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Abstract
Since the introduction of the Orphan Drug Act in 1983, designed to promote development of
treatments for rare diseases, at least 378 orphan drugs have been approved. Incentives include
financial support, tax credits and, perhaps most importantly, extended market exclusivity. These
incentives have encouraged industry interest and accelerated research on rare diseases, allowing
patients with orphan diseases access to treatments. However, extended market exclusivity has
been associated with unacceptably high drug costs; both for newly developed drugs and even for
drugs which were previously widely available. We suggest that a paradoxical effect of orphan
product exclusivity can be reduced patient access to existing drugs. In addition, the costs of each
new drug are arguably unsustainable for patients and for the American health care system. Of all
the specialties, neurology has the third highest number of orphan product designations, and
neurological diseases account for at least one fifth of rare diseases. Citing the use of tetrabenazine
for chorea in Huntington’s disease, adrenocorticotropic hormone for infantile spasms and enzyme
replacement therapy with alglucosidase alpha for Pompe’s disease we highlight these paradoxical
effects.

Background
The 1983 U.S. Orphan Drug Act (ODA) was designed to promote the development of drugs
that demonstrate promise for the diagnosis, prevention or treatment of rare diseases1. The
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definition of what constitutes a rare disease varies by country but includes any disease that
affects less than 200,000 individuals in the United States2. There are currently
approximately 7000 rare diseases listed on the National Instititute of Health’s (NIH) Office
of Rare Diseases website, affecting an estimated 25–30 million people within the United
States3, most of these rare diseases are genetic and many are neurological. Approximately
250 new rare diseases are described each year4, and with advances in genetics many more
common disorders will be subdivided into genetically distinct “rare” diseases.

The 1962 Kefauver-Harris amendment to the Federal Food, Drug and Cosmetic Act
mandated that all drugs must be demonstrated to be safe and effective by adequate, well-
controlled studies prior to receiving marketing approval5. This amendment was prompted by
the thalidomide-induced birth defects in the 1950s and 1960s. Although the amendment
aimed to protect the public, it increased the cost of drug development. As a result, the
pharmaceutical industry focused on large target populations, thus “orphaning” individuals
with rare diseases. In an attempt to encourage pharmaceutical companies to develop orphan
drugs the ODA was signed into law by President Reagan in 1983, followed by similar
legislation in Japan, Australia and Europe6. ODA incentives exist to encourage sponsors. In
the United States, tax incentives include a 50% tax credit for development costs, with a 20
year carry forward and one year retrospective arrangement7. In addition, Food and Drug
Administration (FDA) fees for review of the application for marketing are waived ($1.2
million in 2009)8. Federal grants are available for academic investigators and companies
studying orphan drugs under the FDA orphan product designation (OPD) grants program;
approximately $14 million is awarded among 10–15 new grants annually9. Probably the
biggest incentive for sponsors is the 7-year market exclusivity awarded from the date of
FDA approval. During this period the FDA cannot approve a new or generic drug
application for the same product for the same indication.

The ODA succeeded in encouraging sponsors in developing drugs for rare diseases. In the
decade prior to the ODA, only 10 drugs were approved for rare diseases. In the 28 years
since 1983, 367 drugs have been approved10: a twelve-fold increase. Forty five of the
orphan drugs approved have resulted from the Orphan Grants Program (out of over 500
studies funded). However, there is debate as to whether this increase came about purely as a
result of the ODA, described by some as “one of the most successful US legislative actions
in recent history”11. Over the same time period there has been a major increase in public and
private investment in pharmaceutical research and development; major advances in science
and technology have occurred. Other US legislation incentivized the pharmaceutical
industry by increasing patent times and market exclusivity12, and small businesses were
encouraged with the use of NIH funded grants13. Changes to the FDA review procedures
resulted in reduced times to drug approval and prevented distribution of unapproved drugs.
In addition, improved patient education, growth of patient advocacy groups and the
widespread use of the internet have resulted in an increased demand for orphan drug
development.

The U.S. government and Congress maintain an active interest in promoting development of
orphan products. The recent Patient Protection and Affordable Care Act imposed an annual
fee (based on sales) on any company manufacturing or importing branded prescription
drugs14 The Preserving Access to Orphan Drugs Act of 2011 is currently referred to the
Subcommittee on Health by Congress to exclude orphan product sales from the calculation
of this fee15. A further Medical Innovation Prize Act has been referred to Senate committee
by Congress; this Act establishes a fund (funded by health insurers) to reward research and
development of drugs, biologics or manufacturing processes, specifically mentioning orphan
diseases16.
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In this article, we highlight issues of emerging concern to neurologists, using the examples
of tetrabenazine, adrenocorticotropic hormone (ACTH) and Myozyme/Lumizyme to
illustrate our concerns.

Tetrabenazine
Tetrabenazine has been used for decades in the United Kingdom17 and many other
countries18 for the treatment of chorea associated with Huntington’s disease; however, until
2008 no medication had been approved for this indication in the United States. As it was not
available in the United States, patients were able to buy it from abroad with a prescription
from their doctor under the FDA Personal Use Import Policy19, 20, ; although they had to
pay the full cost themselves. Once the FDA approved tetrabenazine as an orphan drug in
August 2008, the drug could not legally be imported from other countries21. The cost per
month for the initial dose of 25mg/day is estimated at $2,055 in the United States22, the
same dose is available in the United Kingdom for approximately $4323. Patients with
Huntington’s disease generally require 37.5 to 50 mg per day for the desired anti-choreic
effect.

ACTH
ACTH is a first-line treatment for infantile spasms24, used since the 1950s in many countries
including the United States; however, it was not FDA approved for this indication. In 2007,
the price for one vial increased from $1,650 to $23,000, in what the company described as
an “orphan-style pricing model”25. In October 2010, the FDA approved H. P. ActharGel
(Questcor Pharmaceuticals) as monotherapy for infantile spasms in children under 2 years,
precipitating a steep rise in Questcor’s share price26. The cost per vial in the United
Kingdom is under $523.

Myozyme/Lumizyme
Genzyme is the most active of the top 10 biopharmaceutical companies. Genzyme has
obtained 35 orphan drug designations27 and at least 5 Genzyme biologic agents have been
approved for treating rare neurological diseases including Myozyme and Lumizyme for
Pompe’s disease, Cerezyme and Ceredase for Gaucher’s disease, Fabrazyme for Fabry’s
disease, and Aldurazyme for mucopolysaccharidosis I28.

Pompe’s disease is a rare autosomal recessive metabolic myopathy caused by a deficiency of
acid alpha glucosidase (GAA), an enzyme that degrades lysosomal glycogen. While
infantile-onset Pompe’s disease presents with hypotonia, weakness, and heart failure
resulting in death before age 2 years, the late-onset form has extreme variation in disease
phenotype making it is more difficult to predict the prognosis even within the same
family29. For example, the age at onset ranges from 1 to 78 years and clinical presentation
also varies from fatigue or muscle soreness to severe limb-girdle weakness with or without
respiratory insufficiency30. In 2006, the FDA approved alglucosidase alfa (Myozyme) as an
enzyme replacement therapy for infantile-onset Pompe’s disease based on a study which
used historical controls31. In 2008, Myozyme was one of the most commercially profitable
drugs with product sales of $296 million27. In 2009, Genzyme had manufacturing problems
due to particle contamination which caused severe shortages of several biologic agents. As a
result, the company had to turn over $175 million of unlawful profits to the FDA32.
Lumizyme, alglucosidase alfa, was subsequently approved by the FDA in May 2010 as the
first specific treatment for late-onset Pompe’s disease in the United States based on the
result of a randomized, double-blind, placebo-controlled study of alglucosidase alfa33.
Genzyme shares rose nearly 5 percent after Lumizyme was approved by the FDA. Due to
the quality-control problems at the plant in Allston Landing, Myozyme (U.S. manufactured)
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has been reserved primarily for infantile-onset Pompe’s disease while Lumizyme is
produced and shipped from the company’s plant in Belgium exclusively for patients with
late-onset disease. It is estimated that combined sales of Myozyme and Lumizyme will reach
$1- $1.5 billion annually34. Currently, the average wholesale price for Lumizyme 50 mg per
single-use vial is approximately $84035. Cost of therapy is dependent upon the patient’s
weight. For a 70 kg individual, the cost would be $23,520 per dose with an annual cost of
$564,480 per patient.

Table 1 demonstrates the difference in price of tetrabenazine, ACTH, and alglucosidase alfa
between the United States and United Kingdom.

Differences in review procedure of orphan drug approvals
Several issues that have arisen, some played out in the media rather than in the medical
literature. First, orphan drugs have been demonstrated to have shorter development time
than non-orphan drugs, despite no official difference in FDA requirements7. The FDA,
however, has noted that clinical testing may not be as extensive as for non-orphan drugs36.
Because most orphan drugs are approved for the treatment of serious or life-threatening
diseases they are more likely to be approved using Fast Track review procedures. A review
of orphan drugs approved by the European Medicines Agency found methodological
limitations in the data submitted, including incomplete toxicological data, absence of
repeated-dose toxicity studies in two animal species, lack of randomized controlled trials or
use of placebo rather than an active comparison drug37. In addition, approval was granted
for some drugs based only on uncontrolled phase II studies, the number of patients enrolled
was typically small and the trials often very short. Similarly, in the United States Mitsumoto
et al. found that only 32% of orphan drugs approved by the FDA met the standard of two
randomized double-blind trials, many were not blinded, not randomized or not compared
with a control38. A frequent weakness of orphan drug clinical trials is the small sample size,
which while understandable, makes it difficult to detect adverse events that are severe but
infrequent. Thirteen percent of orphan drugs caused more adverse events after approval than
had been anticipated36; in addition, several products discontinued due to safety concerns
(e.g., Vioxx) have been rejuvenated and approved as orphan drugs27.

Unnecessarily high cost of orphan drugs
The high cost of orphan drugs has been defended by pharmaceutical companies as necessary
in order to recoup development costs39. However, this argument cannot hold for the many
orphan drugs that were previously readily and cheaply available in generic form, such as
colchicine. In the case of colchicine, following FDA approval for treatment of acute gout, a
common disease, and familial Mediterranean fever (FMF), a rare disease in 200940, the price
leapt from 9 cents to almost $5 per tablet for an expensive brand-name formulation
(Colcrys). Given that the pharmaceutical company receives 7-year market exclusivity for its
use as an orphan drug for FMF, the company took legal action to prevent any of the other
manufacturers of colchicine from continuing to produce or market their products. The cost
to state Medicaid programs of this change alone is estimated to increase from $1 million to
$50 million per year41. Since cost has increased, adherence has decreased particularly in
among economically disadvantaged populations as discussed in several media and patients
forums42–44. This causes more suffering in patients with FMF who require daily colchicine
for life to avoid the acute attacks of fever and pain and the life-threatening complication of
renal amyloidosis45 than patients with gout.

Although orphan drugs were assumed initially to have limited potential for profit, 43
blockbuster drugs (annual sales over $1 billion) have orphan designations. Many orphan
blockbusters have achieved blockbuster status within the 7 year market exclusivity period27.
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This high cost is a particular concern to neurologists. Neurology has the third highest
number of orphan designations (after oncology and infectious diseases) with approximately
200 orphan designations6, 27. Of the 43 “blockbuster” orphan drugs, 12 have primary
indications for neurological disorders and two (rituximab and mycophenolate mofetil) are
used frequently by neurologists although the primary indication is not for a neurological
indication (Table 2). Of the 16 individual orphan diseases with the most orphan drug
approvals, two are neurological; multiple sclerosis and gliomas, considered relatively
common diseases by neurologists, have 42 designations and 9 approvals between them8. The
office of Rare Diseases Research at the NIH includes approximately 7,000 conditions in the
list of rare diseases; at least one fifth are neurological conditions46. When one considers that
many of the neurological diseases listed are in fact multiple genetically distinct conditions, it
becomes clear that the potential for growth in orphan drugs for neurological disease is
enormous.

Costs are unsustainable for patients and for the nation
As new treatments for orphan diseases emerge the cost of orphan drugs may become
unsustainable. In the United States up to 80% of the prescription cost is covered by
insurance, leaving the patient responsible for the remaining 20% or more. With many orphan
drugs costing thousands of dollars a month, this is unaffordable for the average individual. A
review by Goldman et al. demonstrated that as the cost of medication to the individual
increased, adherence reduced. In addition, hospitalizations increased and patients with
chronic medical conditions sought more expensive inpatient and emergency health care47.
Most neurological diseases are chronic and require long-term medication, making the high
cost of orphan drugs of particular concern to neurologists. The high cost of these drugs
within the United States has led to patients buying orphan drugs from abroad at a fraction of
the U.S. cost. In some cases, these are drugs which are FDA-approved, have been
manufactured by a U.S.-based company, exported and sold elsewhere cheaper. However, it
is illegal for anyone but the manufacturer to re-import exported drugs, even if they comply
with all FDA regulations48. While treatments for rare diseases are not the only costly
treatments, these costs are unsustainable for patients and for the nation. Patients end up
paying in multiple ways for the same drug if they pay taxes, purchase health insurance as
well as paying part of the cost themselves. Moreover, the costs of Federal programs and of
insurance premiums will continue to increase as more orphan drugs are approved.

Issues particular to biologics
Biologics, more complex or larger molecules that are made from living cells and tissues,
also illustrate the paradoxical effects of the ODA on drug availability and sustainability. The
incentives of biologic innovation have become exceedingly attractive after Congress granted
12-year market exclusivity for a new biologic agent before “biosimilar” products could be
approved. Moreover, manufacturers can secure additional 12-year market exclusivity by
making minor changes to an approved product despite expiration of its patent. These
changes include anything from a minor change in the structure or alteration in the
administration schedule49.

Among the “blockbuster drugs” which have obtained orphan drug designation,50 biologics
remain one of the fastest-growing groups in the market. Their costs are invariably high,
reaching over $400,000 per patient per year27. Unlike small molecule drugs, biologics are
much more attractive to industry given the longer market exclusivity and the difficulty of
making “biosimilars” or generic versions. Biopharmaceutical companies argue that the high
cost and long period of protection from competition are reasonable because the costs of
biologic innovation are much higher and biologics take longer to develop than small
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molecule drugs. Until recently the pathway of developing “biosimilars” was no quicker or
less expensive than obtaining a full Biologic Licensing Application as the FDA required the
company to conduct their own clinical trials for safety and efficacy data of the biosimilar
compared to the innovator’s product49. However, President Obama signed into law The
Biologics Price Competition and Innovation Act in March 2010, to reduce the time required
and prevent unnecessary duplication of clinical trials. Another issue is that biologic agents in
the United States are considered “tier 4” medications which indicate that the patient is
responsible for at least 20% of prescription costs. Conversely, many of the countries in the
European Union provide universal coverage or require only a small co-payment for
prescribed medications51. The effects of the ODA on the availability and affordability of
biologics clearly demonstrate the major tension which exists between encouraging
innovation by industry and ensuring access of drugs to patients.

The authors of this paper are involved in clinical trials in rare diseases. If successful, these
trials will result in increasing numbers of orphan drugs, having the paradoxical effect of
increasing costs to patients thereby reducing compliance with medications; increasing long-
term morbidity from the very diseases we wish to treat.

Future Directions
Growth of the orphan drug market

Although the magnitude of the impact of the high costs of orphan drugs is probably
relatively small as the overall drug budget accounted for approximately 1% of total drug
spending in 200752, 53, the growth in this market has been enormous since the ODA was
passed 30 years ago. The global orphan drugs market increased from $54.5 in 2005 to $58.7
billion in 2006 and it reached $81.8 billion in 201154 (Fig 1). Currently, biologic drugs
account for a major share of the orphan drug market (65%). The orphan drug market is
expected to grow at a compound annual growth rate of nearly 6% to reach $112.1 billion by
201455. Likewise, the growth in global research and development into orphan drugs
increased from $305 million to $1.9 billion between 2000 and 200856 and it is expected that
the proportion of hospital drug costs accounted for by orphan drugs will double over the
next 5-year period.57 With the increasing budget pressure from orphan products, it is likely
that the orphan drug costs will increase substantially and U.S. insurers may increasingly
shift costs directly to patients58; potentially reducing patient access to such drugs.

The future development of orphan drugs for neurological diseases is likely to expand despite
the price of orphan drugs and the accessibility of the drugs. This expansion will be due in
part to 1) the identification of more genetic orphan diseases, 2) the commercial success of
the market, particularly biologic drugs, 3) the fragmentation of previously large markets to
become multiple distinct orphan diseases e.g. gabapentin received orphan approval for
treatment of post-herpetic neuralgia even though it has been widely used in other causes of
neuropathic pain, and 4) the identification of sub-populations of larger neurological
disorders, for example, the average wholesale price for 20 mg daily of Palmyra
(dalfampridine), a sustained release form of 4-Aminopyridine (4-AP), is approximately
$12,850 per year59 since it received an approved orphan indication to improve walking in
multiple sclerosis while the generic short acting 4-AP costs less than $1,000 per year60.

Addressing the high cost of orphan drugs
The basic dilemma for policy makers is where to draw the line between allocating a
substantial share of limited funds to a very small number of individuals (to ensure equal
opportunity) and abandoning individual patients affected by a serious but rare disease (to
enable treatment of a greater number of individuals)50, 61–63. To address this, Pinxten et al
suggest a combined ethical framework of 1) budgetary insulation; 2) prioritizing allocation
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of resources; and 3) random allocation to those individuals who do not meet rational
criteria50. Universally, however, resources are limited; thus, the higher the cost of an orphan
drug for an individual patient, the fewer patients will be able to avail themselves of the drug.

Several suggestions have been proposed to address these issues. Under President Bush,
attempts to remove orphan drug status from products whose sales exceeded $200 million or
which affected more than 200,000 individuals were vetoed. The United States remains one
of the few countries that do not regulate prescription drug prices27. The effects of this can be
seen from the hugely disparate prices of some of the examples mentioned earlier between
the United States and the United Kingdom (Table 1). Another possible mechanism is to
reduce market exclusivity for drugs which have previously approved indications, such as
colchicine, or to reduce extended market exclusivity for products once they become overly
profitable or their use expands, such as occurs in Europe. Even though Europe and other
countries have even longer periods of market exclusivity than the United States (ten years),
prices charged for drugs are much less and access is more equitable, due in part to price
regulation. In Europe, if a product is sufficiently profitable, market exclusivity can be
reduced to six years. This has not occurred to date partly due to fears that it may reduce
investment incentives64. In other countries (e.g., Japan), once companies reach a certain
profit margin, they are required to pay extra tax on that profit until the initial subsidy is
repaid65. The difficulty with these solutions is that they may act as disincentives to drug
companies.

Differential pricing (also known as price discrimination) has been suggested as a solution to
make global medicines affordable in developing countries66; charging high prices in affluent
nations to generate sufficient revenue, while charging lower costs in developing countries.
This solution is at odds with the concept of free trade as it requires separation of markets to
maintain the price differential. While this may be an acceptable solution for diseases
endemic in the developing world, it seems less likely to solve the universal problem of the
high cost of orphan drugs. In practice, despite differential pricing, drug costs in developing
countries remain high relative to income so drugs remain unaffordable66. In addition,
Danzon et al demonstrated that in affluent countries, insurance coverage makes consumers
relatively insensitive to price, leading to unrestrained pricing67. The high costs of orphan
drugs, meanwhile, predominantly affect developed countries due to differing priorities and a
lack of opportunities such as screening programs or genetic testing in developing
nations68, 69. Another suggestion is that orphan drug pricing contravenes competition law64;
however, this would be a difficult and contentious route to a solution and would likely result
in withdrawal of companies from the orphan drug market with subsequent consequences for
patients.

A common solution to the rising price of medical technology is to have a separate review
process. In Europe, there is extensive intervention from government in orphan drug
markets70. In the United Kingdom, there is an independent organization, the National
Institute for Health and Clinical Excellence (NICE; http://www.nice.org.uk). Part of its remit
is to publish guidance based on the best evidence to weigh up the costs and benefits of
treatments. NICE bases its decisions on (QALY) gained by a specific treatment; generally if
a treatment costs more than approximately £30,000 per QALY, it is not considered cost
effective. When drugs are marketed with a higher cost per QALY, in some instances NICE
has entered a cost-sharing or risk-sharing agreement with the company marketing the
drug71. For rare diseases the National Specialist Commissioning Advisory Group (NSCAG)
advise the Department of Health and commission services on a national level; so far this has
allowed prescription of enzyme replacement therapy through specialist centers61. Hence,
alglucosidase alpha currently costs as much in the United Kingdom as in the United States.
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While NICE and NSCAG are far from perfect72, an independent body may be a useful way
of attempting to reign in the spiraling costs of orphan drugs in the United States.

Conclusion
Although the ODA is recognized as one of the most successful legislations to promote
pharmaceutical and biological innovation, the paradoxical effects on drug availability and
unsustainable costs remain major issues that demand cautious legislative reform. The ODA
should be designed primarily to benefit patients with rare diseases. Although it is necessary
to promote pharmaceutical innovation and maintain reasonable profit for the investing
companies, this must not be to the detriment of long-term public health and the U.S.
economy.
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Table 1

Price comparison between U.S. and U.K.

Product (dose) U.S. U.K.

Tetrabenazine (Per month at 25 mg/day) $2,055# $43

ACTH (Per vial) $23,000* $4.33^

Alglucosidase alfa (Per 50 mg vial) $84035 $590

Prices are approximate and may vary depending on current exchange rates. Prices based on quotes from product websites/companies in U.S. and

from British National Formulary23.

#
 = Based on Average Wholesale Price (AWP) in 200922

*
= 80U/ml, 5ml vial73

^
= 250mcg/ml, 1ml vial
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Table 2

Blockbuster drugs that have obtained orphan drug designation27. The highlighting drugs are primarily
designated or frequently used for neurological conditions.

Brand Name Generic Name Main Indications Designation (Year) Global Salesa 2010
(Million)

Humira Adalimumab Inflammatory bowel diseases, Juvenile rheumatoid
arthritis

2005* 6,548

Fosamax b Alendronate Osteogenesis Imperfecta 2001 -

Ceredase# Alglucerase Type I, II, III Gaucher’s disease 1985* 720

Abilify Aripiprazole Tourette’s syndrome 2006 2,565

Avastin Bevacizumab Chemotherapy for cancers 2003 7,178

Velcade Bortezomib Multiple myeloma, lymphomas 2003* -

Tracleer Bosentan Pulmonary artery hypertension, Idiopathic pulmonary
fibrosis

2000* -

Botox Botulinum toxin Cerebral palsy, Dystonia 1984* 1,414

Novoseven Factor VIIa Hemophilia, Factor VII deficiency, Intracranial
hemorrphage

1988* 1,483

Epogen Epoetin alfa Anemia related to HIV infection,, Anemia in end stage
renal disease,

1986* 2,524

Procrit Epoetin alfa Anemia related to HIV infection,, Anemia in end stage
renal disease,

1987 1,934

Enbrel Etanercept Juvenile rheumatoid arthritis, Wegener’s granulomatosis 1998* 7,287

Neupogen Filgrastim Neutropenia in various conditions 1990* 1,286

Neurontin b Gabapentin Treatment of ALS 1995 823

Copaxone Glatiramer Multiple sclerosis 1987* 3,300

Gleevec Imatinib Acute and chronic leukemia 2001* 4,265

Cerezyme# Imiglucerase Type I, II, III Gaucher’s disease 1991* 720

Remicade Infliximab Inflammatory bowel diseases, 1995* 6,565

Betaseron IFN beta-1b Multiple sclerosis 1988* 1,658

Avonex IFN beta-1a Multiple sclerosis 1991* 2,518

Rebif IFN beta-1a Multiple sclerosis 1992 2,297

Lamictal b Lamotrigine Lennox-Gastaut Sundrome 1995* 671

Revlimid Lenalidomide Multiple myeloma, Lymphoma, Leukemia 2001* -

Lupron Leuprolide Precocious puberty 1988* 1,617

Mobic Meloxicam Juvenile rheumatoid arthritis 2002*

Provigil b Modafinil Narcolepsy 1993* 999

CellCept Mycophenolate Pemphigus vulgaris, MG 2006 1,433

Sandostatin Octreotide Acromegaly 1998* 1,291

Kogenate Octocog Hemophilia 1989* 1,380

Taxol Paclitaxel Kaposi’s sarcoma 1997* -

Pegasys IFN alfa-2a Renal cell carcinoma, CML 1998 1,828
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Brand Name Generic Name Main Indications Designation (Year) Global Salesa 2010
(Million)

Alimta Pemetrexed Malignant mesothelioma 2001* -

Mirapex b Pramipexole Tourette’s syndrome 2008 -

Evista Raloxifene Postmenopausal breast cancer 2005* -

Rituxan Rituximab NHL, chronic leukemia, vasculitis 1994* 7,061

Vioxx Rofecoxib Juvenile rheumatoid arthritis 2004 -

Prograf Tacrolimus Graft-versus-host-disease 1998* -

Cialis Tadalafil Pulmonary artery hypertension 2006 1,699

Temodar Temozolomide Malignant glioma, Metastatin melanoma 1998* 1,065

Spiriva Tiotropium Cystic fibrosis (conjuctive therapy) 2008 3,935

Topamax b Topiramate Lennox-Gastaut Sundrome 1992* -

Herceptin Trastuzumab Pancreatic cancer 1999 6,032

Zometa Zoledronic acid Tumor induced hypercalcemia 2000* 1,511

Sources: FDA, Pipeline Review, Drug Topics, and Pharmacy Times

a
Numbers represent million dollars

b
Generic formulation is now available

*
Received orphan approval

#
 Similar products

ALS = Amyotrophic Lateral Sclerosis, CML = Chronic Myeloid Leukemia, HIV = Human Immunodeficiency Virus, IFN = Interferon, MG =
Myasthenia Gravis, NHL = Non-Hodgkin’s lymphoma.
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