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Learning objectives
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Explain
Explain how genetics/genomics may 
influence treatment plans for individuals

Identify
Identify resources to investigate current 
evidence for treatment of diseases

Explore

Explore the importance of data & 
evidence regarding current & upcoming 
gene therapies/genetic‐informed 
treatments

• Number of genetic diseases for which molecular 
basis is known: 5,961 (11/9/20)

• Rate of increase in known genetic diseases: 
1 per day (idiopathic → molecular basis known)

• Prominent examples:
• Seizures: 1,539 genetic diseases
• Intellectual disability: 5,786 genetic diseases
• Recurrent infection: 3,916 genetic diseases
• Congenital heart disease: 4,140 genetic diseases
• Congenital deafness: 2,328 genetic diseases
• Metabolic abnormalities: 3,402 genetic diseases

Background 1: Staggering ↑ in knowledge 
of genetic diseases
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Background 2: Staggering ↓ in cost & time of 
whole genome sequencing tests
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Background 3: Explosion of evidence 
supporting genomic medicine
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• Genomic medicine=genome-informed medicine

• a.k.a. precision medicine
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Explain
Explain how genetics/genomics may 
influence treatment plans for 
individuals

Population 
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Rapid precision/genomic medicine
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Case Example
Explain how genetics/genomics may 
influence treatment plans for 
individuals

• 5-week-old previously healthy ♂ who presented to ED with 
inconsolable crying for 2 hours, extreme irritability & change in cry

• Downward eye deviation noted on neurological examination 

• Parents consanguineous

A

B

C

D

E

• Stat CT head showed evidence of profound 
hypoxic ischemic injury with basal ganglia damage

• Sibling presented in same manner at same age. 
Died undiagnosed 9 years ago @ age 1 year with 
seizures, profound developmental delay
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But is this generalizable?
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Identify
Identify resources to investigate current 
evidence for treatment of diseases
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Sites implementing Rapid Precision Medicine

1 Site

2‐3 Sites

4‐10 Sites

10+ Sites

Page 19

Page 20

Project Baby Bear Goal

UC Davis Children’s 
Hospital

UC San Francisco Benioff 
Children’s Hospital Oakland 

Valley Children’s Hospital 
(Madera)’

CHOC Children’s (Orange 
County)

Rady Children’s Hospital- San 
Diego

Evaluate clinical and economic value of rapid Whole Genome Sequencing for 
Medicaid infants hospitalized in critical care 

Dots represent zip codes of 
enrolled infants
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Project Baby Bear Results
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Identify
Identify resources to investigate current 
evidence for treatment of diseases
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Identify
Identify resources to investigate current 
evidence for treatment of diseases
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Explore

Explore the importance of data & 
evidence regarding current & upcoming 
gene therapies/genetic‐informed 
treatments

Impact of the Orphan Drug Act on Approvals

Source:    https://www.phrma.org/rare‐disease
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Impact of the Orphan Drug Act on Approvals

Source:    https://www.phrma.org/rare‐disease
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Orphan Drugs & FDA

2018 FDA key facts:

• 95% of drugs approved on 1st cycle

• 71% approved in US before any other country

• Expedited Development & Review Pathways:
• 41%:  Fast Track (unmet medical need)
• 24%:  Breakthrough Rx  (preliminary clinical evidence)
• 73%:  Priority Review (within 8 months)
• 7%:    Accelerated Approval (flexible endpoints)
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Targeted Rare Genetic Diseases 

Number of Drugs in Phase II/III and Phase III 
Development for Rare Genetic Diseases  

Sources: Medicines in Development: Rare Diseases, Pharma 2016 ; Center for Drug Evaluation and 
Research Advancing Health Through Innovation 2018  New Drug Therapy Approvals, FDA: January 2019
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Sources: 1. Orphan Drugs in the United States Growth Trends in Rare Disease Treatments. IQVIA Institute. October 2018. 2. 
Addressing challenges in the diagnosis and treatment of rare genetic disorders. Nature Reviews Drug Discovery. 2018.

Impact of Orphan Drug Act on approvals
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Explore

Explore the importance of data & 
evidence regarding current & upcoming 
gene therapies/genetic‐informed 
treatments
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Approach to treatment depends on 
mutation type

Page 31

Gene therapy to replace function

Gene editing to restore gene function

Spinal Muscular Atrophy
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Exploring the evidence:
1. FDA approval/indication
2. Evidence:

1. Number of publications
2. Journal quality
3. Author independence
4. Who paid for study?
5. Experimental design
6. Number of subjects
7. Relevance of end-points
8. Statistical tests use
9. P-values

3. Cost effectiveness - QALYs

Spinal Muscular Atrophy Gene Therapy
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• FDA approved 2019

• 36 publications

• Expected predicted survival 37.2 life years for AVXS‐101 (discounted 
QALYs, 15.7)

• AVXS‐101 $2.5‐5.0M/treatment.

• Average lifetime cost/patient: $4.2‐6.6M

• Incremental cost‐effectiveness ratio ‐$203,072 –$31,379 per QALY (vs 
nusinersen)

Onasemnogene abeparvosec vs Nusinersen
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• Recessive neuronal ceroid lipofuscinosis 7 (Batten’s disease 7)
• Onset age 2‐7
• Progressive developmental regression, speech impairment, loss of vision, 
personality disorders

• Most nonambulatory 2 years after onset
• Death/vegetative state with intractable seizures age ~12

• Proband
• Onset age 3
• Diagnosis age 6
• 1 year development of patient‐specific Antisense Oligonucleotide Therapy 

.

Patient-specific Antisense Oligonucleotide Therapy for Genetic Diseases
Jinkuk Kim, Ph.D., …Austin Larson, M.D., et al. 2019;381:1644-1652
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.

Patient-specific Antisense Oligonucleotide Therapy for Genetic Diseases
Jinkuk Kim, Ph.D., …Austin Larson, M.D., et al. 2019;381:1644-1652

Other allele: MFSD8 c.1102G>C

35

36



11/16/2020

19

• Treatment started age 7
• Before: 15‐30 seizures/day x 1‐2 mins
• After: 0‐20 seizures x < 1 min. No significant adverse events

.

Patient-specific Antisense Oligonucleotide Therapy for Genetic Diseases
Jinkuk Kim, Ph.D., …Austin Larson, M.D., et al. 2019;381:1644-1652

Page 37

Join our community at radygenomics.org

September 24,25 2020
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Summary
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Explain

Genetics/genomics will increasingly 
drive treatment plans for individuals 
with chronic or critical illness especially 
rare genetic diseases

Identify

There exists a dearth of authoritative 
resources of evidence for genomic / 
precision medicine. GeneReviews and 
GTRx are two examples

Explore

Ongoing case‐based education is needed 
to upskill MDs regarding current & 
upcoming gene therapies/genetic‐
informed treatments
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