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Introduction
Rare diseases are one of the most scientifically complex health
challenges of our time. There are currently 7,000 known rare
diseases, half of which affect children.1
Although these conditions are defined in the United States
as being rare because each affects fewer than 200,000
Americans, they are more common than the descriptor of “rare
disease” suggests when combined. 2 Thirty million Americans,
or 1 in 10, and an estimated 350 million people worldwide are
living with a rare disease.3,4
Unfortunately, rare diseases often are difficult to diagnose,
and in many cases, few or no treatment options are
available. Approximately 80% of rare diseases are caused
by abnormalities in a person’s genes.5 These genetic
abnormalities may be passed down from parents’ genes or
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caused by mutations or changes to a person’s DNA during his
or her lifetime.6 Because of the rarity of each disease itself,
however, much remains unknown about the underlying causes
and the clinical course of many rare diseases. Even within a
particular rare disease, there can be many variations or subtypes resulting in different clinical manifestations and disease
progression. There is an urgent need for continued research
to map the genes responsible for rare diseases, identify
genetic and other biologic anomalies that contribute to these
conditions, and understand the natural history of rare diseases
to inform the development of potential therapies.

The development of drugs to combat these conditions is
particularly challenging for several reasons. Knowledge
gaps about the causes and clinical progression of a given
rare disease make it difficult to determine the best strategy
for targeting the condition and compound the inherent
complexities of developing medicines. For example, clinical
trials are an important part of the drug development process,
but a lack of understanding of a disease can make it difficult
to design and conduct clinical trials. Furthermore, the small
patient populations in rare diseases often make it difficult to
recruit a sufficient number of patients to participate in clinical
trials and gain statistically significant results. This issue is
particularly problematic when trying to address rare
diseases that have a significant impact on children given
that children comprise an even smaller percentage of the
overall population.7
Despite the many scientific hurdles in the development
of medicines to treat rare diseases, America’s
biopharmaceutical researchers have leveraged new
technologies and the growing scientific understanding of
many rare diseases to develop groundbreaking therapies
over the past ten years. The Orphan Drug Act, first passed
in 1983, has proven instrumental in this progress and
continues to provide important incentives for the research
and development of innovative new treatments for rare
diseases (See sidebar: The Orphan Drug Act). Many of
these medicines are transforming the treatment of diseases
where few or no treatment options existed previously. In the
last decade alone, more than 230 new orphan drugs were
approved by the U.S. Food and Drug Administration (FDA).8
Yet, despite this remarkable progress, only 5% of rare
diseases today currently have available treatment options
and much work remains.9 A recent PhRMA report
found there are currently more than 450 orphan drugs
in development, offering patients more hope than ever
before. A major area of this research targets rare cancers,
accounting for more than one-third of all rare disease
medicines in development. Other top research areas for rare
diseases include genetic disorders, neurological conditions,
infectious diseases, and autoimmune disorders.
This report seeks to highlight the significant progress
made over the past decade in a broad range of disease
areas, representing conditions that vary widely in terms of
prevalence, availability of treatment options, and patient
populations affected.10 Treatment advances covered in depth
include those seen in chronic myelogenous leukemia, chronic
lymphocytic leukemia, pulmonary arterial hypertension,
hereditary angiodema, and cystic fibrosis. In addition,
the report spotlights several rare diseases where major
milestones have transformed treatment
for patients.

T he O r phan D r ug Ac t : C r ucial
Incen t i ve s for Con t in ued
Ad vance s again s t R ar e
Disea ses
Biopharmaceutical research companies, academic
researchers, patient groups, and others are
applying the growing understanding of the causes
of rare diseases to speed the development of new
treatments for patients. The Orphan Drug Act of
1983 has been and continues to be an important
force in driving treatment innovation for rare
diseases.
The Orphan Drug Act created economic incentives
to promote the development of new treatments for
rare diseases, defined generally as those conditions
affecting fewer than 200,000 people in the United
States. The incentives include 7 years of market
exclusivity, tax incentives for certain R&D costs, and
user fee waivers.11 Orphan drugs are also eligible
for “fast track” FDA review, which expedites the
review process.12 As of December 31, 2014, the FDA
had granted the orphan drug designation to 3,273
potential therapies.13
The Orphan Drug Act has been a great success,
as demonstrated by the nearly 500 orphan drugs
approved since its passage, with 233 of those
approvals in the last decade alone.14 In contrast,
the FDA had approved fewer than 10 orphan drugs
in all of the 1970s before the Act was passed.15
Moreover, research demonstrates that most of the
recent approvals have been for diseases with fewer
than 10,000 patients demonstrating the research
community’s commitment to meeting the needs of
small patient populations.16
Unprecedented scientific potential, combined with
appropriate incentives, make this a promising time
for many patients with rare diseases.
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Chronic Myelogenous Leukemia (CML): Scientific
Advances Propel New Treatment Options for Patients
Continued advances in the treatment of CML offer close to normal life
expectancy for patients

QU ICK FAC T S
•

CML is a rare form of blood cancer that most commonly affects adults in their 40s and 50s.17

•

In patients with CML, abnormal blood cells (leukemia cells) crowd out normal white blood
cells, red blood cells, and platelets, preventing the body from carrying out normal cellular and
immune functions.18

•

Approximately 5,900 cases of CML are diagnosed each year in the U.S.19

A Scientific Breakthrough Transforms the Treatment Of CML
A decade ago, the treatment of CML had been dramatically
transformed by a new class of medicines known as tyrosine
kinase inhibitors (TKIs).20,21 TKIs are targeted therapies
developed to treat cancer at the cellular level by affecting
biologic pathways specific to cancerous cells. Imatinib was
the first TKI to be approved by the FDA in 2001 and was the
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result of decades of research seeking to uncover the biological
mechanisms associated with the “Philadelphia Chromosome”—
an abnormality in chromosome 22 found in 95% of CML
patients. This abnormality is caused when portions of
chromosomes 9 and 22 break off and trade places. This results
in the fusion of a gene on chromosome 9 with another gene

on chromosome 22, creating a “BCR-ABL” fusion gene. This
fusion gene is associated with changes in protein tyrosine
kinase activity that contribute to the growth and accumulation
of leukemia cells in CML. Once researchers understood this
biological pathway, they were able to develop a targeted
treatment to inhibit the tyrosine kinase protein and stop the
proliferation of leukemia cells. 22,23

Before the introduction of this novel medicine, only 30 percent
of CML patients survived to 5 years after diagnosis. After
the introduction of imatinib, the 5-year survival rate nearly
tripled. 24,25 Not only did imatinib dramatically improve survival
rates and transform the treatment of CML, but it represented
a complete paradigm shift in the treatment of cancer more
broadly. Imatinib demonstrated that if researchers could
understand the biological mechanisms contributing to cancer,
then medicines could be specifically designed and targeted
to interfere with these mechanisms. Ultimately, this meant
that medicines could be targeted to treat cancer without
harming healthy cells and thereby minimizing side effects. In
cancer, where chemotherapy had been the primary mode of
treatment, this was truly game-changing for patients.26
The introduction of the first TKI had truly revolutionized
treatment for CML patients a decade ago. However, there still
remained a need for additional treatment options as imatinib
did not work for everyone and in some cases, patients who
may have responded initially to the drug developed resistance
later on. 27

S po tligh t : Neona t al - O n se t
Mul tis ys tem Inf lam ma tor y
Disea se
Neonatal-onset multisystem
inflammatory disease (NOMID), also
called chronic infantile neurological
cutaneous articular (CINCA) syndrome,
is one of three types of rare, inherited
autoinflammatory diseases known as
cryopyrin-associated periodic syndromes
(CAPS). CAPS are caused by mutations
in the CIAS1/NLRP3 gene. Of the
three CAPS subtypes, NOMID is the
most severe. The disease is extremely
rare, with approximately 100 cases
reported worldwide.i However, the
actual prevalence of the disease is
unknown because some symptoms of
NOMID resemble those associated with
other disorders, resulting in challenges
in diagnosis. NOMID presents during
infancy or early childhood and causes
fever, rash, and disease of the joints
and central nervous system.ii When
left untreated, it can cause progressive
hearing and vision loss, cognitive
impairment, and joint deformity.
In 2013, the FDA approved anakinra,
originally approved for the treatment of
rheumatoid arthritis, as the first and only
therapy for NOMID.iii Anakinra works by
blocking the activity of the inflammationcausing interluken-1 protein, which is
overproduced in patients with NOMID.iv
Before approval of this treatment, an
estimated 20% of children with NOMID
would not reach adulthood.v When
diagnosed and treated, today’s targeted
treatments may allow many children with
NOMID to live near-normal lives.vi
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A Decade Of Continued Advances
Against CML
Today, an arsenal of additional targeted therapies is available
for patients with CML, many of which are particularly effective
in instances where mutations may have rendered imatinib
ineffective. Researchers have identified more than 90 point
mutations associated with the BCR-ABL gene, and among
these, 40 have been biologically characterized. 28 Subsequent
generation TKI medicines have been developed to treat many
of these mutated forms of the BCR-ABL gene in patients
resistant or intolerant to imatinib.29 These second and third
generation TKIs include dasatinib, nilotinib, bosutanib, and
ponatinib.30 By identifying the underlying genetic mutation
that leads to drug resistance, physicians are able to identify
the subsequent generation TKI that is most appropriate for the
patient given his or her genetic profile. Researchers are also
exploring use of TKIs in combination with other cancer-fighting
agents.31
As knowledge of the underlying disease pathway has grown,
researchers have also identified a new mechanism of action for
combatting CML. In 2012, the FDA approved a new, first-inclass treatment called omacetaxine mepusuccinate, which was
approved for the treatment of adult patients with chronic- or
accelerated-phase CML with resistance and/or intolerance to
two or more TKIs.32 This new medicine inhibits the synthesis
of onco-proteins like BRC-ABL.33 Because it does not require
binding to BCR-ABL, it is not affected by mutations in the
BCR-ABL gene that may cause resistance to TKI treatment.
The introduction of the first TKI nearly 15 years ago marked
a transformational first step in the treatment of CML. The
decade that followed, however, led to the development of
medicines able to challenge genetic mutations and resistance
to previous therapies, offering further survival gains for
patients. Today, CML patients are living close to normal life
spans thanks in large part to a greater understanding of the
biological basis of this disease and continued development of
targeted therapies to treat it.34
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CHRONIC MY E LONG E NOU S
LEU K EMI A
T hen: 20 0 5
•

Imatinib, the first tyrosine kinase inhibitor
(TKI), revolutionized the treatment paradigm
for patients, nearly tripling the odds of
survival, by targeting cancer at the cellular
level.

•

But, some patients did not respond or
could not tolerate imatinib. And still other
patients, after initially responding to imatinib,
developed resistance later on. For these
patients there remained a substantial need
for additional treatment options.

N ow : 2015
•

Additional targeted therapies are able
to effectively treat many of the recently
identified mutated forms of CML by
disrupting signals that lead to cancer cell
growth.

•

A wide range of therapeutic options allows
for more tailored treatment plans adapted
to each patient’s particular genetic profile.

•

Today, CML patients are living close to
normal life spans.

Chronic Lymphocytic Leukemia (CLL): New Era of
Targeted Therapies
A new generation of targeted therapies improves quality of life and
extends survival for patients
QU ICK FAC T S
•

CLL is a rare form of blood cancer that typically progresses more slowly than acute types
of leukemia.35

•

CLL affects an estimated 3 out of 100,000 people in the United States and most often occurs
after middle age and is rarely found in children.36, 37

•

In patients with CLL, abnormal lymphocytes are produced and accumulate in the body.
Lymphocytes are white blood cells that play an important role in helping the immune system
fight infection. Accumulation of abnormal lymphocytes weakens the immune system.38, 39

•

As their immune system weakens, CLL patients may experience swelling of the lymph nodes,
debilitating fatigue, and an increase in fever and infections.40

CLL: A Form of Cancer Characterized by Compromised Immunity
CLL patients struggle to fight infection because abnormal
lymphocytes—also referred to as leukemia cells in CLL—crowd
out healthy blood cells. This suppresses the immune system
and can pose challenges to using some types of medicines to
treat CLL patients.41

Historically, chemotherapy has been the predominant firstline treatment for CLL. Although chemotherapy is effective
for many patients, it can result in a variety of potential side
effects, including suppression of the immune system.42
In CLL patients, who already have compromised immune
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systems resulting from the nature of their disease, there was a
significant need for additional treatment options that did not
have some of these side effects.43
A paradigm shift had already begun in cancer therapy
over a decade ago, with a pivot toward medicines that
specifically target cancer cells. In 2001, a targeted therapy
for chronic myelogenous leukemia (CML) called imatinib
generated excitement among CLL researchers because its
success provided support for the concept that a medicine
could be designed to interfere with the underlying biological
processes causing a particular cancer. This success encouraged
researchers who were embarking on a journey to understand
the underlying biology driving cancer in CLL.44

Targeted Therapies in CLL: Shifting Away
from Traditional Chemotherapy
Over the last decade, a wide variety of treatment options
have become available to CLL patients. These advances were
primarily based on a greater understanding of the underlying
biology of the disease, which enabled researchers to explore
new areas beyond chemotherapy, including use of monoclonal
antibodies (mAbs), tyrosine kinase inhibitors (like imatinib), and
other targeted therapies, as well as other forms of treatment.45
One of the first major advances happened in 2010, when the
FDA approved a novel course of combination treatment that
was shown to put many patients into remission for several
years. The regimen, known by the acronym FCR, includes
the use of two chemotherapy agents—fludarabine and
cyclophosphamide—in combination with rituximab, a mAb
that binds to the surface of cancer cells, making it easier for
a patient’s immune system to identify the cells and attack
them.46 Although this regimen is often considered first-line
treatment, CLL patients who have severely weakened immune
systems may not be able to tolerate chemotherapy-based
regimens like FCR.47 For this reason, additional treatment
options were still very much needed.
New insight into the biological pathways of the disease has
led to therapies that target the mechanisms by which CLL
cells proliferate. For example, scientists discovered that a
pathway called the B-cell receptor (BCR) pathway is abnormal
in CLL, allowing for the survival and proliferation of CLL cells.
Researchers have developed therapies that inhibit proteins
involved in the BCR pathway, thus halting the progression and
development of CLL.48 Two oral medicines called BCR pathway
inhibitors were approved in 2014 and have demonstrated
long-lasting remission for patients with minimal side effects.
The first, irubitinib, targets Bruton’s tyrosine kinase, a protein
that is essential in the proliferation and survival of CLL cells.
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Another BCR pathway inhibitor, idelalisib, acts by inhibiting
a different part of the BCR pathway than that targeted by
irutinib.49 CLL patients today finally have treatment options
that are free of the immunosuppression risks inherent of
chemo-based therapy, thus providing improved survival and
better quality of life.50

S po tligh t : Mucopol ys acchar idosis
Ty pe I VA
Mucopolysaccharidoses (MPS) are genetic
lysosomal storage diseases caused by the
body’s inability to produce specific enzymes.
One in 25,000 babies born in the United
States will have some form of MPS, but it
is estimated that only 800 patients in the
United States have mucopolysaccharidosis
type IVA, also known as morquio A
syndrome.vii People with this rare disorder
have a genetic mutation in the GALNS gene,
which reduces the body’s GALNS enzyme
activity. The GALNS enzyme is essential
to breaking down sugar molecules called
mucopolysaccharides.viii Mucopolysaccharides
that are not completely broken down
remain stored in cells and commonly cause
musculoskeletal or respiratory dysfunction
and significant limitations in mobility,
endurance, and breathing.ix
February 2014 marked a new era in
treatment of the disease as the FDA
approved the first treatment for Morquio A
Syndrome. Elosulfase alfa works by replacing
the missing GALNS enzyme and represents
an important treatment advance as it
addresses the condition on a cellular level
to restore cell function. The drug has been
shown to improve endurance, mobility,
and overall quality of life for patients
with the disease.x

Importantly, the FDA recommends use of idelalisib in
combination use with rituximab as a second-line therapy
for patients who may not be able to take rituximab alone.51
Researchers believe the combination of BCR pathway inhibitors
with monoclonal antibodies such as rituximab holds promise in
eliciting even better treatment responses in patients.52 Initial
studies indicate that the addition of rituximab to irubitinib
may significantly affect survival in CLL. Looking forward,
researchers are further energized by the potential of future
combinations of BCR inhibitors and other targeted therapies.53

“People have been waiting for drugs like these…
I think what people like to envision for CLL is
non-cytotoxic therapy. These new agents are
going to raise a lot of interesting questions
about potential combinations that in the long
run may get us away from the use of cytotoxic
chemotherapy entirely.”
— Susan O’Brien, M.D., The University of Texas MD Anderson
Cancer Center

CHRONIC LYMPHOC Y T IC LEU K EMI A
T hen: 20 0 5

N ow : 2015

•

Chemotherapy was the predominant first-line
treatment for patients with CLL.

•

•

CLL patients already have very weak immune
systems, making it sometimes difficult to tolerate
chemotherapeutic regimens that may weaken the
immune system further.

New targeted therapies seek to treat the
root cause of the disease, resulting in lasting
remissions for many CLL patients and without
the immunosuppression risks common with
chemotherapy.

•

The use of novel B-cell receptor (BCR) pathway
inhibitors and targeted monoclonal antibodies
like rituximab is expanding treatment options for
all patients, even those with more compromised
immune systems.

•

For patients with immune systems unable to
tolerate chemotherapy, additional treatment
options with fewer side effects were very much
needed.
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Pulmonary Arterial Hypertension (PAH): Slowing
Progression and Keeping Patients Active
Improvements in PAH treatment enable patients to more effectively
manage the disease
QU ICK FAC T S
•

PAH is a chronic disease that increases stress on the heart as a result of thickening and
narrowing of arteries in the lungs.54

•

PAH results in breathlessness, chest pain, dizziness, fainting, and swelling of the arms or legs.
In serious cases, PAH can cause heart failure.55

•

An estimated 15-50 per 1 million people in the United States are affected by PAH.56

Limited Treatment Options Relieved Symptoms, Did Little to Improve Activity Levels
PAH is a progressive condition where the blood vessels that
carry blood from the heart to the lungs narrow, or become
damaged or blocked. This makes it difficult for blood to flow,
which increases pressure in the blood vessels and causes the
heart to work harder. This eventually weakens the muscles
in the heart and, in some cases, may lead to heart failure.
Because of these changes, patients have difficulty breathing
and maintaining normal activity levels.57, 58
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A decade ago, patients had limited treatment options and
many required lung transplants as their condition worsened.59
It was only in recent years that physicians have been able to
distinguish PAH from a variety of other similar, but distinct,
forms of hypertension, which is important in determining the
most appropriate form of treatment.60 Most treatment options
for PAH have traditionally targeted the symptoms of the
disease, rather than the direct cause of blood vessel swelling
and constriction. Oxygen therapy and diuretics provided some

short-term relief by reducing shortness of breath and fluid
build-up.61, 62 Patients were also given blood thinners to help
prevent and reduce blood clots, as well as calcium channel
blockers to open blood vessels in the heart. However, these
medicines did not fully address the root causes of the condition
or extend the lives of patients.63, 64
As scientists and physicians learned more about the underlying
causes of PAH, more targeted forms of treatment were
developed. For example, scientists determined that levels of
a naturally occurring vasodilator called prostaglandin tend
to be lower in patients with PAH.65 Vasodilators help reduce
blood pressure by promoting smooth muscle relaxation in
the heart. An early synthetic form of prostaglandin, called
prostacyclin, was found to help PAH patients by enlarging
blood vessels, thus decreasing blood pressure in the heart. This
first generation of prostacyclin therapy was delivered through
a semi-permanent IV on a continuous basis. For some patients,
the route of administration was challenging, had a negative
impact on quality of life, and was sometimes associated with
potential life-threatening complications such as sepsis and
blood clots.66, 67

Breakthroughs Lead to Improved Quality
of Life, Slower Disease Progression
In the last decade, we have seen tremendous gains for
patients with PAH. Continuing research and development
has delivered several new medications, offering patients
a variety of safer, more effective, and more convenient
treatment options. The last decade also marked a substantial
increase in our understanding of the causes of PAH, enabling
biopharmaceutical researchers to apply that knowledge to the
development of innovative treatments that combat the root
cause of the disease.
Building on earlier advances, researchers learned that patients
with PAH have an overabundance of endothelin-1 (ET-1), a
peptide that causes blood vessels to constrict. A class of
medicines called endothelin receptor antagonists (ERAs)
marked an important advance in treating PAH by reducing
the production of ET-1 and halting the constriction of blood
vessels.68 Ambrisentan, approved in 2007, is an ERA delivered
intravenously or through injection.69 Continued research and
development led to the approval of an oral ERA, macitentan,
in 2013, which was shown to slow disease progression and
reduce morbidity from PAH.70 These advances mark important
milestones for patients, who now have a variety of treatment
options that go beyond symptom management to address the
underlying cause of PAH.

Spotlight: Homozygous
Familial Hypercholesterolemia
Homozygous familial hypercholesterolemia
(HoFH) is an inherited genetic disorder
affecting just 1 in 1 million Americans.
HoFH patients lack the biological ability to
remove low density lipoprotein cholesterol
(LDL-C)—known as “bad cholesterol”—
from the blood, leading to abnormally
high levels of bad cholesterol in the body.
The condition is rare, but extremely lifethreatening for the few that inherit the
disorder because it often leads to heart
attack and death by age 30.xi, xii Many
patients with HoFH are treated with
lipid-lowering therapies, as are other
patients who aim to lower cholesterol
levels. However, these treatments have
generally not been sufficient to help HoFH
patients achieve needed reductions in bad
cholesterol—particularly those who have
already experienced a cardiovascular
event.xiii
Two medicines were approved in recent
years, providing important new options
for managing this very serious condition.
In combination with diet and other
lipid-lowering treatments, both of these
medicines have been found to significantly
reduce bad cholesterol levels by as much
as 50%. The FDA approved lomitapide,
a once daily oral medication in 2012 and
mipomersen sodium, a weekly injectable,
in 2013. Both of the medicines work by
impairing the creation of the lipid particles
that lead to increased levels of LDL-C.xiv, xv
Prior to the availability of these new
treatment options, patients often needed
to try different treatment combinations
to find the right course of therapy. These
important advances reduce mortality and
improve overall health by allowing patients
to better manage their cholesterol levels.xvi
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“This is the twelfth treatment for PAH, the
third new therapy to be FDA approved in
the last two months...To have this kind of
advancement for PAH is extraordinary and
speaks to the medical and research structure
that has been built in this field.”
— Rino Aldrighetti, President and CEO,
Pulmonary Hypertension Association78

PU L MON A RY A R T E RI A L
H Y PE R T E N SION
T hen: 20 0 5

Scientists also identified cyclic guanosine monophosphate
(cGMP) as an effective drug target for PAH treatment,
given that it regulates many cell functions, including vascular
function and inflammation.71 Tadalafil, a once-daily oral
treatment approved in 2009, inhibits a key enzyme that is
known to break down cGMP.72 Decreasing the level of this
enzyme leads to an increase in cGMP, enabling patients to
breathe easier and maintain a higher level of physical activity.
In 2013, riociguat became the first approved treatment for
PAH in a new class of drugs called soluble guanylate cyclase
(sGC) stimulators. These molecules represent another way
to increase the production of cGMP,73 which helps relax the
arteries and increase blood flow. As a result, blood pressure
decreases, making it safer for patients to exercise and resume
normal day-to-day activity.74
Finally, researchers delved into important new ways for
delivering synthetic forms of prostacyclins, which help
enlarge blood vessels and reduce blood pressure. In 2009, an
inhalable form of synthetic prostacyclin was approved, giving
patients an easier, less invasive method for taking this type
of treatment compared to earlier IV-administered methods.75
In 2013, the FDA approved the first orally administered
prostacyclin analogue.76
For PAH patients, the past 10 years yielded novel therapies
that not only manage symptoms but also slow disease
progression—significant advances for a life-altering condition.
In addition, research is underway exploring the use of
medicines in combination earlier in the disease’s progression.77
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•

Standard of care was characterized by
intravenous treatment aimed at reducing
symptoms, not addressing root cause.

•

Patients were required to limit physical activity
to reduce their chances of a heart event.

•

Patients were anxious of experiencing heart
events or complications due to the lack of
convenient and effective medications.

N ow : 2015
•

Inhaled and oral forms of prostacyclin treatment
expand treatment options for patients.

•

New treatments go beyond symptom
management to treat the underlying cause
of PAH.

•

Patients are able to maintain active lifestyles
with a reduced risk of serious heart events
associated with PAH.

Hereditary Angioedema (HAE): Putting Disease
Management in the Hands of Patients
Greater understanding of disease mechanisms yields effective and
convenient treatment options for patients

QU ICK FAC T S
•

HAE is a rare and potentially life-threatening inherited genetic disorder that causes edema
(swelling) of the hands, feet, face, airways, and gastrointestinal tract.

•

Gene mutations contribute to the development of HAE. Patients have one or more of
these mutations, resulting in a variety of effects on the body, including impacting the
body’s ability to regulate blood-based systems involved in disease fighting, inflammatory
response, and coagulation.

•

As the condition is very rare, affecting 1 in 10,000 to 50,000 people, it is often underor mis-diagnosed.79

Historically, Options for Patients with HAE Were Limited to Treating Symptoms
HAE is a debilitating disease that causes edema in the body.
Patients with HAE usually begin experiencing edema between
ages 7 and 13 and have acute attacks of symptoms 6-11
times a year on average.80 Patients who are not receiving

treatment may have an attack every 1-2 weeks. Most attacks
occur spontaneously, meaning there is no trigger, although
some may be triggered by factors such as anxiety, stress,
dental procedures, or infections. Severe HAE attacks can
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cause swelling of the throat, called laryngeal edema, as well
as edema of the gastrointestinal tract. Laryngeal edema is
particularly dangerous as it can cause death by asphyxiation in
as many as 30% of people with HAE. Gastrointestinal edema
can cause excruciating abdominal pain, nausea, vomiting, and
diarrhea.81, 82
Until recently, there were no medications available to
specifically treat HAE, and patients often had to undergo
surgeries to relieve severe symptoms.83 Patients frequently
received anabolic steroids to reduce the likelihood of an attack,
but steroid use was accompanied by irreversible side-effects
that were not well-tolerated, especially in female patients.84
Anti-inflammatories were used to treat swelling, but were
unable to address the root cause of HAE. Because of the
limited number of treatment options, severe symptoms,
including attacks, frequently led to hospitalizations, creating
a significant physical, emotional, and economic burden on
patients and their loved ones.85

Novel Therapies Help Prevent or Lessen
HAE Attacks
Today, patients have a range of treatment options when acute
HAE attacks occur that were not available a decade ago.
Better understanding of the underlying cause of HAE-induced
inflammation has given scientists the keys to developing
medicines that treat and prevent attacks at the source.
Although available treatments do not cure this dangerous
disorder, medicines provide important options to patients for
reducing the severity of acute attacks.
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S p o t ligh t : H un t ing ton’s
Disea se
Huntington’s disease (HD) is an inherited
disorder that causes a progressive
breakdown of nerve cells in the brain.
Although patients with HD are born
with the defective gene, symptoms
generally do not appear until middle
age—typically between the ages of
30 and 50. However, onset of HD can
occur as young as the age of two. It is
estimated that 1 in 10,000 Americans
has the disease.xvii HD has a significant
effect on a person’s functional abilities
and usually results in movement,
cognitive, and mental health disorders.
Children developing HD rarely live to
adulthood. Weakened HD patients
generally succumb to pneumonia, heart
failure, or other complications.xviii
Chorea is a hallmark symptom of HD,
characterized by involuntary movement
that makes performing daily tasks
difficult. Although there is no cure for
Huntington’s disease, recently approved
treatments are helping patients
manage symptoms and improve quality
of life. The first treatment for HD,
tetrabenazine, was approved by the
FDA in 2008 and reduces involuntary
movements by modifying chemical
pathways in the brain. Tetrabenazine
selectively inhibits vesicular monoamine
transporter (VMAT)-2, a central
nervous system enzyme, and depletes
presynaptic dopamine, which lessens
symptoms of chorea.xix Lessening the
burden of chorea for HD patients helps
improve their overall quality of life and
allows them to take part in normal
daily activities.

HAE is most commonly caused by a defect in the genes that control a
blood protein called the C1 inhibitor, which is important for controlling
inflammation.86 There are three types of HAE—types I, II, and III—each
of which have similar signs and symptoms.87 Typically, when the body
is attacked by a pathogen or disease, the C1 inhibitor helps regulate
proteins that control fluids released when the body fights an outside
invader. For patients with the most common types of HAE, inadequate
C1 inhibitor levels lead to an excess release of a peptide called
bradykinin, which causes blood vessels to release fluids.88 This influx
of bradykinin leads to fluid build-up, dangerous swelling, and ultimately
attacks of varying severity and duration.89
Between 2008 and 2009, the FDA approved two intravenous C1
inhibitors containing human plasma that increase C1 inhibitor activity as
a way to prevent HAE attacks.90, 91 In addition, the first injected HAE
medicine, ecallantide, was approved in 2009. 92, 93 Two years later, a
self-administered injection that blocks bradykinin receptor sites and
prevents the peptide from triggering fluid release was approved.94 These
medicines expanded treatment options for patients, allowing them to
quickly treat an acute and potentially deadly HAE attack.
In 2014, the first plasma-free C1 inhibitor received approval as an
self-injectable HAE treatment that decreases bradykinin production,
which helps prevent swelling associated with fluid release.95 In addition
to being preventative, this medicine can be self-administered, giving
patients the power to more conveniently manage their disease. This
new medicine may also reduce complications from acute attacks.
Self-injectable medicines such as these are offering HAE patients
easier administration and allowing for more expedient action in cases
of emergency.
Advances over the past decade have provided more effective options
for managing HAE, thereby reducing patient and caregiver burden. As
scientists continue to better understand the underlying causes of HAE,
there is great potential for continued innovation that will revolutionize
disease treatment and management.

HE RE D I TA RY
A NG IOE D EM A
T hen: 20 0 5
•

Scientists had little knowledge of
the underlying cause of HAE.

•

No medications were approved in
the U.S. specifically to treat HAE.

•

Patients with HAE had limited
options to relieve symptoms of an
attack, and often were required
to undergo invasive procedures to
alleviate dangerous swelling.

N ow : 2015
•

New discoveries in the underlying
cause of HAE have led to
breakthroughs in both preventative
and acute treatment options for
patients.

•

Several medications have been
approved by the FDA in recent
years to treat HAE by targeting
the source of the disease.

•

Patients are able to self-administer
new injectable medications at
home to halt acute HAE attacks.
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Cystic Fibrosis (CF): Attacking the Symptoms and
the Cause
Recent advances attack both the symptoms and root cause of cystic
fibrosis and are transforming the lives of patients
QU ICK FAC T S
•

CF is a life-threatening disease that primarily affects the lungs and digestive system.

•

CF is caused by mutations in the CF transmembrane conductance regulator (CFTR) gene
which causes the body to produce thick, sticky mucus that clogs the lungs, pancreas, and
other organs.96

•

An estimated 30,000 children and adults in the United States have CF, and each year 1,000
new cases are diagnosed.97

•

The life expectancy of a child with CF has doubled in the last 30 years due in part to
treatment advances.98

Step by Step Advances to Treat Symptoms of CF and Extend Life
In patients with CF the CFTR mutation causes an accumulation
of thick, sticky mucus in parts of the body responsible for
breathing and digesting food. In the lungs, this mucus blocks
airways and results in a persistent cycle of inflammation,
chronic bacterial infection, severe lung damage, and sometimes
respiratory failure. In the pancreas, this mucus obstructs
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the movement of digestive enzymes that are important for
helping the body break down food and absorb nutrients.99, 100
Persistent coughing and wheezing, frequent lung infections,
poor growth, slow weight gain, and difficulty moving bowels
can make it hard for CF patients to remain active.101

Most patients with the disease are diagnosed as infants or in early childhood, and in the 1960s, life expectancy for most people
with CF was just 10 years.102 Over the decades that followed, however, efforts to diagnose patients earlier and the development
of comprehensive treatment programs that aggressively prevent and clear the buildup of mucus in the airways of CF patients
helped to improve life expectancy.103 By the 1990s, the FDA approved several medicines that could improve lung function for CF
patients. These medicines included an inhaled antibiotic targeting Psuedomonas aeruginosa, the most common cause of infection
for CF patients.104
By 2004, with new treatments allowing better management of symptoms, life expectancy for patients with CF increased to the
mid-30s.105 Yet even with these advances, there was still substantial unmet medical need and opportunity to further extend and
improve the lives of patients with CF.

S po t ligh t : G aucher Disea se
Gaucher disease is a genetic disorder that affects organs and tissue throughout the body.
Between 1 in 50,000 to 100,000 people in the United States have some form of Gaucher
disease. Type 1 is the most common form, affecting 6,000 Americans.xx, xxi In patients with
Type 1 Gaucher disease, mutations in the GBA gene prevent proper development of an
enzyme that breaks down fatty substances.xxii These fatty substances build up in the body,
resulting in enlarged organs, particularly the liver and spleen. This buildup also results in
bruising, clotting difficulties, fatigue, and weakening of the skeleton.xxiii With appropriate
treatment, type 1 Gaucher patients live close to normal life spans, making the availability of
effective treatment options particularly important for successful disease management.xxiv
A decade ago, available treatments for Type 1 Gaucher disease included enzyme replacement
therapy (ERT) and substrate replacement therapy for patients unable to tolerate ERT.
Although these treatments have proven to be important advances for patients suffering from
Gaucher disease, patients today have a number of additional treatments available to them,
offering different options for managing their disease.xxv
•

In 2010, the FDA approved velaglucerase alfa, the first alternative ERT for Gaucher
patients in nearly 2 decades.

•

The FDA approved taliglucerase alfa in 2012, the first approval of a drug produced by
genetically engineered plant cells.xxvi, xxvii

•

And most recently in 2014, a new first-line oral therapy called eliglustat was approved as
a long-term treatment for Type 1 Gaucher disease.xxviii Eligustat differs from ERT because
rather than working by breaking down fatty deposits that build up in cells that cause the
symptoms associated with the disease, eligustat inhibits the accumulation of these fatty
deposits in the first place.xxix The availability of this medicine as a first-line oral treatment
expands the treatment options for patients by providing an important alternative to
intravenously administered medications.xxx
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The Last Decade: New Treatments
Continue to Improve Survival and
Quality of Life
Remarkable progress has been made over the past decade
in both improving and extending the lives of patients with
this debilitating disease. With earlier screening, improved
treatments, and more comprehensive approaches to disease
management, the median survival for a person with CF has
increased to 37 years for women and 40 years for men.
It is estimated that if mortality rates continue to improve
along these lines, patients may live into their 50s.106 Recent
treatment advances are not just extending lives, but allowing
CF patients to live healthier and more active lifestyles.
A key challenge for patients with CF is difficulty absorbing
the necessary amounts of several important nutrients due
to pancreatic insufficiency. In 2009, the first FDA-approved
pancreatic enzyme replacement therapy (PERT) became
available to CF patients to help digest and absorb food.107, 108
Although PERT had been used by patients prior to 2009,
this approval marked the first treatment evaluated and
assessed by the FDA. Since 2009, five additional pancreatic
enzyme replacement therapies for CF have been approved
in various formulations, providing a range of administration
options for CF patients.109, 110 In 2010, the FDA also approved
the first inhaled antibiotic for CF in more than a decade to
treat respiratory tract infection, offering an additional, more
convenient delivery system. The medicine is delivered via a
portable nebulizer system in less than 3 minutes, reducing
the burden for CF patients who often require 3 to 4 hours of
breathing treatment daily.111, 112
In addition to making advances in addressing the symptoms
of the disease in recent years, researchers have made
incredible progress in targeting the underlying causes of CF.
The approval of ivacaftor in 2012 followed many decades
of research seeking to identify and target the mutations in
the CFTR gene that causes CF. This personalized medicine
is from a class of medicines known as CFTR modulators and
works by facilitating the proper flow of salt and water in and
out of the cells lining the airways, leading to improved lung
function.113,114 The initial indication was limited to treating CF in
patients who have a very specific mutation (G551D mutation).
The FDA expanded the approval in 2014 after demonstrating
effectiveness in patients with nine additional genetic mutations
(R117H, G178R, S549N, S549R, G551S, G1244E, S1251N,
S1255P and G1349D).115 Today, the drug is in late-stage clinical
trials for use both alone and in combination with another CFTR
modulator to treat patients with the most common mutation
found in CF patients.116
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In the past decade, we have seen a revolution in the treatment
and lives of CF patients. Patients today not only have a wide
range of treatment options and strategies for managing their
symptoms, but they also can look to a future where medicines
are targeted specifically to the particular genetic mutations
that cause their illness. New treatments on the horizon have
the potential to not only continue to extend life expectancy,
but also transform daily life for CF patients, allowing them to
lead longer, healthier and more active lives.

C YS T IC FIBROSI S
T hen: 20 0 5
•

Average life expectancy for CF patients was in
the mid-30s.

•

Although advances in treating and managing
the disease had significantly improved lifeexpectancy for patients, more convenient
treatment options were needed to better
manage disease symptoms and further extend
the lives of those with CF.

•

Treatments were only able to address the
symptoms of CF, but not the underlying cause
of the disease.

N ow : 2015
•

Earlier screening and improved treatment
contributed to an increase of life expectancy
for patients. If mortality continues to decline
at current rates, patients now may hope to live
into their 50s.

•

Improved delivery mechanisms for inhaled
antibiotic breathing treatments are faster acting
and can be delivered in less than
3 minutes with greater ease.

•

FDA-approved pancreatic enzyme therapies
aid with digestion and adsorption and help
patients retain needed nutrients and maintain
a healthier, more active lifestyle.

•

For the first time, targeted therapies are
available to address the underlying cause of
CF, improving lung function for patients with a
number of genetic sub-types.

Continued Progress for Patients with Rare Diseases
Over the past decade we have seen remarkable progress in the
fight against rare diseases. In fact, in this period alone, more
than 230 orphan drugs were developed by biopharmaceutical
researchers and approved by the FDA.
The advances highlighted in this report demonstrate the
many benefits new medicines have provided patients with
rare diseases over the last decade. Scientific advances have
transformed the lives of many patients by providing new
treatment options which attack the underlying causes of
orphan diseases or by providing a more effective means of
fighting off disease complications and symptoms. For many
patients suffering from a rare disease, new medicines have
provided a treatment option where there had previously been
none. Advances such as these made in recent years have come
a long way in meeting the very diverse set of needs of patients
with rare diseases, ultimately allowing many to live longer,
more productive lives.

efficacy and safety of a treatment can also be challenging due
to the small number of patients commonly involved.
Nevertheless, as researchers continue to build on recent
breakthroughs and engage with the patient community, there
is great promise for continued development of innovative
medicines to treat rare disease and improve the lives of
patients with these conditions. Advances in our understanding
of the root causes of many diseases are enabling researchers
to explore new targeted mechanisms for treatment. Policy
and regulatory efforts to foster future research will be critical
in overcoming the many scientific hurdles that are inherent of
rare disease drug development and to continue transforming
the lives of patients.
While there remains a significant need to develop new
medicines for the many millions of patients currently lacking
treatment options, the promise has never been greater.

Even with this incredible progress however, just 5% of rare
diseases have an available treatment option and much work
remains to meet this significant unmet medical need.
Yet the development of therapeutic options for rare diseases is
a challenging endeavor. Rare diseases are often complex and
the underlying biological mechanisms that cause many of them
are not well-understood. Additionally, the development of a
medicine to target rare diseases can be further complicated
by the small patient populations impacted by them. Enrolling
patients in clinical studies and drawing conclusions about the
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