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Most common current method for delivery of DNA analysis

into clinical operations
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Referral Source: Dr. Kim Ely
Reason for Reguest: DNA Analysis for KRAS Mutations
Type of Specimen: Paraffin-Embedded Tissue (Block #: (SITGEG—G_)
Date Recelved: 212440
Date of Report: 21810
Interpretation; ARAS Mutation NOT Detecled
Mutations Tested Include:

G12A, G12C, G120, G12R, G125, G12V, G13C, 613D

The KRAS gene (12p12) is a member of the Ras family of prolo-ontogenes, and encodes a in contain

guanosine nuslectide mphuu@ahdhwrulysi& activity (known mare commaonly as = GTPase). 'Im proteing :E
active when bound to guanosing triphasphate (GTP) and Inactive when bound to guanesine diphosphate (GDP),
KRAS is membrane bound, i= activaled by growih faclor receptors, and through BRAF, stimulates the
MAPKIERK pathway resulting in transcriplion and cefl prolferation. KRAS mutations are observed in colon
Go0ons 12 ond 13 resalt i rekoged g o T ot cooneers (90%) Conerved missense mulalions in
to uncontrolled oot wwelberia: tulive activation of RAS proteins, thereby leading

Progressive andfor metastatic non-smali cell Jung adenocarcinemas are often ireated with inhibitors of the EGFR
receptor s a second line therapy. _However, it has been shown that tumors, which harbor mutations in codons
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Fancy color version of the same problem

FOUNDATIONOM

The targeted therapies that may be relevant based on those genomic
alterations both in the patients tumor type and in other tumor types...

FDA Approved Therapies FDA Approved Therapies
{in patient’s tumor type) (in another tumor type

EGFR Erlotinib Cetuximab Yes, see clinical trials
N771_F772=KFP Gefitinib Panitumumab section

CCND1 None Nane Yes, see clinical trials
amplification section

ARID1A None None None




How to ensure that
genomic medicine has
little or no impact on
healthcare:

rely on
clinicians

Reading

and

Remembering

clinical reports and the
published literature




Problems with treating genomic
analysis in same fashion as other
professionally interpreted clinical data

e Lossy compression: many DNA features observed, only
a few clinically relevant reported, remainder discarded

e [nterpretation inextricably bound together with
primary observations in a document format

e Document reporting format not amenable to parsing
for automated machine interpretation and decision
support

e Much more unknown than known about genomic
effects, and science changing rapidly
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7 desiderata for genomic sequence
data in EHRs

1. Lossless data compression from (high volume) primary
observations to clinically relevant subsets.

2. Since methods will change, molecular lab results carry
observation methods with them (LOINC model)

3. Compact representation of clinically actionable subsets for
optimal performance (clinician thinkspeed = 250msec)

Simultaneously support for human-viewable formats (with

links to interpretation) and formats interpretable by decision
support rules.

5. Separate primary sequence data (remain true if accurate)
from clinical interpretations of them (will change with rapidly
changing science)

6. Anticipate the boundless creativity of Nature: multiple
somatic genomes, multiple germline genomes for each
individual over their lifetime.

7. Support both individual care and discovery science




The opportunity for NHGRI

* Create a scaleable national capacity for
genomically enabled clinical decision support
by:

— Supporting creation of a (Wikipedia-like) closed
loop public computing infrastructure for guiding
clinical care based on molecular variation, that

— Learns and Improves whether or not clinicians
follow the guidance.



The scope of decision support

“Rule based systems” do not mean providers must follow
rules. Rules in informatics context = computerized
approach to identification of characteristics.

Examples of interventions

— Educational prompts: here is additional general information
to consider in this setting.

— Data gathering prompts: given what is known about this
{genotype|phenotype |genotype+phenotype}, it would be
helpful to get this additional observation or testing.

— Guidance that improves certainty of diagnosis given data
currently available.

— Guidance for best-evidence-based therapy selection
— Information relevant to prevention and/or prognosis.



Example of Patient-specific decision support as
seen by providers at the moment of prescribing:

'EHEU Popup
Clopidogrel Poor Metabolizer Rules

Genetic testing has been performed and indicates this patient is at risk
for inadequate anti-platelet response to clopidogrel {Plavix) therapy
This patient has been tested for CYP2C19 variants, and the presence of the *2/2 genotype has identified this patient as a poor metabolizer of
clopidogrel. Poor metabolizers treated with clopidogrel at normal doses exhibit higher rates of stent thrombosis/other cardiowvascular events.
Treatment modification is recommended:
" Prescribe prasugrel (EFFIENT) 10mg daily and stop clopidogrel (PLAVIX) startdate, 10 Ah

Due to increased risk of bleeding, prasugrel should not be given to patients:

& that have a history of stroke or transient izchemic sttack *** Not known; please check StarPanel
B that are greater than 75 years of age
& yyhoze body wweight i= less than 60 kg

Click here for more information

If prasugrel (EFFIENT) not selected, please choose desired action:
* -Increase maintenance dose of clopidogrel {(PLAVIX) 150 mg daily, startdate, 10AM
" Maintain requested daily dose of clopidogrel (PLAVIK) 75 mg daily, startdate, 1040

" Contraindicated
lﬁ Expected effects (e.g. nuizance bleeding)
" Patiert preference

" Other

Click here far more information

NOTE: The Yanderbilt P&T Committee has recommended that prasugrel (if not contraindicated) should replace clopidogrel for poor metaholizers; if this is not
possible consider doubling the standard dose of clopidogrel (or, use standard dose clopidogrel). However, there is not a national consensus on drug/dose guidance in
this population.

| Close

Key computer technology: event monitor




Building Blocks
for the infrastructure

e Standards for electronic “decision support packages” containing:

1. Recognition logic for conditions of interest as represented
in EHR systems (both genotype and phenotype)

Guidance for target users (clinician, patient, family)

Recognition logic for “closed loop decision support”:
process or outcome measure to monitor, along with record
of whether user accepted or rejected guidance

e Decision support authoring systems: tools to enable local ‘best
practice rules committees’ to easily import, review, and
implement decision support packages received from a Decision
Support Library



A Systems Approach to Scaling-up

1. A continuously updated Public Library of clinical
decision support ‘packages’ (an information
commons): a Wikipedia for genome-enabled
health decision support.

2. Event monitors embedded in EHR systems

3. System-generated alerts at the “teachable
moment” of diagnhostic testing and therapy
decision making

4. Automated tracking of outcomes vs. user
decisions: a learning healthcare system of
providers and patients



Closing the Loop nationally

e Quid pro quo for use of public library clinical
decision support packages would be automated
local monitoring whether guidance was accepted
or rejected, and whether subsequent clinical
events (phenotypes) occurred or did not occur.

e Local uploads to the public library of aggregate
local outcomes -> a Learning Healthcare System
that learns from every decision support event,
whether or not recommendations were accepted
by clinicians.



Why NHGRI, Why Now?

Fits NHGRI strategic plan

— Resource generating

— Technology-advancing

— Scientifically/medically relevant

— A natural consortium-requiring opportunity

Fits the complex, high volume, evolving science
challenge of genomics

Fits NHGRI trailblazer role

Starting now with prototypes is important since
full scale up and adoption will take many years
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Decisions by
clinical
phenotype

I.e., traditional
health care

The need for person-specific decision support
In the era of genome-enabled healthcare

S Proteomics and other

effector molecules

Functional Genetics:
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Gene expression
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. Structural Genetics:

e.g. SNPs, haplotypes
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