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Introduction
Precision medicine has grown to use more 
than genomic data for personalized treatment 
plans to embrace factors such as lifestyle, 
age, behaviors, and polypharmacy regimens. 
In leveraging this expansive growth, Genomind 
has specifically focused on real-world application 
of pharmacogenetics (PGx): the emerging science 
of identifying pharmacogenes that can influence 
drug metabolism, risk of adverse drug reactions 
or drug-drug interactions. While this paper is not 
intended to be an exhaustive review of the evidence 
supporting PGx, we will review the agencies and 
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scientific consortiums that support PGx testing, the 
clinical trials and economic evidence surrounding 
PGx and the real-world application of PGx.

An important component of personalized 
medicine is identifying genes that can influence 
drug metabolism or side effect risk, so-called 
pharmacogenes. Well-documented variants 
of certain genes, such as those coding for the 
cytochrome P450 enzyme superfamily, have been 
shown to affect drug exposure and in many cases, 
increase the risk of side effects. Some individuals 
have genetic substitutions or deletions that result 
in low, high, or null activity of certain enzymes, 
resulting in variable metabolism of certain drugs. 
To complicate this genetic influence, drug-drug 
interactions can mimic a null activity phenotype 
through the phenomenon of phenoconversion 
in which e.g., a genotypic high metabolizer is 
converted into a phenotypic low metabolizer 
of drugs via pharmacologic inhibition of the 
relevant enzyme.

While the use of PGx in therapeutic areas such 
as psychiatry, cardiology, pain management and 
others has been increasing, obstacles to broader 
implementation include poor reimbursement from 
third party payers, lack of clinician familiarity with 
PGx, inadequate workflow integration and a lack of 
standardization in reporting. Payers and providers 
justifiably have asked for sufficient published 
data to support the clinical utility of PGx, while 
healthcare administrators have a need for EMR 
integration, provider education and a consistent 
genotype/phenotype reporting structure. The goal 
of this article is to highlight some solutions to 
these barriers and demonstrate how real-world 
implementation of a complete PGx program 
can succeed.

Polypharmacy Medication 
Management
Most chronic health conditions are typically 
addressed through pharmacological intervention, 
often requiring multiple medications. According 
to data published by the National Center 
for Health Statistics, approximately 50% of 
individuals in the United States report taking at 
least one prescribed medication.1 Furthermore, 
24% of individuals are prescribed three or more 
prescription medications and approximately 
13% report the use of five or more prescription 
medications within the past 30 days.2 In total, 
approximately 3.8 billion prescriptions were 
filled at pharmacies in the United States in 2019.3 
Unfortunately, many patients will experience 
negative effects of medication usage, either in the 
form of adverse drug events (ADEs) or medication 
inefficacy, requiring provider diligence in 
medication management.4

With limited time and resources, a clinician must 
merge multiple factors into a medication plan- 
proper diagnosis, standard treatment protocols, 
drug-drug interactions, prior medications, cost, 
etc. It is possible now for prescribers to have 
access to patients’ genomic data. This additional 
information will need to be incorporated to ensure 
safe prescribing.

The safe and effective use of pharmaceuticals is 
also challenged by the fractured nature of health 
care delivery in the United States. For example, 
individuals may see several different providers 
for different problems. Thus polypharmacy, 
commonly defined as 5 or more concurrent 
medications, has become more common, especially 
as the population ages.5,6 The most likely group 
to experience polypharmacy are those over 65 
years old. Approximately 44% of men and 57% of 
women older than 65 take five or more medications 
per week, while 12% in this age group take 10 
or more medications per week. In long-term 
care facilities, it is estimated that up to 91% of 
residents take 5 or more medications and 65% 
take 10 or more medications.7,8 The growing need 
for complex medication regimens often leads to 
ADEs, accounting for an estimated 3.2 million 
hospital and emergency room visits per year.9 
These statistics make the clear case that our current 
system of medication management has need for 
improvement, which we propose can be achieved 
with adoption of PGx in clinical practice.

Creating A PGx World
The goal of a complete PGx program is to enhance 
medication management via three pillars:
1) Identify and manage patient-specific adverse 

drug reaction risk
2) Evaluate and if clinically appropriate, 

implement patient specific dosing
3) Provide guidance on how to manage drug-drug 

interactions and drug-gene interactions

Much of our knowledge of drug-gene interactions 
comes from pharmaceutical new drug applications 
(NDAs), which require new chemical entities 
(NCEs) to be evaluated for absorption, distribution, 
metabolism, and elimination (ADME) as 
well as drug-drug interactions. The U.S. Food 
and Drug Administration’s (FDA) Table of 
Pharmacogenomic Biomarkers in Drug Labeling 
is a valuable resource that lists hundreds of drugs 

with genetic biomarker information, including 
boxed warnings, precautions, genotype-specific 
dosing and risk of ADEs. The Agency notes that 
“Pharmacogenomics can play an important role 
in identifying responders and non-responders 
to medications, avoiding adverse events, and 
optimizing drug dose.”10

Whereas the FDA is probably the best-known 
governmental agency providing information for 
use of pharmaceuticals, a less well-known group 
is a non-governmental consortium known as 
the Clinical Pharmacogenetics Implementation 
Consortium (CPIC). They have arisen with the 
mission of “address(ing) this barrier to clinical 
implementation of pharmacogenetic tests by 
creating, curating, and posting freely available, 
peer-reviewed, evidence-based, updatable, and 
detailed gene/drug clinical practice guidelines.”11 
This group of mostly academic clinicians, 
pharmacologists, pharmacists and volunteers is 
widely respected as one of the most authoritative 
sources of evidence-based PGx knowledge. As of 
this writing, CPIC has published 26 gene-drug 
guidelines, which grade the strength of evidence 
for such associations and identify how to use 
such knowledge. In addition to the curation of 
gene-drug associations, they also have created 
nomenclature standardization and recommended 
universal genotype to phenotype translation tables.

In Europe, the Dutch Pharmacogenomics 
Working Group (DPWG) occupies a similar 
niche. The DPWG was established in 2005 to 
develop pharmacogenetics-based therapeutic 
(dose) recommendations and to assist drug 
prescribers and pharmacists by integrating the 
recommendations into computerized systems 
for drug prescription and automated medication 
surveillance (e.g., electronic health records).12 
Like CPIC, the DPWG examines peer-reviewed 
scientific literature for gene-drug associations, 
assigns levels of evidence and authors guidelines 
for the use of this information.

For readers interested in “one stop shopping” for 
these research groups and their work, visit the NIH 
sponsored Pharmacogenomics Knowledge Base 
(PharmGKB), an excellent source of curated drug-
gene pairings, levels of evidence and summaries of 
recommendations from the FDA, CPIC DPWG, 
and other international consortia.13 This database 
has become essential to manage the increasing 
volume of PGx publications, which has accelerated 
dramatically since the late 1990s. (Figure 1)

PGx In The Clinical Setting
Clinical trial design
While ample scientific evidence exists for individual 
gene-drug associations, the demonstration of the 
clinical utility of PGx in prospective, randomized 

“The field of pharmacogenomics 
(PGx) is growing rapidly and is 

increasingly being implemented at 
the point of care”
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clinical trials (RCTs) has proven more challenging. 
Such individual trials typically have compared 
PGx-guided treatment to treatment as usual 
(TAU).14–16 These designs are constrained by 
several factors: for example, these trials cannot 
be truly triple blinded (clinician, patient, rater) 
and a sham report cannot ethically be generated 
for TAU-randomized subjects.  In addition, these 
study designs are effectively active control trials, 
in which patients randomized to TAU receive 
an active agent deemed safe and effective by the 
U.S. FDA. Such trials differ dramatically from 
a typical industry sponsored drug trial in, for 
example, depression, in which superiority must 
be demonstrated to placebo.

Finally, the clinician-investigators in PGx trials 
are not usually obligated to follow the treatment 
regimen defined by the PGx assay. Thus, it is not 
surprising that such RCTs have been underpowered 
or have shown marginal improvement in outcomes.

Outcomes research
Recently however, meta-analyses of such trials have 
described favorable outcome in depression.17–19 
For example, Bousman et al examined five RCTs of 
PGx as a decision support tool (DST) in patients 
with major depressive disorder. Individuals 
receiving pharmacogenetic-guided therapy 
(n = 887) were 1.71 (95% CI: 1.17-2.48; p = 0.005) 
times more likely to achieve symptom remission 
relative to individuals who received treatment as 
usual (n = 850).

A remarkable feature of PGx research 

is that pharmacoeconomic outcomes data 
have consistently shown benefits in resource 
utilization and overall costs. Such savings 
have been demonstrated in retrospective 
case-control studies of mood disorders, real 
world medication-management programs and 
meta-analyses in a variety of clinical settings. In one 
such paper hospitalizations were consistently 
reduced, regardless of therapeutic milieux, by 
approximately 50%.20–22

Organizations such as the International 
Society of Psychiatric Genetics and the 
American Society of Health-System Pharmacists 
have also arisen to support limited evidence-based 
use of PGx, but practice guidelines from authorities 
such as the American Academy of Family 
Practice are lacking.23 Other societies, such as the 
American Psychiatric Association (APA) have 
provided mixed messages. A 2019 APA Task Force 
proclaimed, “there is not sufficient information 
to support widespread use of pharmacogenetic 
testing in clinical practice.” In contrast, the APA’s 
CEO and Medical Director’s response during the 

Medicare Local Coverage Determination open 
comments period, was “In general, we view several 
indications as appropriate for pharmacogenetic 
testing. With some medications, pharmacogenetic 
testing prior to treatment initiation is important 
to identify whether a patient is at heightened 
risk of developing a serious complication. In this 
context, knowledge of the patient’s genetic status 
can contribute to a decision to avoid use of a 
specific medication when several possibilities are 
under consideration. With other medications, 
such as those metabolized through cytochrome 
P450 enzymes, pharmacogenetic testing may be 
less relevant to initial medication selection but 
may be important for optimizing medication 
doses to limit toxicity or enhance outcomes based 
on principles of pharmacokinetics and known 
metabolic pathways.”24

Recently, perhaps the most positive and 
forward-looking statement supporting universal 
PGx use came from the UK’s National Health 
Service: “Implementation of pharmacogenomics 
into the NHS would be the first example in the 
world of integration into a whole healthcare 
system, again highlighting the leadership of the 
UK in genomics… It is now mainstream, it is 
the future, it can now help us to deliver a new, 
modern personalised healthcare system fit for 2022, 
not 1948.”25

Addressing The Remaining Challenges
Obstacles to PGX implementation remain, 
including provider education, authoritative clinical 

“Sources of PGx information and 
guidance include the FDA labels 
and biomarker tables, the Clinical 

Pharmacogenetics Implementation 
Consortium (CPIC), the Dutch 

Pharmacogenetics Working Group 
(DPWG) and the Pharmacogenomics 

Knowledge Base (PharmGKB)”

Figure 1: # PubMed Publications by Year (Keyword Pharmacogenetics) 1961 through 2021
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guidelines, cost, and payer implementation and 
acceptance. Awareness of PGx is growing and in 
2020, the U.S. Food and Drug Administration 
(FDA) announced a collaborative review of the 
science supporting PGx testing. As the field 
continues to mature, even payers have taken notice. 
Medicare, the largest payer in the United States, 
deemed PGx to be “considered reasonable and 
necessary when the result of that test is necessary 
for the physician’s decision-making process 
regarding safely administering or dosing the drug.” 
CMS thus issued a local coverage determination for 
pharmacogenetic testing in some circumstances, 
which may represent a sea change in the 
reimbursement arena.26 Also United HealthCare, 
the nation’s largest private insurer, has issued 
criteria for PGx testing in some circumstances.27

Even with these obstacles, there are many 
institutions and commercial laboratories that have 
successfully implemented PGx testing, mostly 
for those drug-gene pairings with the highest 
strength of evidence or with FDA/CPIC guidelines. 
The IGNITE consortium is a group of academic 
centers that incorporate pharmacogenomic 
information in diverse clinical settings.28 
Participants include Vanderbilt, the University 
of Florida, Indiana University, Icahn School of 
Medicine at Mount Sinai, Duke Medicine, the U.S. 
Air Force and others. In most cases, PGx alerts 
are incorporated into the EMR systems of these 
institutions to aid in genetic risk identification and 
management. Many of these institutions have had 
PGx programs implemented for years and serve 
as models for others. A common feature of these 
programs is a collaborative team approach with 
clinical pharmacists providing PGx consults at the 
point of care.

Dozens of commercial laboratories have also 
begun to offer multi-gene PGx testing over the last 
few years. Unfortunately, we still see tremendous 
variability in analytic and clinical validity of many 
laboratories and test reports. An evaluation of four 
reports from prominent PGx companies identified 
significant discordance between genotypes, 
phenotypes and drug-gene recommendations.29 
These reports highlight the need for continued 
standardization in this burgeoning space.

Most private labs have learned similar lessons 
during their commercialization process. Tools to 

overcome these obstacles include extensive PGx 
educational programs, economic data, EMR 
integration or point of care software solutions. 
Educational programs include sponsored CME 
credits and certificate programs from various 
pharmacy schools, along with internally created 
webinars and grand rounds. Several companies 
offer clinical consult services to review individual 
patient cases. Genomind has recently published a 
review of its clinical consult program.30

To streamline this abundance of new 
information, many commercial entities have 
developed software to assist with clinical 
decision support. Some examples include 
GenMedPro™ (Genomind), YouScript (Invitae) 
and Translational Software. These systems are 
designed to identify drug-gene interactions, 
assign a severity level and provide precision 
medicine guidance when warranted. Most also 
address the issue of phenoconversion by assessing 
drug-drug interactions at the same time as 
drug-gene interactions.

Genomind Case Study
To illustrate the real-world implementation of 
PGx, we present this pediatric case study of a 
12-year-old boy who failed multiple medications 
which prompted PGx testing.31 His diagnoses were 
anxiety, obsessive compulsive disorder and ADHD 
including significant oppositional and impulsive 
behaviors. These symptoms were quite distressing 
to the child and parents, and they spent many 
years working through different combinations 
of medicines with several psychiatrists. 
The authors state, “Many different psychotropic 
medications had been prescribed, many of which 
were not tolerated or helpful.”31 Some failed 
medications included fluoxetine, fluvoxamine, 
dextroamphetamine, atomoxetine, aripiprazole 
and risperidone. A common thread among these 

medications is that they are all metabolized through 
the CYP2D6 enzyme. Pharmacogenetic testing 
revealed that this child had a CYP2D6 *4/*5 
genotype, which results in poor metabolizer (PM) 
status, i.e., he did not have the genetic machinery to 
produce the enzyme required to metabolize these 
medications. This would result in increased blood 
levels of these medications and often increased 
side effects. In fact, several of these medications 
have published PGx guidelines for CYP2D6 PM. 
The FDA label for aripiprazole recommends a 
50% dose decrease and the atomoxetine label 
has pediatric gene guided dosing as well.32–34 
Fluvoxamine has a CPIC guideline recommending 
a 25-50% reduction in starting dose and 
risperidone has a DPWG guideline recommending 
67% of the standard dose.35–37 (Table 1) All of these 

medications were prescribed prior to PGx testing. 
Armed with this additional information identifying 
the patient as a CYP2D6 PM, a trial of escitalopram 
was started since it is a substrate of the CYP2C19 
enzyme and largely bypasses CYP2D6 metabolism. 
This ended up being a successful treatment with the 
authors declaring, “Ultimately, escitalopram, which 
was prescribed, was found to be the most effective 
medication to date for treating his behavioral 
problems and supported by his pharmacogenetic 
testing results.” Had PGx testing been performed 
earlier in treatment, they may have very well 
arrived at this medication sooner.

Table 1

Medicine Source Guideline

Aripiprazole

FDA Administer 50% of usual dose32

DPWG Administer no more than 10 mg/day or 300 mg/month (67-75% of the 
standard maximum dose of aripiprazole)36

Risperidone DPWG

Use 67% of the standard dose

If problematic side effects originating in the central nervous system occur 
despite this reduced dose, then reduce the dose further to 50% of the 
standard dose37

Atomoxetine

FDA
In patients who are known to be CYP2D6 PMs, atomoxetine should be initiated 
at 0.5 mg/kg/day and only increased to the usual target dose of 1.2 mg/kg/day 
if symptoms fail to improve after 4 weeks and the initial dose is well tolerated33

CPIC
Initiate with a dose of 0.5 mg/kg/day and if no clinical response and in 
the absence of adverse events after 2 weeks, consider obtaining a plasma 
concentration 4 h after dosing34

Fluvoxamine CPIC Consider a 25-50% reduction of recommended starting dose and titrate to 
response or use an alternative drug not metabolized by CYP2D635

“Clinical validity and utility of PGx is 
supported by several meta-analyses, 

pharmacoeconomic studies and 
reimbursement coverage policies”

“Real world implementation of 
PGx usually requires accessory 

elements, including clinical decision 
support software, EMR integration 
and provision of clinical education 

and consultation”



Th
e 

Jo
u

rn
al

 o
f 

Pr
ec

is
io

n
 M

ed
ic

in
e  

5

thejournalofprecisionmedicine.comJournal of Precision Medicine  |  Volume 8   |  Issue 4  |  December 2022

References
1. CDC. Therapeutic Drug Use. CDC, National Center for Health 

Statistics https://www.cdc.gov/nchs/fastats/drug-use-therapeutic.
htm (2022).

2. Dowd, D. et al. Predicting Potential Drug-Drug-Gene Interactions in 
a Population of Individuals Utilizing a Community-Based Pharmacy. 
CNS Spectr 27, 236–237 (2022).

3. Kaiser Family Foundation. Number of retail prescription drugs filled 
at pharmacies by payer. Kaiser Family Foundation https://www.kff.
org/health-costs/state-indicator/total-retail-rx-drugs/?currentTimefra
me=0&sortModel=%7B%22colId%22:%22Location%22,%22sort
%22:%22asc%22%7D (2020).

4. Schärfe, C. P. I., Tremmel, R., Schwab, M., Kohlbacher, O. & Marks, 
D. S. Genetic variation in human drug-related genes. Genome Med 
9, 117 (2017).

5. Masnoon, N., Shakib, S., Kalisch-Ellett, L. & Caughey, G. E. What is 
polypharmacy? A systematic review of definitions. BMC Geriatr 17, 
230 (2017).

6. Tarn, D. M. & Schwartz, J. B. Polypharmacy: A Five-Step Call to 
Action for Family Physicians. Fam Med 52, 699–701 (2020).

7. Jokanovic, N., Tan, E. C. K., Dooley, M. J., Kirkpatrick, C. M. & Bell, 
J. S. Prevalence and factors associated with polypharmacy in long-
term care facilities: a systematic review. J Am Med Dir Assoc 16, 
535.e1–12 (2015).

8. Saljoughian, M. Polypharmacy and Drug Adherence in Elderly 
Patients. US Pharmacist 44, 33–36 (2019).

9. Lavan, A. H. & Gallagher, P. Predicting risk of adverse drug reactions 
in older adults. Ther Adv Drug Saf 7, 11–22 (2016).

10. FDA. Table of Pharmacogenomic Biomarkers in Drug Labeling. 
FDA Table of Pharmacogenomic Biomarkers in Drug Labeling 
https://www.fda.gov/drugs/science-and-research-drugs/table-
pharmacogenomic-biomarkers-drug-labeling (2022).

11. CPIC. CPIC Guidelines. CPIC Guidelines https://cpicpgx.org/
guidelines/ (2022).

12. DPWG. DPWG: Dutch Pharmacogenetics Working Group. DPWG: 
PharmGKB Entry https://www.pharmgkb.org/page/dpwg (2022).

13. Whirl-Carrillo, M. et al. An Evidence-Based Framework for 
Evaluating Pharmacogenomics Knowledge for Personalized 
Medicine. Clin Pharmacol Ther 110, 563–572 (2021).

14. Oslin, D. W. et al. Effect of Pharmacogenomic Testing for 
Drug-Gene Interactions on Medication Selection and Remission 
of Symptoms in Major Depressive Disorder: The PRIME Care 
Randomized Clinical Trial. JAMA 328, 151–161 (2022).

15. Perlis, R. H., Dowd, D., Fava, M., Lencz, T. & Krause, D. S. 
Randomized, controlled, participant- and rater-blind trial of 
pharmacogenomic test-guided treatment versus treatment as usual 
for major depressive disorder. Depress Anxiety 37, 834–841 (2020).

16. Greden, J. F. et al. Impact of pharmacogenomics on clinical 
outcomes in major depressive disorder in the GUIDED trial: A large, 
patient- and rater-blinded, randomized, controlled study. J Psychiatr 
Res 111, 59–67 (2019).

17. Rosenblat, J. D., Lee, Y. & McIntyre, R. S. The effect of 
pharmacogenomic testing on response and remission rates in the 
acute treatment of major depressive disorder: A meta-analysis. J 
Affect Disord 241, 484–491 (2018).

18. Bousman, C. A., Arandjelovic, K., Mancuso, S. G., Eyre, H. A. & 
Dunlop, B. W. Pharmacogenetic tests and depressive symptom 
remission: a meta-analysis of randomized controlled trials. 
Pharmacogenomics 20, 37–47 (2019).

19. Skryabin, V. et al. Meta-analysis of pharmacogenetic clinical decision 
support systems for the treatment of major depressive disorder. 
Pharmacogenomics J (2022) doi:10.1038/s41397-022-00295-3.

20. David, V. et al. An Analysis of Pharmacogenomic-Guided Pathways 
and Their Effect on Medication Changes and Hospital Admissions: 
A Systematic Review and Meta-Analysis. Front Genet 12, 698148 
(2021).

21. Jarvis, J. P. et al. Real-World Impact of a Pharmacogenomics-

Enriched Comprehensive Medication Management Program. J Pers 
Med 12, 421 (2022).

22. Perlis, R. H., Mehta, R., Edwards, A. M., Tiwari, A. & Imbens, G. 
W. Pharmacogenetic testing among patients with mood and 
anxiety disorders is associated with decreased utilization and cost: 
A propensity-score matched study. Depress Anxiety 35, 946–952 
(2018).

23. Bousman, C. A. et al. Review and Consensus on Pharmacogenomic 
Testing in Psychiatry. Pharmacopsychiatry 54, 5–17 (2021).

24. Levin, S. Public Comment: Proposed LCD DL38337 MoIDX: 
Pharmacogenomics Testing. American Psychiatric Association 
https://www.psychiatry.org/getattachment/792639ee-826a-42b9-
b428-26fc05392069/APA-Letter-Nordian-Draft-Determination-
Pharmacogenetic-Testing-12022019-(1).pdf (2019).

25. Royal College of Physicians and British Pharmacological Society. 
Personalised Prescribing: Using pharmacogenomics to improve 
patient outcomes A report. (2022).

26. CMS.gov. Local Coverage Determination: MolDX: 
Pharmacogenomics Testing. LCD ID: L38294 https://www.cms.gov/
medicare-coverage-database/view/lcd.aspx?LCDId=38294&ver=16 
(2020).

27. UHC. United Healthcare Medical Policy: Pharmacogenetic Testing. 
Policy Number: 2022T0587K https://www.uhcprovider.com/
content/dam/provider/docs/public/policies/comm-medical-drug/
pharmacogenetic-testing.pdf (2022).

28. Ignite Consortium. Implementing Genomics in Practice (IGNITE). 
IGNITE Network Locations https://www.genome.gov/Funded-
Programs-Projects/Implementing-Genomics-in-Practice-IGNITE 
(2022).

29. Bousman, C. A. & Dunlop, B. W. Genotype, phenotype, and 
medication recommendation agreement among commercial 
pharmacogenetic-based decision support tools. Pharmacogenomics 
J 18, 613–622 (2018).

30. Krause, D. S. & Dowd, D. Use of a consultation service following 
pharmacogenetic testing in psychiatry. Pharmacogenomics 23, 
327–333 (2022).

31. Smith, T., Sharp, S., Manzardo, A. & Butler, M. Pharmacogenetics 
Informed Decision Making in Adolescent Psychiatric Treatment: A 
Clinical Case Report. Int J Mol Sci 16, 4416–4428 (2015).

32. FDA. Aripiprazole Drug Label. https://www.accessdata.fda.
gov/ drugsatfda_docs/label/2020/ 021436s044s045,021713s03
5s036,021729 s027s028,021866s029s030lbl.pdf https://www.
accessdata.fda.gov/drugsatfda_docs/label/ 2020/021436s044s0
45,021713s035s036,021729s027s028, 021866s029s030lbl.pdf 
(2020).

33. FDA. Atomoxetine Drug Label. https://www.accessdata.fda.gov/
drugsatfda_docs/label/2022/021411s050lbl.pdf (2022).

34. Brown, J. T. et al. Clinical Pharmacogenetics Implementation 
Consortium Guideline for Cytochrome P450 (CYP)2D6 Genotype 
and Atomoxetine Therapy. Clin Pharmacol Ther 106, 94–102 
(2019).

35. Hicks, J. K. et al. Clinical Pharmacogenetics Implementation 
Consortium (CPIC) Guideline for CYP2D6 and CYP2C19 Genotypes 
and Dosing of Selective Serotonin Reuptake Inhibitors. Clin 
Pharmacol Ther 98, 127–34 (2015).

36. Swen, J. J. et al. Pharmacogenetics: From Bench to Byte— An 
Update of Guidelines. Clin Pharmacol Ther 89, 662–673 (2011).

37. Dutch Pharmacogenetics Working Group (DPWG). Risperidone 
DPWG Guideline May 2020 update. https://api.pharmgkb.org/
v1/download/file/attachment/DPWG_May_2020.pdf https://api.
pharmgkb.org/v1/download/file/attachment/DPWG_May_2020.pdf 
(2020).

38. Haidar, C.-E., Petry, N., Oxencis, C., Douglas, J. S. & Hoffman, 
J. M. ASHP Statement on the Pharmacist’s Role in Clinical 
Pharmacogenomics. American Journal of Health-System Pharmacy 
79, 704–707 (2022).

Dr. Daniel Dowd
Daniel is Genomind’s Senior 
Vice President of Medical 
Affairs. His responsibilities at 
Genomind include building 
and managing a mental health 
medical affairs team of PharmDs 
and PhDs. Dr. Dowd is also 

intimately involved with product development, 
genetic research, medical education programs and 
pharmacy integrations.

He is a PharmD licensed in New York and New 
Jersey and has over 15 years of unique experience 
across community pharmacy management, medical 
affairs and healthcare education. Prior to joining 
Genomind, Dr. Dowd held positions as district and 
regional director of community pharmacy training and 
operations for several pharmacies including Rite Aid 
and A&P. For 13 years, he also developed and taught 
advanced pharmacology courses at the City University 
of New York (CUNY). Dr. Dowd has published on the 
implementation of pharmacogenetics in psychiatry 
and has been interviewed by national media outlets, 
including Drug Topics, JAMA Medical News and 
Perspectives and the Dr. Oz show. He is a member 
of the Clinical Pharmacogenetics Implementation 
Consortium (CPIC) and the American Society of 
Pharmacovigilance STRIPE Collaborative Community.

Education: Dr. Dowd earned his PharmD from 
the Rutgers Ernest Mario School of Pharmacy, 
following completion of his BS Biology degree from 
SUNY Binghamton.

Dr. David Krause
David is Chief Medical Officer 
at Genomind. Board certified in 
internal medicine, Dr. Krause has 
more than 25 years of experience 
in pharmaceutical research and 
development and medical affairs. 
At Genomind, he is responsible 

for clinical research and serves as liaison to the 
community of Genomind’s patients, customers and 
subject matter experts. Prior to joining Genomind, 
Dr. Krause was the head of several global therapeutic 
areas at SmithKline Beecham and GlaxoSmithKline. 
He was also Chief Medical Officer at Vicuron 
Pharmaceuticals, which was acquired by Pfizer, Inc. in 
2006. Dr. Krause is a Fellow of the American College 
of Physicians, and author of more than 40 scientific 
publications and abstracts, and has served as a 
consultant to the Department of Defense.

Education: Dr. Krause is a graduate of the 
Pennsylvania State University, where he was named a 
Centennial Fellow by the College of Liberal Arts, and 
received his MD degree from Temple University.

About Genomind
Genomind is a leading precision medicine company located in King of Prussia PA, with a presence in 18 countries worldwide. Our mission is to optimize the treatment 
experience for individuals and healthcare providers by unlocking the value of precision medicine through actionable genetic insights and innovative health technology. 
Founded by a psychiatrist in 2011, Genomind has utilized its pharmacogenetics testing platform, including proprietary state-of-the-art clinical decision support software, 
GenMedPro™, to assist thousands of prescribing health care providers and their patients. Our flagship product, Genomind® Professional PGx™, is a comprehensive 
pharmacogenetic testing service helping medical professionals personalize patients’ mental health treatment. 

On To The Future
In the near future, PGx will likely be more 
frequently used for two reasons. First, the data will 
compel regulatory agencies, payers, and medical 
associations to adopt this approach. Second, and 
as important, new generations of physicians and 

allied health care providers will become more 
educated about the individual, economic, health, 
and societal implications of PGx. Furthermore, 
as physicians take up PGx in their practices, 
pharmacists will in turn need to play a central role 
in PGx utilization and interpretation.38 Newer and 

less expensive genetic technologies will improve the 
cost-benefit ratio for the use of PGx. Finally, more 
payers will recognize the economic benefits of PGx 
and will reimburse for its use. JoPM


