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One of the world’s largest, most diverse biomedical datasets

or more people 
across the U.S. 

1 Million
Inviting

1Million or more people 
from across 
the United States

Data available from 413,450+ participants

75%
identify with 

communities 
underrepresented in 
biomedical research

45%
are from racial 
and ethnic 
minority groups

Data as of April 2023



⦿Genetic information can be useful and engaging
○ Important health information: medication response and hereditary disease risk 
○ National academies, ASHG, ACMG, ESHG have emphasized in importance of return of 

results and engaged the question of opportunistically using data streams to identify 
individuals at high risk of penetrant, treatable disorders.

○ 26+ million people have purchased at-home genetic tests.

⦿A longitudinally-engaged population increases the value of the program
○ The promise of returned information encourages recruitment into the study.
○ Ongoing engagement drives retention and long-term participation.
○ Participants see the progress of the program in very personal ways, which drives 

understanding of and advocacy for the program.

Why return genetic information?

Return of Results  Return of value



Why does All of Us focus on PGx?

Variability in medication response is 
widely understood

Strong scientific evidence for impact on 
outcomes 

Already implemented in clinical practice

Variants are common; most participants 
are expected to carry at least one variant

Testing is feasible and has life-long value

PGx data were ranked
as highly valuable by 

participants 

Wilkins, AoU Return of Results conf, 3/2017



AoU program design

Participant-
centered model 
with return of 
genomic results 
from WGS



• Participants elect for genomics return to receive results; can then 
choose what is returned.

• Positive HDR results are returned by genetic counselor, clinical 
confirmation is offered.

• PGx results are accessible by the participant once released.

Return of results consent model



All of Us regulatory oversight

1. Ensuring that the rights and welfare of research 
participants are overseen and protected 
uniformly

• Charged with reviewing the protocol, informed 
consent, and other participant-facing 
materials

• Representatives with diverse backgrounds, 
expertise, and perspectives

Institutional Review Board (IRB)

Food and Drug Administration (FDA)

• Responsible for protecting the public health by 
assuring the safety, efficacy and security of 
human and veterinary drugs, biological products, 
medical devices, our nation's food supply, 
cosmetics, and products that emit radiation

• Office of In Vitro Diagnostics and Radiological 
Health, Office of Product Evaluation and Quality

• Investigational Device Exemption (IDE): 
consent to return of health-related results

1. Study sponsor

National Institutes of Health



CLIA standards, but not a clinical test

● Sample collection meets CLIA/CAP standards.

● Primary data generation is at CLIA-certified 
Genome Centers (WGS).

● Interpretation and secondary confirmation of 
positive results is at CLIA-certified Clinical 
Validation Laboratories.

Clinical Standards (CLIA) Research data is not a clinical test
● There is no supervising physician

● There is no clinical test requisition

● Sample handling logistics are complex



IDE process
& timeline

~19
months



Lessons learned

• There was no clear predicate device; “Device” included whole 
process

• FDA strongly preferred patient-derived clinical specimens over 
reference samples derived from cell lines as “ground truth”. 

• FDA required us to demonstrate performance in every reportable 
gene and PGx allele. 

• Research results are deemed from an investigational device and 
cannot be used to direct clinical care



Guiding principles of gene selection
AoU Genomics committee (2018) and PGx Workgroup

• Focused on participant value and actionability
• Emphasis on gene-drug associations with the highest level of evidence
• Included genes impacting drug efficacy and adverse reaction potential
• Considers testing methods and AoU return of results model

Pharmacogenes for initial return
CYP2C19 Cytochrome p450 2C19
DPYD Dihydropyrimidine dehydrogenase
G6PD Glucose-6-phosphate dehydrogenase
NUDT15 Nudix hydrolase 15
SLCO1B1 Organic anion transporting polypeptide 1B1
TPMT Thiopurine methyltransferase
UGT1A1 UDP Glucuronosyltransferase 1A1



Rigor of allele/variant selection

Evidence review criteria
1. Selection of alleles with known functional consequence
2. Consideration of clinical testing “standards”

• Tier 1 and Tier 2 AMP recommendations when available
• coverage by leading institutional/lab tests.

3. Identification of core variants necessary to call alleles per PharmVar
4. No absolute frequency cut-offs. Consideration of rare alleles that are specific to 

ethnic groups. 
5. Filtered for targets with available controls



Analytical validation
• Each genome center needed to achieve FDA IDE standards

• Completed a priori validation of PGx targets (desired variants when controls exist)

• Accuracy of PGx calling:
• Blood-derived clinical samples (n= 159; orthogonally validated) = 100% concordance
• For rare alleles/no clinical controls: Get-RM cell lines (n = 135) = 99.8% concordance
• For those not in Get-RM, 1000 Genomes cell lines (n = 29) = 100% concordance

• Inter- and intra-lab equivalence >99%

• Precision of AoU PGx calling = 99.3%



Variant/alleles

Gene Alleles/variants
CYP2C19 *2,*3,*4,*6,*8,*9,*10,*16,*17,*22, *24,*35
DPYD c.1905+1G>A (*2), c.1129-5923C>G, c.1679T>G (*13), c.2846A>T

G6PD A-202A_376G; A-968C_376G; Asahi; Aures; Canton, Taiwan-Hakka, Gifu-like, Agrigento-like; 
Chinese-5; Ilesha; Kaiping, Anant, Dhon, Sapporo-like, Wosera; Kambos; Kalyan-Kerala, 
Jamnaga, Rohini; Mediterranean, Dallas, Panama, Sassari, Cagliari, Birmingham; Quing Yuan, 
Chinese-4; Seattle, Lodi, Modena, Ferrara II, Athens-like; Sibari; Ube Konan; Union, Maewo, 
Chinese-2, Kalo; Viangchan, Jammu

NUDT15 *2, *3
SLCO1B1 *5,*15,*17
TPMT *2,*3A,*3B,*3C
UGT1A1 *6,*27,*28,*36,*37



Interpretative pipelines

Variants Predicted phenotypeStar allele “diplotype”

*1/*2
CYP2C19 

Intermediate
Metabolizer



Reporting drug associations

• Guiding principle: Including drug information provides value

• Each association with predicted phenotype evaluated

• Considers medication factors such as route of administration

• Achieved through highly iterative discussions with FDA (CDRH/CDER)

“For a medication to be listed, a gene-phenotype-drug combination must (1) 
appear in FDA-approved drug product labeling (minimally in the Boxed Warning, 
Dosage and Administration, Contraindications, or Indications sections), (2) appear 
in the FDA Table of Pharmacogenetic Associations (Section A: Data support 
therapeutic management recommendations or Section B: Data Indicate a Potential 
Impact on Safety or Responses), OR (3) have a recommendation for alternative 
medication or dosing modification within a CPIC guideline.”



“Medicine and Your DNA” report

• Goal is to inform, engage, and achieve 
high user comprehension

• Help participants self-identify as a person 
who should consider clinical PGx testing

• Investigational device, “Research result”

• “If your doctor has prescribed 
medicine for you, keep taking it”

• Encourages sharing and discussion with 
physician and pharmacist

• Includes normal results
• Genetic information is just one piece



Program status

First returns in Fall 2022; over 225k have been notified to date

Potential content updates
• Expanded genes and allele validations as controls are identified
• Incorporation of new guidelines and FDA revisions as knowledge grows
• Inclusion of planned PGx targets with structural variation (e.g. CYP2D6)
• As we learn more from RoR model



Take-aways
● Returning personal results from research data drives program goals. 

PGx is one of the most commonly requested types of information

● Returning this information is regulated by IRB & FDA. 

● Over 225,000 participants have received offer for their PGx report

● The information cannot be used to guide clinical care. Goal is to help 
participants self-identify as a person who should discuss clinical PGx 
testing with their clinicians

● Clarity is important, some common phrases are often misunderstood



PGx haplotypes are now available for researchers!

 Featured workspace in Researcher 
Workbench includes PGx frequencies
and medication exposures

 PGx haplotypes (15 genes) for with 245k 
diverse participants using srWGS (v7 cohort) 
using Stargazer and PharmCAT

 Training workshop at PGRN meeting in Sept!





AoURP has an FDA IDE to return PGx

Pharmacogenes in initial return
CYP2C19 Cytochrome p450 2C19

DPYD Dihydropyrimidine dehydrogenase
G6PD Glucose-6-phosphate dehydrogenase

NUDT15 Nudix hydrolase 15
SLCO1B1 Organic anion transporting polypeptide 1B1

TPMT Thiopurine methyltransferase
UGT1A1 UDP Glucuronosyltransferase 1A1

• Validated to FDA standards
• Targets with the highest level of evidence, participant value, and actionability.



What is the All of Us Research Program?



The All of Us curates a range of different data types as part of the data collection process. 

413,350+
Survey
Responses

337,500+
Physical
Measurements

245,350+
Whole Genome
Sequences (WGS)

1,000+
Long-Read Sequences

15,600+
Fitbit
Records

312,900+
Genotyping
Arrays

287,000+
Electronic Health
Records

AoU collects a wide range of different data types 

Data as of April 2023 Curated Data Repository (CDR) v7 data release and CDRv7 off-cycle release in April 2024

11,350+
Structural Variants



Key cautions in the Medicine and your DNA Report 

• Do not make any changes to your medicine 
from these results.  

• A lot of things (other than DNA) affect how 
someone’s body reacts to a medicine.

• These are research results. 

• The results are from an investigational device. 
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“Medicine and Your DNA” report user comprehension

Comprehension of 
genetic knowledge

(i.e. “My DNA may impact
how I respond to certain 

medicines.”) 

comprehension of self-
efficacy concepts

(i.e. “I understand I should not 
change my medical care based 

on my DNA test results.”)

97.6% 98.4%
Some key lessons learned 
regarding language:

“Healthcare provider”
“Drug”

“Pharmacogenomics”



Participant access to their “Medicine and Your DNA” report 

Return of results steps:
1. Notification that AoU is ready to generate results
2. Complete informing loops
3. Generate results
4. Receive results 

Genetic counseling can be
accessed for free (not required)



Participant experience walkthrough

Participants can download a 
copy of their report by scrolling 
to the bottom of the page. 



Health care provider-facing materials 

Information for Clinicians Factsheet: This factsheet 
gives HCPs an overview of what their patients may 
receive in their health-related genetic results reports 
and information about how to use these results.

HCP Distribution Letter: This letter informs HCPs 
that one of their patients may be getting health-related 
results from AoU. It provides a brief overview of the 
AoU Research Program and what participants receive 
in the Hereditary Disease Risk report and Medicine 
and Your DNA report. 

https://ap.allofuscomms.org/resource/folder/index/909ff8d53b8669b806d09562240fcf26?resourceID=e048871ee3de5923c0518310332257b1
https://ap.allofuscomms.org/resource/folder/index/937c65f1add6c43423e40e6094c45e02
https://ap.allofuscomms.org/resource/folder/index/909ff8d53b8669b806d09562240fcf26?resourceID=e048871ee3de5923c0518310332257b1
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