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Learning Objectives

1. Introduction and understanding of how PGx reports can be reviewed

2. Understand the limitations of PGx reports and how they can be used in a clinical 

context

3. Identify important factors for effective implementation of PGx in a clinical setting

4. Understand the existing challenges to scale PGx as a precision medicine tool 

and ways to address these challenges



Agenda

▪ Brief introduction to PGx

▪ PGx Report Elements

‣ Types of Reports (by indication)

‣ Static Reports 

‣ Dynamic Reports

▪ Case Studies

‣ Mental Health

‣ Primary Care

▪ Important Factors for the Effective Utility of PGx in the Clinic

‣ Scalability 

‣ Reimbursement



AN UNSUNG HISTORY

PGx Related Gene Phenotype
Date 

Described
Investigator

G6PD Deficiency

Haemolytic anaemia

(Fava Bean)
570 – 495 BC Pythagoras

Primaquine induced 

haemolysis
1950s US Army

TAS2R38
Phenylthiocarbamide 

sensitivity
1930s

Sir Archibald 

Garrod

Pseudocholinesterase 

deficiency

Succinylcholine-induced 

apnea 
1950s W. Kalow

Isoniazid-induced 

peripheral

neuropathy

1950s

Tuberculosis 

Chemotherapy 

Centre

CYP2D6 

Sparteine & Debrisoquine 

metabolism
1982 M. Eichelbaum

Allele-Specific PCR 

Developed
1994 Johannsen et. al

CYP2D6, CYP2C19
1st FDA Approved PGx 

Test 
2005 Roche



CONVERGENCE

2000 – 2015: Genomic / Molecular Advances 2012: CPT Codes Established for PGx



CPIC: 28 Guidelines Across 166 drugs



PGx EXPANDING CU EVIDENCE & 
COVERAGE



SELECT PGx INDICATIONS

Indication Class Drug Gene

Guideline 

Availability

DPWG CPIC

Cardiology

Lipid lowering agents
Atorvastatin SLCO1B1 √ -

Simvastatin SLCO1B1 √ √

Anti-platelet Clopidogrel CYP2C19 √ √

Anticoagulant Warfarin

VKORC1 √ √

CYP2C9 √ √

Mental Health

Antidepressants

Citalopram CYP2C19 √ √

Sertraline CYP2C19 √ √

Amitriptyline
CYP2C19 - √

CYP2D6 √ √

Anticonvulsant Carbamazepine
HLA-B - √

HLA-A - √

Pain Analgesics
Codeine CYP2D6 √ √

Tramadol CYP2D6 √ -

ID Antibiotic Flucloxacillin HLA-B √ -

Source: Rollinson et. al: Genes (Basel). 2020 Nov; 11(11): 1337. PMID: 33198260



PGx Report Modalities

▪ Static Report (.pdf)

‣ Traditional report used for clinical decision support (cds) that becomes a part of the patient record.  

‣ Stored digitally or as a hard-copy.

‣ Can be amended, but is otherwise unchanged.

▪ Dynamic Report (html)

‣ Digital report that can be changed in real-time and re-issued based on input values (e.g. concomitant 

medications, co-morbidities, etc).

‣ Multiple versions can be generated and be part of a digital record

‣ Allows the report recommendations to change based upon evolving circumstances of the patient

▪ Best Practice Alerts (BPAs)

‣ Embedded / popup messages within an EMR interface

‣ The ‘holy grail’ of report modality, but least frequent.









PGx Reports: Essential Elements

▪ A typical PGx report includes the following sections: 
1. Current medication regimen (sometimes)

2. Summary table of gene/drug interactions

3. Detailed gene/drug Information and/or guidance.

4. Genetic results summary 

5. Patient info card 

6. Methods & Limitations

▪ Sections may appear in different orders based on 
laboratory/provider input.



The Stoplight Color Motif 

Use as Directed

No Genotype-Guidance Available

Increased likelihood of response

Use with Caution

Monitor dosing

Decreased likelihood of response

Use Alternative

Increased likelihood of adverse reaction

Contraindicated
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Report Demo:

1.Primary Care (Static)

2.Mental Health (Dynamic)



Case Study

DEMOGRAPHIC DATA AND DIAGNOSIS

16-year-old adolescent, adopted at the age of 2 months. Severe 

Attention-Deficit Hyperactivity Disorder (ADHD) and conduct disorder, 

childhood onset at 5 years old.

Other features: 

• Before the age of 3, was very disruptive  (difficult-to-raise child”)

• From 3 to 10-yo, several behavioral problems at school and home 

• At the age of 10, frequent and severe antisocial behavior, including 

delinquent behavior and drug abuse

• Foster care at 11-year-old, at the residential care:

o Restless behavior, emotional coldness, fighting with other 

adolescent mates, and severe insomnia

o He tried trafficking different types of illegal drugs

o He frequently ran away

o Poor school achievement, IQ78



Case Study Continued
PHARMACOLOGICAL TREATMENT

Psychiatric medication:

• Atomoxetine 80 mg/d

• Methylphenidate 20 mg/d

• Risperidone 4 mg/d 

• Olanzapine 20 mg/d + Melatonin 2 mg/night – because of 

insomnia

• Propranolol 5 mg/d – because of palpitations and anxiety

• Biperiden 4 mg/d – neck dystonia and akathisia during the last 4 

years

• Lorazepam 3 mg/d – for anxiety

Previously, had been treated with fluoxetine, fluvoxamine, 

carbamazepine, aripiprazole, paliperidone, and thioridazine, at usual 

dosages, without any positive results.

August 2014 – PGx testing initiated (14-year-old, prescribed after last 

runaway).

Effects of pharmacotherapy (before using 

PGx-guided treatment):

• Refractory to most of the medications used 

at foster care and reported several side-

effects.

• Conduct disorder was impossible to control 

even using up to 10 different drugs at the 

same time.

CLINICAL HISTORY



PHARMACOGENETIC EVALUATION

Interpretation:

• CYP1A2 UM phenotype may explain why insomnia was still present, 

even at high olanzapine doses (plus melatonin).

• Decreased therapeutic response to both fluoxetine and fluvoxamine 

could be explained by the 5HTTLPR S/S genotype.

• AKT1-DDIT4-FCHSD1-RPTOR genes allele variation increase the risk 

of extrapyramidal symptoms when using either risperidone or 

paliperidone, as observed.

• CYP2D6 IM phenotype combined with polypharmacy often results in 

PM phenotype, explaining adverse effects with atomoxetine and 

risperidone. 2D6 PM phenotype could also interfere with clozapine 

plasma levels (FDA labelling cautions dose reductions may be 

necessary)

Blasco-Fontecilla, H. Clinical utility of pharmacogenetic testing in children and adolescents with severe mental disorders. Journal of Neural Transmission (2018). April 6 [Epub adead of print]. 

Case Study Continued



CHANGES INTRODUCED POST TESTING

Pre-testing last 

treatment

Post-testing changes Reasons

Methylphenidate 20 

mg/d

Dose optimization up to 70 

mg/d

Patient carrier of variants of higher likelihood of good 

response

Drug not substrate for CYP2D6

Atomoxetine 80 

mg/d

Progressive withdrawal Adverse effects (palpitations, anxiety) possibly 

explained by the IM phenotype of CYP2D6

Quetiapine addition up to 

300 mg/d

One of the 2 APs Indicated as “standard” in the test

Aim: Olanzapine/Risperidone substitution

Olanzapine 20 

mg/d

Progressive withdrawal Inefficacy because of poor drug exposure due to the 

UM phenotype for CYP1A2

Risperidone 4 mg/d Progressive withdrawal Extrapyramidalism (indicated by the test and present in 

the patient)

Biperiden 5 mg/d Discontinuation EPS disappears after antipsychotic drug substitution

Propranolol 4 mg/d Discontinuation Previous side effects disappeared thus to the reported 

medication changes

Case Study Continued



FOLLOW-UP

• Progressive improvement of ADHD-core symptoms, antisocial behavior, 

and insomnia.

• Overt aggressive and delinquent behavior eventually disappeared. 

• For the first time in his life, was able to behave properly and do 

homework around two hours a day. 

• Later on, he began a supervised, paid-job as a gardener. He has been 

working for more than one year without any problem.

• He was also able to engage in cognitive-behavior therapy

• Was given more autonomy, and began to spend more time with his 

parents. 

✔ The poor clinical response to the medications and the reported side effects made impossible to adhere to drug 

therapy.

✔ PGx testing at an initial stage might have avoided polypharmacy, reduced side effects and increasing adherence.

Case Study Conclusion



Critical Factors for PGx Implementation

▪ Scalability 

▪ Reimbursement

▪ Physician Adoption



SCALABILITY: ORDERING / INTAKE

▪ Key elements:
‣ Panel selection

‣ Comprehensive panel, sub-panel (mental health, cardiovascular, etc), single-gene

‣ Demographics
‣ Age
‣ Ethnicity

‣ Indications for ordering
‣ ICD-10s
‣ Previous failed therapy
‣ Existing medications
‣ Gene/drug pairs
‣ Lifestyle factors

‣ Co-morbidities

‣ Supplements

‣ Informed Consent
‣ Patient consent for genetic testing
‣ Physician signature for medical necessity & order





SCALABILITY



IT Scalability 
LIMS Platform                                                                        Lab



Electronic Ordering / Resulting

Physician Order / Result Portal EMR Orderable / Resulted

API



Reimbursement

▪ Reimbursement touches on every aspect of testing

▪ Easy to get lost in the details for each policy

▪ Policies from the same payer may seem contradictory

▪ Be aware of differences in policies between payers 
‣ Medicare vs. commercial

‣ Commercial vs. commercial



Reimbursement - Medicare
▪ LCD L38294 (MolDx) requires the following documentation:

‣ The clinical record must clearly show the use of or intent to prescribe a 

drug that has known drug-gene interactions that require a PGx test to be 

ordered to define the safe use of that drug in that patient.

‣ Documented, specific gene/drug interaction that has CPIC level A/B 

recommendations

‣ Indication that is related to the drug of interest

‣ The results of the genetic test will impact the medical management of the 

individual.



Reimbursement - Commercial

▪ BCBS (CAM 218) requires the following:
‣ Prior-authorization (PA)

‣ prior means prior!

‣ Drug considered is listed on the policy (listed by gene)
‣ “Testing for the XXX genotype once per lifetime (please see policy guideline)* is considered MEDICALLY NECESSARY for 

individuals being considered for therapy with any of the medications listed below, or who are in their course of therapy with a 

medication listed below, to aid in therapy selection and/or dosing”

‣ Once per lifetime testing regardless of indication

‣ See list of excluded genes in the policy.





Physician Adoption

▪ Providers are busy!

▪ Provide continuing education
‣ Grand Rounds

‣ Video Tutorials

‣ Invited Speakers

‣ Internal communication / education programs

‣ Physician champions



Key Points

✔ PGx has matured and will continue to expand into the clinical space.

✔ PGx guidance can be delivered via multiple modalities, but share common features.

✔ Focus on current therapy and how the patient’s genotype may affect their metabolism 

and/or response.

✔ Use clinical judgement and experience combined with genotype-guided information when 

considering alternatives, discontinuation, or dose-adjustment.

✔ IT solutions are a necessary part of PGx implementation.

✔ Reimbursement touches all aspects of PGx, from intake, to panel design, to resulting.

✔ Continuous efforts are necessary for provider adoption.



THANK YOU!
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