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Conceptos básicos 



Medicina Personalizada de Precisión 

Paciente 

Clasificar a los pacientes en sub-poblaciones con distinta:  

- Susceptibilidad a desarrollar una enfermedad 
- Biología y/o el pronóstico  
- Respuesta a un determinado tratamiento 

Identificación y aplicación del abordaje preventivo, diagnóstico y terapéutico  
más efectivo y más seguro para cada paciente 

Mayor 
beneficio al 

paciente 

Sostenibilidad 
del sistema 

sanitario  

Estratificación 

Intervenciones preventivas o terapéuticas específicas 



Paciente 
Mayor 

beneficio al 
paciente 

Sostenibilidad 
del sistema 

sanitario  

Estratificación 

Fármacos 
+ 

Farmacogenética y Farmacogenómica 

Intervenciones específicas basadas en 
biomarcadores 

Medicina Personalizada de Precisión 



Farmacogenética y Farmacogenómica 

Farmacogenética (PGt) 

Estudio de variaciones en la secuencia del DNA relacionadas con la 
respuesta a un fármaco 

Variaciones inter-individuales del DNA relacionadas con la  
farmacocinética y farmacodinámica de fármacos (disposición y acción) y 
que pueden influir en la respuesta clínica 

Farmacogenómica (PGx) 

Estudio de variaciones en las características del DNA y RNA relacionadas 
con la respuesta a un fármaco 

La aplicación de las tecnologías genómicas para determinar la 
susceptibilidad a enfermedades, descubrimiento de fármacos, acción 
farmacológica, disposición de fármacos y respuesta terapéutica 

Intervenciones específicas basadas en 
biomarcadores 



Farmacogenética y Farmacogenómica 

Biomarcadores 



Traditional medicine 

Responders Toxicity 
Non responders 

Drug treatments based on general population 



- Improve eficacy 

- Decrease toxicity 

Personalized medicine 

Drugs and doses tailored to each patient 

Causes? 



“When you hear hoofbeats, think of horses, not zebras” 

We are all “zebras” 

Precision Medicine sees the zebra in all of us and focuses not on what makes us 

part of the herd, but what makes us a unique (or unique group!) 

Precision Medicine is modifying this principle 



Fármacos ineficaces 



Fármacos ineficaces 

Drugs do 
help 

Fail to improve 
conditions 

10 highest-grossing drugs USA 



• 5-7% of all hospital admissions due to ADR 

• 0.15-0.3% are fatal 

• 250,000 admissions per year in UK 

• Cost to NHS ₤466 million/ year (UK)  

• 72% were (possibly or definitely) preventable 

Fármacos tóxicos 

Reacción adversa a medicamentos (Adverse Drug Reaction, ADR):  
cualquier respuesta a un medicamento nociva y no intencionada 

Hitchen, BMJ 2006, 332:1109 Pirmohamed, BMJ 2004, 329:15 Lazarou, JAMA 1998, 279 (15): 120 

ADRs increasing morbidity and mortality and health care cost worldwide 



Physiopathologic Genetic Environmental 

Pharmacogenomics 

Predictive markers 

Factors that influence drug response 



- CNV: copy number variation, 10-5000 kb 

- SNP: single nucleotide polymorphism, 1 nt 

- Indel: insertion/ deletion, ≥ 1nt  

-  - 

Indel 

5 

Genetic variation 

Individual differences are defined by 0.1% genome that varies  



Intragenic regions 

•  Promotor (transcription) 

• 5´UTR (translation) 

• Coding region (nonesense, missense) 

• Introns (splicing) 

• 3´UTR (mRNA stability, microRNA) 

Alteration in quantity- 
activity of proteins 

3´UTR 5´UTR Exons Introns Promoter 

ATG TGA 

Duplication (gain of function) 

Deletion (loss of function 

Intergenic regions 

Genetic regulation 

• Regulatory regions  

• Enhancers 

(75% of the genome) 

“junk” DNA 

Genetic variation 



Xenobiotic:  
pharmacokinetics & pharmacodynamics 

   PK 
• Absorption 
• Distribution 
• Metabolism 
• Excretion 

X
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   PD 
• Target binding 
• Mechanism of action  
    (signal transduction) 

In 

Out 



 Pharmacokinetics: ADME 

Roden et al 2002. Nature Reviews Drug Discovery, 1, 37-44. 

Phase I & II 
metab 

Absorption 

Depends on  
administration: 
oral, iv… 

Distribution 
If oral ad: from 
intestine to liver, and 
then systemic 
circulation. 
Drug binding to 
plasma proteins. 

Metabolism 

Biotransformation to more 
water soluble compounds 
(Phase I & II). 
In intestine (oral ad)  
first pass metabolism 
decreases absorption. 

Excretion 

Elimination of drugs/ 
metabolites in the liver 
or in the kidney 



Major drug metabolizing enzymes 

PHASE I PHASE II 

R R-OH 
Functionalization 

R-O-Conj 
water solubility 

Conjugation 

Large inter-individual variability!!! 



High genetic variability in CYPs 1-3 

Some times large inter-ethnic variabilities 

No phenotype unless exposed to drug 



CYP2D6 variability 

Alleles with different protein = 109 
Premature stop codons, splicing defects, missense, CNV (deletion, duplication, multiplication) 

Nat Rev Genet. 2004;5(9):669-76 

25% of drugs 
metabolized by 

CYP2D6! 



Multiplied alleles: normal *1,*2,*35,*45; decr. *9,*10,*17,*29,*41; null *3,*4,*36 

N= 2, 3, 4, 5 or 13 

Alleles with different protein = 109 
Premature stop codons, splicing defects, missense, CNV (deletion, duplication, multiplication) 

CYP2D6 variability 



Ultra-rapid Metabolizer (1-5%)* 

Extensive Metabolizer (35%) 

Intermediate Metabolizer (50%) 

Poor Metabolizer (10%) 

Population 

* Caucasians 

CYP2D6 variability 



Molecular Psychiatry (2013) 18, 273-287 

CYP2D6: clinical consequences 



Clinical  
guidelines 

needed 

CYP2D6: clinical consequences 



Identificación de biomarcadores: 
estrategias en PGt/ PGx 



What is a biomarker? 

• A characteristic that is objectively measured and evaluated as an indicator of 
normal biological processes, pathogenic processes, or pharmacologic responses 
to a therapeutic intervention 

 
• Types 

- Diagnostic 
- Prognostic 
- Predictive 

 
• Characteristics 

-  Specific: highly enriched in patients with outcome 
-  Sensitive: easily quantificable 
-  Robust: rapid, simple, accurate, reproducible 
-  Non-invasive 



Biomarkers to classify patients 

Biomarker + _ _ 
Responders Toxicity Non responders 

Where and how to find biomarkers?  

(Strategies, techniques) 

+ 

+ 

+ 
+ 

+ + + + 
+ + + + 

+ 
+ 

DNA 
RNA 



Search for markers of drug outcome 

Strategies for biomarker identification in PGx 

PK/ PD 

Functional  
variants 

~ 20,000 genes 

~ 1 Million SNP  
each individual 

Candidate Gene Approaches 

Biological-pathway 

Genome Wide Approaches 

“Hypothesis free” 

Novel 
mechanisms, 
genes... 

Large nº of 
false 
positive 

Reduced false 
positives 

Risk of 
excluding 

important 
genes 



Phenotype definition & assessment 

Candidate genes Whole genome 
Multiple testing A priori knowledge 

Strategies to identify pharmacogenomic markers 

Genotyping  
SNPs  

(common) 

Sequencing  
SNVs/indels 

(+rare) 

Classification of variants 



Genotyping candidate gene strategies: clopidogrel 

Clopidogrel 

Responses are highly variable 

Gurbel Circulation 2003; 107: 2908 



A priori knowledge: 2-step metabolism 

CYP2C19 is a highly polymorphic enzyme 

Clopidogrel 

Genotyping candidate gene strategies: clopidogrel 



Genotyping candidate gene strategies 

Genotyping  

CYP2C19 is a highly polymorphic enzyme 



Clopidogrel Pharmacogenetics 



Guidelines for CYP2C19 genotype and clopidogrel therapy 
 
 
 

Clopidogrel Pharmacogenetics 



Genome Wide Association Studies (GWAS) 

High INR:  
increased risk of bleeding 

Low INR: 
No protection for thromboembolic events 

• Anticoagulant normally used in prevention of thrombosis and thromboembolism 

• Initially introduced as a pesticide against rats and mice in 1948  

• Approved as a medication in 1954. Most prescribed oral anticoagulant in USA 

• Activity is monitored by blood testing for the international normalized ratio (INR) 

Warfarin 



GWAS (n=1053) 

p<10−78 
p<10−31 

CYP2C9 
VKORC1 

Takeuchi et al.  2009 

Genetic variation affecting warfarin dose 

• Genetic Factors           44% 

Warfarin dose variance 

VKORC1               30% 
CYP2C9                12% 

• Non-genetic Factors    15% 

Warfarin dose variance= 20-fold 



Warfarin Pharmacogenetics 



- RainDance ADMESeq™ Research Screening Panel: 242 key drug metabolism-linked genes 

- Otogenetics human drug related genes: 352 ADME genes 

Next generation sequencing: comercial ADME panels 



- Select genes (coding region, UTR, introns, regions with variations) 

- Enrichment (PCR based/ array capture): bias 

- Define sequencing depth (germline/ somatic) 

Online design 

Next generation sequencing: Custom panels 



Whole Exome/Genome Sequencing for PGt 

Pre-emptive PGts: opportunistic pharmacogenetic screening 

n= 98 children; WGS 

Cohn, Genomic Med 2017 

67 pharmacogenetic loci 



Whole Exome/Genome Sequencing for PGt 

Pre-emptive PGts: opportunistic pharmacogenetic screening 

Cohn, Genomic Med 2017 

n= 98 children; WGS 



Tumor Profiling 

Basket trials “Big data” 

Phase II precision medicine trial that seeks to determine the effectiveness of treatment that is 

directed by genomic profiling in cancer.  

The study attempts to demonstrate that matching certain drugs or drug combinations in adults 

whose tumors have specific gene abnormalities will effectively treat their cancer, regardless of its 

type. Such discoveries could be eligible to move on to larger, more definitive trials. 

Reaches 6,000-patient tumor sequencing goal 2 years early 

 



Implementación 



Implementation of PGt testing 

Facilities for implementation 

Barriers for implementation 

- Lack of large clinical trials (std treatment vs genetically selected patients) 

- Lack of cost-benefit estimations  

- Poor PGt education 

- Technology (high throughput technologies, lowering costs) 

- Genomic knowledge is constantly increasing (personal genomes) 

- Benefit for the individual/ society (cost-beneficial for Health System) 



- Associations, consortia, societies (PharmGKB, CPIC, uPGx, ESPT, SEFF) 
 
- PGt data bases (gene-drug effect), guidelines (CPIC, Royal Dutch Association 
for the Advancement of Pharmacy - Pharmacogenetics Working Group) 
 
- Research (cost-benefit studies, new markers, improved accuracy) 
 

- Regulatory agencies (EMA, FDA), PGt markers in drug labels 

Knowledge is constantly growing 

Implementation of PGt testing 



PharmGKB 
https://www.pharmgkb.org/ 



Clinical Pharmacogenetics Implementation Consortium (CPIC) 

https://cpicpgx.org/ 

Clasification of gene-drug pairs 



Clinical Pharmacogenetics Implementation Consortium (CPIC) 

Clasification of gene-drug pairs 



Ubiquitous Pharmacogenomics (uPGx) 

PREPARE (Preemptive Pharmacogenomic Testing for Preventing Adverse Drug Reactions) is 
a clinical study initiated to implement and evaluate the impact of pharmacogenomic testing 
on therapy outcomes in seven European clinical centres. 



European Society of Pharmacogenomics 
and Personalized Therapy 

http://www.esptnet.eu/ 

Aims 

- To transcend the boundaries of single nations or single corporations, in developing the field of PGX and 
personalized medicine. 

- To provide a forum for consensus, in the broadest sense, to offer a European view at the highest possible 
scientific and technical level, aiming to improve quality of care for the patient and maintain his health. 

- To disseminate information on "best practice" at various levels of technology, clinical practice and economic 
development. 

- To promote a vision of PGX and personalized medicine that extends beyond traditional narrow perceptions 
of the field. 

- To improve patient understanding and health. 

- To inform clinicians and patients on the appropriate use of PGX. 

- To promote, inform and offer an independent view of PGX and personalized medicine to clinicians, 
regulators, the public and other stakeholders. 

Societies PGx 



Sociedad Española de Farmacogenética y 
Farmacogenómica 

Objetivos 

- Contribuir al desarrollo y difusión de los conocimientos científicos PGt/PGx 

- Asesorar y colaborar con organismos públicos e instituciones privadas para el desarrollo científico, técnico y 
la protección jurídica de la PGt/PGx 

- Instar al cumplimiento de las directrices marcadas por la propia sociedad relativas a la homologación de 
técnicas aplicables, control y garantías de calidad de las mismas, y en general a todo cuanto se refiera al uso 
de técnicas genómicas con fines asistenciales. 

-Impulsar colaboración entre profesionales implicados en  los campos de la  PGt/PGx para aumentar la calidad 
y cantidad de la investigación en estas áreas, y principalmente fomentar la aplicación clínica de los 
descubrimientos en estos campos  

-Promover las relaciones y cooperaciones entre sus socios, así como con otras sociedades  o grupos científicas 
de áreas afines. 

-Organizar reuniones científicas y contribuir a la formación continuada de los profesionales del ámbito de la 
salud, en PGt/PGx. 

http://www.seff.es/ 

Societies PGx 



Regulatory agencies 

• USA Food and Drug Administration (FDA)  

The mission of the EMA is to foster scientific excellence in the evaluation and supervision of medicines, for 
the benefit of public and animal health in the EU 

• Europe European Medicines Agency (EMA) 

The EMA Pharmacogenomics Working Party provides recommendations to the Committee for Medicinal 
Products for Human Use (CHMP) on all matters relating directly or indirectly to pharmacogenomics. 



Pharmacogenomic Biomarkers in Drug Labeling (FDA) 

Drug labeling may contain information on genomic biomarkers and can describe: 
 
-  Drug exposure and clinical response variability 
-  Risk for adverse events 
-  Genotype-specific dosing 
-  Mechanisms of drug action 
-  Polymorphic drug target and disposition genes 
-  Trial design features 

n=254 

Regulatory agencies 



Pharmacogenomic Biomarkers in Drug Labeling (FDA) 

Oncology 

Psychiatry 

Infectious Diseases 

Neurology 

Cardiology 

Gastroenterology 

Anesthesiology 

Hematology 

Rheumatology 

Endocrinology 

Inborn Errors of Metabolism 

Pulmonary 

Dermatology 

Gynecology 

Urology 

Other 

N=254 

Regulatory agencies 



Casos prácticos 



Codeine in infancy and breastfeeding 

CYP2D6 metabolizes opioids 

• Codeine 

• Hydrocodone 

• Oxycodone 

• Propoxyphene 

• Tramadol 

 

 

Reynolds  Clin Lab Med 2008;28:581 

CODEINE 

CYP3A4 

CYP2D6 

Norcodeine 

Morphine 

Morphine-6-glucuronide 

Morphine-3-glucuronide 

Active 

opioid 

effects 

Renal Excretion 

CYP2D6 PM: inadequate morphine 

CYP2D6 UM: morphine toxicity  



Codeine in infancy and breastfeeding 



Morphine Overdose from Codeine 

Our review of several decades of adverse event reports submitted to FDA* from January 1969 to 
May 2015 identified 64 cases of serious breathing problems, including 24 deaths, with codeine-
containing medicines in children younger than 18 years. This includes only reports submitted to 
FDA, so there may be additional cases about which we are unaware. We also identified nine cases 
of serious breathing problems, including three deaths, with the use of tramadol in children 
younger than 18 years from January 1969 to March 2016 (see Data Summary). The majority of 
serious side effects with both codeine and tramadol occurred in children younger than 12 years, 
and some cases occurred after a single dose of the medicine. 



Morphine Overdose from Codeine 



HLA-B*15:02 allele and carbamazepine-induced  
Stevens-Johnson syndrome and toxic epidermal necrolysis 

- Life-threatening cutaneous disorders 

- Mortality that can be as high as 30%  

- Immune mediated etiology 

Toxicity of carbamazepine 



Nature 2004;428(6982):486 

Toxicity of carbamazepine 



Drug-induced peripheral neuropathy 

- 40% of cancer patients suffer neuropathy (treatments) 

- Neuropathy limits the dose and efficacy of these drugs 

- Affects quality of life, sometimes permanently 

- Genetic component, but no markers of neuropathy risk in clinic 

Numbness, tingling 

Pain (sharp, throbbing) 

Pain (freezing, burning) 

Extreme sensitivity to touch 

Lack of coordination  

Falling 

Muscle weakness 

Feet or hands 



CYP3A4  
Wild type 
(n=229) 

CYP3A4 
Missense 

(n=3) 

CYP3A4 
*20  
(n=4) 

Maximum neuropathy grade  

CYP3A4 
Wild type 
(n=229) 

CYP3A4 
Missense 

(n=3) 

CYP3A4 
*20  
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Treatment 
modif PN 

No 
treatment 
modif PN 

P=5.9x10-5 

Treatment modifications caused by 
neuropathy 

Apellániz-Ruiz, Clin Cancer Res. 2015;21(2):322-8 

Paclitaxel-induced neuropathy 

CYP3A4*20 allele 



CYP3A4*20 allele 
(rs67666821) 

wt 

*20 

 Carrier with 6-fold higher exposure to CYP3A4 drug. 

Brazilian with Spanish mother 

 CYP3A4.20 inactive protein  

 Rare (ExAC: 34 het/ 60,625 indiv; MAF=0.03%) 

• CYP3A4 has little genetic variation (no coding variant MAF>1%) 

• Loss of function (LOF) alleles are very rare  

• The LOF allele CYP3A4*20 discovered in 2006 and defined as rare allele 

Westlind-Johnsson, Clin Pharmacol Ther. 2006;79:339 
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CYP3A4 substrates 



Donated livers (n=76) 

Clinical impact of CYP3A4*20 on tacrolimus PK 

Tacrolimus therapy in liver transplant 

Gomez-Bravo et al. (in press) 
M. Brunet 
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- Diagnosed with metastatic chromophobe renal cancer (Mtx femur and 
lungs>5)– 2008 

-  Temsirolimus as first line –15 months later >80% of reduction in primary 
tumor & Complete Response in Mtx 

-  Nephrectomy– 2009  

-  Disease free, 2011 stops Temsirolimus stop and starts follow up 

-  2013 retroperitoneal adenopathy (Mtx) – surgery 

-  Dec 2016 –renal tumor Mtx in femur  

-  Temsirolimus treatment on-going. After one dose, pain disappeared, 
again in response; no toxicity 

34 years 
old 

Maroto, JNCCN (in revision) 

Extraordinary responses  

Pablo Maroto 
Georgia Anguera 

Whole Exome Sequencing 



Primary tumor 
2009 

Metastasis 
2013 

TSC2 (c.5069-1G>C) 

TSC2 (V1067E) 

Mutations that activate 
mTOR pathway and explain 

sensitivity to drug 

IHC pS6 tumors and normal kidney 

Whole exome sequencing  (WES) of tumors 



Conclusions 

• PGt/ PGx will result in safer, more efficient and better drugs. However, 
there are important challenges ahead 

• Large studies and solid evidences are needed for the advancement of 
the field 

• Initial pharmacogenetic examples are simple (one gene) but future 
lies in complex responses (many genes, interactions, environment). 
New technologies will be a driving force 

• These advancements will drastically change medicine as we currently 
know it. Conventional medicine evolution to Personalized Medicine 


