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EDITORIAL

Therapeutic Orphan No More:
Role for Clinical Pharmacology
and Translational Science in
Developing Therapeutics for Rare
and Neglected Diseases

Anuradha Ramamoorthyl’* , Islam Younis®
Mai Mehanna4, Kathleen M. Giacomini’

Rare disease (a disease that affects fewer than 1
in about 2,000 people') and neglected disease
(an infectious disease that is present in lower
income countries) have very limited therapeu-
tic options and can be considered as “therapeu-
tic orphans.” Collectively, rare and neglected
discases are estimated to affect nearly 2 billion
people worldwide — about 300 million people
are estimated to be affected by rare diseases and
1.7 billion by neglected tropical diseases.””
However, it is reported that only <5% of rare
diseases and a limited number of neglected
discases have therapeutic options available.
That is, even though one in four people glob-
ally are affected by these diseases, very limited
therapeutic options exist for these patients.
In this special issue, we focus on rare diseases
to highlight challenges and opportunities in
developing therapies for these diseases and
showcase the current and future role of clin-
ical pharmacology and translational sciences
in addressing the challenges and taking ad-
vantage of the opportunities. Additionally, the
American Society for Clinical Pharmacology
& Therapeutics (ASCPT) 2024 Annual
Meeting Award and State-of-Art lectures

» Ya-Feng Wen’ s
and Piet H. van der Graaf®’

summarized in this issue also highlight the
challenges and opportunities in developing ef-
fective therapies for the neglected discases (c.g.,
tropical diseases including tuberculosis) and
neglected populations (e.g., pregnant women
or breastfeeding mothers). Our intention for
this special issue of Clinical Pharmacology &
Therapeutics (CPT) is that we can all collec-
tively learn from these examples and experi-
ences to accelerate drug development for these
therapeutic orphans (Figure 1).

There are a number of challenges in develop-
ing therapies for rare diseases. Because each rare
disease afflicts only a small number of patients,
the market size is relatively limited, and con-
sequently, developing drugs for many of these
diseases may not be considered as being com-
mercially attractive. Additionally, most rare
diseases are poorly understood because limited
longitudinal natural history data are available,
and consequently, more information on disease
etiology, pathogenesis, genotype-to-phenotype
correlation, disease progression, and outcome
is needed. Furthermore, the small patient pop-
ulation size can lead to difficulties in enroll-
ing sufficient numbers of patients in clinical
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Figure 1 Clinical Pharmacology & Therapeutics December 2024 cover image: “Therapeutic

Innovations in Rare and Orphan Diseases.”

trials and in generating adequate data to de-
termine the benefit-risk profile of the drug.
Compounding these challenges, there may be
a lack of well-established biomarkers or animal
models that can be leveraged during drug de-
velopment. In sum, insufficient commercial in-
terest and inadequate scientific research make
it challenging to develop effective therapeutics
for rare diseases.

Recognizing some of these challenges and
limitations, several regulatory agencies and
public-private partnerships have focused their
efforts on rare and orphan diseases. Of note,
recently, in the United States, the Food and
Drug Administration (FDA) established the
Rare Disease Innovation Hub to align regula-
tory efforts within FDA, identify and enable
innovative approaches to treat rare diseases,
and better serve the rare disease community.®
In 2022, the European Commission estab-
lished the Rare Disease Moonshot with a goal
to build rare disease centered public—private
partnerships to aid optimization of transla-
tional research ecosystem, modernize clinical
trials, and strengthen the infrastructure that
can help shorten the path to diagnosis and sub-
sequent treatment.” In this issue, Ollivier et al.®
describe the purpose, strategies, and priorities
of the Rare Disease Moonshot as well as the
need for public-private collaborations to stim-
ulate the integration of high-quality regulatory
science into R&D, support the development of

large-scale sustainable infrastructures, and de-
velop tools like the regulatory readiness scale.
Also in this issue, Yu et al. describe the similar-
ities and differences in postmarketing studies
issued by the FDA and European Medicines
Agency (EMA) while highlighting the need
for harmonization between regulators and col-
laboration between the regulators and drugde-
velopers.9 The call for increased collaboration
and harmonization between the FDA and the
EMA is also echoed in a recent study by the
National Academies that was commissioned by
the FDA to focus on the processes for evalu-
ating the safety and efficacy of drugs for rare
diseases in the United States and the European
Union.>

When developing therapies for rare diseases
across different regulatory regions, as Larsson'”
explains in a Mini Review in this issue, defini-
tions matter. The definition of prevalence that
deems a disease to be rare is different among
different regulatory regions. This means that a
disease that is considered rare in one region may
not be considered rare in another region. In
certain regions, rare disease may receive an or-
phan designation which then can confer addi-
tional incentives to the drug upon its approval;
however, what the designation entails (e.g., see
rituximab in'®) and what the incentives are var-
ies across regions. Another tcrminology that
does not have a consistent definition across
regions is the “ultra-rare” disease. Though
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ultra-rare diseases are a subset of rare diseases
that affect an exceptionally small number of
individuals, the numbers are not codified in
regulations as has been done for rare diseases.
In literature, ultra-rare diseases are thought to
affect fewer than 1 in 50,000 pcoplc.11 Because
an extremely limited number of patients are af-
fected by the ultra-rare diseases, these diseases
present unique challenges during diagnosis,
drug development, and treatment. In terms of
prevalence, even rarer are the “n-of-1” diseases
that are thought to affect a single individual or
at most a couple of individuals, and these are
typically attributed to unique genetic varia-
tions. Though several “bespoke” therapies (e.g.,
Milasen) are being developed for these diseases,
these therapies also face unique challenges
during development and regulatory approval,12

In recent years, there has been an uptick in
the approval of orphan drugs. In 2023 alone,
more than half of all novel drugs and biologics
approved by the FDA were intended to prevent,
diagnose, or treat rare diseases.'> However, for
some rare diseases even when multiple drugs
have been approved, unmet medical need can
still persist. For instance, several drugs for
Duchenne Muscular Dystrophy (DMD) with
different mechanisms of action (e.g., small mol-
ecule anti-inflammatory drugs, oligonucleotide
therapeutics, gene therapy) have been approved
either based on clinical outcomes or via the ac-
celerated approval pathway based on dystrophin
biomarker changes. In this issue, Konieczny de-
scribes the significant unmet medical need that
still exists for DMD patients, given the disease’s
broad range of phenotypes and symptoms.14
Similarly for other rare diseases, Ullman et al?
present data on a novel investigational agent
with a mechanism of action (substrate reduction
therapy) different from an already approved
drug (enzyme replacement therapy) to address
the unmet need in treating Pompe disease and
Huang et al.'® review the progress in developing
therapies for Huntington’s disease by analyzing
studies included in Clinical Trials.gov. However,
for many rare diseases, there are still no approved
drugs. Using Shwachman—Diamond Syndrome
as an example, a disease with no approved ther-
apy, Hars and Mth:ynolds17 share an approach
for rare disease drug development that may be
applicable for other rare discases as well. They
describe the need to develop non-clinical mod-
els, to develop/have dedicated ICD-10 code,
to conduct longitudinal natural history studies
(that can lead to a good understanding of the
genetic etiology as well as clinical manifestation
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of the disease), to collect patient-reported data,
and importantly, to engage the patient commu-
nity, researchers, and regulators to de-risk drug
development.

Advances in genetic analysis have aided in
rare disease diagnosis and drug development. In
a Mini Review, Yee et al.'® describe the conse-
quences of genetic mutations in vitamin B trans-
porters expressed in the blood—brain barrier that
result in rare neurologic diseases, and they high-
light the potential development of pharmacologic
treatments for these diseases. DeLeeuw et al.””
describe how emerging modalities, enhanced by
the principles of translational science and clinical
pharmacology, are addressing challenges asso-
ciated with rare diseases using SLC6A1 patho-
genic variants as an example. Hamdan et al?
use the Autosomal Recessive Cerebellar Ataxias
(ARCAS) registry to point to how these data can
facilitate planning future trials.

Registries and real-world data can be instru-
mental for rare disease drug development by
contributing to our understanding of the dis-
case. In a Mini Review, Weberpals and \Wang21
summarize the contemporary methodological
approaches for the comparison of external con-
trol arm analysis in rare diseases and outline
some of the criticisms and paths forward based
on learnings from emulation challenges of ran-
domized trials using real-world data.

Given the need to embrace various data
sources to develop a totality-of-evidence ap-
proach, clinical pharmacology is in a unique
position to integrate different pieces of in-
formation coming from various non-clinical,
clinical, and in silico sources. As Ryder posits
in this issue, clinical pharmacology is an inte-
grative discipline that can bring together our
understanding of disease, pharmacology, re-
sponse, and response variability to support the
development of drugs for rare and ultra-rare
diseases.”” There is also a vital role for clini-
cal pharmacology in getting the dosage right,
particularly in the era of precision medicines
as discussed in a recent CPT special issue.”?
While Project Optimus aims to reform the dose
optimization and dose selection paradigm for
cancer therapeutics, getting the dosage right is
also critically important for both oncological
and non-oncological rare diseases. In this issue,
Ahmed et al.** describe some of the challenges
and opportunities in selecting appropriate doses
for novel and emerging modalities, including
enzyme replacement therapies, cell and gene
therapies, and oligonucleotide therapeutics.
They discuss how data from various sources
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including animal models, ex vivo and in vitro
pharmacology studies, model-based predic-
tions, and real-world data can be integrated to
select appropriate doses.

Particularly, modeling and simulation ap-
proaches can help overcome certain challenges
seen in rare disease drug development as these
exposure-based, biological, and pharmaco-
statistical models can combine data from pre-
clinical and clinical sources. Mitra et al.> discuss
the application of novel quantitative approaches
such as quantitative systems pharmacology
(QSP), disease progression modeling, artificial
intelligence (AI), machine learning (ML), and
clinical trial simulations in accelerating drug
development for rare diseases. Focusing partic-
ularly on QSP, Neves-Zaph and Kaddi?® discuss
the current state of the art in the application
of QSP for rare disease drug development, in-
cluding generating virtual digital twins of actual
patients, simulating mechanistically the disease
progression of rare diseases, and accounting for
the phenotypic heterogeneity. They describe
how QSP virtual populations can be developed
to be more diverse than those often enrolled in
clinical trials for rare diseases (representing mild,
moderate, and severe phenotypes) and support
prediction of therapeutic effects in underrep-
resented patient subpopulations. Additionally,
Hamdan et al.** show how analyses of natural
history data from ARCA registry can better in-
form trial designs by allowing for more effective
characterization of disease progression.

Adding to the complexity, nearly half the rare
diseases are pediatric rare diseases * To enroll
children in clinical trials, the general expecta-
tion is that the potential treatment should pro-
vide a prospect of direct benefit. This unique
setting (i.e., children with rare diseases) un-
derscores the importance of leveraging clinical
pharmacology principles and tools at our dis-
posal. We can integrate knowledge of disease
similarity between children and adults (when
available) as well as physiological differences be-
tween the two populations to evaluate the safety
and effectiveness of the investigational drug in
children with rare diseases. In this issue, Krishna
et al.?® summarize the pharmaceutical industry
experience in developing drugs for pediatric
rare diseases focused on biomarkers and sur-
rogate endpoints, statistical and development
considerations, modeling and simulation, and
public—private partnerships. They also high-
light opportunities related to using master pro-
tocols, end-to-end quantitative integration, and
sharing of trial level placebo data to understand

disease progression. Readers are referred to this
White Paper and the one from Ahmed et al
for further information on challenges and op-
portunities in the development of therapeutics
for pediatric rare discases.

Apart from rare diseases, neglected diseases
and neglected populations often become ther-
apeutic orphans. In a Perspective in this issue,
Attipoe describes the role and contributions of
Drugs for Neglected Diseases initiative (DND;),
a non-profit organization that has focused on
developing new treatments for neglected dis-
cases focused on patients in Africa, Asia, and
Latin America.”’ In a Mini Review, Waitt et al ¥
expand on the 2024 Dolores Shockley Award
lecture to discuss the ethical imperative to in-
clude women of child-bearing potential, preg-
nant, and breastfeeding individuals in clinical
trials including pharmacokinetic studies, if there
is an expectation that this patient subpopulation
will use the drug. They highlight the impor-
tance of community engagement and capacity
building within local communities. Mulubwa
and Chibale®! highlight the need to build mod-
els while considering populations not typically
enrolled in biomedical research in order to de-
sign doses tailored to that specific population.
They describe how leveraging in vitro liver sub-
cellular fraction data from Africans, incorpo-
rating information on African genetic variants
(including considering the frequency of Al-
predicted African prevalent drug-metabolizing
gene variants to account for pharmacogenetic
diversity across the continent), and including
in vitro Mtb drug metabolism kinetic data can
be used to promote personalization of thera-
peutics for tuberculosis, a neglected disease with
great unmet medical need.

THERAPEUTIC ORPHAN, NO MORE—A
CALL TO ACTION

Patients with rare and neglected diseases often
face a long, difficult, and expensive journey to
diagnosis and subsequent treatment. As pa-
tient and patient advocates share in this issue,
it takes a village to develop drugs for these dis-
cases.”™ Academic institutions, biopharma-
ceutical companies, patients, patient advocacy
groups, regulatory agencies, and healthcare
providers will all need to join forces in advanc-
ing the treatment of these therapeutic orphans
(Figure 1). Addressing the challenges of rare
and neglected diseases requires a united effort
across multiple disciplines. We call upon the
clinical pharmacology and translational sci-
ence community to collaborate across sectors
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and disciplines so that we can collectively
transform the landscape of rare and neglected
diseases, offering hope to millions of patients
worldwide.
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