exposure, it is possible to generate data from many
more time points than is the case from clinical data, especially on the intermediate days between PK sampling periods
(days 2–13). This means that a more detailed characterization
of the PK profiles is possible, confirming that steady state
has been reached by day 14 for all doses when administered
BID via the MDDPI. The PK modeling also supports BID
administration of CHF6001, since although the model suggests that both OD and BID administration via the MDDPI
would result in similar plasma exposure of CHF6001, the Cmax

International Journal of COPD 2018:13

Dovepress

Pharmacokinetics and safety of CHF6001 in healthy volunteers
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Study 1 (SDDPI)

At least one AE
AEs occurring in more
than two subjects with
any treatment
Back pain
Headache
Severe AE
At least one SAE
AE considered related
to study medication
Headache
Parosmia
Diarrhea
Flatulence
Nausea
AE leading to withdrawal
AE leading to death

Study 2 (MDDPI)

Placebo
(N=13)

CHF6001
100 µg
OD
(N=8)

300 µg
OD
(N=8)

600 µg
OD
(N=9)

1,200 µg
OD
(N=9)

1,600 µg
OD
(N=7)

Placebo
(N=9)

CHF6001
1,200 µg
BID
(N=9)

2,000 µg
BID
(N=9)

2,400 µg
BID
(N=9)

5 (38.5)

3 (37.5)

2 (25.0)

5 (55.6)

2 (22.2)

3 (42.9)

2 (22.2)

6 (66.7)

5 (55.6)

7 (77.8)

0
2 (15.4)
0
0
2 (15.4)

0
0
0
0
0

0
0
0
0
0

0
2 (22.2)
0
0
0

0
0
0
0
0

0
0
0
0
0

1 (11.1)
1 (11.1)
0
0
1 (11.1)

0
3 (33.3)
0
0
4 (44.4)

3 (33.3)
2 (22.2)
1 (11.1)
0
2 (22.2)*

5 (55.6)
2 (22.2)
0
0
1 (11.1)

1 (7.7)
1 (7.7)
0
0
1 (7.7)
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

1 (11.1)
0
0
0
0
0
0

3 (33.3)
0
1 (11.1)
1 (11.1)
0
0
0

2 (22.2)
0
0
0
0
0
0

1 (11.1)
0
0
0
0
1 (11.1)
0

Notes: *One subject had raised ALT values that were initially recorded as a mild AE and assessed as related; the ALT levels subsequently increased further, and although this was
then considered a severe AE, it was reassessed as not related. Safety population is defined as all randomized subjects who had received at least one dose of study medication.
Abbreviations: AE, adverse event; ALT, alanine aminotransferase; BID, twice daily; MDDPI, study medication administered via multi-dose dry-powder inhaler; OD, once
daily; SAE, serious adverse event; SDDPI, study medication administered via single-dose dry-powder inhaler.

from BID dosing was lower than that from OD dosing, with
smaller fluctuation in plasma levels. In addition to reducing
the risk of systemic adverse effects, this lower variability
could potentially result in tighter engagement at the target
receptors. Further larger and longer-term studies are being
conducted to evaluate the effects of CHF6001 in patients.

Conclusion
Overall, CHF6001 demonstrated a good safety profile, with
tolerability similar to that of placebo. There was a clear relationship between the inhaled dose of CHF6001 and systemic
exposure, with dose proportionality demonstrated for both
devices. The higher systemic bioavailability of CHF6001
suggests that the NEXThaler MDDPI device provides better
pulmonary drug deposition than the SDDPI, with the BID
regimen providing the most appropriate exposure profile.

Data availability
The data of this study are available on request, following
submission of a valid research protocol to the corresponding author.
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