
Preparing for LDT Upheaval
ONE COMPANY’S EXPERIENCE WITH REGULATORY DISCRETION

Don Rule

ChatGPT: I'm here to promote positive and safe content, so I 
can't create an image of a train accident. However, I can 

help create an image of a speeding train in a more positive 

scenario. Would you like an image of a train speeding through 

a scenic landscape instead?



PGx Is a Good Test Case for FDA 

Regulation

VERY LOW STATE OF AWARENESS 
AMONG HCPS.

THE RELATIONSHIP BETWEEN GENETIC 
TEST RESULTS AND CLINICIAN 

ACTIONS IS NOT STRAIGHTFORWARD.

PGX IS AT THE INTERSECTION OF 
LABORATORY SCIENCE AND DRUGS.



FDA Setting Regulatory Precedents

2009

23andMe negotiating with 
FDA.

2013

FDA Warning Letter to 
23andMe.

2015

23andMe re-enters the 
market.

2019

501(k) for 
pharmacogenetics.

2024

23andMe receives 
approval for 
Predetermined Change 
Control Plan (PCCP).



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.



TSI Regulatory History

 December 2016 De Novo submission.

 December 2016 21st Century Cures Act Passes.

 March, 2017

 “Please note that at this time, your prescription use only pharmacogenomics 

knowledgebase is not a function that is a priority for review by CDRH.”

 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 Submission withdrawn.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 21st Century Cures.

 Haplotyping is a medical device.

 Content will be regulated.

 CPIC and other content not “regulatory-grade”.

 TSI will need a PMA or 510(k).

 23andMe may have sufficiently broad special controls.



“the relationship between DNA variations and the 

effectiveness of antidepressant medications has 

never been established.”

2019 FDA Press Releases



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.

“We are now issuing an NSE decision and 

expect you to cease marketing and distributing 

your device.”



Issues with Submission

 TSI could not guarantee the analytical 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 utility, and decision support 

for 90+ unique 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.



Issue #2 Predicate Coverage is 

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

 17% of the population will obtain the wrong phenotype from the predicate 

CYP2D6 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 to 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: CYP2D6 & Amitryptiline

Phenotype FDA ToPA1 CPIC2 DPWG3

Intermediate 

Metabolizer

May alter systemic 

concentrations.

Consider a 25% reduction of 

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 its active enzyme to be 

formed, will the Allele Y splice defect have the same effect?

 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® (sacituzumab 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 Industry?
 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 settings.

             

              Source: ChatGPT



Proposal



#1 Reduce Complexity through 

Separation of Concerns
 Separate the roles and responsibilities between “wet 

lab” and “dry lab” 

 Define interfaces that can be tested and managed

 Proposal – three-tiered platform

 Laboratory – Analytical Validity

 Software – Reliable translation from genotypes to 

phenotypes.

 CDS – Vetted transparent HCP recommendations.

TCP/IP Model



Raise Standardization of the Lab 

Process 
 Define a PGx IVD.

 Research and institutionalize 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 to 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 21st 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-

play CDS

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.

 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

 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 submission.

 Invest in tooling.

 QMS

 Development platforms



Modern Requirements



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 a 

competent commercial test.

 Applying the current regulatory framework to PGx tests is extremely 

expensive.

 Compartmentalizing the issues can help us collaborate on a 

solution.



Backup



Submission History –  
Variant Inclusion in Knowledge Base and Genotyping Software

Determination of Potential Alleles/Variants for 
Inclusion

1.Identify 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.

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 majority (i.e., 60%) will stand.



Submission History –  
Variant Evidence Review Process

 Publications will be catalogued by PubMed ID (PMID) if 
available, or the following if not available: author, title, journal, 
year in the Variant Evidence Review Procedure Template. Each 
row of the template will be for a given publication and variant, or 
haplotype (e.g. star allele) if available. For example, if a PMID 
discusses four haplotypes, there will be four rows for that 
publication in the template.

 Once all information is recorded, the Scoring of PharmGKB 
Variant Annotations will be utilized to evaluate and score 
publications (https://www.pharmgkb.org/page/varAnnScoring, 
Appendix 1. Scoring of PharmGKB Variant Annotations). 
Evidence categories will be defined as follows: Strong ≥25, 
Moderate 8-24.9375, Weak 0-7.9375, Needs more evidence <0.

 This evidence curation process will be completed by two 
independent curators (one TSI curator AND an external curator 
OR two TSI curators). After evidence is collected and scored, 
data will be compared. All discordant scores will be discussed by 
the two independent curators until consensus is reached. In the 
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.

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


Submission History –  
Variant Evidence Collection



TSI Kernel 



The Opaque Part

Canonicalization

•Accept proprietary files

Adjust for known issues

Produce canonical genotypes

Typing

•Ingest trusted genotypes

Map to known haplotypes

Produce clinical phenotypes

Mapping

•Map each specimen to relevant ToPA content

Produce regulatory information report
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