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FDA Definitions

Real World Data (RWD) are data relating to
patient health status and/or the delivery of
health care routinely collected from a
variety of sources.

electronic health records (EHRs)
claims and billing data
data from product and disease registries

patient-generated data including in home-use
settings

data gathered from other sources that can inform

on health status, such as mobile devices

N

Real World Evidence (RWE) is the clinical
evidence regarding the usage and potential
benefits or risks of a medical product
derived from analysis of RWD.

Generated using many different study
designs, including but not limited to,
randomized trials, such as large
simple trials, pragmatic clinical trials,
and observational studies.
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Framework for Evaluating RWD/RWE for Use in
Regulatory Decisions

Consider:
e Whether the RWD are fit for use

* Whether the trial or study design
used to generate RWE can provide
adequate scientific evidence to
answer or help answer the
regulatory question

* Whether the study conduct meets
FDA regulatory requirements

ns
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Biomarker

Clinical
endpoint

RWD and Clinical Endpoint

Type of endpoint Studies % Examples of endpoints measured
Chemistry 219% |HBALc, pregnancy test, GFR
Severe neutropenia
Hematology 4%
Apheresis yield > 5 million CD34+ cells/kg
Increase/decrease of parabasal cells; biopsy proven
Pathology 1% L . .
acute rejection, clearing of anterior chamber cells
o Sustained virological response, plasma viral load,
Microbiology 9% conversion to negative sputum
Imaging +/- (survival, 10% Bone mineral density; vertebral fractures, spleen
clinical signs) volume, progression free survival
Physiological/ functional e 6 minute walk, normal sinus rhythm, FEV1, sleep
measurement studies
o S Death, hospitalization, MACE, MS relapse, Lice free
Clinical event /clinical sign 13%
head
Toronto western spasmodic torticollis rating scale,
Hamilton depression rating scale, Rheumatology scale
CRO/PRO 31%

ankylosing spondylitis scale, psoriasis severity index,
seizures, sleep, prostate symptom score
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Real World Data

In the real world, nothing happens at the right place at
the right time . ..




EHRs — Quality and Relevance

Certain endpoints — labs, pathology, imaging are used in
clinical practice and research

— Challenge is curation of unstructured and
inconsistent data format

Timing of assessment in clinical practice may be variable

— Only using patients who have sufficient data may
create a bias as those who show up for follow up are
often different than those who do

Clinical outcome measures for disease progression may
not be used or consistently recorded in practice

Interoperability will be necessary for studies outside of
small populations

— Including linkage to claims for longitudinal data

& vistA CPRS in use by: Doctor,Beth (SLCacct)

Fle Edt View Tooks Help

& CPRSPATIENT,TEN ANC Mar 19.01 14:00 HBPC / CPRSdoctor Five o Remete Postings
000-89-9863 Aug 21,1943(55) | Pravider: CPRSDOC TOR, TWO Déta Q AD
Achve Problems Allergies / Adverse Reactions
Unspecied Fall (CD-9-0M EG38 9] | af | Ibuprofen
Urninaty Retention Topamax 15mg Capsul Feb 04 2004
Ventral Hemia Nec (JCD-9-CM 553 2 Garlic 01 Jun 122003
Hyponatremia ICD-9-CM 276.1) Nov 13.2002
Depression Hbpe Advance Drecbves Implementation
Low Back Pan
Hypertensio ;l
Active Medications Clinical Rerminders Due Date
Autificial Tears Methplcelluose Active | |No data found
Lubrnicating [pf) Oph Ont Active
Calcium 500mg/Vitamn D 200unt Tab Active
Docusate Na 100mg Cap Active
Tamsuosin Hel 0.4mg Cap Active
Potassium Chloride 10meq Sa Tab Active
Cyanocobalamin 1000mcg Tab Active
Salmeterol S0meg/Blstr Po Inhl Diskus 680 Sus
Mirtazapine 30mg Tab Active
Furosermide 40mg Tab Active
Sennosides 8.6mg Tab Active
MenAa Maanscsim Nvide 420ma Tah &b :l
Recent Lab Results Vials
No data found T 997F Feb0720041726 (376C)
P 63 Feb 07.2004 17 26
R 18 Nov 18,2003 10.57
BP 125/68 Feb 07200417 26
HT 68in Nov18,20031057 (1727 cm)
WwT 217 Nov 18,2003 10:57  (386kgl
PN 6 Feb 07,2004 17-26

Cover Sheet | Problems | Meds | Diders | Notes | Consults | Sugery) D/C Summ | Labs | Reports |
|




Quality RWE can’t be Built without Quality RWD
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In the words of David Byrne — How did we get here?

!
BOTCHED OPERATION | i

Death BY 1’000 Clicks: Where Elemctl‘onlc."‘v‘iv

Health Records Went Wrong

The U.S. government claimed that turning American medical charts into electronic records would
make health care better, safer and cheaper. Ten years and $36 billion later, the system is an unholy
mess. Inside a digital revolution that took a bad turn.

11



In the words of David Byrne — How did we get here?

Good news: 96 percent of hospitals have
adopted EHRs, up from just 9 percent in
2008
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BOTCHED OPERATION \

Death By 1; 000 Clicks: Where Electromc ii

Health Records Went Wrong

The U.S. government claimed that turning American medical charts into electronic records would
make health care better, safer and cheaper. Ten years and $36 billion later, the system is an unholy
mess. Inside a digital revolution that took a bad turn.

FUA
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In the words of David Byrne — How did we get here? FUA

Good news: 96 percent of hospitals have
adopted EHRs, up from just 9 percent in
2008

Bad news: The proprietary EHR systems
made by more than 700 vendors routinely
don’t talk to one another, meaning that
doctors still resort to transferring medical
data via fax and CD-ROM

s %
VY N ‘k\;

‘,
Death By I; 00 Clicks: Wh rl Elect

Health Records Went Wrong

The U.S. government claimed that turning American medical charts into electronic records would
make health care better, safer and cheaper. Ten years and $36 billion later, the system is an unholy
mess. Inside a digital revolution that took a bad turn.

13



In the words of David Byrne — How did we get here? FUA

Good news: 96 percent of hospitals have
adopted EHRs, up from just 9 percent in
2008

Bad news: The proprietary EHR systems
made by more than 700 vendors routinely
don’t talk to one another, meaning that
doctors still resort to transferring medical
data via fax and CD-ROM

s &
W & T S

‘
1,000 Clicks: Wh rl Electronic
Health Records Went Wrong

The U.S. government claimed that turning American medical charts into electronic records would
make health care better, safer and cheaper. Ten years and $36 billion later, the system is an unholy
mess. Inside a digital revolution that took a bad turn.

ONC's Cures Act Final Rule
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In the words of David Byrne — How did we get here? FUA

* Good news: 96 percent of hospitals have
adopted EHRs, up from just 9 percent in
2008

BOTCHED OPERATION

Death By 153000 Clicks: Where Electronic
* Bad news: The proprietary EHR systems Health Records Went Wrong
made by more t h an 700 vendors routine Iy The U.S. government claimed that turning American medical charts into electronic records would
d 0 n' t ta | k to one anot h er. meanin g t h at make health care better, safer and cheaper. Ten years and $36 billion later, the system is an unholy
. ! . ) mess. Inside a digital revolution that took a bad turn.
doctors still resort to transferring medical
data via fax and CD-ROM

ONC's Cures Act Final Rule

m Ease of Access to Their Records

ONC's Cures Act Final Rule supports a patient's control of their health care
and their medical record through smartphones and modern software apps.

15



In the words of David Byrne — How did we get here?

* Good news: 96 percent of hospitals have
adopted EHRs, up from just 9 percent in
2008

* Bad news: The proprietary EHR systems Health Records Went Wrong
made by more th an 700 vendors routine Iy The U.S. government claimed that turning American medical charts into electronic records would

d 0 n' t ta | k to one anot h er, mean in g t h at make health care better, safer ar'ld chea}p?r. Ten years and $36 billion later, the system is an unholy
d t ‘i | | resort to tran Sfe crin gm ed . | mess. Inside a digital revolution that took a bad turn.

OCTOrsS S
data via fax and CD-ROM

SA - ' ¢
Making Patient Allowing :
Data Requests Easy Choice of Implementation Improving

and Inexpensive Apps Patient Safety
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In the words of David Byrne — How did we get here?

* Good news: 96 percent of hospitals have
adopted EHRs, up from just 9 percent in
2008

Death By 15(

* Bad news: The proprietary EHR systems Health Records Went Wrong
made by more than 700 vendors routine Iy The U.S. government claimed that turning American medical charts into electronic records would

d 0 n' t ta | k to one anot h er, mean in g t h at make health care better, safer ar}d chea}pfer. Ten years and $36 billion later, the system is an unholy
doct il resort to transferrin gm edical mess. Inside a digital revolution that took a bad turn.

OCTOrsS S
data via fax and CD-ROM

* EHRs promised to put all of a patient’s
records in one place

— Critical or time-sensitive information

. . . e b, ¥
routinely gets buried in an endless scroll , ([ e L2
of data... — and amid the maze of Making Patient Allowing L .
. . Daatra: R?\%‘:(ezt:siEvaesy Choicesof Implementation Patient Safety
pulldown menus — it can be missed i Aee

17



Physician Time Spent Using the Electronic Health Record During

Outpatient Encounters
A Descriptive Study!

J. Marc Overhage, MD, PhD, and David McCallie Jr., MD

e Study included data from approximately 100 million patient encounters with about 155 000 physicians
from 417 health systems

* Looked at active time spend in the EHR

* Physicians spent an average of 16 minutes and 14 seconds per encounter using EHRs, with chart review
(33%), documentation (24%), and ordering (17%) functions accounting for most of the time.

* “Chart review stands out as the activity most in need of optimization but with the fewest tools
available ....

— Although investments in visualization tools and predictive models or artificial intelligence—enabled
tools aim to help identify critical problems that could otherwise be missed, few target the
outpatient setting and address common pain points like information synthesis.” 2

1. Ann Intern Med. 2020;172:169-74
2. Julia Adler-Milstein, Electronic Health Record Time Among Outpatient Physicians: Reflections on the Who, What, and Why Ann Intern Med.

2020;172:212-213
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Creating Quality Clinical/Research Records —
Design for Multiuse

* OneSource: “enter the
right clinical data once,
use many times”

* FDA collaboration with Dr.

Laura Esserman (UCSF)

* Integration of standards
based tools into the EHR
to bring together health
care and research

* Demonstration in breast
cancer clinical trials

%

[EHR
m~

Others

OneSource
Core & Apps

Enter the ‘right’ data once
Using dynamic checklists for
data capture and rendering

Trial
Matching

wﬁoou Personalized Regulators 'ﬂ'ndc
Care
Good quality clinical care, e
I clinical trials, registries, quality @
improvement, researchers, pesiiasi
> scientists, payors, regulators

/

and others all require the same

a

Research
&

' Patient

Engagement

Athena a

data elements...

Home

cars Biopharma

& Device

Ancillary
Patient Care

Systems

Orgs e
i FITE

Courtesy of Dr. Laura Esserman and Susan Dubman 19



Common EHR Data Structure

mCODE

Minimal Clinical Oncology Data Elements

Data standards to improve the quality and usability
of EHR data

4

Collection of clinical trials data using the EHR

Courtesy of ASCO/MITRE

20



ICARE: Develop and validate mCODE-based
outcome measures embedded in the EHR

Disease Status Treatment change

Clinical Assessment Clinical Assessment

Based on the data available today (at the time of evaluation), Based on your evaluation today, are you making a change in
categorize the patient’s disease extent. treatment?

Question Format Question Format

S M < treatment change?=

L1 T [T L Ll <l esion evaluated>f<status value=J<reason value:

primary tumor complete response imaging
partial response pathology

No

Yes-disease not responding
Yes-due to AE/toxicity
Yes-pre-planned therapy transition
Yes-patient request

Yes-due to other

metastatic lesion

stable disease symptoms
progressive disease physical exam
not evaluated markers

NC National Clinical .
MITRE [ED
r EIN-'.IIIGnal Cancel‘ lnstitut?progr.‘lm AMFRICAN SCHTIFTY OOF CHIMIC &L RO CWGY

FOR CLINICAL TRIALS IN ONCOLOGY



Osec

It helps to rest your

arms on a table or

Patient-
Generated —
e Health Data
N (Digital Health
Tah ¥ e it Tools)

contextual data about medication use and

other health issues facing the people we
serve.

10:09 \

:
|

Hold your finger on
the crown.
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FDA MyStudies

« Mobile App

« Standard frameworks - ResearchKit (iOS), ResearchStac
(Android)

« Web-based Configuration Portal (WCP)
* Enables support of multiple types of medical product
effectiveness and safety studies with minimal software
development

» Secure Storage Environment
» Generates secure tokens
» Separates registration information and responses
» Partitioned for multisite, decentralized, or distributed
models

<&

https://www.fda.gov/NewsEvents/Newsroom/FDAInBrief/ucm625228.htm L
https://www.fda.gov/Drugs/ScienceResearch/ucm624785.htm
https://github.com/PopMedNet-Team/FDA-My-Studies-Mobile-Application-System



https://www.fda.gov/NewsEvents/Newsroom/FDAInBrief/ucm625228.htm
https://www.fda.gov/Drugs/ScienceResearch/ucm624785.htm
https://github.com/PopMedNet-Team/FDA-My-Studies-Mobile-Application-System

CARRA® Limit[IA )
Childhood Arthitis and Rheumatology Resesrch Alla pcorl '

Limit JIA trial

 Randomized real world trial in patients with Limited Juvenile Idiopathic Arthritis (<=4
joints affected and no uveitis)

— Six month course of subcutaneous Abatacept (T cell co-stimulation inhibitor) plus
usual care with NSAIDs and intra-articular glucocorticoids vs. usual care alone

— Outcome: extension to more than 4 joints, new uveitis, and/or need for treatment
with systemic medication at 18 months

x

* FDA-Catalyst is aligning with the trial by providing support from the MyStudies App JIA

CARRA REGISTRY,

— First use of FDA-Catalyst to support a pediatric trial — data collection starting in January
2020

— Potential support for the Childhood Arthritis & Rheumatology Research Alliance
(CARRA) Registry

— Collection of primary outcome (uveitis) from ophthalmology appointments in trial

— Collection of adherence information/adverse events for study drug with “drug diary”

24



CROHN’S\‘ : \ FOA
. &COLITIS - \
SPARC Re gl st ry il PLEXUS pCOI’I\\@

 SPARC Inflammatory Bowel Disease cohort within the IBD Plexus research
exchange platform

— Provider based recruitment of individuals >18 years of age with a confirmed
IBD diagnosis from academic and community sites

©0 0 ©

Electronic Case ‘i}?Palient surveys
Report Forms

Biosamples Medical record

* FDA-Catalyst is aligning registry by providing support from the My Studies App *

— App configured — integration of new “participant properties” feature IBD PROdigy
underway

— Data collection starting in April 2020

* Plan to include registry responses in the PCORI Comparative Effectiveness of
Biologic or Small Molecule Therapies in Inflammatory Bowel Disease study
(prospective cohort for patient reported outcomes)

25



FDA MyStudies and the MY Heart Study

Stanford MyHeart Counts

S A C = &

| ciomeine: sl = = - ‘ MEDICINE iPhone Application
QO @sunfond 09p Your Phane On You Aoy Coorioton O

—— — MyHeart Counts + FDA MyStudies on

Google Cloud

Q

o —— Further, Google Cloud is providing sponsorship to bring
~ . < e Stanford University’'s MyHeart Counts cardiovascular

research study onto the FDA MyStudies platform,
enabling this groundbreaking virtual clinical study to
begin enrolling users of both Android and iIOS devices.
Since it launched as one of the initial iOS research
applications, MyHeart Counts has enrolled more than
60,000 participants and driven significant understanding
of the feasibility of conducting large-scale, smartphone-
based clinical trials.

1. The study will gather sensor and health data 2. Your data will be sent to a secure database, 3. Your coded and encrypted data is combined
directly from your phone. Read our privacy where your name will be replaced with a with lots of other data on a secure server—and
policy. random code. then used for research.

26



https://med.stanford.edu/myheartcounts.html
https://med.stanford.edu/myheartcounts.html

Exploring Wearable Sensors for Patients
with Heart Failure

* To evaluate the feasibility and
performance of two novel
wearable and smartphone-
based mobile health
platforms for real-world
surveillance of surrogate
endpoints for heart failure
drug approvals in 150 patients

* Novel health platforms will
measure ECG data, heart rate,
respiratory rate,
accelerometer data, steps,
activity, and sleep

cyanotic
feet

27



Sponsors Exploring Digital Endpoints

Bellerophon.

THERAPEUTICS

2 Press Releases « Announced positive top-line results from Cohort 2 of its ongoing Phase 2/3

December 17,2019

randomized, double-blind, placebo-controlled clinical study (iNO-PF) of INOpulse®

for the treatment of Pulmonary Hypertension associated with Interstitial Lung
Disease (PH-ILD).

Statistically significant improvement in moderate to vigorous physical activity
(MVPA), defined as walking, climbing stairs, yard work, and similar activities,
versus placebo. The improvements in MVPA were underscored by benefits
shown in other actigraphy parameters, as well as patient reported outcomes

28



Sponsors Exploring Digital Endpoints

Bellerophon.

THERAPEUTICS

2 Press Releases

March 10, 2020

The Company, in consultation with the FDA, has finalized the key elements of its
planned pivotal Phase 3 study, including the use of moderate to vigorous physical
activity (MVPA) as the primary endpoint for approval, the patient population of

pulmonary fibrosis subjects at risk of PH, as well as the dose of iINO45 (45 mcg/kg
IBW/hr).

29
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MARGOLIS CENTER
Duke |

Home About~ People~ Research~  Education~  News~ [ESESIS

# > Events » Leveraging Randomized Clinical Trials to Generate Real-World Evidence for Regulatory Purposes

Leveraging Randomized Clinical Trials to Generate Real-World
Evidence for Requlatory Purposes

July 11, 2019 - 8:30 am to July 12, 2019 - 1:00 pm

The Westin Washington, D.C. City Center - National Ballroom
1400 M Street NW
Washington, DC 20005

Contact Info

Event Manager
margolisevents@duke.edu

Description

There are emerging opportunities to leverage real world data (RWD) and resultant real-world evidence (RWE) in support of supplemental approval or
labeling actions based on substantial evidence of effectiveness as envisioned in 21st Century Cures and PDUFA VI. As part of implementation efforts
for this legislation, the U.S. Food and Drug Administration (FDA) published a strategic framework to guide the development of a new program for
regulatory uses of RWD and RWE. The Framework suggests the potential integration of clinical trials into the healthcare system by using randomized
designs to generate RWE for regulatory submissions.

https://healthpolicy.duke.edu/events/leveraging-randomized-clinical-trials-generate-real-world-evidence-regulatory-purposes



https://healthpolicy.duke.edu/events/leveraging-randomized-clinical-trials-generate-real-world-evidence-regulatory-purposes

(RELIANCE)

Fitness
| forUse

RWD
Fitness
for Use

7 Regulatory
rations

Fitness
| for Use

derations

RELIANCE Trial  con)

ClinicalTrials.gov Identifier: NCT04069312

*  RofLumilast or Azithromycin to prevent COPD Exacerbations

Randomized “real world” trial; 1,600 adults in each arm
Azithromycin - macrolide with anti-inflammatory properties
Roflumilast - noncorticosteroid anti-inflammatory; phosphodiesterase type 4 inhibitor

Both guideline recommended but Roflumilast is FDA approved for this indication

*  Population

Clinician considering treatment intent to intensify therapy with roflumilast or azithromycin

> 40 years with severe COPD or associated chronic bronchitis

Current or past smoker — 10 pack/ years

Hospitalized with COPD exacerbation in past 12 months

Current medications include long acting — muscarinic antagonist, beta agonist or inhaled corticosteroid

No contraindications to the medications

*  Primary outcomes

All cause hospitalization

All cause mortality

*  Follow-up

6-36 months, no visits, call center, Patient Portal, Site EMR

CMS linkage through FDA-Catalyst for outcomes and exposures 32



Adopting “Pragmatism” into Regulatory RCTs

* A well-constructed endpoint means that the study can determine if the purported effect of the drug is
observed, and that effect is meaningful to patients

* Reliable data, that accurately collects the patient experience, and is accurately transferred into the analysis
datasets supports reliable conclusions

* Adequate monitoring means complete collection of important, relevant efficacy and safety endpoints

33



Adopting “Pragmatism” into Regulatory RCTs

Randomization supports strong causal inference
Blinding supports strong causal inference vs unblinded

Appropriate enrollment criteria assures patients have the target condition (that the study
objective is aimed to address)

A well-constructed endpoint means that the study can determine if the purported effect of the
drug is observed, and that effect is meaningful to patients

Reliable data, that accurately collects the patient experience, and is accurately transferred into
the analysis datasets supports reliable conclusions

Adequate monitoring means complete collection of important, relevant efficacy and safety
endpoints

34



Adopting “Pragmatism” into Regulatory RCTs

The issue is reliability — persuasiveness — of the results, not
trial methodology

Randomization supports strong causal inference
Blinding supports strong causal inference vs unblinded

Appropriate enrollment criteria assures patients have the
target condition (that the study objective is aimed to address)

A well-constructed endpoint means that the study can
determine if the purported effect of the drug is observed,
and that effect is meaningful to patients

Reliable data, that accurately collects the patient experience,
and is accurately transferred into the analysis datasets
supports reliable conclusions

Adequate monitoring means complete collection of
important, relevant efficacy and safety endpoints

FOUA

How do we create a research infrastructure
that can provide reliable, persuasive results?

Randomization methods adapted to
investigational sites

If blinding needed — adapted to practices,
such as central dispensing to patients

Simpler monitoring — focused on endpoints
that matter, but collected reliably

Endpoints utilizing digital tools, in-home
collection

Enrollment criteria that are broad but define
properly the patient population

o The issue isn’t the enrollment criteria —
it’s doing studies in sites that bring in
patients across a broader spectrum

-



Conclusions

* Electronic health care data is ubiquitous
— Question is what is being collected reliably and consistently
e Certain endpoints may be more feasible

— Share need between clinicians and research to have data in the chart be better
organized and accessible

* Opportunities for technology

* Integration of other data streams may be necessary to capture the patient experience
— Potential of digital technologies are just starting to be realized

* With greater efficiencies in data capture, randomization with RWD provides a
pathway for reliable —persuasive - RWE

36
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Clinical data to advance discovery

Josh Denny, MD MS
All of Us Research Program, NIH
(formerly, Vanderbilt University Medical Center until 1/2020)
5/8/2020

Precision Medicine Initiative, PMI, All of Us, the All of Us logo, and “The Future of Health Begins with You” are service marks of the U.S. Department of Health and Human Services.



Vanderbilt biobank
enrollment

ICD Codes

CPT Codes

Clinical
Documentation

Radiology

ECGs

Laboratory

EHR Data from Vanderbilt Biobank

Medications

Vital Signs

EHRs provides dense resource for efficient discovery:
BioVU’s example

BioVU start

2010

1985 1990

248,455

57 million

79 million

48 million

3.4 million

2.9 million

193 million

530 million

40 million



Patient 1

Patient 2

Finding a “simple” disease in the EHR: Who has hypertension?
Definition: SBP > 140 or DBP > 90
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Patient 1

Patient 2

Finding a “simple” disease in the EHR: Who has hypertension?
Definition: SBP > 140 or DBP > 90
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Finding a “simple” disease in the EHR: Who has hypertension?
Definition: SBP > 140 or DBP > 90

Patient 1
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Our “simple” example: Hypertension
Multiple components are better
(and blood pressure is the worst)

True Positive Rate

0.9

0.8

0.7

o
o)

o
0

©
o

o
w

o
N

o
[EEY

o

I

LI\

0.2

&

—ICD9 codes for HTN
—NMedications for HTN
High systolic or diastolic readings

—PL+DS+HP hypertension concepts
(KMCI)

—Sum of normalized hypertension
ICD9, drug, BP, concept "BP" filtered

—Random forest (all 56 descriptors)

0.4 0.6 0.8 1

False Positive Rate

Teixeira, JAMIA 2016



ICD, Meds, and NLP identify different counts of possible
cases for different diseases

Atrial Fibrillation 1D Alzheimer’s disease Breast Cancer ICD Gout ICD

ICD

4.73% (1741

25.50% (5128)

18.69% (16333)

39.18% (10991)

Medication Medication

Medication

Medication Primary Notes Primary Notes Primary Notes

Multiple Sclerosis ICD Parkinson’s disease IcD Rheumatoid Arthritis TiDM ICD

9.54% (1688)
29.81% (13579)

Medication

Primary Notes Primary Notes

Primary Notes s
- Primary Notes

Wei-WQ JAMIA 2015



What we learned - Finding phenotypes in the EHR

Clinical Notes

Billing e !
codes - natura_ anguage
ICD9 & CPT processing)

Medications
ePrescribing
& NLP

Labs & test
results
NLP



What we learned - Finding phenotypes in the EHR

Clinical Notes

Billing NLP - natural language
codes processing)
ICD9 & CPT

Medications

ePrescribing Labs & test
& NLP results
NLP

Any combination of rules, logic, machine learning. Can
be deterministic (yes/no), probabilistic, or even use
"markers” of disease



Early discovery science in eMERGE —Hypothyroidism

Table 1. Evaluation of Primary Hypothyroidism Algorithm at the Five eMERGE Sites

Primary Hypothyroidism
Site Primary Phenotype Total Genotyped Subjects Cases Controls Case PPV (%) Contrel PPV (%)
Group Health dementia 2532 397 1,160 98 1My Al - t h
Marshfield cataracts 4113 514 1,187 o 104 gorl mS Can
Mayo Clinic peripheral arterial disease 3043 233 1,554 B2 96 b d p I y d
Northwestermn type 2 diabetes 1217 92 470 98 100 e e O e
Vanderbilt nommal cardiac conduction 2712 81 352 o5 1040 aC rOSS
All sites 13,617 1317 5053 92.4° 98,57 I -
Genotype counts represent all subjects who were found by the hypothyroidism algorithms at each site and who were genotyped. Counts are limited to those m u tl p | e E H R S
dlassified as “white” in the electronic medical record of each site. PPV = positive predictive value.
2 Average weighted for number of samples contributed to the total.

2. _ _ . Analyses can
g be performed
N using extant
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ELECTRONIC MEDICAL RECORDS & GENOMICS Am J Hum Genet. 2011;89:529-42




Hypothyroidism Algorithm

Hypothyroidism Algorithm

Case medications L

levothyroxine, synthroid,

levoxyl unithroid,

armour thyroid, desicated thyroid,
cytomel, triostat, liothyronine,
synthetic triiodothyronine,

liotrix, thyrolar

\

Pregnancy exclusion ICD 9 )

codes
Any preghancy billing code or
lab test if all Case Definition
codes, lahs, or medications fall
within 6 months before
pregnancy to one 1 year after
pregnancy.
V22.1,V22.2, 631, 633, 633.0,
633.00, 633.1, 633.10, 633.20,
633.8, 633.80, 633.9, 633.90,
645.1, 645.2, 646.8, etc.

A

-

optiray, radiocontrast, iodine,
omnipaque, visipaque, hypaque,

Exclusion keywords

ioversol, diatrizoate, iodixanol,
isovue, iopamidol, conray,
iothalamate, renografin, sinografin,

cystografin, conray, iodipamide |

v

ICD-9 codes for hypothyroidism Abnormal lab values
244,244.8, 244.9, 245,245 2, 245.8, 245.9 TSH>50RFT4<05
Case Definition

All three conditighs required:

\:\ICD—Q code for hypothyroidism OR abnomal TSH/FT4

Thyroid replacement medication use

. Require at least 2 instances of either medication or lab wi
least 3 months between the first and last instance of megdication
and lab

L

e

j

Case Exclusions

-~
Exclude if the following information occurs ytime in tl
record:

Secondary causes of hypothyroidism

. Post surgical or post radiation hypothyroidism ||
- Otherthyroid discases — M8 |

L +  Thyroid altering medication
»,

> E—
Case Exclusions
Wependent case exclusions:
= ™ Recent pregnancy TSH/FT4
| = —Recent contrast exposure

\ J

Conway et al. AMIA 2010.

ICD-9 codes for secondary
causes of hypothyroidism

244.0,244.1, 244.2,244.3
v

=
ICD-9 codes for post surgical or

post radiation hypothyroidism
1937, 242.0, 242.1, 242.2,
242.3,242.9, 244.0, 244.1, 244.2,
244 3, 258*

CPT codes for post radiation
hypothyroidism
77261, 77262, 77263, 77280, 77285
77290, 77295, 77299, 77300,77301,

| 77305, 77310, etc.

Exclusion keywords
multiple endocrine neoplasia, MEN
I, MEN I, thyroid cancer, thyroid
carcinoma

Thyroid-altering medications
Phenytain, Dilantin, Infatabs,
Dilantin Kapseals, Dilantin-125,
Phenytek, Amiodarone Pacerone,
Cordarone, Lithium, Eskalith,
Lithobid, Methimazole, Tapazole,
Northyx, Propylthiouracil, PTU

Algorithms in PheKB.org

ICD-9 or -10
codes
Medicatio
CPT codes
NLP

Laboratory
test results
Vital signs

39

31
23
28

21

Kirby et al.

Non-public

(n = 110)
73

51
44
36

37

14

JAMIA 2015.
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53%

44%
42%

38%

12%



PheWAS of the

FOXE1 locus
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Denny et al., AJHG 2011



‘*‘d\u Hypothyroidism
)

Other thyroid diseases
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\;@fri///— Hypothyroidism
)

Other thyroid diseases
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How much does the algorithm help?

Case medications
levothyroxine, synthroid,
levoxyl unithroid,
armour thyroid, desicated thyroid,
cytomel, triostat, liothyronine,
synthetic triiodothyronine,
liotrix, thyrolar
A

( Pregnancy exclusion ICD 9

codes
Any pregnancy billing code or
lab test if all Case Definition
codes, labs, or medications fall
within 6 months before
pregnancy to one 1 year after
pregnancy.
V22.1,V22.2, 631, 633, 633.0,
633.00, 633.1, 633.10, 633.20,
633.8, 633.80, 633.9, 633.90,
645.1, 645.2, 646.8, etc.

~

A\ )

( Exclusion keywords

optiray, radiocontrast, iodine,
omnipaque, visipaque, hypaque,
ioversol, diatrizoate, iodixanol,
isovue, iopamidol, conray,
iothalamate, renografin, sinografin
cystografin, conray, iodipamide

A,

[ ICD-9 codes for hypothyroidism J [ Abnormal lab values

244,244.8, 244.9, 245, 245.2, 245.8, 245.9 TSH>50RFT4<05
-~
Case Definition

All three conditiphs required:
\:\ICD-Q code for hypothyroidism OR abnomal TSH/FT4
Thyroid replacement medication use
* Require at least 2 instances of either medication or lab wifh at
least 3 months between the first and last instance of megdication
and lab

( Case Exclusions
Exclude if the following information occurs.
record:
*  Secondary causes of hypothyroidism
«  Post surgical or post radiation hypothyroidism

Y time in i

P
Case Exclusions
Wependent case exclusions:
. Recent pregnancy TSH/FT4
c Recent contrast exposure

/

J ICD-9 codes for secondary

causes of hypothyroidism
244.0,244.1, 24422443

N

/ ICD-9 codes for post surgical or
post radiation hypothyroidism
193*, 242.0, 242.1, 242.2,
242.3242.9,244.0,244.1,244.2,
2443, 258*

.

/ CPT codes for post radiation
hypothyroidism

77261, 77262, 77263, 77280, 77285

77290, 77295, 77299, 77300,77301,

| 77305, 77310, etc.

A\

-~

Exclusion keywords
multiple endocrine neoplasia, MEN
I, MEN I, thyroid cancer, thyroid

Tl q
E Other thyroid diseases carcinoma
L «  Thyroid altering medication s
\ ( Thyroid-altering medications

Phenytoin, Dilantin, Infatabs,
Dilantin Kapseals, Dilantin-125,
Phenytek, Amiodarone Pacerone,
Cordarone, Lithium, Eskalith,
Lithobid, Methimazole, Tapazole,
Northyx, Propyithiouracil, PTU

Versus

Two

or more ICD-9

244* codes
(phecodes)




How much does the algorithm help?

Case medications
levothyroxine, synthroid,
levoxyl unithroid,
armour thyroid, desicated thyroid,
cytomel, triostat, liothyronine,
synthetic triiodothyronine,
liotrix, thyrolar
A

( Pregnancy exclusion ICD 9

codes
Any pregnancy billing code or
lab test if all Case Definition
codes, labs, or medications fall
within 6 months before
pregnancy to one 1 year after
pregnancy.
V22.1,V22.2, 631, 633, 633.0,
633.00, 633.1, 633.10, 633.20,
633.8, 633.80, 633.9, 633.90,
645.1, 645.2, 646.8, etc.

~

A\ )

( Exclusion keywords

optiray, radiocontrast, iodine,
omnipaque, visipaque, hypaque,
ioversol, diatrizoate, iodixanol,
isovue, iopamidol, conray,
iothalamate, renografin, sinografin
cystografin, conray, iodipamide

A,

[ ICD-9 codes for hypothyroidism J [ Abnormal lab values

244,244.8, 244.9, 245, 245.2, 245.8, 245.9 TSH>50RFT4<05
-~
Case Definition

All three conditiphs required:
\:\ICD-Q code for hypothyroidism OR abnomal TSH/FT4
Thyroid replacement medication use
* Require at least 2 instances of either medication or lab wifh at
least 3 months between the first and last instance of megdication
and lab

( Case Exclusions
Exclude if the following information occurs.
record:
*  Secondary causes of hypothyroidism
«  Post surgical or post radiation hypothyroidism

Y time in i

P
Case Exclusions
Wependent case exclusions:
. Recent pregnancy TSH/FT4
c Recent contrast exposure

/

J ICD-9 codes for secondary

causes of hypothyroidism
244.0,244.1, 24422443

N

/ ICD-9 codes for post surgical or
post radiation hypothyroidism
193*, 242.0, 242.1, 242.2,
242.3242.9,244.0,244.1,244.2,
2443, 258*

.

/ CPT codes for post radiation
hypothyroidism

77261, 77262, 77263, 77280, 77285

77290, 77295, 77299, 77300,77301,

| 77305, 77310, etc.

A\

-~

Exclusion keywords
multiple endocrine neoplasia, MEN
I, MEN I, thyroid cancer, thyroid

Tl q
E Other thyroid diseases carcinoma
L «  Thyroid altering medication s
\ ( Thyroid-altering medications

Phenytoin, Dilantin, Infatabs,
Dilantin Kapseals, Dilantin-125,
Phenytek, Amiodarone Pacerone,
Cordarone, Lithium, Eskalith,
Lithobid, Methimazole, Tapazole,
Northyx, Propyithiouracil, PTU

Versus

Odds ratio

Two or more ICD-9
244* codes
(phecodes)

P-value

Super complicated
algorithm

1317

0.74 (0.67 — 0.82)

8.2x10°°

2+ phecodes

2108

0.76 (0.70 — 0.81)

2.7x10-13




Replications of GWAS
associlations via PheWAS

P-value for replication:
 All-210/751: 2x108
« Powered - 51/77: 3x104/

ENDOCRINE & _|
METABOLIC

PSYCHIATRIC

traits

NEUROLOGIC —

Binary

CARDIOVASCULAR —
PULMONARY —
DIGESTIVE A
GENITOURINARY =

DERMATOLOGIC

: AUC=0.83
= . ® T2Dvs. T1D errors
= ® Several “FPs’
actually known
S outside GWAS
Catalog

27.29

MUSCULOSKELETAL

—_

21.84

ENDOCRINE & |
METABOLIC

16.38
traits

10.92

HEMATOPOIETIC —

46

Continuous

5.

CARDIOVASCULAR -
GENITOURINARY -
MUSCULOSKELETAL A

NEOPLASTIC q ®

® ®» e® ee prostate cancer
® e preast cancer

* melanoma

® lung cancer

o wmee ® o type 2 diabetes
. ® hyperglyceridemia
* hypothyroidism
=e ® type 1 diabetes
® gout

* morbid obesity
® nontoxic nodular goiter
alzheimer's disease
. * age-related macular degeneration
* fuchs' dystrophy
» e multiple sclerosis
*e glaucoma
* essential tremor
* restless legs syndrome
e o e atrial fibrillation
® atrial fibrillation & flutter
* hypertension
* asthma
® crohn's disease
chronic renal failure
° ® psoriasis vulgaris
® psoriasis
* systemic lupus erythematosus
® e e e rheumatoid arthritis

* dupuytren's disease

° ® hyperbilirubinemia
am e oo o * hyperglyceridemia
- e * oo L] gout

asme © o ¢ o hypercholesterolemia

® abnormal glucose
® nontoxic nodular goiter
e obesity
* vitamin d deficiency
* e magnesium metabolism disorder
** phosphorus metabolism disorder
¢ calcium/phosphorus disorders
L ] L X ]
eee jron deficiency anemias
= » eosinophilia
esee hypertension
e clevated prostate specific antigen
osteoporosis

¢ iron metabolism disorder

l I l I l
0.0 0.2 0.4 0.6 0.8

False positive rate

1 1 1 T 1 T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

—log1o(p)
Nat Biotech 2013; 31:1102-1111



Creating PheWAS for ICD10 (UK Biobank) and ICD10-CM (US)

https://github.com/PheWAS/PheWAS / http://phewascatalog.orqg

|ICD-10-CM

ICD-9-CM

A
4 Coronary athercsclemeis Coronary atherosclerosis
12
Other chronic ischem‘f heart disease, unspecified °
=
iy ?
5
pe"PhE";';;BC”E’ de'ESE “:SI:BC::d Other chronic ischemic hegrt disease, unspecified .
QOcclusion an nNOsIS Of precerebral arteries - ~ .
Paroxysmal ventricular tachycargi Nonrheumatic aortic valve disorders  Diseases of Ahe jaws Other sp benign y dysp
licati s h | ifi S i i
A . Ca:! iac comp licationg, not elsewhere cass ied Kyphosis (acquired) & AA . PﬂfOX)’Sl[t o icular ':Chycafla .

A A

-

% A - ¢ . 3R
. ’ o .. . L4

%, g @, % %, 3,

R % . %, %, Yy, O, 2
% Yy, o, 3 %, % %
% %% :%% ‘%%% . "%,, % %’%% 1».% ", " e a,%:@,v/ - s, s A
%, vy N e, e % “ Moy e,
w

ICD9 > ICD10 -
phecodes phecodes

Coronary 1.60 1.60
atherosclerosis

Ischemic heart 1.50 1.47
disease

Wau et al. bioRxiv. doi.org/10.1101/462077


https://github.com/PheWAS/PheWAS
http://phewascatalog.org/

Automating assessments of “phenotype patterns” in the EHR

@ For each patient, generate a 0

- Phenot e Risk Score
[ feature 1 } % a Map OMIM N yp
Extract features (from PheRS — 1} Y
. { feature 2 } :> Human Phenotype J
disease B Ontology) 0y, = 1
features - EHR phenotypes /
} & K (phecodes) / Score for Add up 0= phenotypej Vt\:eight for_
eno e
from OMIM { feature k J subject i terms for k absent . dperivedt{‘?or#
phenotypes 1:p;reer£%pe] entire EHR

) < 4

Bastarache et al, Science 2018



Automating assessments of “phenotype patterns” in the EHR

‘ / For each patient, generate a \
[ ¢ x Phenot e Risk Score
feature 1 % / Map OMIM \ yp
Extract > | EEIES ({0 PheRS; = 1} w;
. feature 2 |:> Human Phenotype J
disease J ) Ontology)to - j= 1
features - EHR phenotypes /
; & \ (Phecodes) / Score for Add u 0= phenotypej Vr\]/eight for_
fI‘O M OM I M [ feature k } subject i terms foF; k absent . c?erie\?eodt{‘?:ng
phenotypes ~ 1=Phenotype ] entire EHR
8 present
0 /
\ ' J

Repeat this for any Mendelian diseases

Bastarache et al, Science 2018



Validating PheRS on diagnosed individuals

157

10 -

124

1
case

P=5x10-220

*

Cystic Fibrosis

'
case

Li-Fraumeni

L)
control

P=3x10%4

]
control

154

104

154

104

P=2x10-175

r.'a1.=.e mr:lml
Marfan Syndrome

P=8x1043

—

i L)
case control

Hemochromatosis

154

104

P=4%10-51

*

r 1
case control
Achondroplasia

P=0.280

L] v
case cantral

F‘henyll-;etnnuria )
Bastarache et al, Science 2018



All of Us Research Program - Summary

@ >340k participants, >271k with
biospecimens

@ >200k EHRSs, goes back to decades

@ >75% underrepresented population,
>50% non-white

o Cloud-based researcher workbench  Health Care Provider Direct
: : Organizations Volunteers
beta testing later this month — open P D
to US academic eRA commons 0 —_— ‘ﬂ'
researchers

http://researchallofus.org

https://databrowser.researchallofus.org

Enroll, Health Baseline Bio- Smartphones &

- Consen_t, Surveys measurements specimens Wearables
EHR sharing \ o

RESEARCH PROGRAM via in-person visit



http://researchallofus.org/
https://databrowser.researchallofus.org/

Case Study: Height Comparison (EHR + Physical Measurements)

_ _ % variation in height from PM to EHR for n=30540 participants
o Physical Measurements data: height (n=160 extremes removed)

measured in centimeters
e EHR data: most recent height for each
Individual, normalized to centimeters

e You are a median of 0.48cm (-0.4%)
taller in the EHR!

3000-

count

2000~

1000-

1 ) ) 1
-10 -5 0 5
percent



AoU smoking Cancer PheWAS comparison (EHR vs

251

201

—logyo(p)

-
=]

(-]
L
Il

PPI pack years vs EHR neoplasm phecodes and Cancer PPI

Cancer within the respiratory system

Cancer of bronchus; lung .
Cancer Conditions: Lung Cancer

Benign neopi%sm of skin

Cancer Conditions: Bladder Cancer
Benign neoplaﬁanfﬁﬂua&%ﬂ: Cervical Cancer

N ﬁ:reening for malignant neoplasms‘o erfkéNleiomyoma

v A
A Vy ".‘

v A 4
R P AT e AL
<%,

G4 “
Phenotypes

. PPl data)



For more information...

National Institutes
of Health

@AllofUsResearch AllofUs.nih.gov
#JoinAllofUs

JoinAllofUs.org

ResearchAllofUs.orqg

databrowser.researchallofus.org

Precision Medicine Initiative, PMI, All of Us, the All of Us logo, and “The Future of Health Begins with You” are service marks of the U.S. Department of Health and Human Services. 63


https://www.joinallofus.org/en
https://www.instagram.com/AllofUsResearch/
https://twitter.com/AllofUsResearch/
https://www.facebook.com/AllofUsResearch/
https://www.youtube.com/channel/UCQId1TfpwPaYiDIGlxEhlkA/feed

