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The Problem with
Trial and Error Prescribing

• Less than 1 in 4 people benefit from some of the most 
common prescription medication1

• 1.3 million people in the US experience a drug related ER visit 
4th leading cause of death in the US2

• Annual cost of associated morbidity and mortality due to 
non-optimized prescription medications estimated at $528B 
in 2016 US dollars3

1. Schork NJ. Personalized medicine: Time for one-person trials. Nature. 2015 Apr 30;520(7549):609-11. 
doi: 10.1038/520609a. PMID: 25925459.

2. https://fourthcause.org/
3. Watanabe JH, McInnis 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.



Standard of Care for 
Treating Depression

Sequenced Treatment Alternative to Relieve 
Depression Trial (STAR*D)
• Less than 68% achieve remission after up to 4 

trials, each trial lasting 4-6 weeks
• Risk of ADE increases with each step

Remission Intolerance

Drug 1 37% 16%

Drug 2 31% 20%

Drug 3 14% 26%

Drug 4 13% 34%

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.





Zeier Z, Carpenter LL, Kalin NH, Rodriguez CI, McDonald WM, Widge AS, Nemeroff CB. Clinical Implementation of Pharmacogenetic Decision Support Tools for Antidepressant Drug 
Prescribing. Am J 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

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



Discovery

Pharmacogenetics 
coined by Friedrich 
Vogel in 1959 
observed link 
between heredity 
and drug response

FDA Labeling

New "Clinical 
Pharmacology" 
section added to 
the Warfarin FDA 
label in 2007 
included dosing 
chart based on 
CYP2C9 and 
VKORC1 genotype

Evidence Mounting

Clinical 
Pharmacogenetics 
Implementation 
Consortium (CPIC) 
establishes 
industry guidelines 
(est 2009)

Payer Coverage

Medicare, 
Medicaid and 
some notable 
private payers 
determine broad 
PGx panel testing 
eligible for 
coverage (2020)

Government Action

Congressman 
Emmer & Swalwell 
introduce the Right 
Drug Dose Now 
Act to ensure 
access to PGx 
testing (2/28/22)

Scaled and Standard Medical Practice Yet?





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

In 42 minutes, made $32 in tips,  
only 7 out of 1000+ people stopped

2 nights prior at Boston’s 
Symphony Hall - sold out concert of 
$100 per ticket



The U.S. Healthcare Ecosystem

Burns L. eds. The U.S. Healthcare Ecosystem: Payers, Providers, Producers. McGraw Hill; 2021. Accessed August 14, 
2022. https://accessmedicine.mhmedical.com/content.aspx?bookid=3027&sectionid=254559742



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

Orlando LA, Sperber NR, Voils C, Nichols M, Myers RA, Wu RR, Rakhra-Burris T, Levy KD, Levy M, Pollin TI, 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.



Clinical Decision 
Support, 

Test Development, 
CMM, Reimbursement

Specialty, Biologics, 
Gene Therapies

Preemptive, predictive, 
combinatorial panels



Which PGx test does the provider select?



FDA Oversight of Pharmacogenomics Tests
PGx are vitro diagnostic (IVD) tests, they include:

• Laboratory Developed Tests
• IVD that is designed, manufactured and used within a single laboratory
• Vast majority of Pgx tests fall in the general category
• FDA only exercises discretionary oversight, CLIA certified, CAP accredited

• FDA approved companion diagnostic devices
• Essential for the safe and effective use of a corresponding therapeutic product
• Resource intensive 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, changes to test require updated submission

• Direct-to-Consumer Test with Marketing Authorization
• Only one approved is the 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








Other non-FDA approved LDTs







Is this a lab test, or a startup?





Digital Health Startup Channels

Provider Referral Payer Sponsored 
Program

Direct to Consumer

Patient



Provider Referred 

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)

• Transplant

• Pain/Anesthesia

• Mental behavioral health

Vertically integrated academic health system – acute care
•Reimbursement based on DRG fee structure

•Demonstrate cost savings
•Episodic care 
•The role of Hospital Pharmacists – basement vs floor?

Primary care in the community
•Fee for service vs value-based care
•Shortage of primary care physicians
•Prescriber education and training
•The role of community pharmacist







Karamperis, Kariofyllis et al. “Economic Evaluation in Psychiatric Pharmacogenomics: a Systematic Review.” The pharmacogenomics journal 21.4 (2021): 533–541. Web.





• 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.

• McIntyre’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
• Laboratory experts, geneticists to 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



Real-World Impact of a Pharmacogenomics-Enriched 
Comprehensive Medication Management Program1

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

Program Year Population Savings Citation

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

2022 5288 Kentucky School 
District Teachers Retirees

Estimated ~$7000 per 
patient in direct 
medical charges saved

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

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

2020 200 randomly selected 
program of all-inclusive 
care for the elderly (PACE) 
participants

$1983 avoided 
outpatient drug costs 
per participant

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

Genelex PGx Panel + Youscripts
clinical decision support tool + 
pharmacist intervention

2015 205 commercial patients, 
>64 y/o at 3 clinical sites

$1132 in health 
resource 
utilization cost 
reduction

Brixner D, Biltaji E, Bress A, Unni S, Ye X, Mamiya T, 
Ashcraft K, Biskupiak J. The effect of 
pharmacogenetic profiling with a clinical decision 
support tool on healthcare resource utilization and 
estimated costs in the elderly exposed to 
polypharmacy. J Med Econ. 2016;19(3):213-28. doi: 
10.3111/13696998.2015.1110160. Epub 2015 Nov 
11. PMID: 26478982.









Direct to Consumer

Challenges:
• Willingness to pay
• Ability to pay
• Cold start problem
• Program goes around the payer, and doctor
• Regulatory oversight

Opportunities:
• Possible to enroll many people quickly, effeciently
• Consumer experience is key 



Healthcare 
Consumerism 

on the Rise

https://fortune.com/2019/03/25/health-care-costs-employees-medicare/

https://fortune.com/2019/03/25/health-care-costs-employees-medicare/








Thank You
https://www.linkedin.com/in/luketso/

https://www.linkedin.com/in/luketso/

