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ing or evaluating the work of so
many volunteers.

Some organizations conduct in-
ternal evaluations, and they tend
to agree with experienced volun-
teers on some guidelines for ef-
fective overseas missions. It is
best, they say, to send an ad-
vance team so that requirements
such as lodging, an adequate
electrical supply, clinic space, and
surgical facilities can be antici-
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pated. Many stress the impor-
tance of developing strong rela-
tionships with local physicians
on the basis of respect for their
skills, knowledge, and traditions
and, whenever possible, using
locally available medications. Sur-
geons recommend a conservative
approach to choosing patients
and operations to perform. Final-
ly, says Migliori, “don’t operate
the day before you leave.”

An interview with Dr. Mark Migliori can be
heard at www.nejm.org.

Dr. Wolfberg is a fellow at Children’s Hospi-
tal, Boston.
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Adopting Orphan Drugs — Two Dozen Years of Treating

Rare Diseases
Marlene E. Haffner, M.D., M.P.H.

n 1982, when the Orphan Drug

Act was passed as an amend-
ment to the Federal Food, Drug,
and Cosmetic Act,* few suspect-
ed the extent to which this law
would alleviate the plight of pa-
tients with rare diseases. The law
defines an orphan drug as one
with efficacy against a disease
affecting fewer than 200,000 peo-
ple in the United States or one
that scientists and economists at
the Food and Drug Administra-
tion (FDA) determine will not be
profitable for seven years after
FDA approval.2 In the 24 years
since this law was passed, 282
such drugs and biologic products,
providing treatment for more than
14 million patients in the United
States, have come to market un-
der its aegis. In the 8 to 10 years
before 1982, by contrast, only 10
treatments for rare diseases had
been approved by the FDA and
brought to market.

Much has been learned about
rare diseases in the United States
since the passage of the law. Of
the orphan drugs that have been

N ENGLJ MED 354;5 WWW.NEJM.ORG

approved, 56 percent are for
chronic diseases. Examples in-
clude ovine digoxin immune Fab
(Digibind) for the treatment of
life-threatening digitalis intoxica-
tion; ceramide trihexosidase—a-
galactosidase A (Fabrazyme) for
the treatment of Fabry’s disease,
a lipid-storage disorder; and niti-
sinone (Orfadin) for the treatment
of type 1 tyrosinemia, a metabol-
ic disorder caused by the lack of
the enzyme fumarylacetoacetate
hydrolyase, which, if left untreat-
ed, results in hepatic carcinoma,
often before four years of age.
Many rare diseases have a ge-
netic component, and the patients
who have them require treatment
throughout their lives. Many can-
cers are also quite rare, and a
number of drugs for cancer have
been developed under the Orphan
Drug Act (see graph) — for exam-
ple, imatinib (Gleevec) for chronic
myelogenous leukemia and gastro-
intestinal stromal tumors, treti-
noin (Vesanoid) for acute promy-
elocytic leukemia, and ifosfamide
(Ifex) for testicular cancer. A sub-
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Related article, page 462

stantial proportion of the drugs
in development are for use in
children; for example, somatrem
for injection (Protropin) has been
developed to treat congenital
growth hormone deficiency. Al-
though most rare diseases are
chronic, a number — such as in-
fant botulism, discussed by Arnon
et al. in this issue of the jJournal
(pages 462—-471) — are acute.
Whether a disease is rare or
common, however, the discovery,
development, and clinical testing
of a drug that can treat it repre-
sent a long, arduous, and expen-
sive process. Drug companies are
therefore loath to invest in a prod-
uct for a disease that affects rela-
tively few people unless they can
be assured of a return on their
investment. The Orphan Drug Act
created government incentives to
encourage academic researchers
to participate in research on drugs
for the treatment of rare diseases
and to encourage the pharma-
ceutical industry to invest in the
development and marketing of
such drugs. Under this law, a
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company or a researcher applies
to the FDA’s Office of Orphan
Products Development to have the
drug they wish to study designat-
ed as an orphan drug. After sci-
entific review of an adequately
documented submission, drugs
that are so designated qualify
their researchers and developers
for benefits that include tax cred-
its for clinical development, seven
years of exclusive marketing for
the specified indication after FDA
approval, and development assis-
tance from the Orphan Products
Office. In addition, academic re-
searchers and pharmaceutical
firms may apply for FDA grant
support to assist in the clinical
development of the product.
Orphan drugs must go through
the same development process as
any other drug and must be
shown to meet the same stan-
dards for effectiveness and safety
as a drug for a common condi-
tion. Indeed, because of the small
number of patients available to
be enrolled in clinical trials of
orphan drugs, these products
must be even more effective than
the average drug if a statistically
significant benefit is to be estab-
lished. As for safety, since 85 to
90 percent of known rare diseas-
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es are serious or life-threatening,
patients and physicians may be
willing to accept a slightly higher
level of risk than they would
from a treatment for a less seri-
ous disease. But the limited num-
ber of patients plays a role here
as well: although there have been
no reports of serious adverse re-
actions to any orphan drug thus
far, when a product is tested in a
very small population, our knowl-
edge of the safety profile may
not be as complete as it can be
for a treatment for a more preva-
lent condition.

At the time the Orphan Drug
Act was passed, it was thought
that some products would not be
approvable by the FDA because
the population of patients would
be too small to permit adequate,
well-controlled trials. This has
not turned out to be the case.
The product that has been ap-
proved for the smallest popula-
tion is bovine pegademase (Ada-
gen) for the treatment of severe
combined immunodeficiency syn-
drome (SCID) of the adenosine
deaminase type. The clinical trial
for that product involved 8 pa-
tients, and only 14 people in the
United States had the disease at
the time, but they benefited from
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the interest of a Ph.D. candidate
who had used adenosine deami-
nase as a model in studying
whether the attachment of poly-
ethylene glycol to a product could
facilitate its entry into a cell. A
historical control was used in the
trial, and the drug proved 100
percent effective. In the past, chil-
dren with the syndrome would
have died from infection before
their sixth birthday, but today,
affected children can lead nor-
mal lives, contracting the usual
colds, chickenpox, and impetigo,
as long as they continue to receive
this medication.

A study sample of eight for a
clinical trial is unusually small,
even for an orphan drug. It is
possible to study most orphan
drugs in two separate clinical
trials, both of which may be con-
ducted in a double-blind fashion.
However, because the patients are
not only few, but also generally
geographically dispersed, accrual
of patients for studies of orphan
drugs is often difficult. Indeed,
the randomized, double-blind study
reported by Arnon et al. had to
be approved by 62 different insti-
tutional review boards represent-
ing 90 different hospitals in Cali-
fornia, and the open-label study
involved 155 California hospitals.
In some instances, clinical trials
of orphan drugs must include
centers outside the United States
in order to enroll a sufficient num-
ber of patients. In cases in which
non-U.S. centers are used, the
design of the trial and the meth-
ods followed, including the ob-
taining of informed consent, must
be the same as those used in the
United States if the data are to be
acceptable for review and approv-
al by the FDA.

The research and development
encouraged by the Orphan Drug
Act have brought needed thera-

FEBRUARY 2, 2006

Downloaded from www.nejm.org at GRUPPO DI RICERCA on March 1, 2006 .
Copyright © 2006 Massachusetts Medical Society. All rights reserved.



PERSPECTIVE

pies to millions of patients in
the United States, but these
products are not free from con-
troversy. One criticism concerns
the high cost of some orphan
drugs — although other drugs
developed by means of biotech-
nology are equally expensive. Ac-
cording to the Wall Street Journal,
“the cost of specialty pharma-
ceuticals — biotechnology drugs
and other expensive medicines
prescribed by medical specialists
— is growing twice as fast as
[that of] traditional prescription
drugs.” In the early 1990s, the
Orphan Drug Act was credited
with enhancing the development
of the biotechnology industry by
providing the incentive of seven
years of exclusive marketing.
Many biotechnology products
were not eligible for patent pro-
tection, since they had been syn-
thesized, and their structure pub-
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lished, before their medical use
became known. But generic ver-
sions of such products do not
currently exist, and the cost of
production is high. In addition, in
the genomic era, as personal-
ized medicine becomes increas-
ingly possible, developers will be
able to make drugs that target
a specific genetic profile. Such
drugs may serve an even smaller
population than most orphan
drugs, and although they may be
very effective, they may also be
quite expensive. The affordability
of all medications in the United
States is clearly an issue that
needs to be addressed.

By most measures, however,
the Orphan Drug Act has been
successful in enabling patients
with rare diseases to receive treat-
ments that would otherwise never
have been developed. Moreover,
orphan-drug legislation incorpo-
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rating the basic tenets of the U.S.
law has been enacted in the Euro-
pean Union, Australia, and Japan,
and other countries have made
some legal accommodation for
the importation of products that
treat rare diseases. Thus, the Or-
phan Drug Act has had not only
domestic but also global benefits
for patients with serious and rare
diseases — benefits that will only
expand as genomic medicine fuels
more rapid progress in alleviat-
ing the effects of devastating dis-
eases.

Dr. Haffner is the director of the Office of
Orphan Products Development at the Food
and Drug Administration, Rockville, Md.
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