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Viral RNA Harmonization Analysis
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Genomic Surveillance of SARS-CoV-2

* Genomic epidemiology is at present
disaggregated and artisanal
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Nextgen Sequencing “Enterprise”
standards can play a role to develop confidence throughout...
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from tissue to q. clinical impact clinical decision
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DNA support
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Annotation Query
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5 diagnosis
sequence data variant to results

molecular impact



NGS is a new kind of assay, and
there’s lots of room to establish

confidence in results.

Regulatory oversight can foster
confident use of NGS in cancer
detection and diagnosis.

“..a standards-based approach
to analytical performance of
NGS tests and the use of

centralized curated databases
containing up-to-date evidence
to support clinical performance
are

under discussion."

FDA workshop, Feb 20, 2015

PERSPECTIVE

REGULATORY SCIENCE

Unmet needs:
Research helps regulators do their jobs

Russ B. Altman,’ Natalia Khuri,>* Marc Salit,>* Kathleen M. Giacomini***

A plethora of innovative new medical prodidt§atong withlthéneed to apply modern
technologies to medical-prod ion has spurred seminal opportunities in Fegu-
latory sciences. Here, we provide eight of I ience research for di-.

cal Path Institute—have provided funding or
developed programs specifically directed at
research and training in regulatory sciences.
FDA initiated a new program that provides
funds to academic institutions for the build-
ing of Centers of Excellence in Regulatory
Science and Innovation (CERSI) and has
thus far made four awards, including three
in the vicinity of FDAs White Oak campus

(at Georgetown University, Johns Hopkins
Llniszamai Ao L lniscameitsob A asslond

verse products. Opportunities abound, par Table 2. NGS: Diagnostic enterprise from clinical sample through diagnosis,
for th of

Translational ~ biomedical ~ science  has

b
. variani
emerged as a critical research theme over the

edures;

Standards and for

and data archival. Shown is (i) suggested evidence
which could then be used to establish that evidence, and (i) critical stakeholders who can
or establish the research agenda that would underpin the needed standards. VCF,
udy delivery operations specialists; HHS, health and human services.

past decade and encompasses the spectrumr Phase gaps

of scientific activities from basic discovery tc evidence-developing

clinical trials to strategies for clinical imple practices (examples)

mentation. Central to translational medicine . pling D standard blish  +C « Artifacts associated with

is an understanding of the path that move: from tissue to DNA - Accurate (unbiased) SOPs for sampling + Professional societies extraction from archival tissue

extraction

basic science discoveries toward improve-
«Integrity of DNA

ments in clinical practice, which includes

+Reference samples and interlabora- . Clinical SDOs
tory studies to evaluate extraction

samples.

bust mechanisms for evaluating the saf e
robust mechanisms for evaluating the safe
d effi f potential di 8 i Y Sequencing: « Accurate (unbiased) «Well-characterized genomic DNA « Standards laboratories « Sequencing of “difficult”
and efficacy of potential new diagnostics anc g oo s to rave sequencing refecence materials + Clinical laboratories regions of the genome
therapeutics—some of which are ultimately sequence data « Fit-for-purpose character-  + D ) + Platform artifacts
approved for human use. Under developmen! «yyet bench*™ stics appropet- lope: + High-quality benchmark
are myriad new health care products derivec ate for different dlinical « Academic genomes
from cutting-edge science, such as genom: developing methods « Performance expectations o
ics-based diagnostics, interventional imag e s specificity thresh-
ing techniques, combination devices with olds) 5,
biological materials, and cell-based therapies Sequence +Unbiased of <D ds describ- + Standards laboratories + Assembly and mapping in "dif- 3
and regulators need to apply modern tech. bloinformatics: :3”:"::“3;‘) (mapping :&mﬁuww . +d :“‘l regions of the genome 3
nological tools and make full use of scientific from raw sequence Technical platic s LR asCon) Kol Ngorhat 173
N . ~ data to VCF « Accurate variant calling echnical artifacts 3
advances to evaluate the benefits and risks of - + Accurate and unambigu- * Data representation standards NP RN + High-quality benchmark 8
generation medical products. “Regulatory ous variant representa-  +Reference data, Implementation:  developing methods genomes Ey
science” refers to investigations that generate tion benchmark VCF files . . i g
fundamental knowledge necessary for driv Interoperabiity of data  + Reference software to evaluate VCF (sensitivity, specificity thresh- =
ing regulatory decision-making. Regulatory iion fles olds) =
science is like all scientific research in its em- Functional variant  + Accuracy of variant + Documentary standards for critical  +C <D f ges
phasis on hypothesis generation and experi- annotation annotation, including evaluation of processes, coupled to . Academic laboratories wide "gold standard”annota-
mentation, but it focuses on questions whos¢ Mochiical plet developing methods oo
A N in genomic landscape of Idiosyncrasies +Genome centers
answers are.o.f particular importance for reg- the call < Dk mgwesentation standerds
ulatory decisions, including those related tc + Interlaboratory comparisons of S
food, veterinary products, drugs, diagnostics annotation @
devices, and medical software. + Gold standard annotation of bench g
In the United States, the U.S. Food anc mark samples Z
Drug Administration (FDA) has long recog- Clinical variant « Clinical scope, rellabil- + Documentary standards of evidence  + Clinicians + Quantitative frameworks =
nized the importance of regulatory science knowledge base ity, relevance, strength, for inclusion in knowledge base + Professional societies 1o assess knowledge of the 5
for its mission. A 2007 study of the FDA Sci- (PharmGKB, applicabilty of datain .« Documentary standards for critical . Academic laboratories strengths of assoclations of >
ClinVar) knowledge base evaluation of knowledge base variants and disease 8
Department of Genetics, Stanford University, Stanford, contents, formatting, transaction +Quantitative framework to >
CA 94305, USA. “Department of Bioengineering, accuracy assess knowledge base
Schools of Engineering and Medicine, Stanford + Knowledge base intercomparisons curation/accuracy
University, Stanford, CA 94305, USA. *Department of ”
Bioengineering and Therapeutic Sciences, Schools of  Climieal s +D y + Clinicians + Quantitative framework to
Pharmacy and Medicine, Univers aliforniaSan ~ tiom of variants, including best practices and methods of criti- . Professional societies predict performance of clini-
Francisco, San Francisco, CA 94143-2911, USA. “Materia incidental findings and cal evaluation « Academic laboratories cal interpretation
Measurement Laboratory, National Institute of Stan- ofpatho- . case studies . pyyees
dards and Technology, Gaithersburg, MD 20899, USA. genkity for interlaboratory comparisons of
Institute for Human Genetics, University of California « Accurate dinical findings  dlinical interpretation
San Francisco, San Francisco, CA 94143, USA.
*Corresponding author. E-mail: kathygiacomini@ucsfedu Reporting « Accurate and clear +Dx societies + Communicate confidence in
reporting of results to reporting guidelines « Clinicians findings
dinicianinastondard . 4 CiCaahe
format evaluations of reporting + Clinical laboratories
+Payers
EHR archival + Accurate and interoper-  « Data representation standards «Payers. « No interoperable EHR stan-
of « D . socheties dards in common practice
WGS, WES test results data representation +HHS

« Compliance test software to evalu- « Standards bodies
ate EHR formatting
+ Reference implementations
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Standards Architecture

* Evidence to be developed * Example Stakeholders
* what sort of evidence do you need * who cares about this phase, who’s
to establish the veracity of this can help to establish standards?

process phase?

* Standards/Evidence Developing
Practices
 what sort of standards and

practices help develop the
evidence?

e standardized!
e comparable, transparent, evaluable

* Example Knowledge Gaps

* what are some of the things we
don’t know how to do?



Actionable Public
Health Knowledge

Samples and Sequence Data . . : : :
. - . . Epidemiology Which strain at which prevalence?

Sequencing Bioinformatics Integration Wihatis thelgeoaraphicepieady

Demographic variations?
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Genomic Surveillance .
Note that the process needs to be considered
Wo rkﬂ OW Can be from Samples to “So-what?”

* must develop actionable Public Health Knowledge
segmented...




Process Category
Breakout Groups

I. Samples and Sequencing

Selection and annotation of samples, sequence data generation

2. Sequence Bioinformatics

Genomic assembly, characterization,
and variant calling to support strain ID

3. Data Integration

Data aggregation and integration to
support epidemiological analysis

4. Epidemiology

Public health knowledge development

4 q 5 R
Process Sample Collection Nucleic Acid Sample Sequencing Bioinformatic Sequence Assembl [Meta]Data Databases, Epidemiologial Actionable Public
P —> —> —> 4 —>
Flow erson and PCR Testing Sample Conversion Library Analyses and Variants Integration Repositories Analyses
Health Knowledge
Example PHI Sample type Library type QCresults Integration Examples . . .
Item P Location QC results Library stats Sequence coverage ) 9 p Which strain at whlch.prevalen7ce?
[Meta]data Selection criteria PCR test type Sequencing Bed file of coverage Submitters Data What is the geogra.pmc spread?
Vaccination Test results platform Variants Submission representation How did transmission occur?
protocols Schemas Speed of transmission?
i EMR linkage Permissions Vaccine escape?
Example Sampling method Protocol QC methods 1nK Tree tool ° A
Proce?s Purification kit Kit maker Base caller Permissions APIs Lineage tool Diagnostic p.e-rfotma'nce?7
Metadata Location Batch Assembler Transmission Therapeutic implications?
Provider Worker Variant caller pattern analysis  \_ Y

* This is our working draft, we’re in process of consultations

Annotated genOmiC * Open, public workshops 10-15 June

surveillance workflow

» Strawperson proposal distributed in advance

4 working groups, followed by synthesis plenary
* Will issue consensus report with prioritized standards projects



Architecture Table in
development

Functional | Key Questions Standards, Who will make the Existing Standards & Shared
requirements Interoperability Tools, Standards? Resources
Quality Tools

Sampling Strategy

Sample processing and
Sequencing

Sequence
Bioinformatics

Data aggregation,
integration, access

Public Health Analytics




