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Abstract

Objective: To review the pharmacology, efficacy, and safety of the first nebulized long-acting muscarinic antagonist
(LAMA), glycopyrrolate (GLY)/eFlow closed system (CS) nebulizer, approved for maintenance treatment of chronic
obstructive pulmonary disease (COPD). Data Sources: A PubMed search was conducted (January 2000 to July 2018)
using the following terms/phrases: nebulized glycopyrrolate, inhalation devices in COPD, long-acting muscarinic antagonists
COPD, and COPD survey. Retrieved articles were reviewed to identify additional references. Study Selection and Data
Extraction: Primary and review articles on GLY/eFlow CS and other treatment options for patients with COPD were
selected. Data Synthesis: Guidelines recommend the use of LAMAs, alone or in combination with long-acting 3,-agonists,
as maintenance therapy for the majority of patients with COPD. With the range of different devices and bronchodilators
now available, treatment can be tailored based on individual needs. The eFlow CS nebulizer delivers GLY rapidly over a
2- to 3-minute period and provides bronchodilation within 30 minutes, lasting 12 hours. Phase 2 dose-finding and phase
3 studies demonstrated sustained statistically significant and clinically important improvements in pulmonary function and
patient-reported outcomes with GLY/eFlow CS. Relevance to Patient Care and Clinical Practice: GLY/eFlow CS
provides a novel, portable, efficient, and rapid drug delivery system. Conclusions: The recently approved GLY/eFlow CS
drug-device combination provides a viable treatment option for patients with COPD, particularly those with conditions
that may impair proper use of traditional handheld inhalers.
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Background attributable to COPD.** COPD typically progresses with
age, especially among those with continued exposure to
inhaled toxins such as tobacco smoke. Initiatives are under
way to decrease disease burden, including the National
Heart, Lung, and Blood Institute’s COPD action plan and
the Centers for Medicare and Medicaid Services’ 30-day
hospital readmissions reduction program. Pharmacists are
an integral part of drug therapy management to deliver con-
tinual optimal care to COPD patients.’

Chronic obstructive pulmonary disease (COPD) is charac-
terized by persistent dyspnea, cough, sputum production,
and airflow obstruction.' COPD is usually a consequence of
smoking or exposure to toxic inhalants causing airway nar-
rowing because of inflammation and alveolar abnormali-
ties, including emphysematous changes of alveolar wall
destruction, alveolar space enlargement, and decreased
alveolar wall attachment, causing loss of lung elastic recoil
and alveolar support.” Excessive bronchial mucus secretion
and wall thickening also contribute to airflow obstruction. 'Duke Clinical Research Institute and Durham Veterans Administration
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Figure 1. Schematic overview of Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2018 treatment algorithms by

ABCD categories.” Produced with permission from GOLD.

Abbreviations: FEVI, forced expiratory volume in | s; ICS, inhaled corticosteroid; LABA, long-acting Bz-agonists; LAMA, long-acting muscarinic

antagonists.

Data Selection

A PubMed search (English only) was conducted (January
2000 to July 2018) using the following terms/phrases: neb-
ulized glycopyrrolate, inhalation devices in COPD, long-
acting muscarinic antagonists COPD, and COPD survey.
Studies of glycopyrrolate (GLY)/eFlow closed system (CS)
and articles relating to available treatment and device
options in COPD were identified, and references from
retrieved articles were reviewed.

COPD Classification and Available
Treatment Options

After first demonstrating the presence of airflow obstruc-
tion by spirometry and staging of severity according to
forced expiratory volume in I s (FEV ), the Global Initiative
for Chronic Obstructive Lung Disease (GOLD) classifies
COPD patients into 4 groups (A, B, C, and D; Figure 1)
based on severity of symptoms using the modified British
Medical Research Council questionnaire or the COPD
Assessment Test, coupled with a patient’s history of
exacerbations.'

Treatment with inhaled bronchodilators provides symp-
tom relief through improved lung function, patient quality
of life, exercise tolerance, and reducing COPD exacerba-
tions." Although either class of bronchodilator may provide
benefit for patients, initial therapy for GOLD group A
includes short- and/or long-acting bronchodilators, whereas
long-acting muscarinic antagonists (LAMAs) or long-act-
ing P -agonists (LABAs) are initially recommended for
those in group B, LAMAs for group C, and combinations of
LAMA/LABA, LAMA and/or inhaled -corticosteroids
(ICS)/LABA for group D (Figure 1).” The GOLD guidelines

do not specify one LAMA over any other LAMA or LABA.
The GOLD guidelines also recommend personalization of
treatment escalation and de-escalation based on patient
symptoms and exacerbation risk. For patients in groups B
and C, combination LAMA/LABA treatment is recom-
mended when monotherapies do not provide sufficient
symptom relief, whereas addition of ICS to LABA is an
additional approach in group C for patients with persistent
or severe exacerbations.” Addition of ICS—via one single
inhaler triple therapy which has been recently approved in
the United States® or through the use of an ICS/LABA plus
a LAMA — is recommended for patients in group D who
exhibit disease progression or insufficient symptom relief.
For patients in group D who experience further exacerbations
following triple therapy, roflumilast or chronic macrolides
should be considered, depending on patient characteristics.’
Trials of treatment de-escalation are limited and mainly
involve the withdrawal of ICS."’

Selection of Inhalation Devices in COPD

Inhalation drug therapies are the principal pharmacological
means to treat obstructive lung diseases. Aerosol and device
characteristics of inhalation therapies are important determi-
nants of drug deposition in the respiratory tract and oropha-
ryngeal cavity, thereby affecting treatment efficacy and safety.
Deposition is a function of aerosol particle size, shape and
density, anatomy of the lungs, and inhalation pattern."
Aerosol particle size is usually described on the basis of mass
median aerodynamic diameter (MMAD), and the optimal
range is 1 to 5 um (also referred to as the respirable particle
range). It has been reported that medium-sized particles (~3
pm) may be more efficacious for bronchodilation than smaller
particles.""'? The geometric standard deviation (GSD) is a
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measure of the dispersion of particle diameter.'’ Aerosols with
a GSD of =1.22 are considered polydisperse and are more
inclined to be delivered throughout the lungs compared with a
monodisperse solution.'® Inhalation devices with a higher pro-
portion of aerosol particles >5 pm in size emit doses less effi-
ciently, with greater oropharyngeal deposition and lower
delivery to the lungs, compared with those with a smaller
aerosol particle size and more efficient emission.'

Currently available inhalation devices include pressur-
ized metered dose inhalers (pMDIs), dry powder inhalers
(DPIs), soft mist inhalers, and nebulizers. There is no single
type of device that is preferred over any other in COPD,
rather selection is “personalized” for the patient based on
the patient’s and prescriber’s preferences, formulary con-
siderations, and the patient’s ability to correctly administer
any specific device. Patient characteristics such as age,
peak inspiratory flow, baseline lung function, and physical
and cognitive disabilities are essential considerations in the
selection of the most appropriate device."*!* Handheld
inhalers are by far more widely used compared with nebu-
lizers; however, they are sometimes associated with subop-
timal outcomes, especially in patients with hand-breath
coordination difficulties or physical and/or cognitive
impairments." Incorrect pMDI technique has been associ-
ated with increased risk of hospitalization, emergency
department visits, and oral corticosteroid use.'®

Nebulizers, which produce a fine mist and use tidal
breathing (normal inspiration and expiration effort), are an
alternative to handheld inhalers and may be particularly
useful for those patients who have difficulties using hand-
held inhalers."”® They vary in their efficiency and consis-
tency of drug delivery at the correct dose,'™'” and drugs
should be administered using the nebulizer(s) recommended
by the manufacturer, unless other sound scientific evidence
is available, to ensure best treatment outcomes. The typical
time for drug administration through most nebulizers is 10
to 15 minutes. Proper patient education, including repetitive
feedback, regarding device use is essential for optimal treat-
ment response.”'’ A survey of pulmonologists showing that
whereas 70% discussed proper use of nebulizers with their
patients, only 9% provided cleaning and maintenance
instructions, highlight some of the gaps in care regarding
inhalational therapies.'® Thus, proper patient/device pair-
ing, training, and education are important to ensure proper
device use and treatment benefit."'**!

LAMAs for the Treatment of COPD

LAMAs are one of the most widely prescribed bronchodila-
tors for maintenance treatment of COPD. The earliest
inhaled LAMAs used clinically were parenteral formula-
tions of atropine and GLY. Nebulized atropine, which
crosses the blood-brain barrier, was poorly tolerated,
whereas GLY, with relatively poor penetration, was better
tolerated.”** In the early 2000s, tiotropium (TIO), a

scopolamine derivative, became the first LAMA available;
there are currently 3 additional LAMAs available in the
United States (aclidinium, umeclidinium, and GLY), all of
which are delivered via handheld inhalers. LAMASs are now
also available as fixed-dose combinations with LABAs
(formoterol, vilanterol, and olodaterol) and most recently as
a triple inhaler of fluticasone furoate, vilanterol, and ume-
clidinium. Inhaled LAMAs appear to provide similar effi-
cacy and adverse event profiles; selection tends to be based
more on the inhalation device, insurance coverage, and con-
sideration of a once-daily or twice-daily dosing regimen,
which may affect patient adherence and daytime/nighttime
symptom control. Tiotropium has received Food and Drug
Administration (FDA) approval for prevention of COPD
exacerbations,” and a meta-analysis of umeclidinium
showed that it results in a decreased risk of exacerbations.”
GLY currently does not have an FDA indication for COPD
exacerbations because of the lack of a clinical study con-
ducted to determine its effectiveness for this purpose.

Introduction to Nebulized GLY

In December 2017, nebulized GLY (LONHALA 25 ug twice
daily; Sunovion Pharmaceuticals Inc., Marlborough, MA,
USA), administered via the eFlow CS nebulizer  MAGNAIR;
PARI Pharma GmbH, Starnberg, Germany), became the first
nebulized LAMA approved by the FDA for the maintenance
treatment of COPD, including chronic bronchitis and/or
emphysema.’ The eFlow CS is a novel, handheld electronic
nebulizer that provides short nebulization times (2-3 min-
utes), silent operation, and portability (direct current [DC]
power and battery operated; Figure 2).>*° The aerosol head
consists of a vibrating membrane (piezo electric actuator)
with thousands of laser-drilled holes that control particle size
and aerosol flow. The vibration aerosolizes the drug solution
into a soft mist with a relatively uniform droplet size (GSD of
aerosol particles = 1.7). The MMAD of GLY/eFlow CS is
3.7 wm, which is an optimal particle size for bronchodila-
tion.?® It has a relatively high fine-particle fraction (72%)
suitable for lung deposition.”® The soft mist allows highly
efficient drug deposition, with up to 88% of the nominal
drug dose delivered to the central and peripheral lung using
tidal breathing.”® The GLY solution is not viscous or a sus-
pension, but cleaning of the acrosol head is needed to mini-
mize clogging, which may cause longer nebulization time.
Although this is a very efficient drug delivery system, the
cost of the device and the need for cleaning it after each use
may affect patient adherence’; however, it is recommended
that all nebulizers are cleaned after each use. The aerosol
head component may be subject to clogging; however,
replacements are provided monthly with each refill. No spe-
cific data are currently available from the manufacturer
about the effect of not cleaning the aerosol head.

Currently, the eFlow CS device can administer nebulized
GLY only and cannot be used with other nebulized
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bronchodilators or corticosteroids. In addition, the
LONHALA vial should not be used with other nebulizers
because administration via other devices has not been stud-
ied and it contains too small a volume (1 mL) for delivery
through conventional nebulizers.

Because this is the first dedicated drug nebulization device
that nonspecialty pharmacies can dispense, it is important for
pharmacists to be familiar with the eFlow CS assembly, vial
loading, and cleaning. To assemble the eFlow CS nebulizer
(Figure 2A), after washing hands, the top of the handset
should be unclasped and the aerosol head inserted into the top
of the handset; the aerosol head can be inserted only in one
position because of a tab on the side.’ The clasp should then
be snapped back into position. Then, the patient removes 1
GLY vial from the foil package and places it into the bottom
of the medication cap (bottom of vial toward aerosol head)
with an audible click to ensure proper placement (Figure 2B).
The medication cap with drug vial is then placed onto the
handset and twisted clockwise until it clicks. The patient then
places the mouthpiece to his or her lips (not covering the blue
1-way valve), pushes the On/Off button, and then begins
inhaling and exhaling normally through the mouthpiece for
the entire ~2-minute period of nebulization.” This is in con-
trast to typical jet nebulizers (that require 10-15 minutes for
drug delivery), where the patient moves the nebulizer mouth-
piece back and forth to his or her lips throughout the nebuli-
zation interval.”” Device cleaning requires careful washing of
the handset parts and aerosol head separately in warm soapy
water and careful rinsing with warm water to remove all
soap.” Proper nebulizer cleaning and maintenance are essen-
tial and decrease the risk of infection.”®

The typical monthly retail cost of GLY/eFlow CS is
~$1150, which includes the cost of the nebulizer.’’ The
costs of other nebulized long-acting bronchodilators
Perforomist (formoterol fumarate; Mylan Specialty LP) and
Brovana (arformoterol tartrate; Sunovion Pharmaceuticals
Inc) are ~$975 (not including the cost of the nebulizer and
associated supplies).”’ The retail costs of 1 month’s supply
of handheld LAMA inhalers are ~$420 for Spiriva Respimat
(tiotropium bromide; Boehringer Ingelheim) and ~$330 for
Incruse Ellipta (umeclidinium; GlaxoSmithKline).” These
prices vary according to source and payers.

Currently, GLY/eFlow CS is the only nebulized LAMA,
and because it is a new product, determining the most
appropriate patients for its use will ultimately be deter-
mined through application in the patient care setting. As
noted previously, personalization of inhalation device is
warranted in the management of COPD. Patient types that
might benefit from this inhalational product include those
with significant cognitive and/or neurological impairment,
where the drug is administered by a caregiver or health care
provider. Another patient type is one where the administra-
tion of the medication must be observed; thus, a shorter
administration time may offer an advantage when
nebulization is preferred.

Pharmacokinetic/Pharmacodynamic Profile of
Nebulized GLY

Similar to other LAMAs, GLY targets M » M » and M , mus-
carinic receptors, but with a 3- to 5-fold higher affinity for
M , receptors in human airways.** M X is the principal recep-
tor responsible for basal tone of airway smooth muscle.”
GLY has a similar onset of effect on human airway smooth
muscle as ipratropium, but it dissociates more slowly from
receptors and, therefore, has a longer duration of action.”

Prior studies with oral GLY (eg, 4 mg orally as for gas-
trointestinal disorders) have shown low and variable gastric
absorption.”' Therefore, the swallowed fraction will con-
tribute little to the systemic bioavailability of nebulized
GLY. Blood levels achieved with the 25-pg inhaled dose are
quite low.*> Although nebulized GLY is metabolized by
various enzymes, including the cytochrome P (CYP) and
cholinesterase families, via first-pass metabolism, it has no
in vitro effects on the activity of a wide range of CYP fam-
ily members; efflux transporters, including MDRI; and
uptake transporters such as OATP1.’

In a phase 2, randomized, double-blind, placebo-con-
trolled, dose-ranging study, patients received a single dose
of nebulized GLY (range: 12.5-400 pg), with a mean nebu-
lization time of <2 minutes for all doses.*> Absorption
occurred rapidly from the lung, with a dose-proportional
maximal serum concentration (Cma ) occurring within 15 to
30 minutes of dose administration. The median serum elim-
ination half-life (t1 /2) was 1.1 to 1.2 hours for the 0- to
1-hour interval and 2.3 to 7.5 hours for the 0- to 12-hour
interval, following administration of 50, 100, 200, or 400
ng doses. All doses of GLY were well tolerated.™

When administered twice daily, nebulized GLY reached
steady-state levels and approximately 2- to 3-fold accu-
mulation of systemic GLY within 1 week of continuous
treatment.” At 1 to 10 ng/mL total plasma concentration,
approximately 38% to 41% of GLY was bound to plasma
proteins. Population pharmacokinetic analyses of COPD
patients did not reveal any clinically relevant effects of age
(41 to 80 years) or body weight (40.1 to 154.8 kg) on GLY
pharmacokinetics.’

Drug Interactions and Dosing in Renal and
Hepatic Disease

There are no data available on the effects of renal or hepatic
impairment on GLY pharmacokinetics. Similar to other
LAMAs,” GLY is primarily eliminated by renal excretion
(85%), with little contribution from metabolism or biliary
excretion (5%).” Although not studied in patients with severe
renal impairment,’ careful monitoring is warranted in
patients with significant kidney disease. Because hepatic
elimination is not a significant contributor to clearance of
GLY,’ liver impairment is not expected to alter drug clearance
or metabolism. However, when coadministered with
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Figure 3. Mean change from baseline in trough FEVI in the GOLDEN 2 and GOLDEN 6 studies.’® Redrawn with author’s

permission.

Abbreviations: FEV , forced expiratory volume in | s; GOLDEN, Glycopyrrolate for Obstructive Lung Disease via Electronic Nebulizer.

cimetidine, there was a 22% increase in systemic exposure
to GLY associated with a 23% decrease in clearance.*

Clinical Development: Phase 2 Dose-Finding and
Phase 3 Studies

The Glycopyrrolate for Obstructive Lung Disease via
Electronic Nebulizer (GOLDEN) clinical development pro-
gram extensively evaluated nebulized GLY.***’ The primary
goal was to achieve an FEV increase >100 mL compared
with placebo in patients with COPD. Pooled analysis of 2
phase 2 dose-finding studies, GOLDEN 2 and GOLDEN 6,
in adults with moderate to severe COPD showed that treat-
ment with nebulized GLY resulted in clinically and statisti-
cally significant improvements in lung function, at days 7
and 28. The change from baseline in trough FEV on day 7
was significantly greater than placebo for all doses of nebu-
lized GLY, except the 3-ug twice-daily dose (Figure 3). The
improvements in lung function observed with GLY 25 and
50 ug twice daily were comparable to those seen with acli-
dinium bromide, and the drug was well tolerated at all doses
in both studies.”

Based on these data,”® phase 3 studies in patients with
moderate to severe COPD evaluated GLY 25- and 50-pg
twice-daily doses. GOLDEN 3 and GOLDEN 4 were repli-
cate, placebo-controlled, 12-week studies evaluating both
doses in patients with moderate to severe COPD (Table 1).”’
Compared with placebo, treatment with GLY resulted in sig-
nificant improvements in trough FEV  at every time point
evaluated. There was also significant improvement in patient
health status, measured using St George’s Respiratory
Questionnaire (SGRQ), with 25 pg twice daily in GOLDEN
3 and both doses in GOLDEN 4, compared with placebo.
However, these improvements in SGRQ total score were
less than the minimum clinically important difference
(MCID) for SGRQ of 4 units® and, as such, may not be

considered clinically significant. In a GOLDEN 3 substudy,
patients receiving GLY had a rapid and sustained increase in
FEV, AUCO-lzh’ with similar improvements at week 0 and
week 12 (Figure S1; see supplemental material available
online at http:/journals.sagepub.com/home/aop/supplemen-
tal-data).’” This finding was consistent with the absence of
tolerance effect over time to the bronchodilator effect with
LAMAs, whereas tolerance may occur with LABAs.”
Incidence of treatment-emergent adverse events (TEAEs)
was lowest among patients treated with 25 pg twice daily in
both studies (GOLDEN 3: 52.3%, 39.6%, and 48.2%;
GOLDEN 4: 52.4%, 47.2%, and 53.3%; with placebo, GLY
25 ug, and GLY 50 pg, respectively).’” The most common
TEAEs reported were cough and COPD worsening and
occurred to a similar extent in patients receiving placebo or
GLY.?’ Discontinuations resulting from TEAEs were more
common in patients receiving placebo.’” Although very
infrequent, urinary tract infections were slightly more com-
mon in patients treated with GLY,” perhaps related to uri-
nary retention observed with LAMAs.” The incidences of
cardiovascular adverse events and major adverse cardiovas-
cular events (MACEs) were low in both studies.*’
GOLDEN 5 was an open-label, active-controlled, long-
term safety study comparing GLY 50 pg twice daily with
TIO 18 pg, administered via HandiHaler (DPI), once daily
in adults with moderate to severe COPD (Table 1).*°
Incidence of overall and serious TEAEs were similar among
patients treated with GLY or TIO, whereas fewer MACEs
occurred with GLY.** More discontinuations occurred with
GLY 50 pg twice daily than TIO in the study; this may be
partly a result of the fact that ~30% of participants recruited
in both treatment arms of GOLDEN 5 had received TIO
prior to the study, resulting in a somewhat “selected” patient
population with tolerance to TIO but naive to GLY. The most
frequent TEAEs were COPD worsening and cough. Cough
appeared to be numerically more common in the GLY group,
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possibly owing to the aerosol/airway interactions that some-
times occur with nebulized agents, leading to cough.
Exacerbations occurred less often in the GLY group.
Improvements in trough FEV with GLY were similar to that
for TIO.*® The SGRQ MCID was met for TIO (—4.07 units)
but not with GLY (—3.07 units). When comparing the pro-
portion of SGRQ responders versus nonresponders in
GOLDEN 5, the differences were not statistically significant
between the 2 LAMAs at 48 weeks (43.8% for GLY and
44.7% for TIO). The number of individuals who were
responders can be considered a more meaningful assessment
than the SGRQ total score because it represents the number
of patients who achieved a clinically important change in
SGRQ (greater than MCID), whereas the total score is an
average of the changes in all patients. The outcomes of the
phase 3 studies led to the approval of GLY/eFlow CS as the
first nebulized LAMA for the maintenance treatment of
moderate to severe COPD.’

Relevance to Patient Care and Clinical
Practice

Long-acting bronchodilators are an essential part of the
chronic pharmacological management of COPD. Until
GLY/eFlow CS was approved and marketed, a nebulized
LAMA was not available in the United States, thus provid-
ing an alternative to handheld inhalers. As pointed out by
the GOLD COPD guidelines, no LAMA is preferred over
any other, and thus, the main differentiation is the inhala-
tional device and cost. In general, the majority of patients
can be managed with handheld LAMA inhalers; however,
there may be some patients for whom nebulized delivery
may be desirable, such as those with cognitive and/or phys-
ical limitations that make using traditional inhalers
suboptimal.

GLY is the newest commercially available LAMA in the
United States since umeclidinium; GLY has now been mar-
keted as a DPI, pMDJ, and via nebulizer. All formulations of
GLY approved in the United States are administered twice
daily as compared with once-daily LAMAs such as tiotro-
pium and umeclidinium. The eFlow CS device is portable
and easy to use, and allows efficient and rapid drug delivery.

Conclusions

The GLY/eFlow CS drug-device combination represents an
important advance in the treatment of COPD. The GOLDEN
phase 3 trials demonstrated clinically important efficacy
outcomes and that nebulized GLY is well tolerated among
patients with COPD.***” Whereas the efficacy and safety of
LAMA monotherapies are well established in patients with
moderate to severe COPD,** the drug-device combination
of GLY/eFlow CS provides a portable, patient-friendly,
efficient, and rapid drug delivery system.*®***>7
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