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navigate

through the complexity

ore than 40 years ago, Riker
Laboratories changed the lives
of people suffering from
asthma by introducing the first
of the so-called beta agonist drugs. This
biological innovation was matched by
their development of the first easy-to-use
inhalation device with sufficient accuracy
of delivery for use with a medicine. The
device, the metered-dose inhaler, still is
used today and is the major form of de-
livery for inhaled medicines in many mar-
kets, including the US market. Since the
early 1970s, devices also have been intro-
duced that deliver a drug in powder form.
The development of a number of short-
and long-acting beta agonists, various
steroids, anticholinergics, and combina-
tions thereof, in a vast array of devices to
facilitate the delivery by the inhaled route,
has resulted in a market for asthma and
chronic obstructive pulmonary disease
(COPD) treatments that grew 4.7% in
2001 and are expected to increase 21.7%
worldwide by 2007 (1).

The number of people diagnosed with
asthma and COPD is increasing in almost
every country. Asthma cases are becom-
ing more numerous most likely as a result
of environmental challenges, and the
number of COPD cases probably is in-
creasing because of the continued use of
cigarettes. By 2007, the inhaled-drug mar-
ket in the United States is predicted to in-
crease by 15.5% and by a total of 31.4%
in the major European markets (1). Japan’s
drug delivery market, which traditionally
has not included many inhalation prod-
ucts, also is predicted to develop rapidly
in this area, with more than 40% growth
in the next five years. As a result, a mas-
sive target market for pharmaceutical
companies already exists without even tak-
ing into account other respiratory diseases
such as bronchitis, which also may be
treated in the future with inhaled drugs.

This article discusses some of the key
technical issues related to developing in-
halation products and describes how out-
sourcing can play a role in the develop-
ment process. Although the scope of this
article cannot discuss all (or even most of)
the pharmaceutical, analytical, and regu-
latory issues that affect product develop-
ment, it does focus on testing that is
unique to inhalation products and testing
that is common to all pharmaceutical
dosage forms.

Inhalation product development

Inhalation drug products represent some
of the most complex dosage forms on the
market and, as such, present a formidable
challenge to pharmaceutical scientists. An
inhalation drug product is a combination
of formulation and device. The delivery
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system must reproducibly generate an
aerosol cloud that meets regulatory speci-
fications for the dose delivered and for the
size distribution that are close to the per-
formance limits of the device. As a result,
scientists must overcome daunting for-
mulation and analytical challenges to meet
very strict regulatory requirements.

A wide range of devices for aerosoliz-
ing drug formulations is available, and
new systems are being developed all the
time. They can be grouped in four general
categories: pressurized metered-dose
inhalers (pMDIs), dry-powder inhalers
(DPIs), nasal sprays, and solutions for in-
halation that can be delivered by various
nebulizers. This article will limit the dis-
cussion to pulmonary delivery, with a brief
mention of nasal sprays.

PMDIs

PMDIs consist of a formulation of drug
substance — in chlorofluorocarbon or hy-
drofluroalkane propellants — that is in
the form of either a suspension or a solu-
tion. The formulation is sealed by crimp-
ing a metering valve to a metal canister.
The energy for delivering the dose is pro-
vided by the rapid vaporization of the pro-
pellant as the metering chamber is opened
to the atmosphere. The vaporization
causes the dose to be expelled from the
metering chamber and nebulized as the
propellant boils.

Although pMDIs can be formulated as
either a solution or a suspension, suspen-
sion formulations are much more com-
monly used because most actives are not
soluble in propellant or propellant—
cosolvent combinations. However, opti-
mizing dose reproducibility is a signifi-
cant challenge when developing suspen-
sion formulations because of their
tendency to cream or sediment, which can
lead to erratic dosing. If the inhaler is al-
lowed to sit long enough for the formula-
tion to partition, a portion of the dose will
not be expelled from the metering cham-
ber when the next dose is delivered. How-
ever, refilling of the chamber will provide
enough energy to resuspend the remain-
ing drug, resulting in a superpotent sec-
ond dose. This phenomenon was reported
first by Cyr et al. (2). As with all sus-
pensions, it is necessary to characterize
particle-size distribution of the drug sub-
stance and to ensure there is no crystal
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growth within the formulation over
time.

Selection of the correct valve and
canister is key to the development of
pMDIs. The valve components include
the valve stem, valve gaskets, O rings,
and metering chamber, all of which
can be made from various types of
rubber, plastic, or metal. The canister
typically is constructed of aluminum
or stainless steel; however, some older
products are filled in plastic-coated glass
bottles. Understanding the interaction of
the drug substance with each of the valve
components and the canister is critical to
pMDI performance. One common prob-
lem is the tendency of the drug substance
to stick to the surfaces of the valve and can-
ister, especially if no surfactants or cosol-
vents are used. Drug loss on the canister
surface is a particular problem with the
new generation of inhaler propellants.
Canister coatings can help prevent such
loss. Drug substance deposition on the
valve gaskets (inside the metering cham-
ber) can lead to premature valve failure,
leaking, and inconsistent metering. Al-
though the practice is not as common,
valve components also can be coated as a
preventive measure.

The selection of rubber and plastic
components is complicated by the need
to limit the extent to which chemicals
leach from them as a result of contact with
the propellant (see “Extractables and
leachables” section). Also, anyone want-
ing to develop a pMDI should be aware of
the potentially significant legal issues re-
lated to patents for MDIs that cover vir-
tually every conceivable formulation and
can profoundly influence the formulation
development process.

DPIs

Traditionally, DPIs have been formulated
with pure micronized drug or with a blend
of drug and a large-particle carrier such
as lactose. One recent innovation is the
spray-drying of drug substance or drug
substance—excipient mixtures to create
highly porous particles and to facilitate
aerosolization. For bulk-reservoir DPIs,
the device achieves metering of each dose
as the user activates the device before tak-
ing a dose. Alternatively, doses can be
premetered in capsules or blisters. The en-
ergy for delivering and aerosolizing the

Photo of a typical MDI metering valve.

dose comes from the patient’s inspiratory
flow. Some newer devices provide a
forced-air assist in delivering the dose. The
extent to which the drug substance is dis-
persed and the amount of fine-particle
fraction delivered to the lungs depends on
the design of the device airway and the
quality of the powder formulation.

For DPIs, it is essential that the powder
formulation flows easily and that the drug
substance readily disperses during aero-
solization. Flow characteristics are partic-
ularly critical for bulk-reservoir devices
that must meter each dose. A pure drug
substance can be delivered successfully
from a DPI if each dose can be properly
metered and dispersed. However, the dose
usually is very small, making it hard to
meter properly. In addition, very small
particles have a tendency to agglomerate
and therefore require more energy to dis-
perse than can be easily achieved by in-
halation. Because of these problems, many
powders are formulated as a blend of fine
drug substance particles with larger par-
ticles from a pharmacologically inactive
material that act as a carrier, the most
common of which is lactose. Formulating
with a carrier requires significant exper-
tise to select and condition the carrier and
to blend the drug—carrier mixture so the
drug will release properly during the dose
delivery.

Alternative formulation techniques
exist, including spray-drying mixtures of
drug and excipients. Spray-drying has the
advantage of controlling particle size and
size distribution, and a wide range of ex-
cipients can be used in the process. How-
ever, one may encounter additional regu-
latory hurdles if the excipients are not
already approved for inhalation.
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Solutions and suspensions
for inhalation
Liquids for inhalation can be formulated
as either solutions or suspensions. In the
past, formulations have been developed
and approved independently of the deliv-
ery device. Any of a number of nebulizers
available could be prescribed with the so-
lution or suspension for inhalation. Be-
cause the nebulizer profoundly affects the
droplet-size distribution, the delivery rate,
and the total dose delivered, the actual
dose delivered to the patient is uncertain
and highly variable. FDA has issued a draft
guidance that calls for identifying a spe-
cific nebulizer in the product labeling (3).
Traditional nebulizers deliver the solu-
tion continuously (regardless of whether
the patient is inhaling) through an air-
driven jet nebulizer until the entire dose
has been delivered, a process commonly
requiring 10-20 min. Recent develop-
ments in nebulizers include metered-dose
nebulizers, breath-controlled delivery, and
alternative nebulization mechanisms.

Analytical development and testing
The amount of analytical testing required
for the registration of inhalation products
is significantly greater than what is re-
quired for typical solid dosage forms. In-
halation performance tests are complex
and require knowledge of specific tech-
niques. As a result, analytical development
of inhalation products also is more diffi-
cult and time consuming than other
dosage forms.

Although the fundamental performance
measurements for inhalation products are
the quantity of the dose delivered and the
size distribution of the emitted plume, the
total amount of testing required for prod-
uct characterization is tremendous (see
sidebar, “Tests for inhalation products”).
Most of the required tests are performance
tests and do not include testing specific to
the drug substance or formulation. Not
only are more tests required than for other
dosage forms, but the tests also are very
labor intensive. In general, an estimated
two to three times as many analysts are re-
quired for stability studies of inhalation
products compared with the number
needed for a typical solid dosage form.

In addition, FDA requires submission
of a significant body of information about
materials that can be extracted from the

delivery system and that can potentially
leach into the dose given (3). Indeed, in
recent new drug applications, this infor-
mation has become one of the largest sec-
tions of the chemistry, manufacturing, and
controls report.

Extractables and leachables
Extractables are all compounds present in
a container—closure system that can be ex-
tracted. Extractables are specific to the ma-
terials used in the container—closure sys-
tem and are independent of the drug
product. Leachables are the compounds
present in a container—closure system that
can migrate into the drug product for-
mulation under normal conditions. Leach-
ables are a subset of extractables and are
specific to each drug product formulation.
For example, medium-chain aliphatic
acids present as plasticizers in polymers
may leach into high-pH-solution drug
products but not into low-pH-solution
drug products.

According to the Federal Food, Drug,
and Cosmetic Act, a drug product is adul-
terated “if its container is composed, in
whole or in part, of any poisonous or dele-
terious substance, which may render the
contents injurious to health” (4). There-
fore, a manufacturer must maintain strict
manufacturing controls that implement
quality standards for the container—
closure. Product quality is best maintained
when quality control is introduced in the
basic-components and raw-materials stage
of the manufacturing process. Although
many container manufacturers may pro-
vide extractables information about their
products, the justification and proof of
any container—closure applicability is con-
sidered the responsibility of the drug prod-
uct applicant.

From a regulatory perspective, a drug
product is composed of all the components
found in it at its final commercial packag-
ing. Regulatory expectations for the con-
trol of container—drug product inter-
actions (e.g., adhesion, extraction, and/or
reaction) are highest for inhalation prod-
ucts because of increased toxicological con-
cerns associated with drug delivery to the
lung. The probability of a container—
formulation interaction is highest for
pMDIs because the formulation contains
propellants and possibly cosolvents that
are capable of efficiently extracting the

Circle/eINFO 61



Contract Services

polymeric components of the container—
closure. Trace-level (i.e., parts per million
or billion) organic compounds that are
present in the valve components or canis-
ter coatings can be extracted into the drug
product formulation. Therefore, a great
propensity exists for the presence of many
leachables in this type of drug product and
aneed to control their levels.

Extraction depends on the polymer
chemistry of each component as well as
the manufacturing process and process-
ing aids. Polymer-related extractables
include residual monomers, solvents,
oligomers, and functional aids such as
antioxidants, initiators, plasticizers, stabi-
lizers, cross-linking agents, and colorants.
Some of these compounds are of particu-
lar toxicological concern at trace levels
such as polynuclear aromatic hydrocar-
bons (PNAs or PAHs) and N-nitroso
amines. A thorough knowledge of poly-
mer chemistry and processing for each
component material is the first step in
constructing a solid extractables and
leachables package, which should include
all available information from suppliers.

From a tactical viewpoint, experiments
that demonstrate the suitability of the cho-
sen packaging configuration should be
conducted early in the development
process. Typical leachables will be present
in a drug product formulation at trace lev-
els. Discovering the identities and quan-
tities of leachables at these low levels are
difficult. Conversely, extractables may be
present from parts-per-thousand to per-
cent levels on the basis of material weight.
These types of studies are easier to con-
duct and more often produce positive re-
sults. Identification studies must include
significant spectroscopic (e.g., mass spec-
trometry [MS], infrared, and nuclear
magnetic resonance) analyses of multiple
preparations. PNAs are routinely identi-
fied by gas chromatography (GC) -MS,
and N-nitroso amines are analyzed by GC
using chemiluminescence detectors. Iden-
tification of unknown leachables peaks in
liquid chromatography (LC) stability as-
says require LC-MS. These studies are
time consuming and require personnel
with considerable experience and train-
ing. In addition, obtaining the necessary
but specialized instrumentation requires
a considerable capital outlay, more than
what many organizations can invest.
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Dosage-form selection
To identify the optimal
dosage form during prod-
uct development, the fol-
lowing factors must be
carefully evaluated:

« target site for the active
. amount of dose to be
delivered

frequency of dosing
target patient popula-

products are

« shot weight

tion « cascade impaction
« patient acceptance and  ° laser diffraction
compliance « microscopic testing

« particle size

potential hurdles to reg-
ulatory approval
cost of the device.

If delivery to the large
airways is sufficient, then a wider range of
devices will suffice, and formulation dev-
elopment can be less onerous. If, however,
deep-lung delivery is required, both
pMDIs and DPIs can be developed to
achieve good delivery. Some of the new-
generation devices have the potential to
achieve good deep-lung delivery more eas-
ily and can better control size distribution.
In general, DPIs can deliver a larger dose
than pMDIs, and nebulizers also can de-
liver a very large dose if necessary. If the
dosing frequency is low or the product is
in early-stage development, a solution or
suspension for inhalation can be a good
choice. Formulation development for these
products is less demanding, and the de-
vices are simpler and less expensive.

Too often, patient acceptance or com-
pliance is overlooked during product dev-
elopment. The best product in the world
is worthless if it is not used. If patients find
the device too complex, embarrassing, or
inconvenient to use (a common complaint
of continuous-dose nebulizers) or carry
with them, compliance will be low and the
patient will not receive the intended bene-
fit. Although the new generation of de-
vices, from simple breath-activated pMDIs
to sophisticated electronic devices, holds
the promise of better patient compliance
and high-quality dose delivery, the cost
can be prohibitive and reimbursement
could become an issue.

Another significant consideration when
selecting an inhalation dosage form is the
regulatory history of the device. If a de-
vice currently on the market is more read-
ily approved and is available and suitable

« spray pattern

« dose/medication delivery
« dose content uniformity
« dose through life

« number of actuations
« particle/droplet sizing

« particulate matter

Tests for inhalation products

Some tests typically required for
the characterization of inhalation

« plume geometry

* assay

« total drug content

« impurities and degradation
products

« net content fill weight

» identification

» appearance

* moisture

« pressure testing

« excipient testing (e.g., alcohol
content)

« microbial limits

» extractables and leachables
testing.

for the intended application, it may be a
better choice than a more sophisticated
and elegant device, which potentially could
deliver a better dose but also could pre-
sent significant regulatory problems. Al-
though ultimately approvable, time to
market may be a more pertinent consid-
eration than dose optimization.

Outsourcing
This article has outlined the complexity
of the development and testing of in-
halation products. A wide range of expe-
rience and expertise is required to meet
the ever-increasing number of regulatory
requirements and to make the right de-
cisions during device and component se-
lection, formulation development, ana-
lytical development and testing, and
extractables—leachables testing. Although
poor decisions regarding device selection
or formulation development can be very
costly in terms of unnecessary and re-
peated work, the highest cost by far is lost
time to market. One must consider all the
costs and risks related to the capital ex-
penditures, personnel, and potential de-
lays in getting to market. One can easily
fall victim to the false economy of not
reckoning the true costs related to devel-
oping in-house capacity (land, buildings,
equipment, supplies, finance, personnel,
and training as well as company services
such as accounting and human resources).
Primary considerations for outsourc-
ing are quality, capability, capacity, and
facilities. Quality is the product of per-
sonnel and company systems. An in-
creasing number of sponsor companies



are looking for contract services that offer
a wide range of capabilities, including
guidance about device selection, formu-
lation development, analytical develop-
ment and testing, and regulatory experi-
ence. These services are particularly
valuable to companies, big or small, that
are new to inhalation products and/or do
not have complete in-house capabilities.

The value of capacity often is under-
estimated. Large capacity, particularly if
it can be guaranteed, is crucial when han-
dling the huge testing load associated with
inhalation stability studies. A stability
study typically can require as many as
10-15 analysts to complete the large inter-
vals of a stability study (i.e., typically 3-,
6-, and 12-month intervals).When evalu-
ating facilities, one should consider
whether they are clean and well main-
tained, whether there is sufficient space
for the capacity the contractor has
promised, and whether there are neces-
sary specialty facilities such as controlled-
temperature and humidity rooms for both
testing and formulation work.

In addition to making informed tech-
nical or business decisions is the need for
trust between the customer and service
provider. A sponsor must be confident that
the contractor has the expertise and ca-
pacity necessary to produce results that
are at least as good or better than in-house
work. A pharmaceutical company has too
much at risk to be unsure about the qual-
ity of outsourced work and whether it will
be completed in a timely manner.

Conclusion

The complexity of developing and testing
inhalation drug products should not be
underestimated. The difficulty in bring-
ing a new inhalation product to market is
evident in the small number of products
approved in the past 10 years. Only a few
DPIs and alternate-propellant pMDIs are
on the market after nearly 10 years of ef-
fort, and the next generation of devices
still is evolving. Developing inhalation
products presents very worthwhile ethi-
cal and financial rewards, whether it takes
place in house or in a contract services fa-
cility. The key to success depends on mak-
ing the right decisions about what tech-
nology to use and having the expertise and
capacity to complete the work. A high-
quality contract service provider, with

a depth of experience in all aspects of
inhaled-drug development, can play a sig-
nificant role in decreasing cost and time
to market.
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