
Pharmacogenetics and pharmacogenomics are related fields that study how an 
individual's genetic profile influences their response to medications.

While they're often used interchangeably, pharmacogenetics generally focuses 
on the impact of individual genes on drug response, while pharmacogenomics
considers the broader context of the entire genome.

Both fields contribute to personalized medicine by helping to tailor drug 
treatments to individual genetic profiles, potentially leading to safer and more 
effective therapies.

Pharmacogenetics and Pharmacogenomics



AIMS of pharmacogenetic research

- to associate a specific PHENOTYPE (therapeutic response, adverse drug effects, 

inefficacy, resistance) with one particular GENOTYPE

PHENOTYPE

Therapeutic response

Adverse effects

Lack of efficacy

GENOTYPE

Single Nucleotide Variants (SNPs)

Deletions

Repeated sequences

Expression profiles (mRNA)



Interindividual variability in drug response

• Therapeutic effect
• Therapeutic failure
• Adverse reactions



PERSONALIZED MEDICINE: WHY?



ADR: Adverse Drug Reaction

Recently, the new European legislation has modified the definition of adverse reaction,
now understood as “Harmful and unintended effect resulting from the use of a medicinal
product” (EU Directive 84/2010) which includes damages from drugs resulting from:

• - Use not in accordance with the indications contained in the marketing authorization (off-
label use)

• - Therapeutic errors, including accidental overdose

• - Improper use

• - Abuse of the drug

• - Association with exposure for professional reasons

• -Lack of efficacy



Classifications of ADRs



Da: https://www.farmacovigilanzasif.org/

Rawl ins  e  Thompson
(Adverse  drug  reactions:  definitions,  diagnosis,  and  management.  Lancet  2000; 356: 1255-9.)

• Predictable (dose-dependent)
• Impredictable (not dose-dependent)



idiosyncrasy – farmacogenetic ADRs

Idiosyncrasy is an unusual, dangerous and sometimes lethal adverse reaction to a drug that:

• is due to genetic causes (e.g. altered or absent enzymes) and does not result from an
immune system response

• unlike allergy, does not require sensitization for a first exposure to a substance

• the manifestations are different from drug to drug and often repeat the effects of overdose

Idiosincrasy Allergy

Present at birth It can occur in any period of life (>25-40 years old)

does not require sensitization Requires sensitisation, even cross-sensitivity

It is related to the individual genetic characteristic The level of antigens is important for the sensibilization

Symptoms are dose-dependent Symptoms are not dose-dependent

Symptoms are drug-specific and similar to over dose Symptoms are uniform

The drugs responsible are not similar to the antigens The drugs responsible are similar to the antigens

Antagonists can be used Standard drugs (adrenaline, cortison, antiistaminc) can be 
used



• The 20-40% of patients does not 
respond to antidepressant 

• The 40% of patients is resistent to anti-
anti-asthmatics drugs

• The 30% of patients does not repsond to 
antiulcer drugs

• The 28 % of patients does not respond 
to ipolipidemic drugs

Lack of response to medications

Spear, B.B., Heath-Chiozzi, M., & Huff, J. (2001). 
Clinical application of pharmacogenetics. TRENDS in Molecular Medicine, 7(5), 201-204.











THE ITALIAN PHARMACOVIGILANCE NETWORK



The most studied genes in order to:
• Predict the therapeutic response or the risk of adverse drug reactions (pre-treatment test)
• Interpret the observed adverse reaction (post-treatment test)

These genes are:
• metabolism enzymes (CYP, UGT, DPYD, TPMT)
• Cellular transporters useful for drug absorption and elimination (SLC and ABC)

PHARMACOGENETIC TESTs

To promote the dissemination of pharmacogenetic tests and their clinical applicability, the FDA and the Clinical
Pharmacogenetics Implementation Consortium (CPIC) have published drug-specific guidelines to indicate which
drug to use or at what dose based on pharmacogenetic biomarkers associated with modified responses.



Predictive test: before defining therapy, in order to choose the most 
appropriate drug and dosage in a personalized way, based on the genetic 
profile.

Reactive test: after the start of therapy, in case of adverse reactions or poor 
response to the treatment

The predictive test can be particularly useful in selected groups of patients, 
with certain risk factors or fragile categories such as children, the elderly, 
pregnant women and subjects with polytherapy.

PHARMACOGENETIC TESTs



Tests already in daily 
clinical practice

Interpreting the tests is 
complex: it requires 
knowledge of external 
confounding factors (tobacco 
use, alcohol, etc.), specific 
patient information (age, etc.), 
ethnicity, genetic profile, etc.

The test result must always be 
interpreted in a probabilistic 
way and never in a 
dichotomous way (all or 
nothing)



VORICONAZOLE
• For fungal infections
• Metabolized by CP2C19
• CP2C19 genotyping is recommended to 

optimize therapy
• Ultra-rapid metabolizers: failure
• Slow metabolizers: toxicity

FLUOROPYRIMIDINES
DPYD gene encodes dihydropyrimidine dehydrogenase (DPD), for catabolism 
of fluoropyrimidines
• Reduced activity for non-functional variants: DPYD*24, *13, rs67376798, 

HapB3
• Genotyping
• Guidelines suggest a 50% reduction in the initial dose in subjects with one 

non-functional allele or an alternative drug for individuals with two non-
functional alleles

TAMOXIFEN
• Metabolized by CYP2D6 to more potent 

metabolites
• Variants cause significant reductions in 

concentrations: therapeutic failure
• Guidelines: alternative drug in patients 

with one or two non-functional variants, 
or a dosage increase associated with 
monitoring of the main metabolite 
endoxifen

STATINS
• SLCO1B1 gene encodes the OATP1B1 transport protein for statin uptake.
• Variants reduce the functionality and plasma clearance of simvastatin, 

with increased myopathy
• Not observed for other statins
• Guidelines: simvastatin dose reduction or use of other statins for which 

the association with the SLCO1B1 genotype is not evidenced
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SLCO1B1 is associated with the use of statins, so trends were clearly interpretable over time, 
but there has been a shift from simvastatin to atorvastatin-related ADRs over time.

SLCO1B1 gene variants, particularly 
c.521T>C (rs4149056), are strongly 
associated with an increased risk of 
statin-induced myopathy (muscle 
pain/weakness) by reducing hepatic 
uptake of the drug, leading to higher 
blood levels. 

Testing for these variants allows for 
personalized statin dosing (especially 
for simvastatin) to improve safety, 
with recommendations for reduced 
doses or alternative agents for 
carriers.



CYP2D6 and CYP2C19 metabolised medications (many of which are antidepressants,
antipsychotics or analgesics) by decade are shown.

This revealed, for example, 
that the peak in the 1990s in 
CYP2D6 drug-related 
reporting was due to 
paroxetine. 

CYP2D6 gene variants 
significantly impact the 
metabolism of many 
antidepressants and anxiety 
medications, with poor 
metabolizers (PMs) facing a 
higher risk of adverse drug 
reactions (ADRs) and ultra-
rapid metabolizers (UMs) 
risking therapeutic failure. 



With regards to CYP2C19, tricyclic antidepressant-associated reporting has decreased over 
time, but serotonin reuptake inhibitors- (SSRIs) associated ADR reports have increased, as 
prescribing practice has shifted to SSRIs (as seen by progressively lower reports of imipramine 
and clomipramine ADRs and the emergence of sertraline ADRs after licensing in 1990).

Variations in this gene can 
lead to altered enzyme 
activity, causing poor, 
intermediate, or rapid 
metabolism, which 
significantly affects drug 
concentration in the body 
and increases the risk of 
Adverse Drug Reactions 
(ADRs)



The following table shows patient demographics, ADR severity and reporter 
details for the PGx mitigatable and non PGx mitigatable ADRs. 



They are overall more common in females 

There was a higher percentage of males with PGx mitigatable ADRs than non-
PGx mitigatable ADRs

Patients who experienced PGx mitigatable ADRs were older and had more 
severe but non-fatal reactions as compared with patient who experienced a 
non-PGx mitigatable ADR





Rheumatology medications: azathioprine, mercaptopurine. 

Psychiatry medications: citalopram, escitalopram, paroxetine, sertraline, venlafaxine, amitriptyline, 
clomipramine, doxepin, imipramine, nortriptyline, carbamazepine, aripiprazole, haloperidol, pimozide, 
zuclopenthixol, atomoxetine. 

Oncology medications: capecitabine, 5-fluorouracil, irinotecan, tamoxifen, tegafur, thioguanine, mercaptopurine. 

Neurology medications: phenytoin, carbamazepine, azathioprine, mercaptopurine.

Infectious Disease medications: efavirenz, flucloxacillin, voriconazole. 

Gastroenterology medications: azathioprine, mercaptopurine. 

*Cross Speciality medications: codeine, tramadol, tacrolimus, azathioprine, mercaptopurine. 

Cardiovascular medications: flecainide, propafenone, metoprolol, atorvastatin, simvastatin, acenocoumarol, 
clopidogrel, warfarin. 

*Cross Specialty medications include analgesics and immunosuppressants prescribed by multiple different 
specialties for multiple different organ indications. ADR, adverse drug reaction; PGx, pharmacogenomics.



A comparison of prescribing prevalence data with proportion of mitigatable ADRs associated with PGx drugs is shown.
It is notable that the majority of the PGx drugs with disproportionately high Yellow Card ADR reporting as compared with 

prescribing prevalence are psychiatric drugs.







THE GUIDELINES
AIM: to furnish precise information and indication about how translate the genetic information into clinical practices in 
managing the therapy, about how to adjust the dosage or choose alternative drugs.





























































HOW TO PREPARE THE 10-15min PRESENTATION:

1.TO CHOOSE A PGx DRUG

2.TO EXPLAIN THE THERAPEUTIC ACTION AND THE 
MECHANISM OF ACTION

3.TO EXPLAIN THE PGx CONCERN

4.TO CHECK ALL THE INFO IN ClinPGX



Differentiation of neoplastic diseases based 
on mutations and use of information derived 
from genetic heritage to develop targeted 
therapies.

BASKET TRIAL: the same treatment is studied for 
different pathologies that present the same 
molecular alterations

UMBRELLA TRIAL: many targeted therapies are 
tested on a single disease stratified into multiple 
subgroups divided by genetic alterations.
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