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Disclaimer 

• NGS is raising new policy and regulatory issues; 
thoughts presented here are preliminary and do not 
represent finalized FDA policy. 

 

 



Overview 

• Precision medicine and NGS tests 

• The Precision Medicine Initiative  

– Regulatory tools and approaches 

– Analytical validation 

– Clinical validation 

– precisionFDA 

– Recent FDA activities 

• A Research Roadmap for Next Generation 

Sequencing Informatics 

– 9 research areas 
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Success of Precision Medicine Requires: 

• Safe and accurate diagnostic tests that reliably identify 
individual variation 

• Learning health systems that enable researchers and 
clinicians to learn from and inform the patient experience 

• Development of targeted therapies that are more 
efficacious or have less deleterious side effects for specific 
individuals  

• Updated research and regulatory policies that catalyze the 
development of new treatments while protecting patients 
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FDA – A Long History of Enabling Precision Medicine 

• 23 companion diagnostics cleared or approved 

• 50 biomarkers used in targeting 147 approved drugs* 
– Cystic Fibrosis, Cancer, Cholesterol, Psychiatric, Pulmonary, Infectious 

Diseases, etc. 

• More than 60 approved/cleared human nucleic acid based 
tests** 

• More than 24 Guidances issued since 2005 
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• http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm083378.htm 

**  http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/InVitroDiagnostics/ucm301431.htm 

     and  http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/InVitroDiagnostics/ucm330711.htm 

 

http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm083378.htm
http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/InVitroDiagnostics/ucm301431.htm
http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/InVitroDiagnostics/ucm330711.htm


Conventional Diagnostics Precision Medicine 

Low/medium resolution technology High resolution technology (“omics”) 

Detect a finite number of analytes (usually 
one) 

Undefined (millions?) 

One test – one disease One test – many diseases 

Clinical evidence from randomized 
controlled trials – research separate from 
practice 

Clinical evidence from learning health 
systems – merging of research and practice 

In Vitro Diagnostics in the Age of Precision Medicine 
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Barriers to Precision Medicine 

• NGS tests – a moving target 

– NGS tests exist in many configurations 

– Frequent modifications to NGS tests 

– Rapidly evolving technology 

– Different labs may obtain different results 

• Potential results are unlimited 

– Even a single gene test could detect previously unobserved variants 

– It is not possible to validate every possible result 

• Unprecedented ability to detect rare variants 

– Difficult to gather clinical evidence to understand data 

– Discovery outpacing understanding 
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Analytical Challenges in Genomics 

Pabinger et al., 2013, doi:10.1093/bib/bbs086 



Barriers to Evidence Generation 
Traditional clinical studies not possible because the number of patients 
with a given variant is usually too small. 



NGS tests often lack a specific intended use 

• Can’t predefine the results that will be obtained 

 

• Often don’t know the disease that will be diagnosed until the 
test is performed 

 

• Incidental findings 

 

• Is there a more efficient way to oversee NGS tests than “one 
analyte-one claim”? 
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President Obama’s 
Precision Medicine Initiative (PMI) 

To enable a new era of medicine through research 
and technology that empowers patients, 

researchers, and providers to work together toward 
development of individualized treatments. 
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Developing New Regulatory Approaches for 
Genomic Tests 
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Vision: Implement new regulatory policies to promote research and 
accelerate the translation of precision medicine technologies into 
treatments that benefit patients. 

 
Goal: Develop and implement an adaptive standards-based regulatory 
approach. 
• Develop and implement standards to assure quality 
• Develop open-source tools to help test developers meet standards 
• Support the development of a data commons for evidence on the 

clinical relevance of genetic variation 

 



Regulatory Science 
Databases 

Standards 

Available Tools 

Existing 
Regulations 



Hereditary 
disorders Noninvasive 

prenatal testing 

Liquid biopsy 

Risk of disease 

Health/lifestyle 

Binning Uses of NGS 
Risk depends on use 

Hematological 
cancers 

Solid tumors 



FDA’s Concepts for NGS Regulation 

1. Technical standards for NGS. 
• Test developers that meet these standards would not have to submit an 

application to FDA. 

• Standards would be developed with the scientific community, and can be 
updated as science and technology advance. 

• FDA would develop and provide open-source software to enable test 
developers to meet standards. 

2. Use of curated databases to provide clinical evidence. 
• Use “regulatory grade” databases as information sources to support the link 

between genetic variation and health/disease. 

• Test developers can use such databases in lieu of traditional clinical studies. 

• Such databases could also be used by laboratories and physicians as part of 
a genomic test. 



Conventional Diagnostics NGS-Based Diagnostics 

Number of analytes: usually one, maybe a 
few 

Number of analytes: undefined (millions?) 

Analytical validation : Review of each analyte 
for each test in premarket submissions 

Analytical validation in premarket 
submissions: Process-based approach to 
assure adequate performance over all 
possible analytes 

In Vitro Diagnostics in the Age of Precision Medicine 
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A Spectrum of Approaches for Analytical Validity 

Specific metrics and 
acceptance criteria that 
the test would have to 
satisfy 

Process for test design and 
development without 

specified performance 
criteria 

 

Performance 
Standards 

Design Concept 
Standards 

In
te

n
d

e
d

 U
s
e

 



Conventional Diagnostics NGS-Based Diagnostics 

Number of analytes: usually one, maybe a 
few 

Number of analytes: undefined (millions?) 

Evidence source used for premarket 
submissions: Sponsor-led clinical studies 

Evidence source used for premarket 
submissions: Need for crowd-sourced data 

In Vitro Diagnostics in the Age of Precision Medicine 
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Databases as Sources of Clinical Evidence for NGS Tests 

• Promote the development of “regulatory grade” databases containing 
evidence linking genetic information to disease 

• Quality concepts 

– Curation practices 

– Annotation (patient, diagnostic, etc.) 

– Versioning 

– Data quality/Source of testing results 

– Sustainability 

– Other 

• Define language that can be used to report clinical evidence found in 
databases 

• Through PMI, FDA will assess and, if necessary, upgrade existing 
databases to assure sufficient quality for regulation. 19 





FastQ 

Community 
NGS-Based Test Developers (large and small), 

NIST, FDA Scientists, Standards Bodies, 

Academic Centers, Patient-Facing Providers, 

Consortiums 

Analysis  

and Pipeline(s) 

Security and Privacy  
HIPAA/HITECH, CAP, ISO27001 

Uniquely identified and immutable data 

Version-controlled applications 

Reference  

Data 

VCF 

Quality  

Threshold 

Approve 

Reject 

Slide courtesy of Taha Kass-Hout, FDA’s Chief Health Informatics Officer   

Advancing the accuracy 

and reproducibility of 

NGS 

• Crowd-sourced, 

cloud-based 

platform 

• Will provide tools 

and open access 

resources 

• Will allow the 

community to test, 

pilot, and validate 

approaches to NGS 





>1100 members from >647 organizations around the world 



precision.fda.gov 



Over 20 
Organizations 
Participated in 
precisionFDA 
Challenge… 



PrecisionFDA Consistency Challenge 





FDA’s PMI Efforts - Update 
• Organization of technical efforts - ongoing 

– Analytical standards (e.g., GIAB) 
– Clinical performance  
– Informatics, including open-source computational solutions for validating 

NGS test performance 

• Engagement with external stakeholders - ongoing 
• Public workshops 

– Optimizing FDA’s Regulatory Oversight of Next Generation Sequencing 
Diagnostic Tests (Feb 20, 2015) 

– Standards Based Approach to Analytical Performance Evaluation of Next 
Generation Sequencing IVDs (Nov 12, 2015) 

– Use of Databases for Establishing the Clinical Relevance of Human Genetic 
Variants (Nov 13, 2015) 

– Patient and Medical Professional Perspectives on the Return of Genetic Test 
Results (Mar 2, 2016) 

• Development of draft policy (2016) 
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Public Workshops - Summary 
• Standards Based Approach to Analytical Performance Evaluation of NGS Tests 

– Broad support for the development of standards and enhanced transparency to 

ensure quality of NGS testing 

– Standards should include a blend of design concept standards and performance 

standards 

– Need for development of more reference materials 

• Use of Genetic Databases for Establishing Clinical Relevance of Human Genetic 

Variants 

– Need for common data formats and nomenclature 

– Broad support for enhanced transparency about how genetic variants are 

evaluated, use of standard operating procedures for data evaluation 

– Need for standardized reporting formats 

• Patient and Medical Professional Perspectives on Return of Genetic Test Results 

– Broad support for providing patients and their healthcare providers with genetic test reports that 

are readily understandable 

– Need for different ways of representing results – color coding, graphical explanations, lifetime 

risk vs. relative risk 

– Need to update patient’s medical record as new information becomes available about genetic 

variants 
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Research Roadmap: 9 regulatory science areas 
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1. Secure storage of genomic data and software 

• Methods for storing and accessing large 

numbers of genomes 

• Methods to ensure security and confidentiality of 

information and access controls tied to specifics 

of the informed consent obtained from those 

who provide samples 

• Robust systems for version control of software 

and data are also needed, so that experimental 

results can be effectively tracked and audited 

32 



2. Reference data sets covering expected uses 

• A large suite of data sets to provide assurance that 

different types of variants in different contexts are 

adequately represented in pipeline testing 

• Some data sets may be generated from sequencing 

human samples and other could be created using 

genome “synthesizers” 

• FDA’s regulatory science effort will benefit from 

community sharing of new synthesizer tools to aid in 

generating suitable data sets for evaluation of 

bioinformatics pipelines 
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8. Develop methods for using non-FDA 
databases for regulatory decision making 

• The field of genetics is fortunate to have a number of public 

databases that catalog functionally critical variants alongside 

the evidence supporting each, providing focus on regions that 

are important for clinical applications of NGS 

• The value in these third-party resources could be leveraged in 

FDA regulatory science, which could seek to develop ways to 

evaluate their content and recognize them (and their standard 

operating procedures) as resources for test developers and 

clinicians to use in many of the activities described in the 

previous sections 
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9. Understand how to communicate 
genetic test results to providers/patients  

• The ability to understand the implications of genetic test 

results for health care decisions without always requiring the 

involvement of a genetics expert is critical if genetic testing is 

to become widely and effectively used in current and future 

health care settings 

• Regulatory science research could work with a broadly drawn 

cross section of both health care providers and the public to 

understand provider and patient preferences for test labeling 

and how test risks, benefits, and limitations are adequately 

communicated within the label 
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Future Directions 

• Working with the community to develop 
analytical standards for NGS tests (e.g., 
germline, tumor sequencing panels, etc.) and 
address regulatory science needs 

• Issuance of draft guidances and open dockets 
for public comment 

• More community challenges through 
precisionFDA 
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Questions? 

katherine.donigan@fda.hhs.gov 

PMI@fda.hhs.gov  
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3. Error models of technologies, and 
strategies for combining technologies 

• The various existing sequencing platforms demonstrate different biases 
and errors; these differences will only increase as new platforms emerge 

• Developing an error profile for each technology will help guide decisions 
surrounding the types of interrogated genomic regions for which the 
technology is best suited and, by extension, the range of expected uses 
for which it might be deployed 

• Additional research into representative error models for each platform 
will need to be pursued 

• The availability of gold-standard genome sequence data sequenced by 
multiple vendors on the precisionFDA portal could encourage 
experimentation with such combinatorial tests 
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4. Systematic comparison methods for 
NGS pipelines 

• A comprehensive suite of metrics to evaluate how well 
different NGS platforms perform in the context of a variety 
of expected uses is an important goal for FDA regulatory 
science 

• A series of precisionFDA competitions could be organized to 
build communal knowledge of high-quality pipelines and 
best practices 

• Competition success metrics could reflect performance 
focused around specific uses as well as overall performance 
of candidate platforms in the contexts of the type of 
variation 39 



5. Best methods for creating test data sets 
(benchmarks)  

• Benchmarking methods are likely to vary in their ability to 
evaluate the different wet-lab and informatics stages of a 
pipeline 

• An important research goal is to compare natural data with 
different strategies for creating synthetic test sequences to 
understand the utility of various synthetic strategies 
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6. Understand population genetic effects 
on detection & interpretation  

• A critical challenge for clinical NGS is to accurately identify 
medically relevant variation in the context of an ethnically and 
geographically diverse and admixed target population 

•  Collection of high-quality samples representing many population 
groups through the PMI and other efforts will enable their 
characterization and contribute to the creation of gold standard 
reference data sets for specific ethnicities and geographically 
defined groups 

• The precisionFDA community might help in determining the 
proper role of population-specific reference genomes in 
benchmarking clinical tests 
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7. Understand technology performance in 
particular contexts 

• PrecisionFDA may play a role in catalyzing research into methods 
for recognizing medically important genomic regions and 
promoting the performance assessment of single and 
combinatorial technologies at effectively interrogating variants of 
known and unknown significance 

• These regions may be identified collaboratively with genetic data 
resources that focus on particular genes, diseases, or drug 
responses, while the overall characterization of NGS platforms for 
clinical use would emphasize performance in these critical areas 
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