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The Modernization
of Orphan Drug Development
Orphan drugs are used to treat rare diseases and disorders. An estimated 7,000 rare diseases impact
approximately 350,000 people worldwide. The population prevalence criteria for rare disease
designation is set by regulatory agencies and differs by region, eg, < 250,000 patients (EU),
< 200,000 patients (United States), and < 50,000 (Japan). Prior to the 1983 passage of the Orphan Drug
Act, only 38 orphan drugs had been approved by the FDA. By the end of 2017, the FDA granted orphan
status to more than 450 distinct drug products for over 650 rare disease indications. The number
of annual approvals has doubled over the past 6 years, primarily driven by novel agents and new
indications. Since its introduction, the law has stimulated the orphan drug market by facilitating the
development of orphan drugs and led to programs being established in the EU, Japan, Australia, and
other nations. Model-informed drug development (MIDD), eg, physiologically-based pharmacokinetic
(PBPK) and population pharmacokinetic (PopPK) modeling techniques, embraced by sponsors and
regulators, has played an important role in modernizing the orphan drug development process.

Orphan drug market landscape
The orphan drug market has grown steadily with sales estimated to reach $209 billion by 2022,
doubling the overall prescription market growth, and representing over 20% of the worldwide
prescription sales. Since the Orphan Drug Act was passed, the number of orphan designations has
been steadily growing—presently approximately 4,350 orphan designations have been granted by
the FDA. The orphan drug designation program provides orphan status to drugs and biologics that
are defined as those “intended for the safe and effective treatment, diagnosis, or prevention of rare
diseases.” Although all major disease areas are covered by orphan drugs, 35% of approved orphan
drugs are used to treat narrowly defined patient subgroups within oncology. Since 2010, nearly 75%
of all novel cancer drugs approved in the US qualified as orphan products.

The lure of the orphan drug market for the pharmaceutical industry
Historically, sponsors ignored drug development for rare diseases due to several factors, including
small market size and poor return on investment—hence, the moniker “orphan drug.”
The Orphan Drug Act created legal and financial incentives to motivate pharma and biotech
companies to pursue rare disease research and development. These incentives include tax credits
for clinical trial costs, 7 year market exclusivity from market approval, and federal funding of grants
and contracts to perform clinical trials of orphan products.
Although many small biotech companies focus exclusively on orphan drug development,
the market has, for the past 5 years, been dominated by the Tier 1 industry leaders who have
implemented orphan drugs into their drug discovery and development pipelines. Orphan drug
development requires smaller clinical trials. Combined with limited competition, this provides an
advantage for regulatory review.
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Rare/Orphan Disease Drug Development Plans Supported by Certara
Genetic & Hereditary

Antinfectives/Antivirals

Oncology

Gastrointestinal

CNS

Bone and Muscle Diseases

Blood Disorders

Other

•
•
•
•
•
•
•

Fabry Disease
Pompe Disease
Hunter’s Disease
Metachromatic Leukodystrophy Disease
Transthyretin-mediated Amyloidosis
Familiar Mediterranean Fever
Urea Cycle Disorder

•
•
•
•
•
•

Hereditary Anglodema
ACE-induced HAE
Lennox-Gastaut Syndrome
Gaucher Disease
Cystic Fibrosis
Hypophosphatasia

• Anthrax
• Orthopoxvirus/Smallpox

• Symptomatic Botulism
• Respiratory Syncytial Virus

•
•
•
•
•

• BRAF Mutation
• Blood Cancer
• Ovarian Cancer

Acute Lymphoblastic Leukemia
Metastatic Myeloma
Multiple Myeloma
Acute Myeloid Leukemia
Urinary Bladder Cancer
(Photodynamic Therapy)

• Short Bowel Syndrome
• Pediatric Crohn’s Disease

• Carcinoid Syndrome

• Myasthenia Gravis
• Restless Leg Syndrome
• Spasticity due to Multiple Sclerosis

• Friedreich’s Ataxia
• PKAN (Pantothenate Kinase-associated
Neurodegeneration)

• X-linked Hypophosphatemia
(Vitamin D-resistant Rickets)

• Duchenne Muscular Dystrophy
• Hypophosphatasia

• Paroxysmal Nocturnal Hemoglobinuria
• Atypical Haemolytic Uremic Syndrome
(aHUS)

• Beta-thalassemia
(Sickle Cell Beta-thalassemia)

• Radiation Poisoning
• Hypoparathyroidism
• Molybdenum Deficiency

• Peyronie’s Disease
• Hyperuricemia in Patients with
Gout Refractory
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Orphan drugs may also receive fast-track designation from the FDA. Other business drivers
contributing to the attractiveness of orphan drug development include significant pricing power,
reduced marketing costs, increased reimbursement possibilities for unmet medical needs, and
longer exclusivity.

The use of MIDD for orphan drug development
MIDD approaches such as PBPK, PopPK, and pharmacokinetic/pharmacodynamic (PK/PD) modeling
and simulation (M&S) have become an integral component of drug development. Sponsors and regulatory agencies use these quantitative modeling tools to predict drug-drug interactions (DDIs), interpolate
and extrapolate dosing regimens with models of varying complexity, inform and optimize clinical trial
design, and evaluate exposure-response relationships.
These approaches have been integrated into a recent draft FDA guidance developed with the European
Medicines Agency (EMA). The guidance outlines a novel approach to develop new drug therapies for
rare pediatric diseases. The increase in the number of orphan drug trials being conducted in parallel
creates a challenge for effective development due to the limited number of available patients. The
new guideline addresses this challenge by incorporating modeling and simulation approaches that will
enable the timely development of multiple drug products while minimizing the number of placebotreated patients needed for studies.
The approach outlined in the guidance proposal incorporates M&S to facilitate trial design
optimization, inform dosing rationales, and support adult extrapolation studies to determine
efficacy and reduce testing in children. Mechanistic approaches, eg, PBPK and mechanistic PK/PD,
is recommended for dose characterization. M&S tools are also recommended to inform dosing
rationale and optimize pediatric study design, sample size, starting dose, and dosing regimen.

Addressing unmet medical needs through orphan drug development
The ongoing investment by the US, EU, Japan, and other key countries to hasten developing drugs
for rare diseases highlights their commitment to improve health care for patients with unmet
medical needs.
Certara uses PBPK, PK/PD, PopPK and other quantitative clinical pharmacology M&S tools to
support orphan drug development programs. Our M&S approaches have been leveraged to support
orphan drug development across an extensive range of therapeutic areas including oncology,
blood disorders, CNS, gastrointestinal, bone and muscle diseases, infectious diseases, and genetic
inherited diseases.

MIDD approaches for orphan and pediatric drug development
The following case studies demonstrate how MIDD approaches were leveraged to characterize
PK-response relationships, determine potential DDIs, establish a safe and efficacious dosing
regimen, and inform a translational medicine strategy to support switching from adults to infants
during early clinical development.
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Case Study
MIDD Supports Regulatory Approval for Combination Treatment of
Metastatic Melanoma
Roche Genentech first received FDA approval in 2011 for the use of vemurafenib (Zelboraf®)
for patients with metastatic melanoma whose tumors also express the gene mutation B-RAF
V600E. B-RAF is part of the RAS/RAF/MEK/ERK cell signaling pathway that normally regulates cell
proliferation, survival, migration, cell cycle regulation, and angiogenesis. Cancer cells frequently
express mutations, such as B-RAF V600E, that can cause dysregulation of this pathway.
Cancer cells often become resistant to targeted therapies. Combination therapy is a treatment
approach that can help address this challenge. Phase 3 studies of vemurafenib used in combination
with cobimetinib (Cotellic®), a small molecule inhibitor of MEK metabolized by CYP3A and UGT2B7,
significantly improved progression-free survival compared to vemurafenib alone. To gain approval
of the combination therapy to treat advanced melanoma that has a B-RAF V600E or V600K mutation,
the sponsor needed to understand the PK and exposure-response relationship of cobimetinib and
vemurafenib to develop an optimal safe and efficacious dosing strategy. These studies leveraged the
following MIDD approach that helped in the approval of this combination therapy:
• Certara’s Simcyp Simulator, along with cobimetinib in vitro data, was used to build and verify
a PBPK model to predict the magnitude of change in cobimetinib exposure in the presence of
other CYP3A inhibitors and inducers. The PBPK DDI studies provided insight into 16 potential
DDIs and helped inform the drug label for cobimetinib without a need to perform specific
clinical studies.
• PopPK and non-linear mixed-effects modeling (NLME) were used to adequately describe
cobimetinib’s PK and determine the exposure-response relationship of the combination therapy.

The Stages of Malignant Melanoma
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Case Study
Developing a Dosing Strategy for the Treatment of a Rare Liver Disease
Primary Biliary Cholangitis (PBC) is a chronic rare disease characterized by cholestasis—the impaired
flow of bile from the liver. The increased bile acid concentrations cause cellular injury and, if left
untreated, can lead to liver failure and death. Ursodeoxycholic acid (UDCA) was the only approved
treatment for PBC. However, not all patients respond to UDCA, leading Intercept Pharmaceuticals to
develop obeticholic acid (OCA, Ocaliva®) as an alternative treatment for this disease.
OCA is a selective and potent farnesoid X receptor (FXR) agonist. When activated, FXR decreases the
concentration of bile acids in the liver, reducing cellular injury. Developing a robust dosing strategy
required understanding the relationship between systemic and hepatic exposure of OCA in patients with
and without hepatic impairment. Study results revealed that systemic OCA concentrations increased
with worsening hepatic impairment. Yet, plasma FGF-19 levels were increased with the administration
of OCA for subjects with and without hepatic impairment, suggesting similar activation of FXR.
Clearly, systemic exposure of OCA failed to correspond to its pharmacological effects in the liver.
Certara’s Phoenix® NLME™ population modeling software was used to build a physiologic PK model
to define this relationship. The physiologic PK model was validated when its predicted OCA-plasma
exposures were found to be comparable to observed exposures in healthy volunteers and patients
with hepatic impairment.
The modeling results and clinical trial data supported the safety and efficacy of the OCA dosing
strategy. This led to FDA fast track designation and approval of OCA for the treatment of PBC in
combination with UDCA in adults who show inadequate response to UDCA alone or as a single
therapy in adults who cannot tolerate UDCA.

Case Study
A Translational Medicine Strategy to Accelerate Development of an Anti-Viral
Therapy for Infants
ALS-8176, a novel pan-genotypic nucleoside analog inhibitor of viral replication was being
evaluated by Alios Biopharma, a clinical stage biopharmaceutical Johnson & Johnson company,
as a treatment for respiratory syncytial virus (RSV) infection in infants. However, there was no
precedent for the regulatory acceptance of an accelerated development for a therapeutic to treat
RSV infection in infants. A translational medicine strategy was designed to support switching
from adults to infants during early clinical development of ALS-8176. The approach used preclinical models, disease and PK/PD M&S, clinical PK, viral kinetic and safety data from healthy
adults, and adaptive-design human challenge models (HCM). The integrated clinical/pre-clinical
pharmacology and MIDD approach led to accelerated development of ALS-8176 for pediatrics in
the US and EU, and significant development time and cost savings for the sponsor:
• PK modeling with allometric scaling was used to justify pediatric dosing to achieve
concentrations that were expected to be in the therapeutic range
• The HCM demonstrated antiviral activity of ALS-8176 and elucidated exposureantiviral relationships
• Construction of a PK/PD and viral kinetic model for RSV in adults enabled determination
of exposure-response relationships
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Case Study
Simulations of Eculizumab to Support Dosing Rationale in Adult and Pediatric Patients
with Atypical Hemolytic Uremic Syndrome
Using MIDD strategies, information gained during the development of a drug for one indication
can be used to inform a different indication. PNH (paroxysmal nocturnal hemoglobinuria) is a rare,
progressive, and life-threatening disease characterized by rampant destruction of red blood cells
(hemolysis) and excessive blood clotting. Atypical hemolytic uremic syndrome (aHUS) is an ultrarare genetic disease characterized by the formation of abnormal blood clots in small blood vessels
throughout the body, which leads to kidney failure, damage to other organs, and premature death.
Both PNH and aHUS are caused by chronic, uncontrolled activation of the complement system.
During activation of the complement system, the terminal protein C5 is cleaved to C5a and C5b
which, in turn, cause terminal complement-mediated events characteristic of both aHUS and
PNH. Eculizumab (Soliris®), developed by Alexion, is an approved humanized monoclonal antibody
(mAb) to treat PNH. Eculizumab binds C5, thereby inhibiting its cleavage. To help the sponsor get
accelerated approval of eculizumab for treating aHUS in both adults and pediatric patients, Certara
scientists leveraged previous knowledge gained during its development for PNH. A PopPK model
that had been constructed in adult patients with PNH was customized and used to develop optimal
dosing strategies for adult and pediatric aHUS patients. Comparing adults with PNH to pediatric
aHUS revealed that children respond differently to intervention, thus a different endpoint was used.
The PK/PD relationship in PNH was leveraged to measure the drug’s exposure and inform pediatric
dosing for aHUS. Identifying the therapeutic dosing window for a mAb in pediatric patients involved
several steps.
• To ensure safeguard against toxicity, the upper exposure limit was capped at what had been
observed in adults
• To ensure efficacy, the minimum drug exposure threshold was determined by predicting the
concentration of the soluble target and the binding characteristics of the mAb to its target—
staying above this minimum threshold ensured close to full target inhibition
• Trial simulations using a PopPK model were performed to determine the dosing
recommendations for pediatric patients of varying weights
The primary endpoint results obtained from the clinical program for aHUS—two Phase 2 studies and
a retrospective observational study—indicated that the response to the intervention exceeded 95%
and led to the 2011 FDA approval of Soliris to treat aHUS patients.

MIDD approaches modernize orphan drug development
Model-informed drug development approaches have become an integral part of the drug
development continuum. Future advances in technology and science will continue to accelerate
orphan and rare disease development. Through sharing and collaboration we support clinical,
regulatory, and commercial aspects of orphan and rare drug development to help expedite the
delivery of safer and more effective medications to treat patients with unmet medical needs.
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About Certara
Certara is a leading provider of decision support technology and consulting services for optimizing drug
development and improving health outcomes. Certara’s solutions, which span the drug development and
patient care lifecycle, help increase the probability of regulatory and commercial success by using the most
scientifically advanced modeling and simulation technologies and regulatory strategies. Its clients include
hundreds of global biopharmaceutical companies, leading academic institutions and key regulatory agencies.
For more information visit www.certara.com or email sales@certara.com.
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