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Disclaimer

The views expressed in this presentation are the personal 
views of the speaker and may not be understood or quoted 
as being made on behalf of or reflecting the position of the 
European Medicines Agency or one of its Committees or 
Working Parties.
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❖ Preanalytics

❖ Analytics

❖ cis/trans heterozygous

❖ NGS specific; 30 X minimum coverage

❖ Allele Drop-Out

❖ How many SNPs?

❖ Hybrids

❖ CNVs

❖ Liquid biopsies

❖ Inter Patient Verification (IPV)

❖ Reporting and *-nomenclature

❖ Accreditation

❖ Sample repository for retrospective studies

Content of the ‚Good PGx Practice‘ Guideline
Important for polymorphic genes i.e. CYP2D6

NGS specific issues: 
Minimum coverage 30x (6x) 
Mean coverage 150x (30x) 
Cave: Allele drop out 
Cave: Gene Homology



≈ 35% of all drugs EMA has granted market authorization do have PGx relevant Bio-
Markers mentioned in important sections of their SmPC1

≈37.7% of all drugs marketed in Austria do have PGx relevant Bio-Markers 
mentioned in important sections their SmPC2

1        Pharmacogenomic information in drug labels: European Medicines Agency perspective.
                   Ehmann F, Caneva L, Prasad K, Paulmichl M, Maliepaard M, Llerena A, Ingelman-Sundberg M, Papaluca-Amati M.

                   Pharmacogenomics J. 2015 Feb 24. doi: 10.1038/tpj.2014.86. [Epub ahead of print]

2        Doctoral Thesis of Norma Anwar, PMU, 2015

For which drugs is PGx information available?

http://www.ncbi.nlm.nih.gov/pubmed/25707393


Haftung für Ärzte bei Nichttestung?

• Testing required: 
Bei Abgabe von Medikamenten, die nur nach pharmakogenetischer 
Testung verschrieben werden dürfen, liegt bei Nichtbeachtung der 
Testverpflichtung zwangsläufig ein Behandlungsfehler vor.  

• Testing recommeded/Actionable PGx: 
Kommt es bei einer Nichttestung in Fällen, in denen der Test zwar nicht 
zwingend vorgeschrieben ist, aber in der Fachinformation entsprechende 
Hinweise zum Handlungsbedarf vermerkt sind, zu entsprechenden 
Nebenwirkungen, liegt möglicherweise ein Behandlungsfehler vor, wenn 
der Patient nicht nachweislich auf das Risiko bei einer Nichtdurchführung 
des Tests aufmerksam gemacht wurde.
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Meta-Studien zeigen, dass Adverse Drug Reactions (ADRs) häufig 
Hospitalisierung verursachen
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Adverse Drug Reactions leading to hospitalization 

Hospital	
durch	
ADR	bis	
zu	
16,8%

Formica	D.	et	al.,	EXPERT	OPINION	ON	DRUG	SAFETY	2018,	VOL.	
17,	NO.	7,	681–695
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Studien zum ökonomischen Benefit 

Patients receiving PGx testing saved $1035.60 in total medication costs over 1 
year compared to the usual care cohort (P = 0.007). PGx testing improved 
adherence compared to standard of care. 

2015,   
Prosp. generated cohort,  
2168 cases, 10,880 contr. 2) 

Applying PGx guided recommendations across the patient population resulted in the 
elimination and/or replacement of one to three drugs and an estimated annual 
saving of US$621 per patient. 

2016,  
San Diego 3) 

2015,  
College of Pharmacy,  
Univ. of Utah, 1025 patients 4) 

2010,  
Medco Health Solutions,  
Mayo Clinic, 3584 patients 4) 

Pre-emptive screening via panel-based approach resulted in a signif. reduction in 
hospitalizations (9.8% vs 16.1%, P = 0.027) and patient visits to the emergency 
department (4.4% vs 15.4%, P = 0.0002). 

CYP2C9 and VKORC1 genotyping of warfarin recipients resulted in 31% fewer 
hospitalizations overall and a 43% lower risk of hospitalization for bleeding 
or thromboembolism. 

1. Sugarman EA et al., Drugs Aging 2016 Dec;33(12):929-936  2. Winner JG, et al. Curr Med Res Opin. 2015;31(9):1633–43. , 3. Saldivar JS, et 
al. Pharmgenomics Pers Med. 2016;9:1–6., 
4. Brixner D, et al., J Med Econ. 2016;19(3):213–28., 5. Epstein RS, et al., J Am Coll Cardiol. 2010;55(25):2804–12. 
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Medication cost savings related to the identified reduction and replacement 
opportunities exceeded the cost of testing and are estimated to be US$1300 
(year 2016 cost) per patient annually. 

2016,  
SanDiego, 
112 polypharmacy patients 1) 

less 
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Within the same subgroup of IM/PMs prescribed tramadol or codeine at baseline, 
CYP2D6-guided group experienced a 30% reduction in composite pain intensity 
compared with the usual care group. 

2019,  
Seven of University of Florida  
Health primary care clinics,  
375 enrolled patients 2) 

Pharmacogenetic-guided therapy 1.71 times more likely to achieve 
symptoms remission relative to individuals who received usual treatment. 

2019,  
Meta-analysis of 5 randomized  
controlled trials (RCT),  
1737 participants 3) 

2016,  
Netherlands Cancer Inst.,  
Slotervaart Hosp., Canisius W.Hosp.,  
2038 patients 4) 

2015,  
AssureRx Health, Mayo Clinic,  
258 patients 5) 

The risk of 5-FU-induced toxicity was significantly reduced from 73% in historical 
controls (n = 48) to 28% by genotype-guided dosing  
(P < .001); drug-induced death was reduced from 10% to 0%. 

Gene-guided treatment raised the odds of clinical response by 2.3-fold, the 
guided group had a 53% greater improvement in depressive symptoms. 

1.Hayashi M et al., es Social Adm Pharm 2021 Aug 20;S1551-7411(21)00313-2 , 2. Smith DM, et al., Genet Med. 2019;0(0)., 3. Bousman CA, Arandjelovic K, Mancuso 
SG, Eyre HA, Dunlop BW., Pharmacogenomics. 2019;20(1):37–47.  
4. Deenen MJ, et al., J Clin Oncol. 2016; 34(3):227–34., 5. Altar CA, Carhart J, Allen JD, Hall-Flavin D, Winner J, Dechairo B., Mol Neuropsychiatry. 2015; 1(3):145–55. 
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Pharmacogenetic	multi-gene	panel	tests	within	MTM	(medication	therapy	management)	
demonstrate	an	approximate	50%	decrease	in	emergency	visits	and	hospitalizations	in	
elderly	polypharmacy	patients

2021,  
Review of 43 PGx studies  
between 2007 and 2020 1) 
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Studien zum klinischen Benefit 



Braucht es Studien um PGx zu 
implementieren?

Nichtbefolgung führt zu Strafen!

Nichtbefolgung kann Haftungsansprüche zur Folge haben!



SSRI & SNRI:
Jeffrey	Bishop	regarding	PGx	and	

Psychiatry

CPIC Meeting June 2019 Memphis



EMA/FDA Test Levels: Antidepressants



Sertralin dosing according CPIC

Reduction 
by 50%

However: NO indication on how the 
tests should be performed



NORMAL 
METABOLIZER

57%INTERMEDIATE 
METABOLIZER

22%

POOR 
METABOLIZER

15%

ULTRA-
RAPID

6%

CYP2D6	Phänotyp	Häufigkeit

Herbert et al., J 
Psychiatr Res. 2018 
Jan;96:265-272

CYP2D6 spielt eine Schlüsselrolle:  
hoch polymorphes Enzym

Ch. Nofziger,  2022 
personal 
communication



Fluoxetin (3 years 20 mg; 3 month ago reduction to 10 mg)             CYP2D6, CYP2C9

Patient is a Ultra-Rapid Metabolizer
for CYP2D6

Change Fluoxetin to 
Sertralin (2B6, 2C19, 3A4)
Citalopram (2C19, 3A4)

both
Selective Serotonin Reuptake Inhibitors

(SSRI)

CNV (CYP2D6)
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From the PGx analysis to the PGx guided prescription
From here….

… to dosing and prescription

• Learn PGx 
• Know about PGx relevant drugs 
• Know DDI 
• Take into consideration  PGx information in the SmPC 
• Consider PGx databases 
• Be informed about the original literature 
• Translate into actionable prescription

CYP2D6*4 heterozygot           -                Intermediate metabolizer 

CYP3A5*3 homozygot             -                poor metabolizer

PharmGenetix	Gmbh	|		Charity	Nofziger		|		Technical	Challenges	in	CYP2D6	Analysis



Von der Blutabnahme und Labor-Analyse…  
zur angewandten personalisierten Medizin

DNA-	
Extraktion

Techn.	BefundPGx-
Analyse

Dosis-
Empfehlung

CYP2C9		*8	
MUT	

CYP2D6			*4/
*4	

CYP2D19			WT	
CYP3A5			*3	

MUT	
CYP3A4			WT	
SLCO1B1.	*3	

MUT	
…

Interpretation	
• poor	
• intermediate	
• normal	
• ultra	rapid

>160	SNPs

Copy	number

Hybrid-Analyse

Allel-Spezifität

Allel-drop-out	

Deletionen

>25	Gene

PGx-Medikamenten-
Datenbank

CYP2D6

PGx-
Medikamenten-	
Interaktions-
Prüfung

Optimierungs
-Vorschlag



Eine umfassende PGx-Wirkstoff-Datenbank  
ist der Kern für PGx-Befunde

SmPCs

Peer-reviewed		
publications

PGx Drug Database 
>750 Drugs



Bei der Optimierung von Polypharmazie werden  
oft >1 Million Kombinationen durchgerechnet

Polypharmazie mit 8 Medikamenten,  
je Klasse durchschn. 6 Alternativen

1.679.616	
Optionen

14	Minuten	
Berechnungszeit

4	Sekunden	
Berechnungs
zeit

Integration von AHI / 
Augmented	Human	
Intelligence	-	Methoden



®
Medizinprodukt

SRN: AT-MF-000013749

Der PGx-Optimizer ist eine einzigartige Befundungs-Software, 
welche personalisierte Medikamenten-Interaktionen berücksichtigt 
und alternative Verschreibungs-Optionen berechnet

../../Marketing/Video/PGXOptimizer-Erklaervideo_EN_USVersion.mov


Oh, this is the end / My only friend, the end 

(The Doors, 1967)

paulmichl@me.com

mailto:paulmichl@me.com

