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Withdrawal of Albuterol Inhalers Containing
Chlorofluorocarbon Propellants

Leslie Hendeles, Pharm.D., Gene L. Colice, M.D., and Robert J. Meyer, M.D.

nhaled short-acting g,-agonists are indicated for short-term

relief of symptoms related to bronchospasm in patients with asthma and chron-

ic obstructive pulmonary disease (COPD). Albuterol (called salbutamol outside
the United States) is delivered by a metered-dose inhaler, the most widely used drug
and delivery method in this class of agents worldwide. In the United States, about
52 million prescriptions for albuterol are filled annually, mostly as generic products
containing chlorofluorocarbon (CFC) propellants,® making it the seventh most com-
monly prescribed medication in the country. A similar number of albuterol me-
tered-dose inhalers are prescribed in Europe, most containing a hydrofluoroalkane
(HFA) propellant.2 Dry-powder albuterol inhalers are available in 66 countries? but
not in the United States.

The transition from CFC to HFA propellants is occurring because of public
health concerns about the detrimental effects of CFCs on stratospheric ozone levels.
In 2005, the Food and Drug Administration (FDA) ruled that the sale of CFC albu-
terol metered-dose inhalers would be prohibited in the United States after 2008.°
Market forces, particularly the limited availability of CFCs, may lead to an earlier
transition to HFA albuterol inhalers. Health care providers should understand the
reasons for this change and be informed about how these inhalers compare with
CFC albuterol inhalers.

POLITICAL AND REGULATORY MANDATES

CFCs are not naturally occurring substances. When developed in the 1890s (Table 1),
CFCs were recognized as nonflammable, nontoxic replacements for the hazardous
fluids then being used. Their use in home refrigerators began in 1928. By the middle
of the 20th century, CFCs were widely used as foam-blowing agents, industrial sol-
vents, cleaning agents, and aerosol propellants. In 1971, Lovelock found CFC-11 in
the atmosphere and suggested that CFCs were not being decomposed and were ac-
cumulating.* Three years later, Molina and Rowland® provided a clear explanation
for the accumulation of CFCs in the stratosphere and for the effect of this accumu-
lation on stratospheric ozone levels (Fig. 1); their findings were acknowledged in
1995 with the Nobel Prize in Chemistry, an award they shared with Paul Cruzen.
Unlike tropospheric ozone, which contributes to the harmful effects of air pollution,
stratospheric ozone plays an important role in protecting human health by absorb-
ing ultraviolet B radiation before it can reach the earth’s surface. Although small
amounts of ultraviolet B radiation are needed to catalyze vitamin D production,
excessive exposure leads to sunburn, skin cancer,® photokeratitis, cataracts,*” and
possibly immune suppression. The World Health Organization estimated that a 10%
decrease in stratospheric ozone levels would lead to an additional 300,000 nonmela-
noma and 4500 melanoma skin cancers worldwide annually; a 1% decrease would
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Table 1. Timeline of Events Leading to Withdrawal of CFC Inhalers.

1971 CFC-11is detected in the atmosphere.

when medically essential.

ment for CFCs in inhalers.

United States.

1890s Fluorocarbon chemistry is developed, and CFCs are invented.
1928 CFC-12 is selected as a refrigerant by Frigidaire for home refrigerators.

1956 Metered-dose inhalers using CFCs as propellants are introduced into clinical practice.

1974 Molina and Rowland postulate that the decline in stratospheric ozone is related to CFCs.

1978 The FDA finalizes Regulation 21 CFR 2.125, which bans the use of CFCs in all FDA-regulated products, except

1987 The United States signs the Montreal Protocol on substances that deplete the ozone layer.

1989 The International Pharmaceutical Aerosol Consortium is established, and HFA-134a is suggested as a replace-
1996 The first metered-dose inhaler containing a non-CFC propellant (Proventil HFA) is approved for use in the

2008 The FDA-mandated date after which CFC albuterol inhalers can no longer be sold.

increase the incidence of cataracts by 0.5%.8 Exces-
sive ultraviolet B radiation at the earth’s surface
also has other detrimental environmental effects,
including harm to phytoplankton and plants.

The accumulation of CFCs in the stratosphere
aroused public health concerns. By 1978, the En-
vironmental Protection Agency (EPA), in conjunc-
tion with the FDA, had prohibited the use of CFCs
as propellants in self-pressurized containers (e.g.,
aerosol products such as hair spray), except for
use in inhalers. In 1987, the United States and
26 other countries signed the Montreal Protocol,
which called for a 50% reduction in the use of
ozone-depleting substances (ODSs), including
CFCs, by 1998.° However, concerns about worsen-
ing stratospheric ozone depletion led to amend-
ments to the protocol calling for developed nations
to cease use of ODSs entirely by 1996. A total of
188 countries, including the United States, have
signed the Montreal Protocol, and international
action has been highly successful in reducing ODS
use worldwide.°

The protocol temporarily exempted from this
ban “essential-use” ODSs, defined as those sub-
stances that are necessary for health and safety or
critical to the functioning of society and for which
no technically or economically feasible alterna-
tives exist. Each signatory nation annually submits
a proposal indicating the amounts of ODSs re-
quired for its own essential use, for review and
approval by the protocol’s Technology and Eco-
nomic Assessment Panel. In the United States, the
EPA, advised by the FDA, is responsible for this
proposal. The two ODSs currently allowed for es-
sential use in the United States are methyl chloro-

form, for use in the space shuttle and Titan rocket,
and CFCs for metered-dose inhalers.

In 1989, pharmaceutical companies interested
in metered-dose inhalers formed a coalition to
develop alternative propellants. This combined
effort, carried out in cooperation with worldwide
regulatory agencies, identified tetrafluoroethane
(HFA-1344) as a propellant that could be used in
the reformulation of albuterol. Although HFA-
134a, like CFCs, is a greenhouse gas, it does not
cause ozone depletion. In 2005, the FDA stipu-
lated that essential-use status for CFC albuterol
inhalers would be withdrawn at the end of 2008,
contingent on the availability of two HFA albu-
terol inhalers with substantial marketing histo-
ries (Proventil HFA, Schering-Plough, and Ven-
tolin HFA, GlaxoSmithKline).> More recently, a
third HFA albuterol inhaler has been marketed
(ProAir HFA, IVAX), as has an HFA inhaler con-
taining levalbuterol (Table 2).1° The transition from
CFC to HFA albuterol inhalers in the United States
comes after Australia, Canada, Japan, and the Eu-
ropean Union have designated CFCs as nones-
sential-use ODSs in the manufacture of albuterol
inhalers (see Table A in the Supplementary Appen-
dix, available with the full text of this article at
www.nejm.org). Coincident with this regulatory
decision has been a substantial decrease in essen-
tial-use allowances for CFCs in the United States.
Some manufacturers have stopped CFC albuterol
production because CFCs have become difficult
to obtain. Therefore, even before the regulation
deadline, full transition from CFC to HFA albu-
terol products in the United States is possible be-
fore the end of 2008.
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Figure 1. Effect of CFCs on Stratospheric Ozone.

CFCs are relatively inert. After release into the lowest layer of the earth’s at-
mosphere, the troposphere (the first 10 km above the earth’s surface), their
biologic interaction with the environment is minimal. They are relatively in-
soluble in water and are not removed from the troposphere by rain. They
are not subject to photolysis in the troposphere because they are transpar-
ent to wavelengths longer than 2500 A. Consequently, CFCs have an ex-
tremely long life cycle, possibly 40 to 150 years. Eventually, they are carried
by wind currents into the stratosphere (about 10 to 50 km above the earth’s
surface), where light with wavelengths of 1750 to 2200 A photolytically dis-
solves the CFCs. The resulting free chlorine catabolizes ozone (chlorine at-
om+ozone molecule—chloride oxide atom +oxygen molecule), with subse-
quent regeneration (chloride oxide atom +oxygen atom—chlorine
atom+oxygen molecule). The long atmospheric lifetime of CFCs results in
ongoing stratospheric ozone depletion. Stratospheric ozone plays an im-
portant role in absorbing ultraviolet B radiation. Reductions in stratospher-
ic ozone allow increased levels of ultraviolet B radiation to reach the earth’s
surface, with harmful health effects. The red line represents the ozone par-
tial pressure at various altitudes.

This transition raises important questions.
How does HFA albuterol reformulation affect the
pharmaceutical performance of the inhaler? Is
the efficacy and safety profile of CFC albuterol
maintained with HFA albuterol inhalers? What
will the cost be to patients as manufacturers shift
from selling the generally inexpensive, generic CFC
albuterol to selling brand-name HFA albuterol
products?

DIFFERENCES IN CFC AND HFA
INHALERS

HFA inhalers were designed to be used in the same
way CFCs inhalers are used (see video, available
with the full text of this article at www.nejm.org).
The HFA inhalers provide the same amount of
albuterol base, 90 ug per puff, as the CFC inhal-
ers, with generally similar particle-size distribu-
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tion.'* However, patients may find that the HFA
inhaler has a different taste (a result of differences
in the propellant and elastomers and excipients)
and feel (because the spray emitted from the ac-
tuator has less force and a smaller plume).’2 In
addition, because of differences in spray charac-
teristics, HFA inhalers may result in greater de-
position in the lungs than CFC inhalers.t3 Differ-
ences in serum levels of albuterol are not detectable
after a standard 2-puff dose,# but after 12 puffs,
the HFA inhaler produces higher plasma levels of
albuterol than the CFC inhaler.*s

The different spray characteristics of the HFA
inhaler may affect delivery of albuterol to the
lungs when the inhaler is used with an aerosol
inhalation spacer device. With its less forceful
spray and smaller plume, the HFA inhaler may
deposit a smaller amount of albuterol in the
spacer; consequently, more albuterol may be in-
haled.*° However, the interaction of inhalers with
spacers is complicated by performance differences
in spacers'” and formulations within the inhaler,
as well as by the development of electrostatic
charges, which increase the deposition of albuterol
within the spacer. Cleaning a spacer with a house-
hold detergent reduces the electrostatic charge
and improves delivery of both CFC and HFA al-
buterol.'®1° The effect of spray differences be-
tween HFA and CFC albuterol inhalers on their
performance with spacers has not been adequate-
ly explored. Clinical data are not available on the
delivery of HFA albuterol through ventilator cir-
cuits. However, in an in vitro neonatal lung model,
there were no differences in lung delivery between
CFC and HFA inhalers when the drug was admin-
istered by a spacer through a ventilator circuit.2°

Clogging of HFA albuterol actuators has been
reported,?* but this is a potential problem with
all metered-dose inhalers, including CFC albuterol
inhalers. HFA inhalers perform reliably if cleaned
at least once a week by removing the metal can-
ister, running warm water through the plastic
actuator for 30 seconds, shaking the actuator to
remove excess water, and then allowing it to air-
dry. However, if a reduction in the force of emit-
ted spray is noted, the actuator should be recleaned.
Patients should be advised not to immerse an HFA
albuterol canister in water to determine whether
the canister is empty; this is not a reliable method
for determining the number of metered doses re-
maining,? and water may enter the stem and ob-
struct the spray. With the exception of Ventolin

MARCH 29, 2007



CURRENT CONCEPTS

Table 2. Short-Acting 3-Agonists Approved for Treatment of Asthma and COPD and Available in the United States as Metered-Dose
Inhalers.*
Drug Brand Manufacturer Dose Size of Inhaler Comments
yg/puff no. of puffs
CFC-containing products
to be withdrawn by the
end of 2008
Albuterol base Generic Armstrong 90 200 Contains oleic acid; prime
after 4 days:
CFC-containing products
to be withdrawn in
the futuret
Albuterol-ipratropium Combivent Boehringer Ingelheim 90 (albuterol), 200 Contains soya lecithin
18 (ipratropium)
Epinephrine Primatene Mist ~ Wyeth Consumer 220 270 and 405  Nonprescription
Healthcare
Metaproterenol sulfate Alupent Boehringer Ingelheim 650 100 and 200
Pirbuterol acetate Maxair Autohaler 3M Pharmaceuticals 200 400 Breath-actuated inhaler
HFA replacements
Albuterol sulfate ProAir HFA IVAX 90 (base) 200 Contains ethanol; prime after
2 weeksi

Proventil HFA Schering-Plough 90 (base) 200 Contains ethanol and oleic
acid; prime after
2 weeks:

Ventolin HFA GlaxoSmithKline 90 (base) 200 Does not contain excipients;
prime after 2 weeks;
discard 2 months after
removing from pouch

Levalbuterol tartrate Xopenex HFA Sepracor 45 (base) 200 Contains ethanol and oleic
acid; prime after 3 daysi:

* Data are from the Food and Drug Administration, Center for Drug Evaluation and Research.*®
T These products are not included in the April 4, 2005, “Final Rule”® on removal of essential-use designations but will be subject to withdrawal

in the future.

i Prime by firing four puffs into the air before the first use and when there has been no use for the indicated period.

HFA, which has a counter, it is difficult to deter-
mine when the inhaler is nearly empty. Patients
should be advised to keep a spare on hand.

The excipients added to the propellant formu-
lation differ according to the brand of HFA inhaler.
For instance, each puff of Proventil HFA releases
4 ul of ethanol. This small amount of ethanol
will not have a discernible clinical effect, but it
may be of concern for patients who for religious
or other reasons abstain from alcohol. Breath-
alcohol levels of up to 35 g per 100 ml may be
detected for up to 5 minutes after two puffs of
Proventil HFA.23 Unlike CFC propellants, HFA
propellants may cause false positive readings in
anesthetic gas—-monitoring systems.2* The infra-
red spectrums of HFA overlap with commonly
used anesthetic gases in the range of 8 to 12 um.

One albuterol product, Ventolin HFA, contains no
excipients other than the propellant, a character-
istic that may improve tolerability for some pa-
tients. However, Ventolin HFA comes packaged in
a moisture-resistant protective pouch containing
a dessicant and has a limited shelf life once it has
been removed from the pouch (Table 2). Ventolin
HFAs have a greater affinity for moisture than do
CFCs,?s which means that water vapor is more
likely to enter the canister around the metering-
valve gaskets. The other approved HFA inhalers
are less susceptible to moisture permeation and
do not require a protective pouch.

The reformulation of albuterol with HFA pro-
pellants required a reengineering of the inhaler’s
metering valves.'* With these modified valves,
the HFA inhalers may need less frequent reprim-

N ENGLJ MED 356;13 WWW.NEJM.ORG MARCH 29, 2007

1347



1348

The Nnew england journal of medicine

ing (i.e., the firing of the unit to load the meter-
ing valve) than the CFC inhalers, although the
frequency with which repriming is required var-
ies among the HFA products (Table 2).2¢ All alb-
uterol inhalers contain more doses than indi-
cated on the label. When the label amount is
exceeded, however, CFC inhalers deliver inconsis-
tent amounts of albuterol (i.e., there is an er-
ratic tailing off in the dose delivered). With the
reengineered HFA inhalers, puffs delivered beyond
the labeled amount may contain more albuterol,
but the tail-off may be more abrupt (with puffs
delivering doses close to the indicated amount of
drug followed by puffs that deliver nothing).?”

EFFICACY AND SAFETY
OF HFA INHALERS

HFA albuterol inhalers have been evaluated in con-
trolled clinical trials involving children2s-3¢ and
adults31-38 with asthma, mainly in comparison with
CFC albuterol inhalers (Table B in the Supplemen-
tary Appendix). To our knowledge, no published
data from studies of the use of HFA albuterol in-
halers by patients with COPD are available. In
dose-ranging studies, two puffs of HFA albuterol
resulted in significantly greater bronchodilatation
than did placebo, and increases in the forced ex-
piratory volume in 1 second (FEV,) were similar to
those with CFC albuterol.3132 These effects were
maintained with regular use of HFA albuterol
for 2 to 4 weeks in children29:3° and for 12 weeks
in adults.37,38

Studies of the effect of cumulative doses of
CFC albuterol and HFA albuterol provide insight
into what might be expected when patients use
their albuterol inhaler repeatedly because of in-
complete relief. These studies, in which 16 puffs
of albuterol were administered over a period of
approximately 2 hours, showed that after 8 cumu-
lative puffs, the change in FEV; tended to plateau,
with no significant differences in bronchodilat-
ing effects found between CFC and HFA inhalers
(Fig. 2).353¢ Although the cumulative-dose stud-
ies suggest that differences in spray characteris-
tics between the HFA and CFC albuterol inhalers
are not clinically apparent even at high doses,
use of bronchodilatation as a pharmacodynamic
end point is limited. With higher doses, there is a
trend toward more systemic [3,-agonist effects

50+
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Figure 2. Mean (+SE) Changes in FEV, and Heart Rate
after Cumulative Doses of Albuterol Delivered by HFA
and CFC Inhalers.

Data are from a randomized, modified blinded, two-
period crossover, cumulative dose—response study in-
volving 19 subjects with stable, moderately severe
asthma. Before the study, the mean FEV, was 2.2+0.7
liters (60+£12% of the predicted value), and the sub-
jects were using only an inhaled B-agonist for symp-
tom control. Doses of HFA albuterol and CFC albuterol
(Proventil HFA and Proventil, respectively; Schering-
Plough) were administered at 30-minute intervals, and
measurements were obtained 12 to 18 minutes after
each dose. No significant differences in bronchodila-
tion or heart rate were detected with use of the HFA or
CFC formulations. Data are reproduced from Ramsdell
et al.,> with the permission of the publisher.

— specifically, tachycardia (Fig. 2) and hypoka-
lemia — with the HFA formulation.3s:3¢

A pharmacodynamic approach to assessing in-
haled albuterol products has been developed that
is based on protection against laboratory-induced
bronchoconstriction.?>4° Parameswaran et al.
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Figure 3. Response to Methacholine-Induced Broncho-
constriction after Administration of One, Two, and
Four Inhalations of HFA Albuterol and CFC Albuterol.

Each dose of HFA albuterol (Proventil HFA, Schering-
Plough) and CFC albuterol (Ventolin, GlaxoSmithKline)
was administered on separate days in a randomized,
dose-blind, placebo-controlled crossover study. PC,,
denotes the concentration of methacholine required to
induce a 20% decrease in the FEV,. The results met
the criteria for a valid bioassay, and there was no sig-
nificant difference in the bronchoprotective effects of
the two products; the relative potency of the HFA and
CFC formulations was 1.08 (90% confidence interval,
0.81 to 1.46). Data are from Parameswaran et al.*!

found that HFA albuterol and CFC albuterol were
equipotent in providing protection from metha-
choline-induced bronchoconstriction** (Fig. 3). In
children and adults, two puffs of HFA albuterol
30 minutes before an exercise challenge has also
been shown to provide protection from exercise-
induced bronchospasm that is significantly great-
er than that provided by placebo and similar to
that provided by CFC albuterol.28:33:34

An extensive preclinical toxicology program
demonstrated that HFA-134a has a favorable safety
profile.#> Self-administration of HFA propellant by
normal subjects for 28 days was associated with
fewer adverse events than the same use of CFC
propellant.#* Use of an HFA placebo (an inhaler
with HFA but without albuterol) in clinical trials
for up to 12 weeks was not associated with un-
usual adverse events.3® Adverse events reported
more commonly with HFA albuterol than with
placebo are similar in frequency to those reported
with CFC albuterol (Table 3). In cumulative-dose
studies, tremor, nervousness, and headache were
dose-related. Patients who switch from CFC albu-
terol to HFA albuterol have similar patterns of
reported adverse events with the two formula-

N ENGLJ MED 356;13 WWW.NEJM.ORG MARCH 29, 2007

Table 3. Frequency of Adverse Events Reported in Pivotal Studies of HFA
Albuterol.*
HFA CFC HFA
Adverse Event Albuterol Albuterol Placebo
% of patients

Mouth

Inhalation sensation 6 9 2

Taste sensation 4 3 3
Body as a whole

Allergic reactions or symptoms 4 <1

Back pain 4 2 3

Fever 6 2 5

Musculoskeletal pain 3-5 5 4
Central nervous system

Dizziness 3 Not reported 0

Headache 7 Not reported 2

Tremor 7 8 2
Gastrointestinal tract

Nausea 10 9 5

Vomiting 7 2 3
Heart

Tachycardia 3-7 2 <1
Mental status

Nervousness 7 9 3
Respiratory system

Ear, nose, and throat irritation 10 6 7

Lower respiratory tract infection 7 4 4

Cough 5 2 2

Rhinitis 5-16 22 2-14

Upper respiratory tract infection 21 20 18

Pharyngitis 5-14 5 2-9
Urinary tract

Urinary tract infection 3 4 2

Data include all adverse events (whether or not they were considered by the
investigator to be drug-related) that occurred at a rate of at least 3% in the
group treated with HFA albuterol and that occurred with greater frequency
than in the placebo group. Data are from randomized, double-blind, parallel
studies of 1347 adolescents and adults who received HFA albuterol, CFC alb-
uterol, or HFA placebo (two puffs four times a day) for 6 to 12 weeks. Data
were compiled from the adverse-reaction sections of the package inserts for
ProAir HFA, Proventil HFA, and Ventolin HFA. Adverse events in 2-to-4-week
studies of children less than 12 years old occurred at a low incidence and
were similar to those in the trials that involved adults.

tions, and there is no evidence of loss of asthma
control after the switch.#++7 Abnormal results of
laboratory tests have not been associated with
HFA albuterol when used in recommended doses.
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Large post-marketing surveillance studies have
not described serious adverse events with regular
use of HFA albuterol*® and have shown no increase
in hospitalization rates for respiratory problems
with HFA albuterol as compared with CFC albu-
terol.#°

ECONOMIC EFFECT OF THE
TRANSITION TO HFA INHALERS

Because the formulation patents for HFA products
extend into the next decade, the withdrawal of
CFC albuterol inhalers from the U.S. market will
eliminate generic albuterol inhalers. Generic CFC
albuterol inhalers are currently much less expen-
sive than brand-name albuterol inhalers (CFC or
HFA), and a complete transition to HFA albuterol
may increase U.S. health care costs by as much as
$1.2 billion annually until a generic HFA product
becomes available.* Whereas patients paying out
of pocket will be particularly vulnerable to these
cost increases, even for patients with a prescrip-
tion benefit plan, the copayment may increase
because HFA products are branded. For instance,
prescription audit data from 2004 indicate that
the weighted average price paid in retail pharma-
cies across all payer types (self-pay, third-party,
and Medicaid) was $13.50 for generic CFC inhal-
ers and $39.50 for HFA inhalers.? To save money,
patients may turn to less expensive alternatives,
such as nonprescription epinephrine inhalers or
a metaproterenol inhaler that is less (3,-selective.
Although many pharmaceutical companies have
financial-assistance programs for uninsured, low-
er-income patients, the effect of the transition to
HFA inhalers on these patients is uncertain.

CONCLUSIONS

The successful implementation of the Montreal
Protocol worldwide has reduced CFC production,
and stratospheric ozone levels have begun to re-
cover. The reduced availability of CFCs has been
a challenge to the pharmaceutical industry in its
efforts to ensure the future supply of a range of
inhaled medications for the millions of patients
with asthma and COPD who depend on these
treatments, including treatment with albuterol.
Several reengineered albuterol inhalers that use
HFAs in place of CFCs as propellants have been
developed and are now widely available on the
U.S. market and worldwide. Clinical trials in
children and adults with asthma have demon-
strated that when these HFA albuterol products
are administered at the FDA-approved dose, their
efficacy and safety profiles are similar to those
of the CFC albuterol products they are intended
to replace. However, there are differences be-
tween HFA and CFC albuterol products and
among the various HFA albuterol products, all of
which should be discussed with patients as they
move from CFC to HFA albuterol. The transition
is well under way in the United States, but this
transition will increase expenditures for albuterol
metered-dose inhalers.
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