
Dr. Margarete Fischer-Bosch-Institute of Clinical 

Pharmacology, Stuttgart

Pharmacogenomics and Personalized Medicine: 

Implication for Clinical Practice 

Prof. Matthias Schwab
Adjunct Professor of the Yerevan State Medical University, Armenia 

Dept. Clinical Pharmacology, University Hospital, Tübingen

ICPerMed Workshop CPerMed Workshop 

“Advancing Personalised Medicine Through Technology Development”  

November 14, 2023, Siena, ItalySchwab M

IKP Stuttgart MS11170



Messerli FH: This day 50 years ago N Engl J Med 1995

Arterial pressure of Franklin D. Roosevelt 

from 1935 until his death on April 12, 1945
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Collins FS. N Engl J Med 2019

A key example for precision medicine and drug development 

Middleton et al.

NEJM 2019
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Poor or Non response of drugs:

A major problem with clinical consequences

Phase III and submission failure

of 83 drugs from 2007-2010

Arrrowsmith. Nat Rev Drug Discov 2011Schwab M
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Various factors explain interindividual variability 
of expression and function of drug-relevant CYP enzymes 

Zanger & Schwab,
Pharmacol Ther 2013
cited > 3600  
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Expression variability of human Cytochrom P450 

enzymes in the IKP human liver bank (up to 900 fold)

IKP Stuttgart: Unpublished data
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Sources for Variability in Drug Response
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Precision medicine: from base pairs to bedside

Green et al. Nature 2011
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Cohen & Settleman. Cell  2014

Genomic information from tumors provide 

vital information to guide drug development and

treatment decisions
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A new paradigm for diagnosis and therapy: 

Non small lung cancer as prototype for precision medicine
shifting from tumor histology to molecular characterisation

Blumenthal G (US Food and Drug Administration); Shaw AT (Massachusetts General Hosp. Cancer Ctr.); 

Kopetz S. (MD Anderson Cancer Ctr.) – Forum: Precision Therapy: When is better: up front or at relapse? AACR 2018

Jordan et al. Cancer Disov 7: 596-609, 2017.
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Prognostic Predictors
Somatic and germline genome

dictate tumor behavior

Toxicity Predictors
Germline genome

dictate patient sensitivity

Exposure Predictors
Germline genome

dictate drug exposureEfficacy Predictors
Somatic genome

dictate tumor sensitivity

Genomic information from the tumor and the patient

provides vital information to guide drug therapy

Cohen & Settleman. Cell 2014
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Personalized / Precision Medicine: 
delicate balance between benefit and risk

Schwab & Schaeffeler. Genome Med 2012

Precision medicine is “an emerging 
approach for disease treatment and 

prevention that takes int account 
individual variability in genes, 

environment and lifestyle for each 
person.”

https://ghr.nlm.nih.gov/primer/precisionmedicine/definition
MS8332
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2008

Lancet Oncology 2018

Randomized clinical trials & Pharmacogenomics (PGx) 

Gastroenterology 2015

2013

J Arthroplasty 2022

ESMO Open 2021

Circ Genom Precis Med 2020

JAMA 2010

Transl Psychiatry 2022 
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NUDT15 and TPMT explain thiopurine related drug toxicity in 

European patients with severe cytopenia/pancytopenia (n=107)

Schaeffeler et al. Genet Med 2019

IKP diagnostic cohort

for TPMT (n > 25.000)

In collaboration with the German ALL study coordination all ALL children preemptively tested 

for TPMT to avoid hematotoxicity  
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NUDT15

First description  

2014

TPMT 

First description 

1980
Clin Pharmacol Ther 2013

Clin Pharmacol Ther 2018

Clin Pharmacol Ther 2018Schwab M
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2008

2018

DPYD pharmacogenetic diagnostics is implemented
dihdyropyrimidine-dehydrogenase and 5-fluorouracil-, capecitabine- and tegafur-therapy

in patients with colorectal cancer

Juni 

2020

Cost reimbursement guaranteed by the statutory health insurances in Germany 
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More than 341 FDA-approved drugs with labeled pharmacogenomic information 
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www.fda.gov/medical-devices/precision-medicine/table-pharmacogenetic-associations

2022

118 from 341 drugs (35%) 

are cancer agents
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https://www.pharmgkb.org/

Digital-supported PGx information & implementation
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Clin Pharmacol Ther 2013

http://www.pharmgkb.org/page/cpic
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Clin Pharmacol Ther 2017

Clin Pharmacol Ther 2017

Clin Pharmacol Ther 2018

Clin Pharmacol Ther 2019

11 / 2020: 

25 CPIC guidelines covering > 60 drugs

Clin Pharmacol Ther 2020
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The Ubiquitous Pharmacogenomics (U-PGx) PREPARE trial
Making actionable pharmacogenomic data and effective treatment optimization

accessible to Every European citizen (Lead HJ Guchelaar, NL, Vice Chair M Schwab)

component III
IKP Lead

Component III comprises NGS, DDI & pharmacometrics

2016 - 2022
15Mio € Horizon2020 funding

7 European countries 

Framework for implementation

Manuscript in press

~7,000 patients recruited

Pre-emptively PGx testing of a panel 
of markers can results in reducing 
ADRs

Extended other research activities

http://upgx.eu/

MS 10622
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February 2, 2023

In the second analysis, which included all groups, the 

prevalence of the development of a causal clinically 

relevant ADR was 21% in the study group and 29% in the 

control group, reducing the risk of an ADR by 30%

(OR 0.70 [95% CI 0.61–0.79]; p <0.0001)
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Morris et al. Clin Pharmacol Ther  2023

COST EFFECTIVENESS of PGx testing based on Clinical PGx

Implementation Consortium (CPIC): a systematic review
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CLINICAL Research: Implementation of PGx into 

clinical practice at Robert-Bosch-Hospital
The use of digital medicine and App-based solutions

Krebs & Milani. Hum Genomics 2019

World-wide PGx implementation

initiatives

Royal Liverpool

University Hospital

Robert Bosch Foundation

for Medical Research

Leiden University 

Medical Center
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Drug Labeling requires up-front PGx diagnostics 

MAVACAMTEN: 

a cardiac myosin inhibitor 

to treat obstructive hypertrophic 

cardiomyopathy
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Methodological advances paralleled by innovative trial 

designs  enable individualized targeted therapies

Zhou, Tremmel, Schaeffeler, Schwab, Lauschke. Trends Pharmacol Sci 2022

Tremmel, …Schaeffeler, Schwab. Ann Rev  Pharmacol Toxicol 2023 

MS10548

Epigenomics

Genomics

Transcriptomics

Proteomics

Metabolomics

Public available data

Clinical data
Lab data

Workflows

Plugins

Bioinformatic analyses

www.news-medical.net/health/

Renal-Neoplasms.aspx

Nature 2013
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Wei et al. Clin Pharmacol Ther 2021

AI implementation on Pharmacogenomics
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Multi-omics driven prediction of response to combination antidepressant 

therapy: a machine learning approach with cross-trial replication 

Conceptual overview of model development and evaluation

Joyce et al. Transl Psychiatry 2021 

The results suggest that 

integrating specific 

metabolites and SNPs 

achieves accurate 

predictions of treatment 

response across classes of 

antidepressants.

venlafaxine + mirtazapine  

escitalopram + bupropion 
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Concept diagram comprising artificial intelligence, 

clinical genomics, pharmacogenomics, and 

big data approaches in precision medicine

Abdelhalim et al. Front Genet 2022 
Schwab M

IKP Stuttgart

Tremmel, …Schwab. Ann Rev Pharmacol Toxicol 2023 
MS11182



The future of Personalized Medicine

Schwab M
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Unused Big Data

Data derived from standard

Clinical Care

Private  Big Data

Data derived from non-

professional, private sources

Conventional Big Data

Data derived from advanced

analytical technology (eg. Omics, 

Deep Sequencing, Imaging)
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Lubitz et al. Circulation 2022www.macrumors.com/2018/11/30/apple-watch-heart-health-45-day-refunds/

Sensor-based technology 

combined with AI 
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Platform Trials

Park et al. Trials 2019
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Innovative trial designs to foster precision medicine in 

clinical care: consideration of age groups and molecular markers
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www.recoverytrial.net/news Schwab M
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Contributions of Implementation Science, Learning 

Health Care system, and Precision Medicine 

Chambers DA et al. JAMA 2016 MS10502



IKP founded 1973 by Dr. Margarete-Fischer-Bosch

Robert Bosch

IKP Stuttgart

IKP StuttgartRobert Bosch Krankenhaus, Stuttgart
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