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https://www.glasbergen.com/diet-health-fitness-medical/pharmaceutical-drugs-and-herbal-remedies/cartoons/page/5 

A side effect is an unintended effect of a drug related to its pharmacological properties. 
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https://www.ema.europa.eu/en/documents/leaflet/pharmacovigilance_en.pdf 



These reactions may be 
caused by the drug itself or 
one of its metabolites; from 
an interaction between 2 or 
more drugs or between a 
drug and food, or may be 
caused by an component of 
the product, such as dye or 
preservative. 

Suicide, fentanyl  

Polimedicated people 

 (ADR) 

… Any significant failure of expected 
pharmacological action. adverse events 

from drug withdrawal 

The WHO definition has been criticized for excluding the (i)  potential for contamination of a product, ADRs that include an element of error, and (ii) ADRs associated with 

pharmacologically inactive excipients in a product. (iii) The use of the term ‘drug’ also excluded the use of complementary and alternative treatments, such as herbal products. 
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                                                   Why ADRs are important 

 

• A wide range of drugs can produce ADRs  

 

• ADRs are a major public health problem.  

 
• The European Medicines Agency (EMA) received in EudraVigilance  2.002.814  reports 

related to suspected ADR in 2019, with a variable degree of severity. 

 

• ADRs are responsible for 3,6% of the admissions at European hospitals. 

 

• Up to 10% of patients experience an ADR while hospitalized. 

 

• Around 0,5% of the ADRs can be fatal. 

 

• In Portugal, the National Authority of Medicines and Health Products (INFARMED) 
received 11.585 ADR notifications in 2019, 56% of which were classified as severe.  



Mos ADRs are mild, and disappear when the drug is stop or the dose is readjusted. An ADR is  serious if the 

patient outcome is (1) death, (2) life-threatening, (3) requires hospitalization, (4) causes disability (significant, 

persistent, or permanent change, impairment, damage or disruption in the patient's body function/structure, 

physical activities or quality of life) (5) congenital abnormality, (6) requires intervention to prevent permanent 

impairment or damage (FDA). 

Several different mechanisms are involved in ADR development. ADRs can also be spitted according their 

clinical presentation and predominant pathogenic processes in Immune-mediated ADRs (result principally 

from a deleterious immune reaction following drug exposure) and no Immune-mediated ADRs . 

ADRs may be local, or systemic, affecting various organs and systems with different degrees of severity and 

can be classified according with the organ or system affected . 

This heterogeneity raised the need of some systematization in the approach to ADRs.  

The classic Rawlins–Thompson system  divides ADRs into 2 main groups: Type A (extension of 

pharmacologic effect, often predictable, responsible for at least 2/3 of all ADRs: Type B (idioyosyncratic or 

immunologic reactions, rare and unpredictable) 

The Rawlins–Thompson classification has change over the years  in order to include ADRs that do not fit within 

the A and B groups. 

 

Classification of ADRs                                                          



                                           Classification of Adverse drug reactions                                                         
 

Ralph Edwards & Jeffrey K Aronson, 2000 

PMID: 11072960 

Example: Severe allergic reaction to a COVID-19 vaccines 

Thrombosis and thrombocytopenia afterr COVID-19 

Vaccination 

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(00)02799-9/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(00)02799-9/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(00)02799-9/fulltext


                                          Factors affeting Susceptibility to ADRs 

The reasons for the heterogeneity in inter-individual drug response are 

often not known, but there are a trilogy of implicated factors:  

 

 Environmental  

 drug-drug (warfarin and fuconazol) 

 drug-food interactions  (warfarin and citrus fruit) 

 Clinical 

 Age (children and old people–higher risk) 

 co-morbidities (patients with renal or hepatic impairment show  

increased risk of ADR) 

 body mass index (Interferes with the drug distribution)  

 pregnancy (risk of teratogenic effect) 

 Genetic 

 Genes involved in drug metabolism and detoxification 

 Genes involved in excretion (transportes) 



Predicting ADME Properties of Chemicals 

https://link.springer.com/referenceworkentry/10.1007%2F978-94-007-6169-8_59-1 

 

Pharmacokinetics / Pharmacodinamics 

Pharmacokinetics  
What the body does to the drug 
 
 
Pharmacodynamics  
What the drug does to the body 

Pharmacokinetics 

Pharmacodynamics 



                       Physiological and Toxicological aspects of Drugs Metabolism 

Toxic  response    DRUG 



Kidney Int. 2014 Mar; 85(3): 522–528. 

Transporters  
 

Liver 
enzymes  
 



                                             Enzymes of CYP450 Superfamily 





 
PM – Poor metabolizer; IM –Intermediate or extensive metabolizer; N- Normal Metabolizer; UM – Ultra rapid metabolizer 
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                                                   Codeine metabolism 

https://www.pharmgkb.org/pathway/PA146123006 
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VOL 53: JA NUARY • JA NVI ER 2007 
Canadian Family Physician • Le  Médecin de 
famille canadien 

VOL 53: JA NUARY • JA NVI ER 2007 Canadian Family Physician • Le Médecin de famille canadien 



                               Thiopurines (6-MP,  6-TG and AZA) and TPMT   

The thiopurine drugs are purine antimetabolites widely 

used in the treatment of (i) acute lymphoblastic leukemia, 

(2) autoimmune disorders (e.g., Crohn’s disease and 

Rheumatoid Arthritis) and of (3) organ transplant 

recipients.  

 

As inactive prodrugs, 6-mercaptopurine (6-MP), 6-

thioguanine (6-TG) and azathioprine (AZA) require 

intracellular activation, catalyzed by multiple enzymes, to 

exert cytotoxicity. The first step in AZA activation is the 

release of 6-MP.  

 

The active metabolites are metabolized and inactivated 

by the enzyme thiopurine methyltransferase (TPMT) 

and the enzyme nudix hydrolase 15 (NUDT15).  

 

Patients with reduced activity of either enzyme are 

exposed to higher levels of thioguanine and have a 

higher risk of toxicity side effects, including severe 

bone marrow suppression (myelosuppression). 
https://www.pharmgkb.org/pathway/PA2040 



https://cpicpgx.org/content/guideline/publication/thiopurines/2018/30447069.pdf 

                                      PGx CPIC Guideline – Thiopurines and TPMT   



                                                               Warfarin 

rodenticide anticoagulant 1954 

WARF _ Wisconsin Alumni Research Foundation 



                                                   Warfarin Metabolism 

X 



                                                           Warfarin 

Patients were divided into three warfarin sensitivity types on the basis of the VKORC1 and CYP2C9 genotypes  

https://heart.bmj.com/content/103/22/1800 



Clopidogrel, binds specifically and irreversibly to 

the platelet P2RY12 purinergic receptor, inhibiting 

ADP-mediated platelet activation and 

aggregation 

 

Clopidogrel is a prodrug that is absorbed in the 

intestine   and activated in the liver. 

 

The conversion of clopidogrel to its active metabolite 

requires two sequential oxidative steps. 1st  leads 

to formation of 2-oxo-clopidogrel, followed by the 

conversion of 2-oxo-clopidogrel to the active 

metabolite.  

 

CYP2C19 is one of the hepatic cytochrome P450 

enzymes involved in the formation of clopidogrel's 

active metabolite. Genetic polymorphisms of 

CYP2C19 are associated with impaired 

clopidogrel metabolism  

 

This poor metabolizer phenotype has also been 

associated with an increased risk of cardiovascular 

                                                  Clopidogrel metabolism 





                                                  Type A Adverse drug Reactions 
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                                                  What can be done ? 



    When to performe a PGx test ? 

• When there is a specific guideline or recommendation from regulatory organisations (EMA / FDA) 
Ex: DPYD  

• When the patient had a severe adverse drug reaction (ADR) or complication and there is a 
possibility that it is  related with the treatment 

• When there is a family history of ADR or known PGX variant that justifies the study 

• When there is a need of  adjusting dose (because the patient is not sensitive to the medication, 
the standard dose did not relieve the symptoms, or the patient presented exaggerated  response 
to medication) 

• To improve patients compliance of the treatment 

• When patients had a past of several depression treatments failure  

•  When a preemptive PGx testing is available 





 Immunologic-mediated ADRs are included in Type B (not related to the dose, uncommon and unpredictable) 

 They have an immune pathogenesis associated including Stevens–Johnson Syndrome (SJS) and toxic 

epidermal necrolysis (TEN) (variants of the same condition). 

 SJS/TEN is a rare but severe, and potentially fatal skin reaction. SJS patients show multifocal cutaneous and 

mucocutaneous erosive-ulcerative lesions and skin detachment.  

 SJS/TEN are  medical emergencies and an early diagnosis and appropriate management is crucial for patients 

survival. 

 

 

 SJS/TEN is considered a delayed-type hypersensitivity reaction to drugs.    

 SJS affects people from all etnicities, it is slightly more frequent in females than in and can occur at any age.  

 Estimated prevalence at 1–2/million each year for SJS, and 0.4–1.2/million each year for TEN.  

 More than 200 medications have been reported in association with SJS/TEN. 

 There is a very strong genetic associations between some type B ADRs clinical presentations and individual 

HLA genetic loci within the major histocompatibility complex region on chromosome 6.  

 

                                       TYPE  B IDIOSYNCRATIC OR IMMUNOLOGIC  ADVERSE DRUG REACTIONS 

http://sjsupport.org/?p=753


Biomarkers of adverse drug reactions (2018)         https://pubmed.ncbi.nlm.nih.gov/28950720/ 

DILI 

SJS / TEM/ DRESS/ 

maculopapular 
exanthem 

                                                                  

                                        Examples of Type B reactions and Genetic Biomarkers  
                         



1. ABACAVIR 

2.ALLOPURINOL 

3. CARBAMAZEPINE 

4. PHENYTOIN 
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                   Recommendations on HLA genotyping and drug hypersensitivity 
 



 DRESS = Drug Reaction with Eosinophilia and Systemic Symptoms syndrome was first named in 1996.  

 DRESS syndrome is a rare ADR characterised by a severe skin reaction, fever, eosinophilia, or other 

haematological abnormalities and involvement of other organs mainly the liver. 

 There is a delayed onset.  Symptoms appear 2–6 weeks  after the begining otreatment with the causative drug  

In past it was associated to a high mortality rate due to visceral organ involvement although nowadays it is 

much lower around 1-2%.  

 Estimated incidence: between 1 in 1000 and 1 in 10,000 exposures 

 

 

 

                                         Vancomycin induced DRESS 



What we are planning  to do 
 

1. Identification of most frequent  ADRs, classification by clinical use, groups, by demographic categories, by level 

of ADR severity and by type of reaction (depending on the physiological system affected); 

2. Establishment of a national biobank of ADR patient samples associated with the National Pharmacovigilance 

System (SNF); 

3. Definition of panel for testing genetic variants associated with risk of ADR; 

4. Identification of variants associated with ADR in the study population; 

5. Development of predictive risk algorithms for ADR, including anthropometric, clinical and genetic susceptibility, 

using datamining approaches. 

  

ADR-PREVENT 

 
Collaboration project  involving INSA – INFARMED and several hospitals , for the study of Adverse Drug Reactions  
that occur in the Portuguese  population. Includes: Risk factors, pharmacogenomics and predictive models for 
prevention 

 



      

 Denny JC, Collins FS. Precision medicine in 2030-seven ways to transform healthcare. Cell. 2021 Mar 18;184(6):1415-1419..  PMID: 33740447 

Precision medicine in 2030— seven ways to transform healthcare 

https://www.cell.com/cell/fulltext/S0092-8674(21)00058-1


Thank you! 


