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Overview

* Describe genomics in healthcare and actionable diseases

* Genetic testing in the Virtual Data Warehouse (VDW)

Integrating clinical genetic testing and research genomics

* Improving access to genetic health services
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Clinical Sequencing Options

* By Single Gene or Locus
» Sanger, Next generation sequencing (NGS)
e Usually for 1:1 gene:phenotype relationships (RS1, Blue Cone Monochromatism)

* With/Without Deletion/Duplication
e RT-PCR, ddPCR, SNP array, CGH, MLPA, Sanger (XY)

* NGS Panels (various custom capture methods)
* Locus heterogeneity (IRDs, maculopathies, albinism, MAC)
* Deletion/duplication analysis performed informatically

* Clinical exome or genome sequencing
* Emerging first-pass clinical testing for disorders with many causal genes
* Long-reads to sequence repetitive regions (RPGR orf15, XL opsin array)



Clinical variant interpretation — ACMG 2015 Guidelines

Pathogenic

Benign

<
Strong

—> <
Supporting

Supporting

Moderate

Strong

>
Very Strong

Population
Data

MAF is too high for
disorder BA1/BS1OR
observation in controls
inconsistent with
disease penetrance BS2

Absent in population
databases PM2

Prevalence in
affecteds statistically
increased over
controls PS4

Computational
And Predictive
Data

Multiple lines of
computational evidence
suggest no impact BP4

Missense when only

truncating cause disease BP1

Silent variant with non

predicted splice impact BP7

In-frame indels in repeat

w/out known function BP3

Multiple lines of
computational
evidence support a
deleterious effect
on the gene /gene
product PP3

Novel missense change
at an amino acid residue
where a different
pathogenic missense
change has been seen

before PM5

Protein length changing
variant PM4

Same amino acid
change as an
established pathogenid
variant
PS1

Predicted null
variantin a gene
where LOF is a
known
mechanism of
disease

PVS1

Functional
Data

Well-established
functional studies show
no deleterious effect BS|

Missense in gene with
low rate of benign
missense variants and
path. missenses
common PP2

Mutational hot spot
or well-studied
functional domain
without benign
variation PM1

Well-established
functional studies
show a deleterious
effect PS3

Segregation
Data

Non-segregation
with disease 854

N <1/8if 1 family
N<1/4if > 1 family

N <1/16if 1 family
N <1/8if >1 family

N < 1/32 if 1 family
N < 1/16if > 1 family

De novo
Data

De novo (without
paternity & maternity
confirmed) PM6

De novo (paternity &
maternity confirmed)
PS2

Allelic Data

Observed in trans with
a dominant variant BP2

Observed in cis with a
pathogenic variant BP2

For recessive disorders,
detected in trans with
a pathogenic variant
PM3

Other
Database

Reputable source w/out
shared data = benign BP6

Reputable source
= pathogenic PP5

Other Data

Found in case with an
alternate cause BP5

Patient’s phenotype or
FH highly specific for
gene PP4

Richards et al, Genetics in Medicine (2015); Jarvik and Browning, AJHG (2016)




Variant Classes Class Probability

Evidence Code Combinations Class

e ETEE 0.99
0.90

?7?

VUS

Insufficient evidence to reach a pathogenic  Variant of
or benign classification Uncertain
OR Significance
Mix (PP, PM, PS, or PVS) AND (BP or BS)

Evidence Code Strength
m Very strong pathogenic

= Strong pathogenic

 Moderate pathogenic

¥ Supporting pathogenic

= Supporting benign

0.10

® Strong benign

m Stand alone benign

0.01

Brnich et al, Hum Mut 2018
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Genomic Precision Medicine: ClinGen CinGer

Clinical Genome Resource

Laboratories Researchers

Aggregate Genomic and Health Data

W

Curate Based on ClinGen's Critical Questions

» Actionability: 84 genes (v3.4)
» Gene:disease association validity

\ W / . | > Gene-specific variant classification
.Disseminate Expert Curated Knowledge".

Gmprove Patient Care Through Genomic Medicina hn(m

Gene Disease Variant Dosage Clinical
Validity Pathogenicity Sensitivity Actionability

https://clinicalgenome.org/working-groups/clinical-domain/ocular-cdwg/



FDA Approval — RPE65 — 2017

FDA NEWS RELEASE

FDA approves novel gene therapy to treat
patients with a rare form of inherited vision loss

§ Share in Linkedin | % Email | &= Print

For Immediate Release: | December 18, 2017

Espafiol

The U.S. Food and Drug Administration today approved Luxturna (voretigene
neparvovec-rzyl), a new gene therapy, to treat children and adult patients with an
inherited form of vision loss that may result in blindness. Luxturna is the first directly
administered gene therapy approved in the U.S. that targets a disease caused by mutations
in a specific gene.

ABCA4 - Stargardt disease CHM - X-linked choroideremia

CNGB3 — Achromatopsia GUCY2D - Leber congenital amaurosis
MYOZ7A - Usher syndrome PDEG6B — Retinitis pigmentosa

RPGR - X-Linked RP RPGRIP1 - Leber congenital amaurosis

Retinal Dystrophy

L

m Solved m Unsolved Uncertain

2021
RPE65 added
to the ACMGG
3.0 secondary
findings genes

CNGA3 — Achromatopsia
MERTK — Retinitis pigmentosa
RLBP1 — Retinitis pigmentosa
RS1 — X-linked retinoschisis

USH2A - Usher syndrome (Dual vector, ASO) CEP290 - Leber congenital amaurosis (ASO, CRISPR)
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RPE65-related recessive retinopathy

Search results for rpe65

Showing 1 to 2 of 2 results EYEG

retinitis pigmentosa 20

http://purl.obolibrary.org/obo/MONDO_0013425

Ontology: Mondo Disease Ontology m

Leber congenital amaurosis 2

http:/fpurl.obolibrary.org/obo/MONDO_0008765

Ontology: Mondo Disease Ontology m

HGNC Approved Gene Symbol: RPE65

Cytogenetic location: 1p31.3  Genomic coordinates (GRCh38): 1:68,425,821-68,450,321 (from NC8I)

Gene-Phenotype Relationships

Location Phenotype
1p313 Leber congenital amaurosis 2
Retinitis pigmentosa 20

Retinitis pigmentosa 87 with choroidal involvement

View clinical synopses as a table

Phenotype Phenotype
MIM number Inheritance mapping key
204100 AR E

613794 AR E

618657 AD 3

RETIMNAL GENE THERAPY

Retina

Viral New Virsl
DNA Gene DNA

HATDINR

Modified DNA injected

o9,

Vector binds to
cell membrane

Y

U.S, National Library GREEGIEET \

Needle injects
replacement gene

—
|

Optic nerve  Photoreceptor cells

Figment layer rejuvenated
in freated area

SOURCE: Moorfields Eye Hoepital




FDA-a

Classification type
] Germline (15)
] somatic (0)

Germline classification

[ Conflicting classifications (0)
] Benign (8)

[0 Likely benign (0)

[ Uncertain significance (0)
[ Likely pathogenic (D)

(] Pathogenic (9)

Molecular consequence
(O] Frameshift (3)

[ Missense 4)

] Nonsense (2)

[ splice site (3)

[ ncRNA (0)

[ Near gene (0)

[J UTR (0)

Variation type

[ Deletion (1)

] Duplication (2)

[ Indel (0)

[ Insertion (2)

[ single nucleotide (12)

Variation size
[ Short variant (= 50 bps) (15)
(] Structural variant (== 50 bps) (0)

Variant length

] = 1kb, single gene (15)
[ = 1kb, single gene (0)
[ = 1kb, multiple genes (0)

Review status

[ Practice guideline (D)
Expert panel (15)

(O] Multiple submitters (0)

[ single submitter (0)

[ Atleast one star (15)

[ Conflicting classifications (0)

Clear al

Show additional filters

Graphical view of search results a
» GRCh37
Gene —_— —_—

Pathogenic

Likely pathogenic
Uncertain significance
Likely benign

Benign

Conflicting

Mot provided

other

| 63894K 68396K 68898K

Search results

Display options » Sort by Relevance » Download «

© Filters activated: Expert panel. Clear all to show 800 items.

68900K 68902K

= =

]
|

63904K 68906K 68908K

ltems: 15

i}
iy

68914K

Variation Gene

(Protein Change)

Type
(Consequence)

Condition

Classification, Review status

[J NM_000329.3(RPE65).c.496-1G=A RPEG5
O NM_000329.3(RPE65).c.886dup (p.Arg296{s) RPE&S

(R296fs)
[ NM_000329.3(RPE65):c.1302G=>A (p.Alad34=) RPE65

[J NM_000329 3(RPE65).c.615_616del (p.lle206fs) RPEG5
(1206Ts)

[J NM_000329 3(RPE65).c. 495+1dup RPEGS
(V166is)

[J NM_000329 3(RPE65).c.1087C>A (p.Pro363Thr) RPEGS
(P363T)

Single nucleotide variant
(splice acceptor variant)

Duplication
(frameshift variant)

Single nucleotide variant
(synonymous variant)

Deletion
(frameshift variant)

Duplication
(frameshift variant +1 more)

Single nucleotide variant
(missense variant)

RPEG5-related recessive retinopathy

RPEG5-related recessive retinopathy

RPE65-related recessive retinopathy

RPE65-related recessive retinopathy

RPE6G5-related recessive retinopathy

RPEG5-related recessive retinopathy

Pathogenic #rk

FDA Recognized database

Pathogenic #

FDA Recognized database

Benign Ak

FDA Recognized database

Pathogenic A

FDA Recognized database

Pathogenic #ri

FDA Recognized database

Pathogenic ##i

FDA Recognized database

h

proved RPE65 variant classifications (ClinVar)

Q



Overview

* Describe genomics in healthcare and actionable diseases

* Genetic testing in the Virtual Data Warehouse (VDW)

Integrating clinical genetic testing and research genomics

* Improving access to genetic health services



CESR VDW MM Data Flow

Laboratory Vendors

= Securely send
discrete test result

data as text files to
KPIT

Kaiser Permanente Center for
Effectiveness & Safety Research

>

National KP IT

Loads vendor data
into central
database

Provides research
sites access to
regional views

>

KP Research Sites

» Read data from
KPIT database

= Standardize data
using CESR scripts

= |oad data into
regional VDW



Order Count

Overall order count at 8 KP regions between years 2006-mid 2024 (July 2024)

60000 —
CESR

40000 - Counts (2006-2024)
Unique Orders 323,664
Unique participants n/a

20000 — Total genes tested 14,999,424
Total variants 226,533
reported

0 —

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

6/30/2026

15



Percent of Orders

Percent of Orders

Vendor makeup of total orders by KP region from 2016 to 2024

25% 25% — 25% — 25% —
REGION 1 REGION 2 REGION 3 REGION 4
20% — 20% | 20% | 20%
15% 15% | 15% 15% -
10% 10% a 10% 10% I
5% _-I 5% - 5% - 5% - __.
—_ —
T - — . — . -
0% 0% — 0% 0%
2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
25% 25% — 25% 25%
REGION 5 REGION 6 REGION 7 REGION 8
20% 20% 20% 20%
15% 15% 15% 15% —
10% 10% 10% 10%
-_—
0 I i II II =il
__m - - [ [
0% 0% -. 0%
2014 2016 2018 2020 2022 2024 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

0%
2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2006 2008 2010 2012

Vendor 1 2E3 W4 5 6 7



Markers evaluated by disease group

O N & O B W N =

o
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(&)

40 60
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Percent of Markers Evaluated

M Breast and ovarian cancer Bl Familial hypercholesterolemia
Lynch syndrome M Other

Breast and ovarian cancer markers: ATM, BRCA1, BRCA2, BRIP1, CDH1, CHEK2, NBN, NF1, PALB2, PTEN, RAD51C, RAD51D, STK11, TP53
Lynch syndrome markers: MLH1, MSH2, MSH6, PMS2, EPCAM

6/30/2026 Familial hypercholesterolemia markers: LDLR, APOB, PCSK9

17



Number of Reported Variants

Total variants detected at 8 KP regions by classification 2016 —2024

150000 -

125000 —

100000 —

75000 —

50000 —

25000 —

Other

Benign

Benign
likely

Uncertain
significance

Pathogenic
likely

Pathogenic

18



VENDOR
PULL DATE

ACCOUNT
NBR

AQ

VDWMRN_A X

SPECIMEN

NER

CESR VDW MM Table Format

ORDERING
PROV ID

VDWPROVID_1

VDWMRN_B Y AR

VDWPROVID_2

VDWMRN_C Z

VDWPROVID_3

ORDERING
INST ZIP

RECEIVING
PROV ID

RECEIVING
NST ZIP

ORDER DATE| ORDER NAME

SCNSA ONLY

MARKERS
EVALUATED

SCN9A

COLLECTION | DISEASE

BREAST

CANCER PANEL

2 CDH1, PTEN,
STK11,TP53

BRCA1, BRCAZ,

81321,
81406

BRCA1&2

BRCA1,BRCA2

DISEASE
ASSESSED
CODING SYSTEM

RESULT DATE

MOST PATHOGENIC ORDER ORDER
RESULT WITHIN - INTERPRET
Py NTerPRETATION| |TERPRE
MARKER HAS
INCONCLUSIVE | INCONCLUSIVE 1 GM
MUTATION
1 GM
AT LEAST 1
MARKER HAS
PATHOGENIC 1 GM
MUTATION

VDWMRN_A SCN9A SODIUM VOLTAGE-GATED CHANNEL ALPHA SUBUNIT 9 UNCERTAINSIG 1 HETE““j:;g;‘fFUDNUC;[':TI‘::':CSL(;':'F'C‘"NCE HGNC .
VDWMRN_B 2 BRCA1 BRCA1, DNA REPAIR ASSOCIATED NEGATIVE HGNC Y 1
VDWMRN_B 2 BRCAZ BRCAZ, DNA REPAIR ASSOCIATED NEGATIVE HGNC Y 1
VDWMRN_B 2 CDH1 CADHERIN 1 NEGATIVE HGNC Y 1
VDWMRN_B 2 PTEN PHOSPHATASE AND TENSIN HOMOLOG NEGATIVE HGNC Y 1
VDWMRN_B 2 STK11 SERINE/THREONINE KINASE 11 NEGATIVE HGNC Y 1
VDWMRN_B 2 TP53 TUMOR PROTEIN P53 NEGATIVE HGNC Y 1
VDWMRN_C 3 BRCA1 BRCA1, DNA REPAIR ASSOCIATED NEGATIVE HGNC Y 1
VDWMRN_C 3 BRCA2 BRCA2, DNA REPAIR ASSOCIATED MARKER HAS PATHOGENIC MUTATION HGNC Y 1

RESULT DATE

ORDER ID
VDWMRN_A 1
VDWMRN_C 3
VDWMRN_C 3

MARKER VARIANT VARIANT CLASSIFICATION VARIANT ALLELIC STATE V’*g&’g& i’ﬁ;‘;'c VARIANT INTERPRETATION mmgfgéfﬂm & UAR"::’ETT:'S%L" vAR'Av“éL'S“I';fPRET
SCN9A CH#Hc>A UNCERTAINSIG HETEROZYGOUS GERMLINE UNCERTAIN SIGNIFICANCE HGVS SEQUENCING 1
BRCA2 CHi#+#T>6 HETEROZYGOUS GERMLINE PT HAS PATHOGENIC RESULT HGVS SEQUENCING 1
BRCA2 Cii#iic>c PATHLIKELY HETEROZYGOUS GERMLINE RESULT IS LIKELY PATHOGENIC HGVS SEQUENCING 1




FREQUENCY

Regional data — Hawai’i

o,o

Count of All Orders By Year and Order Result

4000 -

3000 -

2000 -

1000 -

2006 2007 2008 2009 2010 2011

B Negative

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Year
Order Result
B inconclusive B Other B Positive

2022 2023 2024 2025

20



Draft Descriptive Tables for Improving Clinical Variant
Classification for Cancer Genetic Testing

Data from 2015 to December 2024

Total Unique Patients from CESR MM Order Result n = 6859)

4,434 Patients tested
10,855 Variants reported

variant_classification n
“fct> <int>
UNCERTAINSIG 5459

Excluded (n = 2425)

No Marker Data (n = 40) BEMNIGNLIKELY 201

| No Variant Data (n = 1504)

Single Gene Test (n = 157) PATHOGENIC 1952

Missing Gender (n = 2)

Non-Cancer Testing (n =721) PATHLIKELY 194
BEMIGN 49
D rows

_ cancer genetic testing cohort (n = 4434)




Demographics — age, gender, race

Table 1. Patient Characteristics Among Patients in CESR MM _by Age Group

Age 50+ N = Age <50, N =

Characteristic 2,670’ 1,764’
Age as of 1st Result Date 65 (58, 72) 40 (35, 45)
Gender

Female 2,012 (75%) 1,363 (77%)

Male 658 (25%) 401 (23%)
First Census Race

Asian 990 (37%) 613 (35%)

White 913 (34%) 507 (29%)

Native Hawaiian / Pacific Islander 660 (25%) 435 (25%)

Unknown or Not Reported 64 (2.4%) 144 (8.2%)

American Indian / Alaskan Native 26 (1.0%) 29 (1.6%)

Black or African American 17 (0.6%) 36 (2.0%)



Differences in Clinical Utility Among
Racial Groups

Table 2. Cancer Types Among Patients in CESR MM from Invitae N=4,434

Rank order by First Census Race
Diagnostic Testing Yield

Positive = Pathogenic/Likely Pathogenic

White: 14.01% (n=1,420)
Asian: 7.80% (n=1,603)
NHPI: 7.40% (n= 1,095)

Cancer
Types

10

Family History Cancer,Family History Other Disease, Genetic Carrier Other Disease, Neoplasm Screening, Procreation
Screening

Family History Cancer,Genetic Carrier Other Disease Neoplasm Screening,Procreation Screening

Breast,Family History Cancer,Family History Other Disease, Genetic Carrier Other Disease,Neoplasm
Screening,Personal History Cancer, Procreation Screening

Breast,Family History Cancer,Genetic Carrier Other Disease Neoplasm Screening.Personal History
Cancer,Procreation Screening

Genetic Carrier Other Disease, Meoplasm Screening, Procreation Screening
Genetic Carrier Other Disease, Procreation Screening

Breast,Family History Cancer,Family History Other Disease, Genetic Carrier Other Disease,Neoplasm
Screening,Personal History Benign,Personal History Cancer, Procreation Screening

Family History Cancer,Family History Other Disease,Genetic Carrier Other Disease, Neoplasm Screening, Personal
History Benign,Procreation Screening

Breast,Family History Cancer.Family History Other Disease,Genetic Carrier Other Disease,Neoplasm
Screening,Procreation Screening

Family History Cancer,Family History Other Disease Neoplasm Screening, Procreation Screening

395

381

169

121

111

103

100

a0

66

&0



FREQUENCY

CDC Tier 1 cancer gene:variant distributions — Hawai’i

Count of Hereditary Breast and Ovarian Cancer Variants By Marker and Variant Classification

ATM BRCA1

B senign
H other

BRCAZ

BRIP1 CDH1 CHEKZ2 NBN NF1 PALB2 PTEN

[ Benign Likely
[ pathogenic

Year
Variant Classification

B uncertain Significance

RAD51C  RADS1D

[ pathogenic Likely

STK11

TPS3

Count of Lynch Syndrome Variants By Marker and Variant Classification

FREQUENCY

190 -
180 -
170 -
160 -
150 -
140 -
130 -
120 -
110~
100
90 -
80 -
70 -
60 -
50 -
40
30
20-
10

0l

EPCAM MLH1 MSH2 MSH6E PMS2
Year
Variant Classification

B Benign Likely B uncertain Significance B Pathogenic Likely

B senign
B Pathogenic

24



Variant Classification

»Variant association with “disease” status NGS - Retinal Degeneration
* Previous reports

o Individual patients (ClinVar)
o Functional studies

»Variant association with “healthy” status
* Population databases (gnomAD/ExAC/etc)
o Variant level (allele frequency) 60-70%
o Gene level (gene constraint metrics)

» In silico predictions
B NGS m SNP array ®m Exome = Genome H Unsolved

Cancer germline genetic testing < 20%



Variants tend to become benign over time and observations

Pathogenic (81) 37 (42)Pathogenic
63
(137) Uncertain
18
, 4
Uncertain (524)
74
(505) Benign
487

I Benign (78)

v

Time/Observations
Goetz et al, AJIMG C, 2020
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Consistency is good USHZ2A

0 50 100
B Pathogenic [ Likely Pathogenic | Likely Benign  Not provided
B Pathogenic/Likely Pathogenic | Uncertain B conflicting [ Not in ClinVar
m Solved m Unsolved ® Uncertain 1% 2%/3%
N 17%
o“s\%
RS1

PRPH?2: Reeves et al, Human Mutation (2020) F "
USHZ2A: Hufnagel et al, Human Mutation (2022)
RS1: Bender, Woo et al, Genes (2022) | | | | |
PNPLAG: Liu et al, Brain (2024) ’ * % " 10
FEVR: Tu Nncay et al, |OVS (2025) B Pathogenic [ Likely Pathogenic Il Conflicting [l Benign

. . . . [ Pathogenic/Likely Pathogenic | VUS B Notin Clinvar  Not Provided
IRDs in African-Americans: Abuzaitoun et al (2024)



gnomAD/ExXAC

-
-— e - -
-_—
-—
_—
-
-
-
-
-
- e
- - - - -
_
-— e e -
-_—— e -
-
-
-
B e ke
- e e e S
-
_—
-— -
-
-—
-
-
- e
- -
-

Breasl Lancer
RN N R RN NNRNRNNRINNRRRZRARERRL
R R R N RN RRRRNRRRRRRRRRRERER]
RN R RN RN R AR AN RNNRRRRRRNRRIRAL

frequency enrichment

Progressive allele

o
-
_
-
_ ..
.
_—
_
-
_—

Phenotype

GENE
Group

PRRetepiappeieipeneaaineettereoeetd
RN RN RN R RN RRRRRRRRRARRRARE R
R NN RN R RN AR RN LR R RN RRRERRAL;
IR R NI RRRRRRRRNRRNERRRRRRNARE
#iiiiiivlilitivl!I!ini!l!!l#!!i!ii

e e e e e e e e e e e e e
- e e e e e e e e e e e e e
— s e A e e e e e e e

w -——
M = - o o o e o e - e - e e
— e
L i e =i = == Wi W == Wi W= = 2=
m - e - -
(0 = - e
mn\.lu.'u.ln.ln.lﬂ.lu.lu.ln.lu.lﬂ.l.u.ln.lﬂ.lu.lu.ln
O -
O = -
e
I R Rt L P o S S

pu
R
fi
ft
it
R
ft
ft
ft
R
R
fi
R
R
ft
ft
R

= e e e e

General Po

- e e
- e e - -
- e A
- e A e
e

e e
-
e e e



kp_white
0.0020

0.0010

0.0000

VUS - Cancer vs. Ancestry associations

kp_asian
0.010

Cancer (Ancestry) Ancestry (Cancer)
o]
7] O
RECQLY c. 1064 G=A 2
o S -
o
CASR c.308C>T REST c.1784C>G
c o KIF1B c.4682G>A ERBB2 c.1793C>A
=
| & o 18
T | | | | | | 8 o (o)
0.0000 0.0002 0.0004 0.0006 0.0008 0.0010 0.0012 Q_l
- ) (o)
5 S 4 POLD1 ¢.2560G>A
. SDHA ¢.92G>A
REST ¢.1784C>G < POLE c.712A>T @]
FgIB c4682GHERBEBZ ¢ 1793C>A EEEEEfEiBEiG>A
® © S CASR ¢.308C> : =G
© POLD', ¢ 2560G>/g o 7 O
C?E%Hg tf]‘ %ﬁ o I I I I I
o - 0.0000 0.0005 0.0010 0.0015 0.0020

0.000

0.000 0.002 0.004 0.006 0.008 0.010 :
kp_white

gn_asian



CESR MM Updates

‘/Gene Names Cha N ge Marker Variant E?;;:;:catinn Count
1ABRAXAST cO941A>0G UMNCERTAIMNSIG 129
12 ABRAXAST cO941A>G~p.Asn3145er UNCERTAINSIG 31
18FAMITSA  cO41A>G UMNCERTAINSIG 21

v'Variant nomenclature changes
13 ACADVL c1226C>T PATHOGENIC 29
65 ACADVL c.1226C>T~p.Thrd09Met PATHOGEMIC 7
. . . 438 ACADVL ¢.1226C>T UNCERTAINSIG 2
\/Varlant CIaSSIflcatlon Changes 1270 ACADVL c.1226C>T PATHLIKELY 1

* Gene transcript:variant 2 genome position (Common Data Model)



Overview

* Describe genomics in healthcare and actionable diseases

* Genetic testing in the Virtual Data Warehouse (VDW)

Integrating clinical genetic testing and research genomics

* Improving access to genetic health services



Exome vs Genome

* Exome sequencing

* Typically >99% exon coverage across genome (~2%)
e Exons, intron/exon boundaries

+ Typical read depth 50-100X+ _—— e
* Lower than custom gene panels =" i | | '

e Detects ~100k variants per individual
e ~$150-250 reagent cost (U.S.) Genome

20-50x
* Genome sequencing Erome _
* Genes, inter- and intra-genic regions | ' ' ' £ 50-100x
* No enrichment step Gene | | = — =

Low depth for high breadth of coverage (~20-50X)
Detects ~4-5M variants per individual
~5200-300 reagent cost at massive scale (2023)



Variant calling and prioritization

130,000 —
Exome Total Variants ~ 100,000 120,000 —
110,000 — '
. _ 100,000 —
Confidence/ Quality 90,000 — W East Asian
~90,000 80,000 —
. 70,000 —
Rare Variants 60.000 —
! ..m 000 —
]

Latino
African
Ashkenazl Jewish

Deleterious 30,000 —
20,000 —

100-200 10,000
' 1000 Genomes gnomAD




Diagnostic Genetics vs Population Screening

(a) Scenario 1

(b) Scenario 2

Marfan syndrome and
pathogenic variant

False
positive
P
Marfan syndrome and
pathogenic variant

Phenotype-driven testing Genotype screening

Biesecker, LG, Genome Medicine (2019)
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KPRB as a hub for both research and healthcare delivery

- Enhanced research data
PRS catalog
Curated genomic data

- Mission-aligned projects Data Ocean

- Implementation testing
Precision Medicine
Genetics and Genomics

Implementation

;é“.’é KAISER PERMANENTE.



KPRB Resource and Use

Researchers
NIH/external

450K Participants Data Provisioning (research community)

e. X .
gﬂ& KP Precision

- ® Medicine
|ﬁ| |

v

KPRB

I|=_G|I
Medical Records

Biospecimens
Surveys

Genete o Health Plans
Metabolomic data Med GrOUpS

Clinical Implementation

)

0@ [
©2025 Kaiser Foundation Health Plan, Inc. g\\“’,/é I<AISER PERMAN ENTE@



Clinical Implementation — a “living” genetic database

RoR pilots

o PRS module
)
. =
Variant Warehouse z
Participant-level genome models ez 8

Genotype array and imputations _ = ;

VDW data Implementati @‘ £ Genome projects
Exome, Genome: actionable findings on =
Genome, Array: PRS, PGx KPRB =
t 5 Cancer Genetics
VDW (e-visits)
Clinical Lab CESR MM
* Metabolomics CESR_MM tools

\4

 Proteomics
 Microbiome
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Why a Genomics Common Data Model?

» Ease of search for researchers and users

» Internal validation of genetics data

» Pre-clinical confirmation for return of results
» Enabling collaboration with other biobanks

. All of Us

. UK Biobank

. Geisinger/Regeneron

» Clinical-grade federated KP variant database




Axiom™ PMDv2 Array Modules

rReIevant variants from ClinVar and >800K Genomic Coverage Grid
ACMG-73 Genes » Imputation Aware diversity array
= Pathogenic variants covering ACMG 59 » High coverage and across all
genes continental populations

« 2021 ACMG recommended variants from
14 genes (ACMG SF v3.0 list)

» Variants from ClinVar [

\ ACMG 73 &

ClinVar

Variants for blood typing and blood
disorders

* Blood Transfusion Genomics Consortium

+ Covers common variants for ABO, and .
important variants for rare blood typing | Blood typing and >

Covid-19 Host
Genetics

" PMDv2

« Applications in transfusion and disease disorders

Arra — ’
( Relevant variants in the research of Disease y Susceptibility research module
disease and disease pre-disposition research ~900K - Cellular metabolic pathways associated
+ NHGRI variants relevant Markers with immunity and inflammation
» Cancer research pre-disposition variants - Viral entry points

* Lung function phenotypes

* (Cardiac research pre-disposition J 7 \

\

>12K Exome Variants HLA and KIR >HLA, KIR, Immunity &
+ Exome variants from various Inflammation
seguencing initiatives » Axiom HLA Analysis Software

GWAS >800,000

Genes ~24,000
- ACMG?

e ClinVar?

* Exome >12k

Variant clinical
relevance?

False +, - rate?

5 For Research Use Only. Not for Diagnostic Use. Eﬁ"g"‘r?f ,'thle(!'




Gene/Exonic Probes
20,963

Annotations
gnomAD
ClinVar
In silico/conservation

KPRB Counts
Het, Hmz
Allele Frequency
De-duplication

ACMG v3.2
11,367

ClinVar Group 1 (path/lpath)
4,687

ACMG with KPRB counts
2,564

ClinVar Group 2 (path/lpath/vus)

ClinVar Group 1 (path/lpath)
1,838

A

1,128

ClinVar Group 2 (path/lpath/vus)

ClinVar Group 3 (lpath/vus/lben)

ot

726

3,464

ClinVar Group 4 (ben/lben)
2,088

X

X

Many thanks to Justin Chan, Anand Sethuraman, and Dilrini Ranatunga (KPRB), Bin Guan (NEI)




ROR Pilot Summary

* Collaboration with KP Southern California genetics and genetic
counseling (Monica Alvarado)

* 15 participants at SCAL, 1 at KPHI with pathogenic variants in HBOC
and Lynch syndrome genes by array data
* 7 with prior genetic testing — 100% match to array+Sanger
* 5 KPRB contacted, SCAL tested - 100% match, cascade testing
* 3 no longer part of KPRB

* Planning patient experience survey and pilot expansion



Overview

* Describe genomics in healthcare and actionable diseases

* Genetic testing in the Virtual Data Warehouse (VDW)

Integrating clinical genetic testing and research genomics

* Improving access to genetic health services



Genetic Counseling

* Board-certified (ABGC), often licensed and credentialed clinical providers
e Assess person’s risk for genetic conditions and aid in test selection

* Explain testing benefits, risks, and expectations (pre-test)

* Explain results and follow-up testing in family members (post-test)

* Practice independently or with physicians (genetics, oncology, etc)

* Integral part of multidisciplinary care team!

Genetic Counselor -~

nal Soc yf

ARRRECIA]ION Day T

#AmAGeneticCounselor




E-Visit Pilot

* Access to cancer genetic screening, counseling, and testing is limited
* E-visit = 3-minute online survey (kp.org) coveringcancer family history and triggering GC-visit (
* Goal — population screening for enhanced surveillance and testing

* Screen Eligibility - female at birth, and age 30—45. Exclusion criteria were a current or prior cancer diagnosis,
or a genetic counseling appointment for cancer within the past three years.

* Pilot Design - invitations were first sent to 45-year-olds, then expanded to younger age groups based on
response rates. New members and those with interval birthdays were included in subsequent rounds.

* Screen-Positive Actions

. Members with screen-positive results were scheduled for a telephone consultation with a genetic
counselor for pre-test genetic counseling and independent assessment for genetic testing criteria and
cancer risk.

. Pre-test genetic counseling was performed with NCCN guidelines utilized for HBOPP criteria for genetic
testing. Breast cancer risk assessments used the Tyrer-Cuzick Model (version 8.0b).

Those with a lifetime breast cancer risk over 20% were enrolled in the high-risk screening registry,
initiating alternating mammography and breast MRI every six months at the appropriate age.

« A “safety net” ensured recontact for members who screened positive but did not schedule.



E-Visit Workflow




Sent e-visit:
34,201

Started e-visit:
25,002

Completed survey:
4,508

Screened positive:
1,577

Agreed to GC visit:
1,262

Scheduled GC visit:
856

Completed GC visit:
720

Met NCCN Criteria
for Genetic Testing:
422

Agreed to Genetic
Testing:
208

High Risk Screening
MRI Eligible:
237

Mumber of Patients
& =z

S

=

Distribution of E-visit Criteria Among HBOC Patients

s ®
o o

E-visit Criteria

NCCN Criteria Eligibility Genetic Testing Uptake Breast MRI Eligibility

EYes HMNo H Tested m Dedined HYes HMNo



Key Observations

* E-visit survey had a high screen-positive rate: ¥33%
 NCCN eligibility accuracy ~59% (=41% false positives)
 Corrected by direct genetic counseling visits

* Breast MRI eligibility ~¥33%

 Genetic counseling identified those needing high risk MRI screening even if not eligible for
genetic testing

* Genetic testing yield was similar though slightly lower than direct referrals (5.6%)
 Expected with population screening
 39% of eligible patients declined when provided genetic counseling

* Summary - genetic counseling corrected screening inaccuracies, identified those
requiring enhanced surveillance regardless of genetic testing, and provided
patients with informed consent.



Conclusions

 Utilization and utility of clinical genetic testing is increasing

* Clinical genetic testing generates discrete data types

* CGDM using HGVS standards is required for interoperability

* Variant re-classification through laboratories may resolve uncertainty

Population Health
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