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the FDA are committed to per-
forming the studies needed to
assure that our expectations are
borne out. In the meantime, we
urge people who are at the high-
est risk for infection to receive
both doses of the two-dose vac-
cine, and we encourage manu-
facturers to consider routinely
testing intradermal dose admin-
istration in future clinical vac-
cine trials, in order to expand
our understanding of this opera-
tionally attractive option. The cur-
rently available evidence suggests
that shifting to intradermal dos-
ing that requires less vaccine is
not a lesser option. Rather, it is a
rational, evidence-informed means

INTRADERMAL VACCINATION FOR MONKEYPOX

of advancing access, equity, and
our chances of controlling the
monkeypox outbreak.
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Product Hopping in the Drug Industry — Lessons

from Albuterol
Olivier J. Wouters, Ph.D., William B. Feldman, M.D., D.Phil., M.P.H., and S. Sean Tu, J.D., Ph.D.

Many patients with asthma
or chronic obstructive pul-

monary disease (COPD) rely on
albuterol, a short-acting 3,-agonist,
to relieve acute symptoms of
bronchospasm. The Food and
Drug Administration (FDA) ap-
proved the first two albuterol
inhalers — Ventolin (Glaxo Well-
come) and Proventil (Schering—
Plough) — in 1981. Each went
off patent in 1989, and by 1997
there were four generic albuterol
inhalers on the U.S. market, typ-
ically priced at $15 or less.

These inhalers contained ozone-
depleting chlorofluorocarbons
(CFCs) but were initially allowed
to remain on the U.S. market
after the 1987 passage of the
Montreal Protocol (a global envi-
ronmental treaty banning CFC-
containing products) because pa-
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tients with asthma or COPD had
few good therapeutic alternatives.
However, pharmaceutical manu-
facturers soon developed inhal-
ers with hydrofluoroalkane (HFA)
rather than CFC propellants and
sought to shift patients to these
newer products. Several inhaler
manufacturers formed the Inter-
national Pharmaceutical Aerosol
Consortium, a lobbying group
dedicated to, among other goals,
persuading lawmakers and regu-
lators to ban inhalers with CFCs.
The group spent hundreds of
thousands of dollars,! and in
2005, the FDA ruled that CEC in-
halers would be phased out be-
ginning in 2009.2 As a result of
the ban, newer albuterol prod-
ucts — including Proventil HFA
(which was approved in 1996),
Ventolin HFA (approved in 2001),
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and ProAir HFA (approved in
2004) — would be free from
competition from inexpensive CFC-
containing generics. HFA inhal-
ers were protected by new pat-
ents on both the HFA propellants
and the devices themselves, and
they generally cost much more
than generic CFC inhalers.

Over the quarter-century since
the first HFA-containing albu-
terol inhalers were approved,
manufacturers have reaped im-
mense financial rewards. The re-
sulting “product hops” to the new
albuterol inhalers generated ap-
proximately $14 billion in U.S.
sales between 2007 and 2021
(see graph). Annual revenue from
sales of brand-name albuterol in-
halers was on the decline in the
1990s (when sales data first be-
came publicly available), and it
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Net Sales of Brand-Name Albuterol Inhalers in the United States, 1992-2021.

Sales figures are from annual reports to investors published on company websites or 10-K forms filed with the Securities and
Exchange Commission; these documents contained data on product sales net of any discounts or rebates. Teva's sales figures
reflect sales in the United States and Canada and include sales of ProAir RespiClick and ProAir Digihaler from 2015 onward. No
information was available on sales of Proventil CFC and HFA in 1998, so we imputed an amount corresponding to the midpoint
between sales in 1997 and 1999. Data on sales of Proventil HFA were unavailable in most years after 2003 and are therefore not
shown. Ventolin was sold by Glaxo Wellcome in 1998 and 1999; GlaxoSmithKline was formed in 2000 through the merger of
Glaxo Wellcome and SmithKline Beecham. Yearly average exchange rates were used to convert foreign currencies to U.S. dollars;
all amounts were inflation-adjusted to 2021 dollars with the use of the U.S. consumer price index. CFC denotes chlorofluorocarbon,

and HFA hydrofluoroalkane.

had dipped below $200 million
by the early 2000s. But with the
increased uptake of HFA devices
in the years leading up to and
following the 2009 CFC ban,
sales rebounded to almost $1 bil-
lion by 2010. Annual sales fig-
ures remained between $800
million and $1.3 billion for the
entire decade until the first ge-
neric HFA-containing albuterol
inhaler was approved in 2020.
Had the FDA delayed the CFC
ban by several years, until gener-
ic HFA inhalers were closer to be-
coming available, payers and pa-
tients would probably have saved
billions of dollars. The FDA esti-
mated in 2005 that CFC inhalers
accounted for approximately 1200
metric tons of CFC emissions
each year in the United States? —
a total that corresponded to ap-
proximately 0.1% of the nearly
1.1 million metric tons of global
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CFC emissions in 1986, before
other CFC products were first
pulled from the market.> Under
the Montreal Protocol, the ban
could have been delayed further,
since lifesaving products such as
inhalers were given special dis-
pensation to remain on the mar-
ket as long as there were no eco-
nomically viable alternatives.

We worry that without patent
and regulatory reform, this pat-
tern is likely to be repeated. The
history of albuterol over the past
40 years offers a cautionary tale
for regulators and policymakers
seeking to ensure access to pre-
scription drugs while still meet-
ing other goals such as environ-
mental protection.

Giving the makers of HFA in-
halers the same degree of market
protection as the manufacturers
of the very first albuterol inhal-
ers (or, for that matter, any newly
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discovered treatment) runs con-
trary to what we believe is the
commonly accepted view of how
pharmaceutical markets are sup-
posed to operate: innovators are
rewarded for making risky in-
vestments by being granted the
freedom to charge high prices
for a limited time, after which
generics manufacturers can legal-
ly provide patients with low-cost
substitutes. In this case, innova-
tors had already been compen-
sated for their initial investment
in albuterol inhalers with monop-
oly pricing that remained in place
for most of the 1980s. But in the
late 2000s, patients with asthma
or COPD (and their insurers) were
again forced to pay monopoly
prices, as new patent clocks
started. These prices were per-
mitted even though the new in-
halers were therapeutically equiv-
alent to the older ones.
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To be fair, brand-name manu-
facturers did invest in research
and development to bring their
new HFA-based metered-dose in-
halers to market; several compa-
nies claimed to have spent $250
million to $400 million to devel-
op their products, though few
details were provided.? But the
many billions of dollars in addi-
tional revenue earned by brand-
name manufacturers over the past
decade far exceeded these invest-
ments.

Several brand-name manufac-
turers are now touting the devel-
opment of even “greener” inhal-
ers, since HFA-based products
also emit greenhouse gases. For
example, AstraZeneca and Glaxo-
SmithKline, two of the largest
manufacturers of brand-name
inhalers, are developing next-
generation, low-carbon inhalers.
Unless policymakers work to
minimize the extent to which
any new patents on these prod-
ucts delay the approval of generic
equivalents, the United States
may end up spending billions
more in the coming decades on a
product whose active ingredient
was first approved in 1981. The
same could happen for other
medications currently delivered by
HFA-based metered-dose inhalers.

To avoid another surge in
spending on inhalers, the federal
government could take several
steps. First, the FDA could re-
frain from banning HFA-based
metered-dose inhalers, at least
until generic versions of greener
alternatives become available; al-
ternatives may include not only
future inhalers that are more eco-
friendly but also existing options,
such as dry-powder inhalers.

Second, lawmakers could pro-
mote early entry of greener ge-
neric inhalers by increasing the
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180-day exclusivity period award-
ed to the first generics manufac-
turer to successfully challenge
the patents on a particular drug—
device combination. The Hatch-
Waxman Act of 1984 instituted
180-day exclusivity periods as a
reward for generics manufactur-
ers to pursue patent challenges,
which can be associated with cost-
ly and risky litigation. Increasing
the rewards for challenging the
extensive patent “thickets” on
complex products like inhalers
would Dbetter reflect the added
costs to firms and could expedite
market entry by generics.

Third, the U.S. Patent and
Trademark Office could pursue
reforms, including the introduc-
tion of a specialized team — a
so-called art unit — dedicated to
examining drug—device combi-
nations, to help ensure the qual-
ity of patents issued on new in-
halers. The FDA and the Patent
and Trademark Office recently
announced their intention to pur-
sue joint initiatives to promote
competition in the pharmaceuti-
cal industry and lower drug pric-
es, and these initiatives could
serve as one pathway for imple-
menting reforms.*

Fourth, the Centers for Medi-
care and Medicaid Services (CMS)
could determine what reimburse-
ment rate is appropriate for any
greener inhalers that gain approv-
al (over and above reimbursement
rates for HFA inhalers), consider-
ing the environmental benefits
they provide. Such assessments
could eventually guide Medicare
negotiations under the Inflation
Reduction Act of 2022, which
will allow CMS to directly nego-
tiate the prices of certain drugs.
Though many products will be
excluded from negotiation — for
example, drugs that have been
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on the market for less than 9 years
— individual Medicare Part D
plans and other payers, including
private insurers, could still nego-
tiate over greener metered-dose
inhalers on the basis of CMS
assessments (even when these
products are not subject to cen-
tralized CMS negotiation). Payers
have leverage, since they can al-
ways use formulary design to
steer patients away from new
metered-dose inhalers toward old-
er dry-powder equivalents, such
as ProAir RespiClick, which do
not emit greenhouse gases. The
United Kingdom has adopted a
strategy of encouraging use of
dry-powder inhalers for precisely
this reason, and some commen-
tators have called for the same
approach in the United States.

Such a multipronged effort
could help avert a repeat of the
unnecessary and harmful finan-
cial excesses that followed the
ban on CFC inhalers. Albuterol is
one of many drug—device combi-
nations now on the U.S. market;
we believe that limiting costly
product hops on complex thera-
pies should be a priority for both
the FDA and the Patent and
Trademark Office.

Disclosure forms provided by the authors
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Double Take Video

Sickle Cell Disease and Gene Therapy — Patient and Physician Perspectives

In this short documentary video, patients and phy-
sicians partner both to highlight the experience of
living with sickle cell disease and to discuss the
pathophysiology of the disease and new treatment
strategies, including gene therapy.

Patients share their own stories of interactions with
the health care system and explore the challenging
topics of racial disparity and health equity. Physi-
cians express a cautious optimism as they review
the risks and benefits of gene therapy.
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