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B Genetic Results in the EHR

N

* Historical results
— Printed & scanned
— PDF documents
— Labeled as "Miscellaneous"
— Unstructured lab result
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State-of-tﬁe-art in genomic result cfe(ivery to the EHR!

Electronic Medical Records and Genomics (eMERGE)

— Structured representation from genotyping facility
 Different levels of specificity: interpretation, variant, sequence

— Accompanying PDF report or interpretation text

Northwestern
Medicine




Derived from: Starren J, Williams MS, Bottinger EP. Crossing the omic
chasm: a time for omic ancillary systems. JAMA. 2013;309(12):1237-8.
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B Viethods

* eMERGE Pharmacogenomics Project (eMERGE PGx)

— https://emerge.mc.vanderbilt.edu/projects/emerge-pgx/

* Drug-gene interactions (DGIs)
— clopidogrel: CYP2C19
— simvastatin: SLCO1B1
— warfarin: CYP2C9 & VKORC1

* 750 consented subjects

* eMERGE IlI

— CYP2C19, SLCO1B1, CYP2C9/VKORC1, DPYD, IFNL3, TPMT
— ~3000 participants
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https://emerge.mc.vanderbilt.edu/projects/emerge-pgx/

A Northwestern Medicine AGS Architecture

[ External Lab ]

4 Ancillary Genomics System

Data Import \© *_,...-—v Data Analysis

\ / Ancillary \
- N Genomics s
Results Review <€ Database > Result Export
. = . ~ -
v
[ Electronic Health Record ]
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External Lab
C——

B Heterogeneous Formats

Lab A [ : Electronic Health Record
CYP2C19 CYP2C9 VKORC1 SLCO1B1
*1/*1 *1/*2
*17/*17 *1/*1 G/A C/C
Lab B
CYP2C19*17 CYP2C19*4 CYP2C19*8 CYP2C19*6
rs12248560 rs28399504 rs41291556 rs72552267
Mass A Mass T Mass Mass
Array Array Array Array
TA Mass A Mass T Mass GA Sequenci
Array Array Array ng
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External Lab
C——

Ancillary Genomics System

B Heterogeneous Formats

1
[ Electronic Health Record

Results Review] Datab ( Result Export
eMERGE Il Lt ) Q&}

<pgxDbata>
<pgx>
<geneSymbol>CYP2C9</geneSymbol>
<drugs>
<drug>warfarin</drug>
</drugs>
<recommendations>
<recommendation>https://cpicpgx.org/guidelines/guideline-for-warfarin-and-cyp2c9-and-vkorcl/</recommendation>
</recommendations>
<interpretation>This individual is homozygous for the normal allele for the CYP2C9 gene. Based on the genotype
result, this patient is predicted to have normal CYP2C9 function.</interpretation>
<diplotype>*1/*1</diplotype>
<phenotype>Extensive metabolizer</phenotype>
</pgx>
<pgx>
<geneSymbol>IFNL3</geneSymbol>
<drugs>
<drug>peginterferon alfa-2a</drug>
<drug>peginterferon alfa-2b</drug>
<drug>ribavirin</drug>
</drugs>
<recommendations>
<recommendation>https://cpicpgx.org/guidelines/guideline-for-peg-interferon-alpha-based-regimens-and-
ifnl3/</recommendation>
</recommendations>
<interpretation>This individual is heterozygous for the rsl12979860 C/T allele in the IFNL3 gene...
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B Data Import

e Custom parser for eaCh CLIA Lab ( Electronic Health Record

* Mapped to result attributes
— Manual process
— Catch-all "Undefined" type

CYP2C19 Result

CYP2C19 Fail

CYP2C19 SNP

CYP2C19 Genotype

rs12248560 rs28399504

c/T
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A AGS Database

* Laboratory Results
— Preserve original files
— Result details as Entity-Attribute-Value
— Attribute hierarchy

* Computed Observations
— Simple relational model
— Links to result attributes used
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B Data Analysis

N

* Separate command-line EXEs
e Take result attributes and values

External Lab

Ancillary Genomics System

Data Import

— Results by category (e.g., CYP2C19 Results has star and SNP)

— Look by date of result
— Normalize string

* Remove spaces
* Split on separator character for haplotypes

— Translation (consistent pipeline for data types)
* SNP —> Star variant = Interpretation
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B Fxample

Lab A Lab B

TA T G A
"1/ VLb
\l' TA TT GG AA

*1*1 ‘ , *1%17

| | |

\l' \1, Translation Table
Normal Metabolizer Ultrarapid Metabolizer
(Predicted) (Predicted)
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B Data Analysis

Lab / AGS

Current knowledge

Clinical

| rs4244285: AA | |cvpzc19 *2/%2 |

Clopidogrel poor
metabolizer (predicted)

—

New knowledge 5 years in the future

| rs4244285: AA | | CYP2C19 *2/%2 |

| Asian Ancestry |

Clopidogrel intermediate
metabolizer (predicted)

Ge

nerate “computed observations” to:
Provide more actionable test results
Simplify CDS rule implementation

Generate interpretation text using template
Links and tracing back to steps taken and
data used

*Filtering results based on preferences

Lab / AGS Patient Preferences Clinical
BRCA1
g.41258504A>C Suppress: Ornithine
: - Cancer :> Transcarbamylase
OTC - Dementia Deficiency
g.38226585G>A
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* Work done as part of eMERGE Il

12



B Results Review (Manual)

N

* List of results by DGI & patient

* Worklist for release of results

— Approval (is it accurate?)

— Release to EHR (throttle results released per week)
* Review details

— Confirm demographics

— Modify report

— Internal comments

— View details and provenance of result

Northwestern
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B Ancillary Genomics System

Filter Results Clear Filter

| 3 results displayed |

Result Files

Need Review Approved Released All

| MRN_¢ | [ Resuts s | |
Normal Activity (Predicted) @

12/26/1961 | 10000084  Simvastatin Metabolism
12/26/1961 | 10000084 | Clopidogrel Metabolism | Ultrarapid Metabolizer (Predicted) (_Detais )

12/26/1961 10000084 \Warfarin Dosing

12/31/2013 10:44:20 AM | Zztest, Hamish
12/31/2013 10:44:21 AM || Zztest. Hamish
1/26/2014 10:01:56 PM Zztest, Hamish

AGS Interpretation - Report Preview
Warfarin Dosing Wore Details Edt
Value: Fatient sh
Created 01/26/2014 220156 MARN
Birth Date
Report
arta c
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Ancillary Genomics System
E X r E I I I t Data Import Data Analysis
Ancillary

Genomics
Result Export

Database
Drug-Gene Interaction Results Summary | v
Comments: These results were generated as part of a research study. Additionally, [ Electronic Health Record ]
this report has been reformatted to make it easier to understand. If you would like
a copy of the original report please call 312-503-6200.

Results Review

If taking any of the following medications, please review summary table and detailed
results below. e HL7 V2 FESUH'.
Medication Drug-Gene Interaction

" Use warfarin dosing calculator for initial dose:
Warfarin http://www.warfarindosing.org ® I N CI u d es
Amitriptyline Follow usual drug dosing instructions.
Azathioprine Follow usual drug dosing instructions. .
Capecitabine Follow usual drug dosing instructions. _— Inte rpretat|on (Computed
Citalopram Follow usual drug dosing instructions.
Clopidogrel Follow usual drug dosing instructions. H
Escitalopram Follow usual drug dosing instructions. Obse rvatlon) as
Fluorouracil Follow usual drug dosing instructions.
Mercaptopurine Follow usual drug dosing instructions. structu red data Value
Peginterferon alfa-2a Follow usual drug dosing instructions.
Peginterferon alfa-2b Follow usual drug dosing instructions. .
Ribavirin Follow usual drug dosing instructions. - Na rrative re port as
Simvastatin Follow usual drug dosing instructions.
Tegafur Follow usual drug dosing instructions.
Thioguanine Follow usual drug dosing instructions. Comment
Voriconazole Follow usual drug dosing instructions.

WARFARIN DOSING
VKORC1 (T/T)

DRUG RESPONSE: High sensitivity to Warfarin

THERAPEUTIC RECOMMENDATION: Consider using warfarin dosing calculator.
http://warfarindosing.org/

https://cpicpgx.org/guidelines/guideline-for-warfarin-and-cyp2c9-and-vkorcl/



B Display of Results — CDS

eMERGE PGx

- in pati - ea@ll 11 PITEPT
e Passive alerts in patient review Pramacagenonics yResulis.or(
e Active alerts when prescribing e
e i i i MyReasults.on
Pass.l\_/e I|nlfs (mfobtfttons) for wromtsrs N Clopidoges! (Plavix
additional information from alert

Available on

Tagrate! {Cartam i)
tgreel {Eamamazapine) Overview The Tost Comman Questions The Sclnce

Wararn (Coumaden)

+ What ia Clopidogral?
« Clopidogrel is also called Plavix. I is a dnug used by docions 1o treat ol
prevening the biood from cloting so that it fows aasier through the Dod)

+ What is being tested?

« People resdt dfarently o medicns and some of Bose dfemnt macs

('~ Patient on clopidogrel, but genetic results indicate patient may be a poor metabolizer@ Medication may A
be ineffective — consider alternative.

Acknowledge Reason: | |

| Discussed results with patient |

m their ganes might not respond 1o parScular medicaions as well as oth
called, CYP2C19. Trs tast will look for some of v genedc diflsrances i
dopidogrel

« How will this affect my health care?

o M b rhosse $ned ime mmbnbd e Lo roesee b, b sbnnkenere] e s

[JOpen SmartSet: Patient education (After Visit Summary)
R/ Click to review medications

% View clinical references related to results

® View patient materials related to results



https://cdskb.org/

B Return of Results

* eMERGE PGx
— Returned 2238 results for 746 patients
e eMERGE Il
— Processing results for ~2900 patients
— Anticipate return of results starting January 2020

I\ Northwestern
Medicine

17



B Discussion

* Reprocess results
— Updated template (clarification in wording)
— Initially unanticipated value
— Future: changes in knowledge/interpretation

* Simplified CDS rule implementation

- "If clopidogrel metabolism value == 'Poor Metabolizer'"
VS.
- "If CYP2C19 == "*2/*2" or
CYP2C19 == "*2/*3' or
CYP2C19 == "*3/*3' or
rs12248560 == .."
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B Discussion

* Native EHR capabilities
— Not available at start of project
— Evaluating as part of long-term strategy

* Computable information
— Laboratory results
— Underlying interpretation knowledge
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Questions?
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