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How common is MSUD?

| Table 2
¥ Summary table for the German NBS data with details about region and years included.

Disorder screened Region (years reported) Number with disorder Number screened Incidence
MSUD South-West Germany (1998-2014) 14 1,674,021 1/119,573
MSUD Germany (2000-2014)" 51 9,076,891 1/177,978

Table 1

Overall summary table from US data. Solo refers to only that diagnosis included
in these numbers.

- Summary table of the NBS data from Kuwait.

7~

#

S Disorder screened Number with disorder Number screened Incidence
Disorder screened Number found Number of Incidence
with disorder births MSUD 1 59,426 1/59,426
Maple Syrup Urine Disease 91 21,141,094 1/220,219 ‘ |l A “ "

Other population estimates:
Mennonite community: 1:380
Ashkenazi Jewish population: 1:26,000

Chapman, et al. MGM Reports 15 (2018) 106-109



Why is it important to know incidence? Orphan drug designation

Orphan drug designation qualifies sponsors for incentives including:
» 7-year marketing exclusivity to sponsors of approved orphan products

«25% federal tax credit for expenses incurred in conducting clinical research within the United States
« Tax credits may be applied to prior year or applied over as many as 20 years to future taxes

*\Waiver of Prescription Drug User Fee Act (PDUFA) fees for orphan drugs
« Avalue of approximately $2.9 million in 2021

Ability to qualify to compete for research grants from the Office of Orphan Products Development (OOPD) to
support clinical studies for orphan drugs

*Eligibility to receive regulatory assistance and guidance from the FDA in the design of an overall drug
development plan



Why is it important to know incidence? Orphan drug designation

The Orphan Drug Act defines a rare disease as a disease or condition
that affects less than 200,000 people in the United States.



https://www.fda.gov/industry/designating-orphan-product-drugs-and-biological-products/orphan-drug-act-relevant-excerpts
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Is there another way to estimate incidence? Can we use basic genetic principles?

Autosomal Recessive Inheritance

Unaffected mother
(Carrier)

Unaffected father
(Carrier)

Chromosome pair

Mutated Normal
gene gene

Unaffected daughter Unaffected son Unaffected daughter Affected son
(Carrier) (Carrier) ,

National Cancer Institute
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Is there another way to estimate incidence?
Can we use basic genetic principles?

Hardy-Weinberg Principle

Parent generation
Phenotype
Genotypic frequency

Number of individuals
(total = 500)

Number of alleles
in gene pool
(total = 1000)

Allelic frequency

YY) Yy) 6

49 42 09
245 210 45
Y: 490 + 210 = 700 y: 210 + 90 = 300
700Y 300y .
1000 total -’ P 1000 total >~




Hardy-Weinberg Principle

Is there another way to estimate incidence?
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Large databases of genomic data

9

NOMAD
Lt R 6

genome aggregation database

Population Description Genomes
afr African/African American 21,042
ami Amish 450
amr Latino/Admixed American 6,835
asj Ashkenazi Jewish 1,662
eas East Asian 1,567
fin Finnish 5,244
nfe Non-Finnish European 32,299
sas South Asian 1,526
oth Other (population not assigned) 1,077
Total 71,702

https://gnomad.broadinstitute.org



Examples of DBT variants in gnomAD

Variant ID - Clinical Significance g::s:ft NﬁIrI:tI)Zr Fr:gl.lue;zc_y VEP Annotation
1-100196389-A-G 2 136152 1.47e-5 O missense
1-100196395-C-G 1 125028 8.00e-6 O missense
1-100196395-C-T Conflicting interpretations of pathog... 2 125028 1.60e-5 O missense
1-100196405-G-C 1 110086 9.08e-6 O missense
1-100196410-A-G 1 130224 7.68e-6 O missense
1-100196413-G-A Pathogenic/Likely pathogenic 2 106800 1.87e-5 @ stop gained
1-100196425-AGAAAT-A 5 59838 8.36e-5 @ splice region



The next step is to determine which variants are truly disease-causing

Benign

Pathogenic
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Kierstin Keller,
MS CGC



Mined the gnomAD database for all predicted loss of function and missense variants (classified as P/LP and VOUS) in the
three genes associated with Maple Syrup Urine Disease: DBT, BCKDHA, BCKDHB

DBT BCKDHA BCKDHB
pLOF variants: 13 pLOF variants: 29 pLOF variants: 30
Missense Variants (P, LP, VOUS): 168 Missense Variants (P, LP, VOUS): 244 Missense Variants (P, LP, VOUS): 158

Using the ACMG variant classification guidelines to determine which variants would meet criteria for pathogenic and
likely pathogenic classifications

DBT BCKDHA BCKDHB
pLOF variants (P/LP): 13 pLOF variants (P/LP): 27 pLOF variants (P/LP): 30
Missense Variants (P, LP): 8 Missense Variants (P, LP): 35 Missense Variants (P, LP): 23




Determined variant carrier
rate (VCR) of each likely
pathogenic and pathogenic
variant

VCR = (allele count —
homozygote count)

(0.5 * allele number)

BCKDHA variants: 62

BCKDHB variants: 53

Sum VCR to determine
Gene Carrier Rate (GCR)

BCKDHA carrier rate :
0.001919908

BCKDHB carrier rate :
0.00288119

Calculate gene specific
incidence using The
Hardy-Weinberg
Equation

BCKDHA Incidence:
1in 271,294

BCKDHB Incidence:
1in 120,464

Combine to determine
MSUD incidence

1in 63,837
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