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Regulatory Timeline

2016

May FDA 
Letter
December
• TSI De Novo
• 21st Century 

Cures 
passes

2017

April
• Content not 

regulated
• Haplotyping is a 

device

2019

January
• 23andMe 510(k) 

predicate
April
• Inova warning 

letter
June
• TSI Pre-Sub

2020

February
• TSI submission
• ToPA published

2023

August
• NSE 

determination
December
• PgxPortal 

discontinued
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Necessary Evidence for PGx Support

Drug-Gene 
Association Gene Variants Haplotype/

Diplotype Phenotype Drug 
Association

Gene inclusion 
in Knowledge 

Base

Consensus 
nomenclature

Consensus 
standardized 
terminology

Scoring 
procedure to 

determine 
drug-gene 
inclusion

Variant 
Evidence 
Review

Evidence 
Review
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Scope of Submission

Gene Haplotypes Drugs
CYP2C19 *2,*3,*5,*17 Citalopram,Clopidogrel,Escitalopram,Flibanserin,Voriconazole

CYP2C9
*2,*3,*4,*5,*6,*7,*8,*9,*10,
*11,*12,*13 Fosphenytoin, Phenytoin, Warfarin

CYP2D6
*2, *3, *4, *5, *6, *10, *17, 
*41, Duplication

Amitriptyline, Aripiprazole, Atomoxetine, Brexpiprazole, Codeine, 
Fluvoxamine, Lofexidine, Paroxetine, Pimozide,Pitolisant, 
Tamoxifen,Tetrabenazine, Tramadol,Vortioxetine

CYP3A5 *3,*6,*7 Tacrolimus
SLCO1B1 *5 Atorvastatin,Simvastatin
UGT1A1 *6,*28 Irinotecan, Irinotecan Liposomal
VKORC1 -1639G>A A Warfarin
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Proficiency
• Advanced degree and core 

competency
• Internal or External to TSI
• Training Documents
• Complete one review
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Pharmacogenetic Assessment and Sorting Scheme (PASS)

• Identification of drug-gene associations to be considered in 
knowledgebase is done through our surveillance process.

• Consistent grading scale.
• Gene Tier
• Primary Source
• Level of Evidence
• Evidence Quality
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Variant Evidence Review

• To evaluate evidence to determine 
the impact of genetic variants on 
protein or receptor function.

• Accumulated evidence from available 
studies and subjected to scoring.

• Double-blind process with 
adjudication when scores differ.
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Haplotype 
Definitions

• Consensus nomenclature followed to define phenotype (Caudle et al.). 
• Consensus activity scoring methodology for CYP2D6 (Caudle et al.) and 

CYP2C9 (Sangkuhl et al.). 
• UGT1A1 haplotypes are defined by the UGT Nomenclature Committee.
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Phenotype Specific 
Assessment & Scoring 
System (P-SASS)
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Phenotype-
Drug Association 

in FDA Drug Label?

Phenotype-
Drug Association 

in FDA  ToPA?

Resulting Extent 
of Inclusion

Yes No Actionable

No Yes Actionable

Yes Yes Actionable

No No Informative



NSE Determination
• TSI could not demonstrate sensitivity, 

specificity, and limits of detection for 
all of our customer labs and 
guarantee their results

• Inconsistencies between final 
submission and prior data

• Insufficient validation information
• Underpowered comprehension study

“…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.” 
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Where Do We 
Go From Here?
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“the relationship between DNA variations and the 
effectiveness of antidepressant medications has 
never been established.”

Unresolvable Issue
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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.

6/20/2024 Translational Software 13



Why Doesn’t FDA Regulate 
Drug-Drug Info? 

• Comprehensive Data: The FDA relies on data 
provided by pharmaceutical companies.

• Dynamic Nature of Information: Drug-drug 
interactions can be complex and may emerge as 
evidence evolves. 

• Educational Scope: It is primarily the 
responsibility of healthcare providers to stay 
informed.
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Proposal – 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
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Implications

Standardized IVDs

• May be kits from 
manufacturers

• Third party 
reviewers such as 
NYDOH or 
BeanStock

Haplotyping as a 
medical device

• Rigid panel 
definition

• Standardized 
validation process

• Uniform 
nomenclature

Clinical Decision 
Support

• Validated inputs 
from approved 
haplotyper

• Standardized 
formats for EMRs

• Transparent 
recommendations 
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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
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Things to Keep in Mind

• FDA’s toolbox is limited. 
• FDA regulates many things so form supersedes 

function.
• FDA has no mandate to ensure commercial viability.
• Once you submit for approval, you have accepted 

that your product is a medical device.
• Marketing is claims.
• If you are going argue “least burdensome,” do it early.
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Conclusion

• Pharmacogenetics is an ideal example of a complex test that FDA 
wants to improve.

• Applying the current regulatory framework to PGx tests is 
prohibitively expensive.

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