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Good afternoon. Thank you all for joining and especially for Sandesh who has agreed be part of our conversations today. [brief introduction to myself].



• Genetics is both a 
diagnostic and 
therapeutic specialty

• We aim to discuss 
interventional clinical 
research 

• We welcome active 
participation and 
suggestions

Motivation and Goal
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Voretigene FDA approved in 2017

Onasemnogene FDA approved in 2019
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I wanted to start by speaking about the motivation for these seminars and our goal both today and future events. First, these sessions build upon the acknowledgement that genetics is both a diagnostic and therapeutic specialty that spans from bench to bedside. There are many examples of this and just two are shown on this slide, including gene therapies for the treatment of retinal diseases caused by the RPE65 gene and spinal muscular atrophy. While the umbrella of clinical research is quite broad, these seminars will focus on aspects of interventional clinical research and clinical trials. Finally, this is meant to be interactive so please make use of the chat for questions and discussion and provide us with any suggestions or comments you have for future sessions.



• Study design
• Preclinical research
• Regulatory Affairs
• Data Management
• Funding/Budgets
• Working with Industry
• Ethics

Topics
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A few examples of topics that may be included in these seminars include study conception and design, which we will highlight today. The importance of preclinical research and how discovery is translated to the clinic, regulatory affairs including Food and Drug Administration or FDA, data management for operating a trial, funding and budget considerations, partnering with industry, and of course human subjects research ethics.



Building a Study
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• Research Question
• Building a Team
• Trial Design
• Eligibility Criteria
• Outcomes and Endpoints
• So many other considerations

• regulatory, operation, reporting 
and publication
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Presentation Notes
So, today, we plan to focus on how a study is built from the initial research question, to the team required to design a study, the overall trial designs such as randomization and placebo control, eligibility criteria (what disease and what types of patients will be included/excluded), outcomes and endpoints (what will be measured and what do we hypothesize will change in the measurement). There are of course many other things that go into building a study that we may discuss today as well.
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How did you get interested in the study of bone disorders
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How did the research question originate and what were the initial steps in study conception?Was it driven by investigators, industry, a collaborative effort?



• It is the largest placebo-controlled, randomized 
trial in adults with OI

• It was the first trial in OI involving an anabolic 
agent

• Sufficiently powered to detect difference in 
primary outcomes

• But is it enough to progress from IND to NDA?

Why We Feature This Clinical Trial
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• Heritable connective tissue disorder
• Incidence: 1:15,000 live births
• Variable presentation 

Osteogenesis Imperfecta (OI)

8Illustrations: courtesy of Dr Nagamani et al



Genetic Heterogeneity of OI

9Illustrations: courtesy of Dr Nagamani et al



Molecular Mechanisms Leading to 
Fractures

10Illustrations: courtesy of Dr Nagamani et al



Study Rationale: Bone Resorption vs 
Bone Formation

11Illustrations: courtesy of Dr Nagamani et al



• 1-34 amino acids of the N-terminus of parathyroid 
hormone

• Regulatory status: 
• Approved for treatment of osteoporosis women after 

menopause 
• Robust increase in lumbar spine BMD
• Modest increase in the hip BMD
• Decrease in fractures

• Can it increase BMD in subjects with OI by 
stimulating bone formation?

Study Rationale: Teriparatide as Anabolic 
Agent to Stimulate Bone Formation
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• A regulatory pathway
• Study design
• Sample power calculations
• Cohort

• Inclusion and exclusion criteria
• Outcomes

• Primary
• Secondary
• Exploratory

Critical Decisions
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Presenter
Presentation Notes
In addition to the principal investigators who else was involved in the conceptual design of the study (statistics, regulatory, finance/budget, sponsor, industry) and how were those people identified? Were patient advocacy groups involved in study planning?



Study Design: Randomized, Double-Blind, Placebo-
controlled, Parallel-Group, Non-Crossover

14Illustrations: courtesy of Dr Nagamani et al
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and how were those people identified? Were patient advocacy groups involved in study planning?Why was an randomize controlled trial design chosen for this study? Were other study designs (e.g. a single arm with the use of historic data, or a cross over design) considered? How did the fact that OI is a rare disease influence this decision? Was there concern about using a placebo in this population? Do you think having a placebo arm impacted enrollment?



• 5% difference between treatment and placebo 
groups

• Assumptions
• 80% power
• 2-tailed α = 0.05
• 15% subject dropout rate

• 90 participants

Power Calculation
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How did you approach sample size in the context of a rare disease? How did power analysis inform this decision?Of 79 randomized participants only 56 (71%) were included in the interim analysis. This is much higher than the predicted 15% drop out rate. How did this influence the analysis given that it is much higher than the predicted 15% drop out rate? How does it compare to a typical clinical trial? To a typical trial in rare diseases?



• Inclusion criteria
• Adults with a clinical diagnosis of OI and fused 

epiphyses
• Exclusion criteria

• Bisphosphonate therapy with 12 months of enrollment
• Abnormal ALP, AST, ALT, elevated serum creatinine, 

hypo- and hypercalcemia 

Study Cohort
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How did you select inclusion and exclusion criteria? Were there considerations to only include specific types of OI?



• Primary endpoint
• Change in the areal BMD at the spine and hip 

measured by DEXA
• Secondary endpoint

• Volumetric change in BMD at vertebrae measured by 
high resolution qCT

• Estimated vertebral strength by finite element analysis 
• Self-reported fractures

Trial Endpoints
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How did you select the primary and secondary outcomes of this study? Were these based on pre-clinical studies, known outcomes from the previous clinical trials in adults with osteoporosis, etc.? Was the selection of endpoints influenced by the basis for approval of teriparatide in osteoporosis (e.g., fracture events and percent change in bone mineral density in postmenopausal women). How did you determine that these metrics appropriate in OI?In consideration of Patient-Focused Drug Development, would you have included patient reported outcome measures or other methods to capture the patient experience if the study were designed today?



Results
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Teriparatide Increases BMD
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Teriparatide Increases Bone Strength

20
Illustrations: courtesy of Dr Nagamani et al



Outcomes May Vary Depending on the OI Type

21Illustrations: courtesy of Dr Nagamani et al



• Teriparatide’s safety profile
• No differences were observed between the intervention 

and placebo groups
• Serious adverse events?
• Safety outcomes

• Follow up studies on the risk of osteosarcoma?

Safety
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What is the future of this drug in the treatment of OI? How have the experiences from this trial informed future clinical trials for OI? What is the current approval status of teriparatide for this indication?





Teriparatide Increases Bone Remodeling

24Illustrations: courtesy of Dr Nagamani et al
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