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Presidential Executive Order for Open Data

On May 9. 2013, President Obama enacted the executive order surrounding
Open Data within the Federal Government
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Executive Order -- Making Open and Machine Readable the New Default for Government Information, May 9, 2013. Available at: hitp://www.whitehouse.gov/the-press-
office/2013/05/09/executive-order-making-open-and-machine-readable-new-default-government- Accessed on February 25, 2014
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OpenFDA = Open Data + Open Source + Open Community m

Open Data

Open Open
Source Community
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Current FDA Public-Access Resources

>80 public-access
resources or data are
currently indexed, many
updated daily, including
adverse drug events, reports  vownoasmeoa: s

FDA Data Inventory

An inventory of all FDA Datasets

iInvolving medical devices, Agency and Program Information
searchable listings of over- U T
the-counter tests cleared Oor  vaasenestocation:  ntosopen o gouesta oon
approved by the FDA,anda ... s

database of accredited

Data Documentation

mammography facilities. License Agreement:  Pudic Doman
For Developers
CKAN Page: hitp:ihub healthdata gowdatasetfda-data-inventory
Metadata API: JSON | RDFXML | M3
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OpenFDA Vision

CURRENT SYSTEM

DEVELOPER
PUBLIC

NEW SYSTEM

DEVELOPER
PUBLIC

OpenFDA will lower the barrier of entry for
developers of consumer and enterprise
applications who want to use FDA'’s public-

access data

FDA

documentation

request CDER
adverse event

request CDRH
recall

TeGUest BIOLOGICS

all requests

OPEN FDA

| @openFDA
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OpenFDA aims to offer high-value public datasets
via developer-friendly means (APIs or downloads
in an elastic Cloud environment) to further the
regulatory and scientific missions, educate the
public, spur innovation, and save lives while
protecting the privacy and security of the information

Open data Open source ity

Easier and better access to structurec FDA oata. Code and decumentation. s, 3pps, and steries.
Developer-focused APIs, raw data, and Open source APl code and documentation, rs, the public, and FDAIn
documentaticn for a curated set of high value shared on GitHub. ity on GitHub,

et
public FDA datasets.

cne shared community on GitHub,
StackExchange, and Twitter to best utilize these
datasets

B Sign up for updates
| Signup
open FDA A research project to provide open APIs, raw data
S A downloads, documentation and examples, and a
> @openrDA developer community for an important collection of [ FDA on GitHub
FDA pL] bIIC dataSetS, We're hosting this blog on GitHub, and we'll use

it for openFDA API code too.
More about openFDA »

2 @openFDA on Twitter

Use hashtag #GpenFDA to join the openFDA
community!

Introducing openFDA

By Taha Kass-Hout | 04 March 2014

Welcome to the new home of openFDA! We are incredibly excited
to see so much interest in our work and hope that this site can be
a valuable resource to those wishing to use public FDA data in
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FDA Open Data - Applications and Benefits

Adverse Events
» Drug-Drug Interactions
» Drug-Food Interactions
» Medical Devices

» Recalls & Risk Maps mmmm

= Label changes & Updates
» |nspections and citations

= More datasets to be announced as
development continues

hitp:/lopen.ida.gov | open@ida.hhs.gov | @openFDA
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FDA’s Impact on Food Pathogen Research m

Existing methods for classifying and tracking pathogens in our food and
environment are not meeting the demands of a federated, globalized food chain

The objective of this program is to sequence the genetic codes of 100,000 strains of
important food pathogens, such as Salmonella, and making them available in a free
and public database at NIH's National Center for Biotechnology Information.

» FDA'’s Field Labs will be contributing more than 5000 whole pathogen genomes annually

» FDA's Food Safety Network of State and Federal labs will be contributing all of their whole
genome sequences of pathogens associated to food iliness

» FDA's Center for Veterinary Medicine will be contributing to the 100K genome project as well

LSDs FDA

Agilent Technologies

DY RK
3 UCDAvis IG@?RESFE@F

:#l VETERINARY MEDICINE
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Leveraging Open Data For Drug-Drug Interactions

Publically Available Data — Adverse Events via openFDA

Using publically accessible R
B rrnvary [l SECONDARY [1] CONCOMTANT
data we can look at the o S
incid f drug-dru - =
!nCI enFe O g ) g ) +3000 _Pmductusedfcruﬂknownmdicahcn
interactions associated with - I e oo mo ww o
specified outcomes e 600 Recctons
-
: w0
In a simple example, we - I |
looked at over 80,000 . ____:_-Ill i
. 8 8% & § § & 8 &8 § 8 § 8 §B ‘8 & 0 mp en wn 0 Km0 SN s 70 80
Acetaminophen adverse o S
events where nausea was
[Creprazole ————— Disabll
an adverse event and death ﬂquimdin:mntionm prevent permanent impairmentdamage
| Congenial anomal
was an outcome h
Other

hitp://open.ida.gov | open@ida.hhs.cov | @openFDA
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OpenFDA Will Enable Everyone to Explore Product Data m

Publically Available Data — Adverse Events via openFDA

Indipa_tion Re_aqtion

We have the ability to look at
adverse event data against a wide
array of accessible data:

= Indications

= Drug Data

» Drug Class

=  Enzyme Associations
= Biological Targets

= Biological Pathways
= Qutcomes

= And DDI Reactions

\ ;' ., _' y ’,‘-“.

\"x,_\ ¥ A i Y\—J

Meta.Enz./ Targets
Transp.

hitp://open.ida.gov | open@ida.hhs.cov | @openFDA
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OpenFDA Provides Opportunities For Common Analysis m

Acetaminophen adverse events where Diphenhydramine was concomitant
medication and had death as the outcome

Acetaminophen 80,323 AEs

Acetaminophen and Deaths: 3,127 AEs

Acetaminophen and Deaths and Diphenhydramine: 229

| | @openFDA
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Putting it All Together

S antity to pathwnve () Cancel fullscrean 3 5

hitp://open.ida.gov | open@ida.hhs.cov | @openFDA
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FDA’s Need For Next Generation Sequencing Capabilities m

FDA's growing demand for Next Generation Sequencing (NGS) requires the
Agency to develop related business and IT capabilities

Drug Resistance Pathogen
Mutations Detection

NGS

Samples
Inspection

NGS Regulatory Biomarker Development &
Submission Companion Diagnostics

It is imperative for FDA to effectively generate, analyze, and share NGS data
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NGS is a Big Data Initiative

» NGS raw data can range from 30—
Secondary

50GB per sample for viral data Analysis Eiles ~N
and we expect to generate ' '
|
thousands of sequences annually ““E' 24
Exgesiment
» Industry regulatory submissions " |
are expected to be at 1-1.5TB per Teansceipt Ausembly
submission Files
)
[ ' } Long Term
BAM file VariantsFilas Archive
y (2068 (GB)
FASTLE file ' = L 2,
{SGE) = — -
Referanca Saquence Chipseq | Peak Detection Filas
{16B) - (KB}
Raw Data } Processed Data & Output Files
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Immediate Use Cases For NGS at FDA

FDA is rapidly expanding the development of Whole Genome
Sequencing (WGS) capabilities to more accurately conduct and
Data Sharing share epidemiologic outbreak investigations, better understand
pathogenic bacteria virulence traits, and the factors that influence
their adaptability to food manufacturing environments

use Case !

The Food Safety Genomics team is coordinating efforts with State,
Local and Federal public health labs to sequence pathogens
collected from foodborne outbreaks, contaminated food products
and environmental sources and make available to the public

Open Data

M The FDA's Computational Science Center has started to receive

Regulatory NGS data with regulatory submissions and must store and
Review disseminate this data to the review teams for validation and
analysis

IC@Hpns

Centor for Drug Evaluation and Rescarch

nwsmem
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NGS is a Critical Tool For Modern Food Safety
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Why Genomic Approach to Pathogen Identification? m

Traditional Approach To Pathogen Identification is only effective in a limited
scope: Pulse Field Electrophoresis combined with Serology has been the ‘gold
standard’ for FDA pathogen identification for years

The DNA is extracted, cleaved,
and exposed to electric currents
that separate the DNA fragments
by size — and the resulting
displacement is recorded as the
“fingerprint” These bands are
stable — and reproducible

Bacterial cultures are
isolated from a potential
contamination source and
grown on an agar plate to
incubate the bacteria.

Many isolates show patterns that are distinct to a geographic region that can help
investigators determine potential sources. However, this approach has faced major
challenges or limitations.

» This is a measure of “Relatedness” and not a true phylogenetic measure

= Many strains cannot be sub-typed in this approach and belong to more uniform clonal groups
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Genomic Approach To Pathogen Identification at FDA

The technologies behind Next Generation Sequencing allow FDA to fully sequence and
classify entire genome of a pathogen in days. Whole genome analysis of these pathogens
IS @ much more accurate way to show relatedness than the “chunks” of genetic material
that form PFGE patterns.

Raw Sequencing Data

e ——
R T— . ac a hian 2 .
HWUSI-EASS21 2 1 26 0 ms o 1
ATCTTTAACAGACCAAGACTGGGCCACAAGCCTCCAGACTGTAACCACTGCTTCAAAGAGGCTTAGGCAGGCAGG
| BBBBBBBOBBBBBBBBBBEBBBA8B5658585668585680808880886688086888588088808B886B888 0

H
HWUSIEASS21 2 1 2% 0 244 0 1
GGCTGGGTATGAGTCAGGGGGCTCC AGAACCAGTCGGACATCGACAGATAGATGC TTAT
683 88 888 0

14 | FDA_2010_213_King Fish
FDA. 0.

3 201021
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100 | FOA 2010 211 Perch

& FDA_2010_209_Romaine
FDA_2010_227_Pistachio-1 B
100 | FDA_2010_149_Pistachio-2

FDA_2010_142_Pistachio-3

I

3 | FDA2010.157_Clinical A —c
FDA_2010_204_Chicken D
* 4 FDA_2010_217_Drsin_swsb —&
1 i %
o8 4 _|7 FDA_2010.236_Clinical-1A-1

75 | FDA_2010_237_Lunch Meat-IA1
99 | 1| FDA_2010.238_Lunch Meat1A-3
77 | FDA_2010_239_Lunch Meat-I4-2
FDA_2010_240_Lunch Meat-1A-4
FDA_2010_242_Lunch Meat-I4-5
FDA_2010_214_Black Pepper.1
FDA_2010_216,_Black Pepper-Z
FDA_2010_147_Black Pepper-3
FDA_2010_148_Black Pepper-4
FDA_2010_219_Red Pepper.1
FDA_2010_145_Black Pepper-5
FDA_2010_144_Black Pepper-6
FDA_2010_215_Red Pepper-2
FDA_2010_146_Black Pepper-7
FDA_2010_158_Clinical- MD
FDA._2010_220_Clinical-NC-3
FDA_2010_225_Clinical-OH-1

FDA_2010_224_Clinical-OH-2

FDA_2010_156_Clinical-OH-3
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Perform Phylogenetic Analysis Pinpoint Geographic Region Identify Contamination Source
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NGS Initiatives at FDA Field Labs

FDA is participating the Next Generation Network for the Food Pathogen Traceability
(NGN-FPT) — a network of Federal, State, and global partners to populate a publically
accessible Salmonella genome database in collaboration with the 100K Genome project

» FDA labs began to sequence the vast
archives of bacterial isolates from
hundreds of outbreak investigations and
surveillance assignments

ORA Field Laboratories

» 9 field laboratories have been equipped
with sequencing platforms and began -
contributing to Salmonella strain
inventories A A

= Each lab will be sequencing 200 — 400 A
Salmonella isolates per year, which will A
expand the public database by 5200
sequences per year

» FDAIs evaluating NGS platforms and
comparing effectiveness for use in the
field labs
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FDA Food Safety Use of Genomic Data

P N

FDA, USDA, CDC State, Local, Federal and
Foreign Public Health Agencies
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FDA Regulatory Reviews of NGS Data Submissions

In May of 2013, CDER received its first full product review with large NGS
datasets. It became known as the “Terabyte Submission” and presented a
series of challenges for the review, analytics, and high performance computing
environments required to analyze the information.

» The NGS data was put on hard St i,
drives and manually moved to l = E
) [
workstations and HPC
environments throughout the ___ Genomic Analytics Engine

B == _— Ermmm i i

review process 1_@‘ /

bt

= OITlis working with CDER and
the Computational Science
Center to define an environment
that can manage large data
sets, provide controlled access,
and integrate with FDA high
performance computing and
elastic computing environments

Raw Data Files

HTS Processed
Data Storage
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The Cloud as an Enterprise Genomic Platform for FDA

A cloud-based genomics platform as an enterprise solution that has the
following features:

- Simple and long term storage

"« The cloud provides elastic storage  Solutions with quick search and \
( that can scale on demand access I}
- . - Quickly ingest, manage, and {
- Eliminate large file transfers and analyze this quantity of data
| provide scaleable analytic \
K capabilities J|
& - Enable support for a platform of
- The FDA can provide role based tools to manage work and analyze
’ access for submitters and reviewers data
. Long term storage is a very - Provision storage for /
ec<r\10mica| analytics only as needed.
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NGS Platform As A Service

FDA Centers and OITI are moving towards a unified environment for managing
NGS data — not only meeting the objectives for the 3 immediate use cases, but
providing the platform to support emerging needs as well.

OITl is providing a secure NGS Platform Q N

Awnllable in the FOA
App Store

» FDA users can easily generate, analyze
and securely share NGS data

» Opens the future to other utility such as;
biomarker development, drug safety,
companion diagnostics, etc. in
collaboration with FDA partners

» NGS data can potentially provide
tremendous value to the public when
combined with openFDA

Next Generation Sequencing (NGS) is an immediate priority for FDA
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NGS Platform As A Service

We are working on a cloud-based genomic platform that offers NGS services
including: storage, analysis and collaboration environments for FDA's Centers
and Offices and their partners

NGS data generation,
analysis, or sharing ‘ Storage and Archive

Secure, cloud-based

Allocation and Utilization

nvironment for rin
dashboard to track use environment tor storing

and sharing data

’Analytics Platform

Allocation &
Utilization

Utilize GovCloud Workflow and analysis

-

Compute and
Elasticity
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NGS is Part of the Big Picture at FDA

Collaborative NGS environments can be set up through the use of public clouds
(GovCloud), collaborative NGS platforms and hubs

= Public Clouds: FedRAMP certified NGS Portal clovt_ oumy
vendors can provide laaS as the NGS COIRRORIERS e B | shed Y -
backbone for FDA. = .

= NGS Platforms: NGS workflow e | :
platforms such as Galaxy and Arvados NGS Platforms | |
can enable collaboration through ::afs*’::gmt | |
analysis pipelines and audit trails Workflows Engine | |

Files Management | [

= Collaborative Hubs: Scientific Mets Data Management | |
collaboration platforms like HUBzero :Zf:rrf::;:ra:an::fmm | |
can help create NGS portals for S T —
supporting the sharing of NGS data, B - - -

pipelines and results by FDA with our DR comyiting Woragenmr

Storage and Archiving Management

partnerS or the pUbI |C High-speed Data Transfer

The NGS space has been maturing in a fast pace with extensive tools and platforms both
open source and commercial available for driving the research and collaboration
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Thank You!

Taha Kass-Hout, MD, MS

FDA Chief Health Informatics Officer (CHIO)

FDA Chief Technology Officer (CTO), Acting

Director, FDA Office of Informatics and Technology Innovation (OITI)

, @DrTaha_FDA
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