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EHR data are dense

196,693 individuals in an EHR DNA Biobank (BioVU)
e Mean follow-up — 5.7 yrs
e Distinct ICD9 codes — 19 million

e Labs—121 million
— Distinct labs — 5948
— Avg labs/patient — 662

e Drugs— 122 million
 Notes — 26 million (average 132 notes/individual)
 Radiology tests — 2 million



Approach to EHR phenotyping
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What we’ve learned - Finding
phenotypes in the EMR

Clinical Notes
(NLP - natural language
processing)

Billing codes
ICD9 & CPT

Medications
ePrescribing
& NLP

Labs & test results
NLP



Finding cases: Rheumatoid Arthritis

Definite Cases E_xcluded_
(algorithm-defined) (algorithm-defined)

Possible Cases Controls
(require manual review) (algorithm-defined)




Replicating known studies in the EHR

disease

Atrial fibrillation

Crohn's disease

Multiple sclerosis

Rheumatoid arthritis

Type 2 diabetes

marker

rs2200733
rs10033464
rs11805303
rs17234657
rs1000113
rs17221417
rs2542151
rs3135388
rs2104286
rs6897932
rs6457617
rs6679677
rs2476601
rs4506565
rs12255372
rs12243326
rs10811661
rs8050136
rs5219
rs5215
rs4402960

Am J Hum Genet. 2010;86:560-72.
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Chr.5
NOD2
PTPN22
DRB1*1501
IL2RA
IL7RA
Chr. 6
RSBN1
PTPN22
TCF7L2
TCF7L2
TCF7L2
CDKN2B
FTO
KCNJ11
KCNJ11
IGF2BP2
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Discovery science in eMERGE

Table 1. Evaluation of Primary Hypothyroidism Algorithm at the Five eMERGE Sites
Primary Hypothyroidism
Site Primary Phenotype Total Genotyped Subjects Cases Controls Case PPV (%) Control PPV (%) .
Group Health dementia 2532 397 1,160 98 1040 Algorlth mS Can
Marshfield cataracts 4113 514 1,187 91 100
Mavo Clinic peripheral arterial disease 3043 233 1,584 B2 Y6 be deployed
Northwestem tvpe 2 diabetes 1217 92 470 o5 100 aC ro
Vanderbilt nomal cardiac conduction 2712 81 352 95 104 SS
All sites 13,617 1317 5053 9247

multiple EMRs

Genotype counts represent all subjects who were found by the hypothyroidism algorithms at each site and who were genotyped. Counts are limited to those

dassified as “white” in the electronic medical record of each site. PPV = positive predictive value.
* Average weighted for number of samples contributed to the total.
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Completed eMERGE GWAS

Diseases

Dementia
Cataracts

Autoimmune Hypothyroidism

Diverticulosis/diverticulitis
Type 2 Diabetes

Diabetic retinopathy
Herpes zoster

PheWAS

Peripheral Arterial Disease
Venous Thromboembolism
Glaucoma

Ocular hypertension
Abdominal Aortic Aneurysm
Colon polyps

bold=GWAS completed with

significant results

Endophenotypes Selected consortia

° PR Duration Contributions

* QRS Duration * Height

e HDL/LDL * Qfc

e height * Rheum. Arthritis
white blood cell counts *  Myocardial Infarction

red blood cell counts Genetics Consortium

Intl. Mult Sclerosis Genet.

Cardiorespiratory Fitness
Consort.

ESR levels

e Genomic Investigation of
Platelet levels

Statin Therapy

Pharmacogenomic phenotypes

ACE inhibitor cough
Heparin induced thrombocytopenia
Resistant hypertension

Drug Induced Liver Injury
C. difficile colitis
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a knowledgebase for discovering phenotypes
e from electronic medical records

Login | Register

Home Phenotypes Implementations Groups Institutions

What 1s the Phenotype KnowledgeBase? R
The reuse of data from electronic medical _
records (EMRs) and other clinical data systems % Ezz'bd;ifr'spw
holds tremendous promise for improving the
efficiency and effectiveness of health research. g Atnal Fibrillation - .
Clinical data in the EMR is a potential source of Demonsiration Froject
rich longitudinal data for research, and the % Rhematoid Arthritis -
recent government efforts to promote the use of Demonstration Project
EMRs in the clinical setting may further promote Multiple Sclerosis -
the use of such systems in the US healthcare d Demanstration Project
system. As the use of EMRs expands, the Crohm's Disease -
demand for usable data frr—=—=*=-="——"*=—=%= B

research has also expandt 85 phenotypes from
One such effort by the Ele EMERGE, PGRN’ PCORnet

Records and Genomics Network (eMERGE) has investigated whether data captured i

clinical care using EMRs can identify disease phenotypes with sufficient positive and 47 have Va I |d atlo n d ata

values for use in genome-wide association studies (GWAS). Most EMRs captured ke

(diagnoses, medications, laboratory tests) used to define phenotypes in a structured 1 18 tota I | m p I eme ntat|o ns

natural language processing has also been shown to improve case identification rate

PhekR is an outarowth of that validation effort and orovides a collaborative environment of buildinno and




Hypothyroidism algorithm

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

@ '

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.

ﬁ

i Exclusion keywords B
optiray, radiocontrast, iodine,
omnipaque, visipaque, hypaque,
ioversol, diatrizoate, iodixanol,
isovue, iopamidol, conray,
iothalamate, renografin, sinografin,

P

& N

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

ICD-9 codes for hypothyroidism
244, 244.8, 2449, 245, 245.2, 245.8, 245.9

Abnormal lab values
TSH>50RFT4<0.5

Case Definition

All three conditiphs required:

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 m
and lab

at
ication

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

ytime in t

. Thyroid altering medication

. Other thyroid diseases
™\ Lt

-
Case Exclusions
Wependent case exclusions:

» ~ Recent pregnancy TSH/FT4
= _—Recent contrast exposure

-

cystografin, conray, iodipamide

ﬁ

\ 4

P

\
ICD-9 codes for secondary
causes of hypothyroidism
244.0,244.1,244.2,244.3
W,
=~

ICD-9 codes for post surgical or
post radiation hy pothyroidism
193%, 242.0, 242.1, 242.2,
24232429, 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 II, thyroid cancer, thyroid
carcinoma

( Thyroid-altering medications B
Phenytoin, Dilantin, Infatabs,
Dilantin Kapseals, Dilantin-125,
Phenytek, Amiodarone Pacerone,
Cordarone, Lithium, Eskalith,
Lithobid, Methimazole, Tapazole,
Northyx, Propyithiouracil, PTU




Performance of 88 Phenotype Algorithms in PheKB
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The genome-wide association study
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Studying drug
responses with
GWAS

“Only” about 120,000
samples at time of study
— underpowered for
many rare outcomes

90% participated in
>1 study

Bowton et al., Sci Trans Med. 2014

Phenotype

Clopidogrel in CV disease
Warfarin stable dose

Early Repolarization
Vancomycin stable dose

C. difficile colitis

Anthracycline cardiomyopathy
Guillain-Barre Syndrome

Heart Transplant

Kidney transplant

Clopidogrel in strokes/TIAs
Statin-related myopathy
Heparin-induced thrombocytopenia
CV events with COX2 therapy
Serious bleeding during warfarin
Amiodarone toxicity (lung, thyroid)
Chronic inflammatory
polyneuropathy

Rheumatic Heart Disease

ACEi cough

Fluoroquinolones and tenopathy
Warfarin stable dose in children
Metformin efficacy

Metformin and cancer
Bisphosphonates and Atypical
Fracture/Jaw Osteonecrosis
Wolff-Parkinson-White
Steroid-induced Osteonecrosis
Shellfish Anaphylaxis

Aspirin Anaphylaxis

Bell's Palsy”

Cases

225
1,167
544
1,067
941
528
S
181
1,078

il
/3
85
259
97

12

108
1,174
87
92
80
619

16

197
83
157
101
577

Controls

468
N/A
2,609
N/A
1,710
N/A
6,536
N/A
N/A
123
4,342
2,300
395
276
343

14,000*

3,464
978
Dol
N/A
N/A
421

1,454

5,551
352
14,000*
4,334
14,000*



Strengths

Rich, longitudinal data stores
Ability to go back to the chart to find out more

Research-quality phenotypes available via
algorithms

Potential for closed-loop discovery and
implementation

Expensive testing available “for free”

Ability to explore rare, detailed, drug-response,
and mortal phenotypes

Samples easily reused for many studies



Challenges

Developing algorithms takes time and people,
and then implementation requires local expertise

EHR data can be inaccurate, heterogeneous,
unavailable, lack organization, have different
storage structures

Fragmentation between healthcare systems

Mining of EHR data is not trivial (though
improving): text data, duration and temporality



How do you share genetic data?

Site 1 Site 1
. . Site 5 ——__ Coordinating _—" Site 2
Site 5 Site 2
Center
Site 4 Site 3
Site 4 Site 3

Edges (unique DUAs): n(n-1)/2 = 10

Edges:n=5

10 sites =45 vs. 10
20 sites = 190 vs. 20
30 sites =435 vs. 30




eMERGE Network

electronic medical records & genomics

0 \\Z Essentia Institute %

GroupHealth of Rural Health

Kaiser Permanente |
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