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 Lessthan 1in 4 people benefit from some of the most

common prescripti

1.3 millionpeopleinthe US experience a drug related ER visit

on medication?

4t leading cause of death in the US?

* Annual cost of associated morbidity and mortality due to

non-optimized prescription medicationsestimated at $528B

in 2016 US dollars3

. Schork NJ. Personalized medicine: Time for one-person trials. Nature.2015 Apr 30;520(7549):609-11.

doi:10.1038/520609a.PMID: 25925459.

. https://fourthcause.org/
. WatanabeJH, Mclnnis T, Hirsch JD. Cost of Prescription Drug-Related Morbidity and Mortality. Ann

Pharmacother. 2018 Sep;52(9):829-837. doi:10.1177/1060028018765159. Epub 2018 Mar 26. PMID:

29577766.

IMPRECISION MEDICINE

For ewery persan they do help {blue), the ten highest-grassing drugs in the
United States tail to improve the conditions of between 3 and 24 people {red).

1. ABILIFY (aripiprazole) 2. MEXIUM (esomeprazale)
Schizophrenia Hearthurn
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3. HUMIRA (adatimumab) 4. CRESTOR (rosuvastating
Arthritis High cholestaral
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5. CYMBALTA (dulexeting) 6 ADVAIR DISKUS fiuticasone propionate) 7. ENBREL (etanercept)
Depression Asthma Paoriasis

8. REMICADE (infliximaby 9. COPAXOME (glatiramer acetate) 10, NEULASTA (pegiilgrastim)
Crohn's disease Multiple sclerasis Meutropenia
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Standard of Care for
Treating Depression

Sequenced Treatment Alternative to Relieve
Depression Trial (STAR*D)
e Less than 68% achieveremission afterupto 4

trials, each trial lasting 4-6 weeks

* Risk of ADE increases with each step
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Rush AJ, et al. Acute and longer-term outcomes in depressed outpatients requiring one or several treatment steps: a
STAR*D report. Am J Psychiatry. 2006 Nov;163(11):1905-17. doi: 10.1176/ajp.2006.163.11.1905. PMID: 17074942.
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Single Gene Polymorphisms Result in Variable Drug Exposure

72

Escitalopram serum concentrations by Nortriptyline plasma concentration by
CYP2C19 genotype. CYP2D6 copy number
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Rudberg | et al. Impact of the ultrarapid CYP2C19*17 allele on serum concentration of escitalopram in psychiatric patients. Clin Pharmacol Ther. 2008 Feb;83(2):322-7
Ingelman-Sundberg M, et al. Polymorphic human cytochrome P450 enzymes: an opportunity for individualized drug treatment. Trends Pharmacol Sci. 1999 Aug;20(8):342-9



TABLE 1. Antidepressant Drug-by-Gene Associations With Moderate to High Levels of Evidence or Included in One of the Combinatorial
Pharmacogenetic Tests Evaluated Here®

Pharmacodynamic Pharmacokinetic
Agent ADRA2A BDNF COMT CRHR1 FKBP5 GRIK4 HTR1A HTR2A SLC6A2 SLC6A4 ABCB1 CYP1A2 CYP2B6 CYP2C19 CYP2D6
Amitriptyline® 3 1A
Bupropion
Citalopramb 3 2B 2B 2A 3 1A 3
Desipramineb 3 1A
Doxepinb 1A
Duloxetine® 3 3 2A 1A 1A
Escitalopram® 3 3 2B 3 3 3 3
Fluoxetine® 3 3 3 3 3 1A 3
Fluvoxamine® 3 1A
Imipramineb 2A 1A
Maprotiline 3
Mirtazapine 2B 3 3
Nefazodone® 3 3
Nortriptyline® 3 3 1A
Paroxetine® 3 3 2B 3 3 3 3 1A
Sertraline 3 3 3 1A
Trimipramineb 1A
Venlafaxine® 3 2B 3 3 2A
Antidepressants, 3 3 2B 2B 3 2B 3 1A
unspecified
SSRIs, unspecified 3 2B 2B 3 2B 3
Number of variants 1 6 2 2 4 2 3 5 1 3 15 9 5 8 14
per gene
Interaction type®© E ET E E ET E E ET E ET ET ET EO EMT EDMT

2 This is not a comprehensive representation of antidepressant drug-by-gene associations; it is limited to the PharmGKB search terms "depressive disorder, major;
depressive disorder; depression; [antidepressant name]”; it excludes drug-gene interactions related to “bipolar disorder; anxiety disorder”; it excludes anti-
psychotic and some antidepressant drugs; and it excludes many drug-gene associations for which low/preliminary (level 3/4) evidence exists, as defined by
PharmGKB. The PharmGKB knowledge base, which was used to generate this table, is not the sole source of relevant pharmacogenetic information. BDNF=
brain-derived neurotrophic factor; COMT=catechol O-methyltransferase; SSRI=selective serotonin reuptake inhibitor.

® These agents have U.S. Food and Drug Administration labeling with CYP450 pharmacogenetic information.

© Pharmacogenetic information relevant to drug efficacy (E), dosage (D), metabolism/pharmacokinetics (M), toxicity/adverse drug reactions (T), and other (O).
Values correspond to a high (1A, 1B), moderate (2A, 2B), or low (3) level of evidence according to the PharmGKB rating scale.

Zeier Z, Carpenter LL, Kalin NH, Rodriguez Cl, McDonald WM, Widge AS, Nemeroff CB. Clinical Implementation of Pharmacogenetic Decision SupportTools for Antidepressant Drug
Prescribing. AmJ Psychiatry.2018 Sep 1;175(9):873-886.doi: 10.1176/appi.ajp.2018.17111282. Epub 2018 Apr 25. PMID: 29690793; PMCID: PMC6774046.



Rapid Decline of Pharmacogenomic Test Costs
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Fig. 2 Mean coverage amount (i.e., allowed cost) and billed amount for each single-gene pharmacogenetic test of interest from 2013 to 2017,
for all tests (i.e., commercial insurance, managed Medicare/Medicaid, and other/unknown insurance). Note: 2017 only includes data through
30 September 2017. (a) Mean allowed cost from 2013 to 2017. Allowed cost is defined as the contracted or accepted reimbursable amount for covered
medical services or supplies that the health plan agrees to pay to service providers. (b) Mean billed amount from 2013 to 2017. Billed amount is defined as
the amount billed for services provided by the servicing provider or facility.

Anderson, H.D., Crooks, K.R., Kao, D.P. et al. The landscape of pharmacogenetic testing in a US managed care
population. Genet Med 22, 1247-1253 (2020). https://doi.org/10.1038/s41436-020-0788-3



Scaled and Standard Medical Practice Yet?

FDA Labeling

Pharmacogenetics
coined by Friedrich
Vogel in 1959 New "Clinical
observed link Pharmacology"
between heredity |section added to Clinical
and drug response |the Warfarin FDA | Pharmacogenetics

Evidence Mounting

Payer Coverage

Government Action

label in 2007 Implementation Medicare,

included dosing Consortium (CPIC) | Medicaid and

chart based on establishes some notable Congressman

CYP2C9 and industry guidelines | private payers Emmer & Swalwell

VKORC1 genotype | (est 2009) determine broad introduce the Right
PGx panel testing | Drug Dose Now
eligible for Act to ensure
coverage (2020) access to PGx

testing (2/28/22)




INVENTION

VERSUS

INNOVATION

Invention:
The creation of

something new

Many inventions don’t
become innovations
because they are not

implemented and never
create any value

Innovation:
The creation of something new
+ its implementation and
thereby the creation of value

Inventions that are turned into
innovations improve people’s
lives and often help us to do
solve a need better than
existing solutions




It ain’t what you don’t
know that gets you into
trouble. It’s what you
know for sure that just

ain’t so.

-Mark Twain
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|g.The Washington Post

Magazine

Pearls Before Breakfast: Can one of the nation’s greal musicians
cul through the fog of a D.C. rush hour? Let’s find oul.

Joshua Bell (child prodigy virtuoso) one of the greatest violinist of our time
“Huberman” 1713 golden period Stradivariusviolin worth over $14 Million
Played the Bach “Chaconne” — considered the greatest violin solo piece ever written

In 42 minutes, made $S32 in tips, 2 nights prior at Boston’s
only 7 out of 1000+ people stopped

Symphony Hall - sold out concert of
$100 per ticket
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Technology And Analytics

Right Tech, Wrong Time

How to make sure your ecosystem is ready for the newest technologies
by Ron Adner and Rahul Kapoor

HOW FAST DOES NEW TECHNOLOGY REPLACE THE OLD? From the Magazine (Novermber 2016)

New technology

f ey R

Robust coexistence
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.o' Robust resilience
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PEREORMANCE Creative destruction

O

Old technology

TIME
https://hbr.org/video/5155033576001/why-better-technology-can-be-slower-to-take-off



https://hbr.org/video/5155033576001/why-better-technology-can-be-slower-to-take-off

Often Cited Barriers to Clinical Adoption

| INDIANA UNIVERDILY

I SCHOOL OF MEDICINE

Key Challenges to PGx Adoption
As identified by IGNITE Common Measures Working Group Analysis

» Lack of reimbursement for many genomic tests

* Few FDA approved or cleared PGx tests

« Lack of Provider knowledge and Education

» Lack of Patient understanding and Education

* EMR systems lacking PGx results entry or reporting

* CDS systems do not support PGx decision making
and reporting

» Lack of clinical data supporting benefits of PGx

» Clinician concerns on liability associated with
genomic Incidentalomes

» Concerns regarding FDA LDT enforcement

Orlando LA, Sperber NR, Voils C, Nichols M, Myers RA, Wu RR, Rakhra-Burris T, Levy KD, Levy M, Pollin Tl, Guan Y, Horowitz CR, Ramos M, Kimmel SE, McDonough CW,
Madden EB, Damschroder LJ. Developing a common framework for evaluating the implementation of genomic medicine interventions in clinical care: the IGNITE Network's
Common Measures Working Group. Genet Med. 2018 Jun;20(6):655-663. doi: 10.1038/gim.2017.144. Epub 2017 Sep 14. Erratum in: Genet Med. 2020 Oct;22(10):1729.
PMID: 28914267; PMCID: PMC5851794.



Technology And Analytics

Right Tech, Wrong Time

How to make sure your ecosystem is ready for the newest technologies
by Ron Adner and Rahul Kapoor

HOW FAST DOES NEW TECHNOLOGY REPLACE THE OLD? From the Magzine (Nevember 2016

PERFORMANCE

Specialty, Biologics,

4 Gene Therapies New technology

Preemptive, predictive,
combinatorial panels

Clinical Decision
Support,
Old technology Test Development,
CMM, Reimbursement

TIME



Which PGx test does the provider select?
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FDA Oversight of Pharmacogenomics Tests

PGx are vitro diagnostic(IVD) tests, theyinclude:

* LaboratoryDeveloped Tests
* |VD thatis designed, manufacturedand used within a single laboratory
* Vast majority of Pgx testsfallin the general category
* FDA onlyexercises discretionary oversight, CLIA certified, CAP accredited

* FDA approved companiondiagnosticdevices
* Essential forthe safe and effective use of a correspondingtherapeutic product
* Resourceintensive to complete the approval process
* Pharma manufacturers cite decreased access for patients

* FDA Approved tests via 510(K) premarket submission process

* Very few, specific tests - only needed when IVD has potential for serious risk
* Expensive, changesto test require updated submission

e Direct-to-Consumer Test with Marketing Authorization
* Only oneapproved isthe 23andMe Pharmacogenomics Report

» "This report is for over-the-counter use by adults over the age of 18 and provides genetic information to
inform discussions with a healthcare provider about metabolism of therapeutics. This report describes if a
person has variants associated with metabolism of some therapeutics, but does not describe if a person
will or will not respond to a particular therapeutic, and does not describe the association between
detected variants and any specific therapeutic. The PGS Pharmacogenetic Reports are not a substitute for
visits to a healthcare provider. The information provided by this report should not be used to start, stop, or
change any course of treatment.”

https://www.fda.gov/medical-devices/in-vitro-diagnostics/direct-consumer-tests#list



https://www.fda.gov/medical-devices/in-vitro-diagnostics/direct-consumer-tests
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Gaedigk, et al. Genet Med 2017; Table adapted from PharmGKB.org .




HIGHLIGHTS OF PRESCRIBING INFORMATION
These highlights do not include all the information needed to use

IRESSA" safely and effectively. See full prescribing information for
IRESSA.

IRESSA (gefitinib) tablets for oral use
Initial U.S. Approval: 2015

RECENT MAJOR CHANGES
Patient Selection (2.1) 08/2018

INDICATIONS AND USAGE
IRESSA is a tyrosine kinase inhibitor indicated for the first-line treatment of
patients with metastatic non-small cell lung cancer (NSCLC) whose tumors
have enidermal growth factor recentor (EGFR) exon 19 deletions or exon 21

| (L858R) substitution mutations as detected by an FDA-approved test. (1)
Limitation of Use: Safety and efficacy of IRESSA have not been established
in patients whose tumors have EGFR mutations other than exon 19 deletions

lor exon 21 (L858R) substitution mutations. (1)

e  Gastrointestinal perforation: Discontinue IRESSA for gastrointestinal
perforation. (2.4, 5.3)
Diarrhea: Withhold IRESSA for Grade 3 or higher diarrhea. (2.4, 5.4)
Ocular Disorders including Keratitis: Withhold IRESSA for signs and
symptoms of severe or worsening ocular disorders including keratitis.
Discontinue for persistent ulcerative keratitis. (2.4, 5.5)

. Bullous and Exfoliative Skin Disorders: Withhold IRESSA for Grade 3
or higher skin reactions or exfoliative conditions. (2.4, 5.6)

. Embryo-fetal Toxicity: Can cause fetal harm. Advise of potential risk
to a fetus and use of effective contraception. (5.7, 8.1, 8.3)

ADVERSE REACTIONS

The most commonly reported adverse drug reactions (ADRSs), reported in
more than 20% of the patients and greater than placebo were skin reactions
and diarrhea. (6.1)

To report SUSPECTED ADVERSE REACTIONS, contact AstraZeneca
at 1-800-236-9933 or FDA at 1-800-FDA-1088 or www.fda.gov/medwatch.

DOSAGE AND ADMINISTRATION

Recommended dose is 250 mg orally, once daily with or without food. (2.2)

DOSAGE FORMS AND STRENGTHS

DRUG INTERACTIONS

e  CYP3A4 Inducer: Increase IRESSA to 500 mg daily in patients
receiving a strong CYP3A4 inducer. (2.4, 7.1)

) CYP3A4 Inhibitor: Monitor adverse reactions if concomitant use with
IRESSA. (7.1)

Tablets: 250 mg. (3)

CONTRAINDICATIONS

None. (4)

WARNINGS AND PRECAUTIONS

e  Interstitial lung disease (ILD): ILD occurred in patients taking IRESSA.

Withhold IRESSA for worsening of respiratory symptoms. Discontinue
IRESSA if ILD is confirmed. (2.4, 5.1)

e  Hepatotoxicity: Obtain periodic liver function testing. Withhold
IRESSA for Grade 2 or higher for ALT and/or AST elevations.
Discontinue for severe hepatic impairment. (2.4, 5.2)

e  Drugs Affecting Gastric pH: Avoid concomitant use of IRESSA with
proton pump inhibitors, if possible. (7.1)

e  Hemorrhage in patients taking warfarin: Monitor changes in
prothrombin time or INR. (7.2)

USE IN SPECIFIC POPULATIONS

Lactation: Discontinue breast-feeding. (8.2)

See 17 for PATIENT COUNSELING INFORMATION and FDA-
approved patient labeling

Revised: 08/2018



HIGHLIGHTS OF PRESCRIBING INFORMATION

These highlights do not include all the information needed to use
MAYZENT safely and effectively. See full prescribing information for
MAYZENT.

MAYZENT® (siponimod) tablets, for oral use
Initial U.S. Approval: 2019

INDICATIONS AND USAGE -

MAYZENT is a sphingosine 1-phosphate receptor modulator indicated for the

treatment of relapsing forms of multiple sclerosis (MS), to include clinically
isolated syndrome, relapsing-remitting disease,and active secondary
progressive disease, in adults. (1)

DOSAGE AND ADMINISTRATION. —

Assessments are required prior to initiating MAYZENT (2.1)
Titration is required for treatment initiation (2.2, 2.3)

The recommended maintenance dosageis 2 mg (2.2)

The recommended maintenance dosage in patients with a CYP2C9
*1/*3 or *2/*3 genotypeis | mg (2.3)

First-dose monitoring is recommended for patients with sinus
bradycardia, first- or second-degree [Mobitz type I] atrioventricular
(AV) block, or a history of myocardial infarction or heart failure (2.4)

DOSAGE FORMS AND STRENGTHS ————————

Tablets: 0.25 mg and 2 mg (3)

CONTRAINDICATIONS ——

Patients with a CYP2C9*3/*3 genotype (4)
In the last 6 months, experienced myocardial infarction, unstable angina,

stroke, TIA, decompensated heart failure requiring hospitalization, or
Class III/IV heart failure (4)

Presence of Mobitz type Il second-degree, third-degree AV block, or
sick sinus syndrome, unless patient has a functioning pacemaker (4)

2 DOSAGE AND ADMINISTRATION
2.1 Assessments Prior to First Dose of MAYZENT
Before mitiation of treatment with MAYZENT, assess the following:

CYP2C9 Genotype Determination
Test patients for CYP2C9 variants to determine CYP2C9 genotype [see Dosage and Administration (2.2, 2.3),

Contraindications (4), and Use in Specific Populations (8.6)]. An FDA-cleared or -approved test for the detection of
CYP2C9 variants to direct the use of siponimod is not currently available.




Other non-FDA approved LDTs
% Galleri” ]

Galleri detects cancer 76%
» of the time in individuals
with these 12 cancers

Health Care Providers Laboratory, Inc. Multi-cancer early detection test report

Cancer signal detection for various cancer classes in CCGA sub-stud

HCPL VIRAL RESPIRATORY PANEL

Cancers Responsible for 24 of All Cancer Deaths in the US>
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FDA NEWS RELEASE

FDA issues warning letter to genomics lab for
illegally marketing genetic test that claims to
predict patients’ responses to specific
medications

f share in Linkedin | &% Emall | & Print

For Inmediate Release:  April 04, 2019

Today, the U.S. Food and Drug Administration issued a warning letter to Inova Genomics

Laboratory (Inova) of Falls Church, Virginia, for illegally marketing certain genetic tests
that have not been reviewed by the FDA for safety and effectiveness. The tests claim to
predict patients’ responses to specific medications based on genetic variants. Selecting or
changing drug treatment in response to the test results could lead to potentially serious
health consequences for patients. The FDA is unaware of any data establishing that Inova’s
tests can help patients or health care providers make appropriate treatment decisions for
the listed drugs. The action today reflects the agency’s commitment to monitor the
pharmacogenetic test landscape and take action when appropriate to address a significant



GUIDANCE DOCUMENT

Clinical Decision Support Software

Draft Guidance for Industry and Food and Drug Administration Staff
SEPTEMBER 2019

Download the Draft Guidance Document Read the Federal Register Notice

Not for implementation. Contains non-binding recommendations.

f Share | ¥ Tweet | in Linkedin | % Email | &= Print

Docket Number: FDA-2017-D-6569

Issued by: Center for Devices and Radiological Health
Center for Biologics Evaluation and Research
Center for Drug Evaluation and Research

The Food and Drug Administration (FDA) has long regulated software that meets the
definition of a device in section 201(h) of the Federal Food, Drug, and Cosmetic Act (FD&C
Act), including software that is intended to provide decision support for the diagnosis,
treatment, prevention, cure, or mitigation of diseases or other conditions (often referred to



s this a lab test, or a startup?

M.E. Klein et al. / Journal of Pharmaceutical Sciences 106 (2017) 2368-2379 2373
Evidence Projects Financial Guidelines Facilities Stakeholders Committee
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Figure 3. Clinical implementation strategy. Stage 1: Pre-implementation: research and synthesis of data are gathered to prepare the institution for the initial implementation. Stage
2: Developmental phase, all information researched and compiled is used to develop a suitable workflow model for the institution as well as IT infrastructure developed and
laboratory operations decided. Stage 3: Clinical implementation and use of the workflow model, where the model is used in the clinic and further solutions to any barriers recorded.

PHR, personal health record.



@® THE STARTUPS DISRUPTING THE PHARMACY SECTOR IN 2020

- Which companies are gaining traction and where?
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2020 EXITS & ACQUISITIONS |
Who went public or got bought?

‘Went public launching their IPO in November 2020.

Acquired MYOS RENS Technology and became listed in
UnitedHealth acquired divwyDose in September 2020 for

&1 Livongo’

Teladoc acquired Livonge for $18.58 in October 2020.

unknown amount in July 2020,

IngenioRx) acquires ZipDrug for an
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Expand Pharmacist o 2021 PREDICTIONS y
Services & Workflow | + What happens post-COVID19? Gl
S

? FOCUS ON VACCINATIONS
@ With a likely need to use
pharmacists to boost the

&
vaccination needs of the public, o)
there will be a focus on companies

* expanding their platforms to .
leverage or champion these services g

which may be a short term service.

Created by
TIMOTHY AUNGST, PHARMD

MORE DELIVERIES
Post-pandemic will see e
patients more inclined to ~ <
stop going into the pharmacy
and see more mail order.
meaning also pivoting other
pharmacy products (eg. OTC).

REMOTE CARE °
Pharmacy businesses will see

a push for using remote care

via RPM or DTx to add further

clinical services - medication
management and mental
health are large areas.

-

K. -, Q IN PHARMACY SERVICES

Brick and mortar pharmacies will
seek to expand services to draw

-~ customers back in, such as testing

or a push for expanded clinical
services only face-to-face can
accomplish.

MOBILE ENGAGEMENT
No matter what, post-covid will see
consumers of health expect mobile
first then in-person if not feasible.
Companies will stregthen mobile
platforms and clinical services.



Digital Health Startup Channels
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Provider Referred \

Primary care in the community Vertically integrated academic health system — acute care
*Fee for service vs value-based care eReimbursement based on DRG fee structure
eShortage of primary care physicians *Demonstrate cost savings
e Prescriber education and training *Episodic care
eThe role of community pharmacist *The role of Hospital Pharmacists — basement vs floor?

Barriers to prescriber buy in:

* Resistant to adapting workflow, solution must save time, make things easier
* Desire to treat patients consistently and systematically
* Reimbursement for ongoing services vs just the lab test

Opportunities in specialty practice settings

* Oncology (mainly diagnostic and FDA approved companion diagnostics)
e Transplant

* Pain/Anesthesia
e Mental behavioral health



UnitedHealthcare® Commercial
Medical Policy

Pharmacogenetic Testing

Policy Number: 2022T0587.J

Effective Date: January 1, 2022 = |nstructions for Use
Table of Contents Page Related Commercial Policies
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Coverage Rationale

The use of pharmacogenetic Multi-Gene Panels to guide therapy decisions is proven and medically necessary for
antidepressant and antipsychotic medications when all the following criteria are met:

® The individual has a diagnosis of major depressive disorder or generalized anxiety disorder; and

s  The individual has falled at least one prior medication to treat their condition; and

& The Multi-Gene Panel has no maore than 15 relevant genes

The use of pharmacogenetic Multi-Gene Panels for genetic polymarphisms for any other indication, including but not
limited to pain management, cardiovascular drugs, anthracyclines, or polypharmacy, is unproven and not medically
necessary for evaluating drug-metabolizer status due to insufficient evidence of efficacy.

Examples of these Panels include, but are not limited to the following:

* GeneSight” Analgesic

GeneSight” ADHD

SureGene Test

Pain Medication DNA Insights®

PharmacoDx

& & & @&

The use of the PrismRA" molecular signature test is unproven and not medically necessary for evaluating likelihood of
inadequate response to anti-TNF therapies for rheumatoid arthritis due to insufficient evidence of efficacy.



@ GUIDED (Genomics Used to Improve DEpression Decisions) Clinical Study

Study Design: This was an 8 week, blinded, multi-center, randomized controlled trial of 1,167 subjects with major depressive disorder from 20 academic sites
and 40 community sites. The trial was unblinded after the 8 week check-in, and the subjects were followed out to 24 weeks. The study assessed the impact
of the GeneSight Psychotropic test on psychiatric treatment response compared to treatment as usual (TAU). The raters used the Hamilton Rating Scale for
Depression (HAM-D17), and the subjects had to have a minimum score of 14 in order to be eligible for the study.

Study Endpoints: GUIDED compared two active treatment arms. The primary endpoint was symptom improvement with secondary endpoints of response and
remission. Symptom improvement is defined as the change in HAM-D17 score, and this is based on the group average. Response is defined as a =50%
reduction in HAM-D17 score, and remission is defined as a HAM-D17 score =7.

Study Limitations: The treating clinician was not blinded to study arm, the majority of the cohort was Caucasian, the primary results may not be generalizable
for patients with mild depression, and the impact of polypharmacy on patient outcomes was not evaluated.

Symptom Improvement Response Remission
p=0.107 p=0.013 p=0.007
[==]
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< TAU GeneSight TAU GeneSight TAU GeneSight
(n=607) (n=560) (N=607) {n=560) (=607 {N=560)
Key Findings
Directional improvement in symptoms: On the primary endpoint of The GeneSight effect on all endpoints was durable over 6
symptom improvement, the data trended toward but did not achieve months: Symptom improvement, response, and remission continued to
statistical significance between GeneSight and TAU arms at week 8. improve after unblinding at week 8 and up to 6 months.
Significant improvement in response and remission: There were Switching to a medication with no or moderate gene drug interaction
statistically significant and clinically meaningful increases in response and improved patient outcomes: Symptom improvement, response, and
remission rates in the GeneSight arm versus the TAU arm at week 8. remission were significantly improved when patients on a medication with

significant gene-drug interactions were switched to a medication with no or
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IDgenetix (IDGx) PGx test

HLA-DEQIAHLA-B

[5MF) in the serotonin 2A receptor
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CYPIDE
S-HTTLFR
IDgeneatix (IDGx) PGx test
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MeurolDgenetix genetic testimg: COMT,
CYPIAZ, CYP2C18, CYP2CH CYP2DW, CYP3AA,
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CYPIDE, CYPAC1S, SLCsAL, CACMATC, DROZ,
COMT,_MTHFR

Geneilgm panel; GYP2DE, CYPAC19, CYPCY,
pind CYPIAZ SLCAA4 and

GeneSight panel: YYP2D6, CYP2CTS, CYPICH,

n Psychiatric Pharmacogenomics: a Systematic Review.” The pharmacogenomics journal 21.4 (2021): 533-541. Web.

probability after treatment with
clozapine

ADE probabilities owing to
risperidone treatment

Treatment response and
maortality rates

Probabilities of remission, lack of
remission and dropout

ADE occurrence

Response and mortality rates

Clozapine response

Mortality, relapse, and
remission rate

ADR ocourrence and efficacy of
treatment with nortriptyline or
trancylpromine

Remission rates and delay in
antidepressant response

Remission and response rates

Adherence compared to standard
of care

Response or remission rates

Adherence to medication

Health care wvisits

ICER: 47, 7055/QALY
ICER: 19.2525/QALY

37645 total cost savings
ICER: — 11,911 5/0ALY

Eurc A: 11475/0ALW
Eurc B: 11855/0QALW
Eurc O 11785/0ALW

ICER: 77 A065/0ALY

ICER: — 25,9803 0ALY (MDD
ICER: —34,1765 QALY (Severely Depressed)

ICER: 3.93 million/QALY
ICER: 93,5205/0ALY

ICER: 133 millicn/QALY

ICER: 28905 QALY
ICER: 13945/0ALY (based on direct costs)

Actual excess costs for the extreme metabolizers
group: 67,0645, Decrease of excess costs after PGx
testing: 46,5325

Medication savings after PGx: 1035.605.
Improved adherence after PGX testing: 0.11;
Pharmacy cost savings averaged: 2774.53%

Medication cost sawings for payers and patients of
39885 per member per year (p < 0.001)

Remission rate in the experimental group: 35%;
response rate in the experimental group: 73%;
Total annuwal saving after POx testing per
patient: 39625

Batter medication adherence by using PG
Cost-sawving in cutpatient costs over 4-manth
follow-up period 9.5% or 5625 in total savings

Post-imdex cost savings (LS 5505%) drove a per-
member-per-month =avings of US §.075.

Poor metabolizers had 69% more total health care

based on WTF

Likely to be cost-effective
based on WTF

PGx dominates the treatment

as usual, Cost-saving

Cost-effective in high-income

countries

Likely to be cost-effective
based on WTF

Cost-saving,
Cost-effective and
dominant

Cost-effective

Likely to be cost-effective
based on WTF

Mot cost-effactive

Cost-affective

Cost-affective and cost-
saving

Cost-saving

Cost-saving

Cost-saving

Cost-saving

Improved adherence and
Cost-sawving

Cost-sawing

Increased health care
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Nystrom & Associates, Ltd.

AETOM
20 Januari 2020 - Q&

We are excited to announce Optum and Genoa Healthcare Pharmacies have partnered with us for a
pharmacogenomics pilot to complete GeneSight tests for major depressive disorder in New Brighton.
Schedule an appointment to talk with a psychiatric medication provider to learn more!
http://bit.ly/20M51eT

%"geneag ht

Changing lives through genetic insight

genQOa @STROM - Y—

healthcare- ASSOCIATES, LTD.



Health

OHSU to pay $1 million, promises change to
settle lawsuit from widow of cancer patient

Updated: May. 04, 2022. 11:05 a.m. | Published: May. 04.2022,. 7:00 a.m

David McIntyre had a fatal reaction to OHSU's chemotherapy for his cancer. his wife, left. claims in a lawsuit filed against the
university.

Treatment of bile duct cancer with 5-
fluorouracil

DPYD genetic mutation associated with 5-FU
toxicity in approximately 3-5% of the population
OHSU denied fault in the case, saying in an
email it “has followed, and continues to follow,
national cancer and evidence-based medicine
set forth by national expert consensus in the
field.”

Although OHSU said testing for the genetic
condition isn’t standard practice, the university
is nonetheless going to include education on the
condition in its Oncology Fellowship program. It
is also going to create a guide that describes the
condition and how to identify symptoms of a
toxic reaction to the chemotherapy drug.
Mclntyre’s suit originally asked for $6.4 million.



Payer Sponsored

Challenges

* Engagement, conversion, retention are common
barriers

* Program tends to go around the primary care
physician

* Need to build extensive enabling services (i.e.
virtual provider, EMR like systems, etc.)

Opportunities

* Clinical programs like Medication
Therapy Management are required of Medicare
Part D plans




Medco's Clinical Department late 2000's

Corresponding rise in PGx testing in clinical practice

Design and implementation of rational benefit
coverage polices

* Capture cost efficiencies
* Improve medication safety and effectiveness

Establishing a Laboratory and Therapeutics Committee

* Laboratoryexperts, geneticiststo determine clinical validity and
utility of LDT's

Utilizing prior authorization guidelines that require Pgx
testing

Health economic studies that demonstrate the value of
tests and companion clinical programming

Acquired by Express Scripts

On Pharmacogenomics in Pharmacy Benefit Management

J. Russell Teagarden, M.A., D.M.H., and Eric J. Stanek, Pharm.D.

Recently, the separate trajectories of pharmacy benefit management and
pharmacogenomics converged. Pharmacogenomic tests have become more
widely available for clinical use and at costs within the range of typical
health care services. Pharmacy benefit payers continue to seek the precision
they can apply to their coverage policies and clinical programs that pharmac-
ogenomics offers. We describe how pharmacogenomics can now make sense
as part of a pharmacy benefit and also how pharmacogenomics can be
applied in a benefit coverage policy and clinical programs. Detail is provided
on clinical program development and implementation processes featuring
pharmacogenomics. We also discuss the research needed to support ongoing
program development involving pharmacogenomics and describe the current
roles of benefit payers and administrators in these research efforts. The legal and
ethical dimensions of applying pharmacogenomics in pharmacy benefits are
covered and in particular how benefit payers and administrators need to navi-
gate between genetic exceptionalism and applicable laws and regulations.
Finally, some thoughts are provided on future opportunities and challenges for
pharmacogenomics in pharmacy benefit management and pharmacy in general.
Key Words: pharmacy practice, pharmacogenomics, managed care.
(Pharmacotherapy 2012;32(2):103-111)



Real-World Impact of a Pharmacogenomics-Enriched
Comprehensive Medication Management Program?

@) Member :D
Engagement

‘ Genetic Testing I:>

Pharmacist
PGx-Enriched
CMM Review

El

Invite & Educate

Voluntary Enroliment

Ongoing Recruitment

L

Gene/SNP Assays

Copy Number Assays

Medication Risks

Alternative Medication
Selector Tool

Documentation &
Communication
with patient, provider

Excluded: Medication
Action Plan not
available for =6 months
n =974 (3.4%)

Teachers' Retirement Systemn of the State of Kentucky (TRS)
Madicare Eligible Health Plan (MEHP) members
(~36,000 = Yearly Population Census)

Continuously insured members

Excluded:

* <G5 years old

+ No pre-program medical claims
* Mot continuously insured

Enrollment Support

Clinical Decision Support via GeneDose LIVE™

Haplotyping, Diplotyping,
Activity Assignment

Medication Action Plan

Excluded: Declined to
participate in research
n=572(10.8%)

265 years old
n= 28,619
N Economic Evaluation
Intervention Control
n = 5288 (18.5%) n= 22357 (78.1%)
L v,
a Clinical Evaluation |
Intervention
n=4716 (16.5%)
\

1) Jarvis JP, Peter AP, Keogh M, Baldasare V, Beanland GM, Wilkerson ZT, Kradel S, Shaman JA. Real-World Impact of a Pharmacogenomics-Enriched
Comprehensive Medication Management Program. J Pers Med. 2022 Mar 8;12(3):421. doi: 10.3390/jpm12030421. PMID: 35330421; PMCID: PMC8949247.




Medical Cost Savings Studies

Coriell Life Science PGx Panel, 2022
Clinical Decision Support System +
Comprehensive Medication

Management

Tabula Rasa PGx Panel test plus 2020
CDS system + Clinical Pharmacist

Intervention

Genelex PGx Panel + Youscripts 2015
clinical decision support tool +

pharmacistintervention

5288 Kentucky School

District Teachers Retirees

200 randomly selected
program of all-inclusive

care for the elderly (PACE)

participants

205 commercial patients,

>64 y/o at 3 clinical sites

Estimated ~$7000 per
patientin direct
medical charges saved

$1983 avoided
outpatientdrug costs
per participant

S$1132 in health
resource
utilization cost
reduction

Jarvis JP, Peter AP, Keogh M, Baldasare V, Beanland
GM, Wilkerson ZT, Kradel S, Shaman JA. Real-
World Impactofa Pharmacogenomics-

Enriched Comprehensive Medication Management
Program. ) Pers Med. 2022 Mar 8;12(3):421

Bain KT, Knowlton CH, Matos A. Cost avoidance
related to a pharmacist-led pharmacogenomics
service for the Program of Alkinclusive Care for the
Elderly. Pharmacogenomics. 2020 Jul;21(10):651-
661. doi: 10.2217/pgs-2019-0197. Epub 2020 Jun 9.
PMID: 32515286.

Brixner D, Biltaji E, Bress A, UnniS, Ye X, MamiyaT,
Ashcraft K, Biskupiak J. The effect of
pharmacogenetic profiling witha clinical decision
support tool on healthcare resource utilization and
estimated costsinthe elderlyexposedto
polypharmacy.J Med Econ. 2016;19(3):213-28. doi:
10.3111/13696998.2015.1110160. Epub 2015 Nov
11. PMID: 26478982.



HEALTH PLANS HAVE STARTED TO OFFER DIGITAL ECOSYSTEMS TO THEIR MEMBERS

DIGITAL HEALTH PLATFORMS OF US HEALTH PLANS (EXAMPLE)
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Step Forward RAY

MOLECULAR SIGNATURE TEST

About PrismRA Treatment Challenges Patients & Families C

Deciphering molecular signatures can predict how patients will respond
to different therapies

Diagnosed with RA, patient Order the Molecular signature of Treatment decision
starting or changing PrismRA test non-response
targeted therapy

Detected

Alternative therapy

Y
—

2 7

-

Not Detected

—
—

TNFi therapy

Incorporating PrismRA into clinical management of patients with RA can improve patient quality of life and save time by enabling physicians to prescribe a more effactive therapy

S00ner. Lz



Vertical Business Relationships Among Insurers, PBMs, Specialty Pharmacies, and Providers, 2021

Insurer aetna Anthem. W Eilecron CENIE”JEIO”
—_— wCVScaemac  INGENIO™ @ PRIME envolve”
B
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Cigna
Collective
Carel

1. Cigna partners with providers via its Cigna Collaborative Care program. However, Cigna does not directly own healthcare providers.

2. AllianceRx Walgreens Prime is jointly owned by Prime Therapeutics and Walgreens Boots Alliance.

3. Since 2020, Prime sources formulary rebates via Ascent Health Services. In 2021, Humana began sourcing formulary rebates via Ascent Health Services for its commercial plans.

Source: Drug Channels Institute research; Companies are listed alphabetically by insurer name.
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Care Center
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This chart appears as Exhibit 210 in The 2021 Economic Report on U.S. Pharmacies and Pharmacy Benefit Managers. Available at http://drugch.nl/pharmacy
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Direct to Consumer

Challenges:

* Willingness to pay

* Ability to pay

e Cold start problem

* Program goes around the payer, and doctor

* Regulatory oversight
Opportunities:

* Possible to enroll many people quickly, effeciently u

e Consumer experience is key - o




. CUMULATIVE INCREASES IN HEALTH CARE COSTS
AND WORKER INCOME, 2006-2016

150% SOURCES: KAISER FAMILY FOUNDATION; BUREAU OF LABOR STATISTICS
100
Healthcare _—
- . SPENDING ON
Consumerism - 53.5% 48.5% COPAYMENTS
: FLAT CHARGES
on the Rise 29 go, PAID ON CERTAIN
® SERVICES
0
SPENDING SPENDINGON  TOTAL COST- PAID BY WORKERS
ON COINSURANCE SHARING INSURANCE WAGES
DEDUCTIBLES SHARE OF DEDUCTIBLES,
COSTS PAIDBY  COINSURANCE,
PATIENTAFTER  COPAYMENTS,
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3 PHARMAZAM Request A Test Register Your Test Support Request 888.972.9331

Home How It Works Get Tested App Pharmazam MD FAQ Solutions Team News Contact

Pharmazam is a realtime personolized healthcare management
sysfem that can also deliver realtime emergency alerts such as
information on pandemics or other healthcare issues
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Growing consumer value over time
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The Graphite Marketplace will provide four different types of applications:

=  Consumer-facing apps. This is where customers or patients can download applications that
offer information relevant to them. Such applications may include tools that explain
medication or laboratory tests.

* Care coordination apps. These are tools for monitoring and proactively treating patients.
The health system monitors the resulting information. Applications could include loT-related
devices and data that help manage congestive heart failure, diabetes, and COPD.

* Business efficiency apps. Apps offered would focus on data management, efficiency, and
utilization. The solutions could range from tools for creating care registries to analytic
packages that transform the platform into a system of insights.

=  Provider satisfaction apps: This represents apps that decrease documentation drudgery,
improve efficiency, and enable healthcare providers to more efficiently access information.
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