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Although rare diseases impact a small number of individuals, they
lack a universally accepted definition. In the European Union (EU),
a disease is classified as rare if it affects no more than 5 in 10,000
people. To date, more that 7,000 rare diseases have been identified,
highlighting their significant global impact. Approximately 30 million
people in the United States, 29 million in the EU (2008), and an
estimated 400 million individuals worldwide are affected by various
rare diseases."

Approximately 80% of rare diseases are genetic in origin.®” Of these,
approximately 70% manifest during childhood, with approximately
3% manifesting in the neonatal period. Approximately 95% of rare
diseases lack an approved treatment protocol. Thus, these patients
are administered only symptomatic care.? Accurately diagnosing a
rare disease can significantly improve disease management, help
identify potential treatments, and prevent unnecessary interventions
that may cause serious side effects. The time taken for diagnosing
rare diseases varies widely, ranging from months to decades, and
it depends on the patient’s phenotype, patient’s age, and available
resources. The average time taken to reach a correct diagnosis is
reportedly approximately 4-8 years. Approximately 30% of children
with rare diseases die before reaching the age of 5.2 The diagnostic
process often involves various challenges, placing significant pressure
and psychological stress on the patients and their families. Among
these challenges are unequal access to essential healthcare services,
the high costs of medical care, and the lack of coverage for these
expenses by social security institutions.!

In inherited rare diseases, determining the genetic anomaly
responsible for the condition and its mode of inheritance provides
valuable insight into both the treatment options as well as the risk
of passing on the disease to future generations.™ However, some rare
diseases may also arise from de novo mutations that affect only the
individual.®

Early diagnosis of a rare disease can minimize the need for additional
invasive and expensive tests, as well as alleviate the psychological
burden on the patients and their families that is caused by living with
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an undiagnosed condition." Furthermore, identifying the underlying
genetic issue may serve as a valuable screening tool, which may
enable the detection of symptomatic individuals, carriers, and
asymptomatic individuals. This plays a crucial role in the secondary
prevention of both benign and malignant diseases.” Until the early
2000s, genetic testing was expensive, difficult to access, and typically
limited to the analysis of only a few genes at a time. Over the past
two decades, advancements in genetic testing, particularly the
development and adoption of next-generation sequencing (NGS)
technologies, have significantly improved the affordability, reliability,
and efficiency of genetic testing. The widespread use of NGS has
enabled the identification of numerous previously undiagnosed
diseases via whole exome sequencing (WES), which focuses on the
protein-coding regions that make up 1.2% of the genome.™ Trio
WES (exome sequencing of parent-child trios), instead of singleton
WES in a cohort of children with unaffected parents, reportedly
reduces candidate variants for disease diagnosis by tenfold. A meta-
analysis of five studies compared the diagnostic efficiency of whole
genome sequencing (WGS) and WES in individual probands and
cohorts with that of trio WGS and WES. The results indicated that
the diagnostic probability of the trio approach was twice as high as
that of single tests. For rare diseases that cannot be diagnosed via
WES or WGS, diagnosis should be determined using complementary
technologies such as transcriptome sequencing. Furthermore, based
on the patient’s phenotype, additional profiling methods such as
metabolomic, proteomic, or epigenetic (e.g., methylation or histone
acetylation) analyses should be considered. For patients who remain
undiagnosed despite these efforts, periodic reanalysis of genomic
data, particularly for variants of unknown clinical significance, is of
critical importance. Furthermore, functional studies using in vitro
and in vivo models should be undertaken to establish causality and
elucidate the molecular mechanisms underlying novel variants, de
novo variants, or variants of unknown clinical significance 2¢¢

Duetothelowereconomicappeal of developingdrugs for rare diseases
than drugs for common diseases, policies and legislation have been
established to encourage the development of treatments for rare
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diseases, which are known as orphan drugs. The Orphan Drugs Act
of 1983 in the United States introduced various incentives, resulting
in the approval of hundreds of orphan drugs. This legislation also
inspired the adoption of similar laws in several European countries.
Additionally, promising new treatment strategies, such as gene
therapy, have brought hope to patients with genetically inherited
rare diseases and their families.™
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