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PGx Is a Good Test Case for FDA
Regulation

VERY LOW STATE OF AWARENESS THE RELATIONSHIP BETWEEN GENETIC PGX IS AT THE INTERSECTION OF
AMONG HCPS. TEST RESULTS AND CLINICIAN LABORATORY SCIENCE AND DRUGS.
ACTIONS IS NOT STRAIGHTFORWARD.



FDA Setting Regulatory Precedents

23andMe receives

approval for
23andMe negotiating with 23andMe re-enters the Predetermined Change
FDA. market. Control Plan (PCCP).

2013 2019

2009 3 2015 2024

FDA Warning Letter to
23andMe.

501 (k) for

pharmacogenetics.




PGx Regulatory
Purgatory

» CLIA -standards that apply to all clinical
laboratory testing.

» CAP - evidence-based guidelines, and
consensus recommendations.

» FDA - ensuring the safety, efficacy, and
security medical devices.

Translational Software

DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
10303 New Hampshire Avenue
Sitver Spring, MD 20993

Don Rule

Founder and CEO

Translational Software

12410 SE 32™ Street #250 MAY 12 2016
Bellevue, WA 98005

GEN1600104

Dear Don Rule:

It has come to our attention that you are currently marketing a service that appears to
use software to interpret patient information and genetic raw data to generate patient
reports for clinical use. According to your website these reports provide
pharmacogenomic information for clinical use (e.g., pharmacogenomics results,
information on drug-drug interactions, information on potentially impacted medications
and dosing guidance); hereditary risk assessment (for cancer) for clinical use; cancer
screening information for clinical use; post diagnosis monitoring for cancer patients for
clinical use and cystic fibrosis carrier status information for clinical use. This platform
appears to meet the definition of devices as that term is defined in section 201(h) of the
Federal Food Drug and Cosmetic Act.

We have conducted a review of our files, and have been unable to identify any Food
and Drug Administration (FDA) clearance or approval number for your device. We have
also been unable to identify any Food and Drug Administration (FDA) establishment
registration and listing for your firm. We request that you provide us with the FDA
clearance or approval number for your device, and the FDA establishment registration
and listing information for your firm. If you do not believe that you are required to obtain
FDA clearance or approval for your device or that you are required to register your firm
and list your device(s), please provide us with the basis for that determination.

We have assigned a unique document number that is cited above. The requested
information should reference this document number and should be submitted to:

James L. Woods, WO66-5688

Deputy Director

Patient Safety and Product Quality

Office of In Vitro Diagnostics and Radiological Health
10903 New Hampshire Avenue

Silver Spring, MD 20993

10/23/2017




TSI Regulatory History

» December 2016 De Novo submission.
» December 2016 21" Century Cures Act Passes.

» March, 2017
>

» April, 2018
» Submission withdrawn.

» FDA agreed that if we accept haplotypes from labs, we are not a
medical device.



2019 FDA Regulatory Awakening

» January 2019 FDA approval for 23andMe PGx test.
» April 2019 FDA issues warning letter to Inova.
» June 2019 TSI meeting with FDA.
» Not exempt under 215" Century Cures.
Haplotyping is a medical device.

Content will be regulated.

TSI will need a PMA or 510(k).

>

>

» CPIC and other content not “regulatory-grade”.

>

» 23andMe may have sufficiently broad special conftrols.



2019 FDA Press Releases

Jeffrey Shuren, M.D., J.D., director of the
FDA’s Center for Devices and
Radiological Health and Janet

Woodcock, M.D., director of the FDA’s
Center for Drug Evaluation and Research
on agency’s warning to consumers
about genetic tests that claim to predict
patients’ responses to specific
medications

FDA NEWS RELEASE

FDA issues warning letter to genomics
lab for illegally marketing genetic test
that claims to predict patients’
responses to specific medications

f share | XPost | inLin

“the relationship between DNA variations and the
effectiveness of antidepressant medications has
never been established.”

“Specifically, we are unaware of data establishing the
relationships between the genotypes assessed by your
tests and your assertions regarding drug response for
multiple drugs. For example, the relationship between
CYP2C19 genotype and drug response to escitalopram
and sertraline is not established and this relationship is
not described in the FDA-approved labeling for these

drugs.”




Submission History

» February 2020 Submission.

» February 2020 FDA publishes Table of Pharmacogenetic
Associations (TOPA).

» Submission Feedback.

» CLIA and CAP not sufficient — TSI must guarantee the validity of test
results.

» Variants need to be validated.
» Revisions in April 2021.
» October 15, 2022 final submission.
» August 25, 2023 FDA Decision.



Issues with Submission

» TSI could not guarantee the analyfical accuracy of every lab.
» TSI's validation information was insufficient.
» Inconsistencies in variant analysis and gene-drug information.
» Underpowered user comprehension study.



Mistakes

» Scope - TSI could not solve analytical validity, clinical uftility, and decision support
for 20+ unigue labs.

» Timing — pandemics are inconvenient.

» Funding — trying to fund a regulatory initiative with a bootstrapped commercial
product impractical.

» Culture — SaaS and SaMD are different.



Unresolved Issues



Unresolved Issue #1 Analytical

Validity

» A software company cannot guarantee the viability of its data
inputs across a diverse population of laboratory customers.

» The FDA does not recognize CLIA or CAP as sufficient to guarantee
the quality of lab testing.

» The current predicate is explicitly not eligible for third party review.



ssue #2 Predicate Coverage is
nadeqguate

» 14% of Latinos receive false negatives from predicate CYP2C19 tests.

» 17% of the population will obtain the wrong phenotype from the predicate
CYP2Dé coverage.

» FDA does not recognize AMP or PharmGKB as information sources for clinical
utility of variants.

» PharmGKB content represents millions of dollars in funding over 24 years with
countless hours of volunteer effort.



Issue #3 Drug-Gene Content

» Pure genotypes or even clinical phenotypes are not sufficient for an
average HPC 1o use the test results.

» FDA does not recognize CPIC or other third-party
recommendations.

» CPIC has invested million over 15 years with countless volunteer
hours.

FDA suggestion:

“...You should limit the “Dosing Recommendation” in the reports
to general statements restricted to the dosing language included in
the FDA’s ToPA. Rather than reporting complex dosing
recommendations, you should direct healthcare providers to the
FDA-approved drug labeling for an appropriate drug.”



Issue #4 FDA (ToPA) Unsuitable for CDS

» First criteria in the Cures Act was Transparency.
» Table of Pharmacogenetic Associations

» No references.

» No clear evidentiary standards.

» No published SOPs.

» 20 drugs that are reimbursed have no ToPA guidance.



Example: CYP2Dé6 & Amitryptiline

Intermediate May alter systemic Consider a 25% reduction of
Metabolizer concentrations. recommended starting dose.

Utilize therapeutic drug
monitoring to guide dose
adjustments.

Use 75% of the standard dose
and monitor the efficacy and
side effects or the plasma
concentrations of amitriptyline
and nortriptyline to adjust the
maintenance dose.

1. FDA Table of Pharmacogenetic Associations — Table 3

2. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2D6 and CYP2C19 Genotypes and Dosing of Tricyclic

Antidepressants: 2016 Update
3. Dutch Pharmacogenetics Working Group guidelines August 2019 update



The Problem with Evidence
Standards

» If Allele X has a deletion that causes less of ifs active enzyme to be
formed, will the Allele Y splice defect have the same effecte

» If an RCT shows that drug A is metabolized by this enzyme and has
therapeutic recommendations, can the results be projected to drug
B, which is metabolized by the same enzyme?

» Example: FDA label for TRODELVY® (sacituzumalb govitecan-hziy)

» Gives PGx guidance on UGT1A1*28, a decreased function allele.
Reasonably, this guidance would also apply to other decreased
function alleles, though there is a lack of evidence looking at these
other alleles.



Why Doesn’t FDA Regulate Drug-
Drug Industrye

» Comprehensive Data: The FDA relies on data provided by
pharmaceutical companies, which may not cover all possible drug-
drug interactions, especially with new or less commonly used drugs.

» Dynamic Nature of Information: Drug-drug interactions can be
complex and may emerge as new drugs are introduced or as more
is learned about existing drugs in diverse populations.

» Educational Scope: It is primarily the responsibility of healthcare
providers to stay informed about the latest research on drug-drug
interactions and to apply this knowledge in clinical setfings.

Source: ChatGPT






#1 Reduce Complexity through
Separation of Concerns

» Separate the roles and responsibilities between “wet
lab” and “dry lab”

» Define inferfaces that can be tested and managed

» Proposal — three-tiered platform
» Laboratory — Analytical Validity

» Software — Reliable franslation from genotypes to
phenotypes.

» CDS - Vetted transparent HCP recommendations.

TCP/IP Model

Application

Transport
Network
Link

Physical




Raise Standardization of the Lab
Process

» Define a PGx IVD.

» Research and instfifutionalize a standard set of variants for each relevant gene
(e.g. AMP suggestions).

» Describe test protocols to verify the accuracy of tests.
» Specify publicly available biospecimens for testing.
» Engage third-party reviewers to manage the rollout.



Haplotyping

» Confine to panels that IVDs will produce.
» Validate translation tables for defined panels.
» Validate with public and synthetic data.

» Develop a PCCP that evolves the platform with new evidence.



Map Phenotypes 1o ToPA
Recommendations

» Using “regulatory grade” phenotypes.
» Match patient phenotypes to FDA ToPA content.

» Provide individualized report based upon patients’ genetic profiles.



Clinical Decision Support

» Define portable nomenclature for clinical phenotypes.

» Provide Validated phenotypes to clinical systems — e.g. EMRs and
pharmacy systems.

» Clinical organizations buy or build CDS that conform to 215t Century
Cures standards.

» Transparent
» Interoperable
» Validated



Proposal

Vendors or
Labs Provide
IVDs with fixed
panels

Translate proprietary IVD
panels to Regulatory
Guidelines

FDA Report

Provide Clinical
Phenotypes to Clinical
Organizations

Validated
phenotypes
enable plug-and-
o[ VAGIDN

CDS Provides Guidance
for Clinicians



Things to Keep In Mind

FDA's toolbox is limited.
FDA regulates many things so “It's the process stupid”.
FDA has no mandate to ensure commercial viability.

vV v v Vv

Once you submit for approval, you have accepted that your
product is a medical device.

» If you are going argue “least burdensome,” do it early.



Suggestions

vV v v v Vv Vv

Don't try to “shoehorn” a predicate.
Much harder to validate legacy code.
Narrow the scope to “reduce the attack surface”.
Start from the E* and work back to the details.

If possible, build PCCP into the sulbbmission.

Invest in tooling.
> QMS

» Development platforms



Modern Reguirements

olkit Team > Traceability > & Epic Trace

Traceability Matrix tor

off 5

~  Title Link Type D State Link Type 1D i Link Type

Proposed
Propossd Child B Database

e a Ul that demonstrates




Conclusion

» Pharmacogenetics is a perfect example of a complex test that FDA
wants to improve.

» Current regulated tests are not as safe and effective as @
competent commercial test.

» Applying the current regulatory framework to PGx tests is extremely
expensive.

» Compartmentalizing the issues can help us collaborate on a
solution.






Submission History —

Determination of Potential Alleles/Variants for
Inclusion

1.Idenftify any FDA approved labels for drugs or
medical devices with recognized alleles
and/or variants for the gene.

2.For genes with no alleles/variants in FDA
approved labeling, identify alleles/variants
from published recommendations (e.g., AMP
consensus recommendation for coverage) or
CPIC'’s allele definition table.

3.Review CPIC’s allele functionality table. Only
alleles/variants with clinical implications will be
considered. These are defined as
alleles/variants with No Function, Increased
Function, or Decreased Function.

4 Review minor allele frequency (MAF) from the
dbSNP database. Alleles/variants with an MAF
of at least 1% in a given population will be
considered.

Once the potential alleles/variants for genes
with no alleles/variants in FDA approved
labeling are identified, cited published
literature with a Definitive Evidence Level from
PharmVar will be pulled for evaluation.

Variant Inclusion in Knowledge Base and Genotyping Software

Determination of Inclusion

1.The Primary Reviewer will determine if the
collected evidence is sufficient to support the
variant and/or variant-to-allele definition and
include in our knowledge base.

2.If an allele with an associated variant or the
variant itself has been identified by an FDA
approved label for a drug or medical device,
the variant/allele will automatically be
included in our knowledge base as it has
already been recognized by the FDA.

3.For alleles or variants not supported by an
FDA approved label for a drug or medical
device, the Primary Reviewer will review the
cited literature from PharmVar and determine
if they agree with the Definitive Evidence Level
based on PharmVar's criteria above.

4.The Primary Reviewer will also confirm the
variant associated with the allele is identified in
the article as an rsID number or HGVS identifier
(e.g., base pair change).

5.If the Primary Reviewer agrees with the
Definitive Evidence Level, the evidence will be
considered sufficient and the variant/allele will
be included in our knowledge base. If the
Primary Reviewer does not agree with a
Definitive Evidence Level, the evidence will be
considered insufficient and the variant/allele
will not be included in our knowledge base.

Peer Review

1. A Peer Reviewer will conduct their own
determination. If they agree with the Primary
Reviewer, the decision to include (evidence
deemed sufficient) or not include (evidence
deemed insufficient) will stand.

2. If the Peer Reviewer does not agree with the
Primary Reviewer, the Peer Reviewer and
Primary Reviewer will discuss and come to a
consensus.

3. If a consensus cannot be made between the
Peer Reviewer and Primary Reviewer, the
discussion will expand to the entire Clinical
Intelligence team who will review and discuss.
A decision by the maijority (i.e., 60%) will stand.




Submission History —

Variant Evidence Review Process

>

event the curators are not able to agree on the variant

categorization, the variant categorization will be brought to
discussion with 100% of the Clinical Intelligence team with both
curators’ findings supporting their decision. The decision will then
be determined by 100% of the Clinical Intelligence team with the
majority of the vote (>50%) determining the final decision of the

variant categorization.

Review PubMed search result's full article for
relevancy. Relevancy is defined as allele, drug, and
endpoint of interest being investigated,

B A study must be investigating the allele and drug of
interest within the search terms and an endpoint
relating to one or more of the following categories:
efficacy, toxicity, pharmacokinetics, or
pharmacodynamics. Exclusion criteria includes the
following: endpoint not meeting above criteria, in
vitro study, case study, <10 participants, or article
not available in English.

In the

Conduct a PubMed search for a given drug-gene-
allele association. Use the following terms:
gene.allele AND (pharmacokinetic OR
pharmacodynamic OR efficacy OR toxicity) AND
(drug(s)/prodrug(s) of interest) NOT
(Review[Publication Type])

Add the following
selectable
'publication date’
filter to 5 years

215 results

Add the following
selectable 'article
type' filter to
‘Randomized
Control’ and 'Clinical
Trial'

Review consenus guidelines, including (but not
limited to) CPIC, PharmVar, PharmGKB for
citations associated with the drug-gene-allele End: Document evidence as
association of interest missed in PubMed described in the Evidence
search terms. Adhere to the previously stated Review Process
inclusion and exclusion criteria applied to
PubMed abstract review.



https://www.pharmgkb.org/page/varAnnScoring,

Submission History —

Variant Evidence Collection

Arficle PubMed ID
HGMNC Gene Symbol

£.4., e
wposure fo

What medications, drugs, or compounds were included in the study. If mulfiple,
separate with semi-colon

Unique factors of cohort, reference the PMID for the other cohort and assess
the impact of previously reported data, if any. If unable to determine, note
“Unable fo determine.” This may not be completed unfil all studies reviewed for
a gene.

Female (M); Male (M) - Example: Female (79); Male (39). ¥ not reported, state
“Mot Reporied”. If not applicable, state "M/A".

Document number of patients for reporied ethnicities in parentheses -

Example: "African American (43)". If multiple, list in alpha crder and separate
by semi-colons. If not reported, state "Mot Reported”. If not applicable, state
“MIA"

Ethnicity (M)

Median Age (years)

Reported Clinical Function

Clinical Outcome Type

Mame of groups. If applicable add freatment regimen in parentheses. Example
Study Arm {Treatment Regimen) - Low dose group (warfarin 25.25 mgfyk). Add additional study arms columns
Mumber of subjects in Stedy Arm 1. Add addiional study arm cohort number
columns as needed.
Add minor allele frequency (MAF) for the study arm (e.g., rs1799971 GG
0.230, G4 0,475, A8 0.2 Add additional study arm MAFs columns as

Document overall minor allele frequency |
(e.g.. rs1799971 GG 0.230, GA 0.473, AA

F) for the entire study cohort

Confidence Interval 1 Confidence value of outcomes. Add addifional confidence value
needed.

Effect Size Type Options - Odds Rafio, Relafive Risk, Hazard Ratio, gig,

Effect Size Value The value for the Cdds Ratio, Relative Risk, Hazard Ratio

L Limitations of study including population, cohort size, lack of transparency in
Limitations ) . . .
phenotyping, duration of study, etc. Be as concise as possible.
WWhat cutcomes were statistically significant, which ones were nof. Any
2 [ E ¥ 1
Results Summary secondary analyses done. Statements made by the authors about the resulis.



TSI Kernel

Processing

WCF Files
Advanced Genatyper
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File Parser
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The Opaque Part
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