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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)
• Usually for 1:1 gene:phenotype relationships (RS1, Blue Cone Monochromatism)

• With/Without Deletion/Duplication
• 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)



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

Clinical variant interpretation – ACMG 2015 Guidelines
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Genomic Precision Medicine: ClinGen

➢ Actionability: 84 genes (v3.4)

➢ Gene:disease association validity

➢ Gene-specific variant classification

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



FDA Approval – RPE65 – 2017

ABCA4 – Stargardt disease  CHM – X-linked choroideremia  CNGA3 – Achromatopsia 

CNGB3 – Achromatopsia  GUCY2D – Leber congenital amaurosis  MERTK – Retinitis pigmentosa

MYO7A – Usher syndrome  PDE6B – Retinitis pigmentosa  RLBP1 – Retinitis pigmentosa

RPGR – X-Linked RP  RPGRIP1 – Leber congenital amaurosis  RS1 – X-linked retinoschisis

USH2A – Usher syndrome (Dual vector, ASO)  CEP290 – Leber congenital amaurosis (ASO, CRISPR)

2021
RPE65 added 

to the ACMGG 
3.0 secondary 
findings genes

Retinal Dystrophy



Members of the ClinGen Ocular Clinical Domain Working Group

Over 222 Members | 60 Institutions | in 16 Countries

Special thanks to our expert panel funding partners:
• National Human Genome Research Institute
• National Eye Institute
• Janssen Pharmaceuticals – previous RPGR funding
• Foundation Fighting Blindness
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RPE65-related recessive retinopathy



FDA-approved RPE65 variant classifications (ClinVar)
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CESR VDW MM Data Flow

Laboratory Vendors

▪ Securely send 
discrete test result 
data as text files to 
KPIT

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

▪ Load data into 
regional VDW



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

6/30/2026 15

Counts
CESR

(2006-2024)

Unique Orders 323,664

Unique participants n/a

Total genes tested 14,999,424

Total variants 
reported

226,533



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

REGION 1 REGION 2 REGION 3 REGION 4

REGION 5 REGION 6 REGION 7 REGION 8



Markers evaluated by disease group

6/30/2026 17

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
Familial hypercholesterolemia markers: LDLR,  APOB, PCSK9



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

6/30/2026 18



CESR VDW MM Table Format



Regional data – Hawai’i

20



4,434 Patients tested
10,855 Variants reported



Demographics – age, gender, race



Differences in Clinical Utility Among 
Racial Groups

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)



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

24



Variant Classification

NGS - Retinal Degeneration

NGS SNP array Exome Genome Unsolved

Carss, Arno et al, AJHG (2017); Ellingford et al, Ophthalmology (2016); Weisschuh et al, PLOS One (2016)

60-70%

➢Variant association with “disease” status

• Previous reports 

o Individual patients (ClinVar)

o Functional studies

➢Variant association with “healthy” status

• Population databases (gnomAD/ExAC/etc)

oVariant level (allele frequency)

oGene level (gene constraint metrics)

➢In silico predictions

Cancer germline genetic testing < 20%



Time/Observations

Variants tend to become benign over time and observations

Goetz et al, AJMG C, 2020



USH2A

RS1

PRPH2: Reeves et al, Human Mutation (2020)
USH2A: Hufnagel et al, Human Mutation (2022)
RS1: Bender, Woo et al, Genes (2022)
PNPLA6: Liu et al, Brain (2024)
FEVR: Tuncay et al, IOVS (2025)
IRDs in African-Americans: Abuzaitoun et al (2024)

Consistency is good



gnomAD/ExAC

General Population (Rare Disease)

GENE
Phenotype
Group

Breast Cancer

Progressive allele 
frequency enrichment



VUS – Cancer vs. Ancestry associations

Cancer (Ancestry) Ancestry (Cancer)



CESR_MM Updates

✓Gene names change

✓Variant nomenclature changes

✓Variant classification changes

• Gene transcript:variant → genome position (Common Data Model)
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Exome vs Genome
• Exome sequencing

• Typically >99% exon coverage across genome (~2%)

• Exons, intron/exon boundaries

• Typical read depth 50-100X+

• Lower than custom gene panels

• Detects ~100k variants per individual

• ~$150-250 reagent cost (U.S.)

• Genome sequencing
• Genes, inter- and intra-genic regions

• No enrichment step

• Low depth for high breadth of coverage (~20-50X)

• Detects ~4-5M variants per individual

• ~$200-300 reagent cost at massive scale (2023)



Exome Total Variants ~ 100,000

Confidence/ Quality 
~90,000 

Rare Variants

~1,000

Deleterious

~100-200

MacArthur Lab

Variant calling and prioritization



Biesecker, LG, Genome Medicine (2019)

Phenotype-driven testing
Genotype screening

Diagnostic Genetics vs Population Screening



KPRB as a hub for both research and healthcare delivery

• Enhanced research data

• PRS catalog

• Curated genomic data

• Mission-aligned projects

• Implementation testing

• Precision Medicine

• Genetics and Genomics

35

Data Ocean

Research

Implementation

KPRB



©2025 Kaiser Foundation Health Plan, Inc.

KPRB

Medical Records
Biospecimens

Surveys
Genomic data

Metabolomic data 

450K Participants Data Provisioning (research community)

Clinical Implementation 

KPRB Resource and Use 

Researchers
NIH/external

Health Plans
Med Groups

KP Precision

Medicine
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KPRB

Clinical

Implementati

on

Genotype

array

Research 

ES/GS

Clinical Implementation – a “living” genetic database

Variant Warehouse
Participant-level genome models

• Genotype array and imputations

• VDW data

• Exome, Genome: actionable findings

• Genome, Array: PRS, PGx

Clinical Lab

• Metabolomics

• Proteomics

• Microbiome

Cancer Genetics 
(e-visits)

CESR_MM tools

RoR pilots

Genome projects

E
n

ri
c
h

 t
h

e
 r

e
s
o

u
rc

e

VDW

CESR_MM

PRS module



GCDM
hg38

➢ 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

Why a Genomics Common Data Model? 

Array

VDW
Exome/

Genome

PRS



GWAS >800,000

Genes ~24,000
• ACMG ?
• ClinVar ?
• Exome >12k

Variant clinical 
relevance?

False +, - rate?



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

ClinVar Group 2 (path/lpath/vus)
1,128

ClinVar Group 3 (lpath/vus/lben)
3,464

ClinVar Group 4 (ben/lben)
2,088

ACMG with KPRB counts 
2,564

ClinVar Group 1 (path/lpath)
1,838

ClinVar Group 2 (path/lpath/vus)
726

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
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Genetic Counseling

• Board-certified (ABGC), often licensed and credentialed clinical providers

• 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!



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





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

48

Population Health
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