
There are a number of controlled
release technologies that have
been used in marketed products;
e.g., coated and composite tab -
lets to delay or extend their oral
release profile; transdermal
patches and emulsion or suspen-
sion-based formulations for modi-
fied release topical applications;
and injectable liposomes, micros-
pheres, and im plants to reduce
administration frequency, im prove
compliance or provide sustained
delivery. Compared to traditional
pharmaceuticals, these con-
trolled re lease products require
additional formulation and ana-
lytical characterization to opti-
mize drug release rates, distribu-
tion in the body and uptake by
target cells. Paradoxically, even
though there is a strong under-
standing of the mechanisms and
limitations of the inhalation route
relative to most other routes of
administration, and many current
inhaled therapies need to be taken
several times a day, there are no
approved controlled release
inhalation products.1,2 Why is
this? When might this situation
change? 

Three constraints
Many of those aforementioned
controlled release technologies
have been evaluated via the pul-
monary route in research studies
over the past three decades,2,3

but only the liposome formula-
tion platform has resulted in
products advancing into late
stage clinical trials.4 One barrier
to the adoption of new technolo-

gies for pulmonary delivery is
that many of the excipients in
those technologies may have un -
known safety in the respiratory
tract. That means that ex pensive
and lengthy preclinical inhala-
tion safety studies would have to
be conducted be fore pivotal clin-
ical trials could be initiated. In
contrast, liposomes have an ad -
vantage in that they can be man-
ufactured using lipids, similar to
or identical to those naturally
present in the lung, thus impart-
ing biocompatibility and reduc-
ing toxicity concerns.4

A second constraint is that rapid
mucociliary clearance limits the
residence time of deposited par-
ticles in the airways to hours, not
days, thus placing an upper
boun dary on the potential bene-
fit of a controlled release inhaled
product.1 Clearance mechanisms
in the deep lung are slower, pri-
marily driven by alveolar macro -
phage uptake. Thus, a reduction
in the administration frequency
from multiple times per day to
once-daily may be practicable.
However, carrier materials that
may not be readily removed by
macrophages or metabolic path-
ways would raise concerns about
their long term accumulation in
the lung.2

This leads to the last constraint:
the opportunity space. The deci-
sion to develop a new inhaled
product is only meaningful if its
target product profile addresses
an unmet medical need or it is
likely to be superior to the com-
petitive products in a significant

way—e.g., improved efficacy,
safety and compliance leading to
tangible socioeconomic benefits.
A more convenient administra-
tion profile is simply not enough.
Most inhaled drugs for asthma
and COPD are relatively inexpen-
sive, and therefore, the likely
higher cost associated with the
modified release technology
must provide justifiable upside
for patients and payors. In spite
of this, there is an opportunity to
address other lung diseases for
which there are inadequate alter-
natives; e.g., lung cancer and
lung infections.4,5

Opportunities to treat
lung diseases
In lung cancer, inhaled con-
trolled release chemotherapeutic
formulations have the potential
to improve efficacy, due to higher
sustained drug concentrations at
the site of the tumors, while re -
ducing systemic exposure to drug
and the accompanying side
effects.5 While success has proven
elusive, liposomal oncology for-
mulations have shown promise in
animal stu dies.4 In contrast, there
are signs of remarkable progress
in the treatment of patients with
lung infections for which there
are no approved therapies.
Pulmaquin, liposomal ciproflo -
xacin (Aradigm Corporation),
delayed the time to first exacer-
bation in a Phase 2 trial in non-
cystic fibrosis (CF) bronchiecta-
sis patients colonized with
Pseudomonas aeruginosa and a
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Phase 3 trial has been initiated.4

In a Phase 2 trial in patients with
non-tuberculous mycobacteria,
dosing of Arikace, liposomal
amikacin (Insmed, Inc.), has been
completed and results should be
available in 2014. Therefore, the
arrival of inhaled controlled
release formulations may be
imminent.
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