


Warfarin is a racemic mixture of S and R enantiomers. 
The anticoagulant property of S-warfarin is much greater than that of R-
warfarin.

S-warfarin is metabolized mainly by CYP 2C9, which converts the drug 
into inactive metabolites; 

this is why the CYP 2C9 gene contributes to the variability in response of 
warfarin therapy.

CYP 2C9*2 (or 430 C>T) and CYP 2C9*3 (1075A>C) are the two alleles
that are considered strong risk factors for overanticoagulation.

Moreover, it has been suggested that CYP2C9 *5, *6, *8, and *11 may also
slow S-warfarin metabolism.



VKORC1 is the vitamin K cycle
enzyme that controls the
regeneration of reduced vitamin K
(KH2). It is an essential cofactor in
the formation of clotting factors.

Warfarin works by
noncompetitively inhibiting
VKORC1, thus blocking the clotting
cascade.



Many polymorphisms in VKORC1 that influence warfarin dosing have been 
identified. 

The most commonly studied SNPs of VKORC1 include the 1173 C>T (CC is 
the wild-type) and 1639 G>A alleles (GG is the wild type). 

They are associated with a lower level of expression of VKORC1 because 
of their decreased translation of mRNA into proteins.

Because there is already less enzyme to start with, these patients are highly 
sensitive to warfarin. They require significantly lower doses to achieve the 
target INR (International Normalized Ratio) and are at a higher risk of major 
bleeding if given standard doses.



IN CONCLUSION….
Both VKORC1 and CYP 2C9 play an active role in the potential for predicting therapeutic 
warfarin doses. 
The role of genetic testing in warfarin patients is an important yet controversial topic.

Genetic testing can be costly as well. 

The new and growing field of pharmacogenetics may one day enable clinicians to tailor a 
patient’s warfarin regimen. 

However, because pharmacogenetics is still in its infancy, more clinical trials, especially 
prospective randomized studies, are needed to gain a full understanding of the true 
ramifications in terms of the efficacy and cost of such gene-guided drug therapy.

The patient’s warfarin dose, age, body surface area, and CYP 2C9 genotype contributed 
significantly to S-warfarin clearance. Only age, body size, and warfarin dose contributed 
to R-warfarin clearance.













https://pmc.ncbi.nlm.nih.gov/articles/PMC5055044/



Not all patients, however, respond 
favorably to statins, and some do 
not achieve their cholesterol-
reduction goals

A considerable number of patients experience 
adverse effects.

Statin myositis and statin-associated muscle 
symptoms (SAMS) comprise the most commonly 
reported adverse effect of statins, often leading to poor 
adherence or discontinuation of statin 
pharmacotherapy regimens.

Statin myositis is characterized by inflammation of 
muscle tissue resulting in muscle pain or weakness and 
is accompanied by increased blood concentration of CK, 
a protein biomarker of damaged myocytes.

Another reported adverse effect associated with statins 
pharmacotherapy is liver toxicity, characterized by 
elevated blood concentrations of transaminases





Polymorphisms in several key genes that affect statin pharmacokinetics (eg, 
transporters and metabolizing enzymes), statin efficacy (eg, drug targets and 
pathways), and end-organ toxicity (eg, myopathy pathways).

PHARMACOKINETICS

The gene encoding the SLCO1B1, result in altered transport of statins and their metabolites
into the liver. It is within hepatocytes that statins exert their lipid-lowering action, inhibition
of the cholesterol-synthesizing enzyme HMGCR.

SLCO1B1 521C (rs4149056) was associated with statistically significant, albeit marginal
(<5%), attenuation of the lipid-lowering effect of simvastatin, atorvastatin, lovastatin, and
pravastatin.

The AUC for simvastatin was approximately double for SLCO1B1 521C carriers compared to
wild type

SLCO1B1 521C is the most clinically relevant



PHARMACOKINETICS



Hepato-biliary and renal–urinary transport of statins and their metabolites
occurs largely via ABCB1 transport protein (synonymous with MDR1).

Three polymorphisms in the ABCB1 gene: 1236T, 2677T, and 3435T (rs1128503,
rs2032582, and rs1045642, respectively).

AUC that was nearly 60% greater for simvastatin acid and 55% larger for
atorvastatin acid compared to controls→ This finding has not been replicated

As the clinical research findings regarding ABCB1 variants have been inconclusive
and discordant, routine clinical use of ABCB1 genotyping to predict statin toxicity
is not currently recommended

PHARMACOKINETICS



Simvastatin, atorvastatin, and lovastatin are primarily metabolized by
cytochrome P450 (CYP) 3A enzymes.

Most CYP3A metabolism occurs within hepatocytes, but some also occurs in the
small intestine.

Significant associations between CYP3A polymorphisms and statin blood
concentrations have been reported → marked increase in the risk of simvastatin
myotoxicity.

This was verified when drug able to inhibit this enzyme were used in parallel

PHARMACOKINETICS



PHARMACOKINETICS



PHARMACOKINETICS



PHARMACOKINETICS



CYP3A4*22 (rs35599367) is a decrease-of-function polymorphism that results in 
significantly decreased CYP3A4 enzyme level and activity and altered pharmacokinetics 
and dynamics of simvastatin, atorvastatin, and lovastatin

The role of CYP3A5 in statin metabolism is less prominent than that of CYP3A4, but 
polymorphism have been reported. 

The most frequent and commonly studied CYP3A5 polymorphism is the loss of function 
CYP3A5*3 (rs776746) allele



HMGCR ( (rs17244841, rs3846662, and rs17238540), is

polymorphic, and genetic variation can significantly affect

statin efficacy.

CETP (CETP Taq 1B polymorphism (rs708272) ) plays an

important role in cholesterol metabolism, bringing

cholesterol esters into the liver and transferring triglycerides

from LDL to high-density lipoprotein → Polymorphisms in

CETP have been associated with cholesterol levels, clinical

outcomes (eg, myocardial infarction or stroke), and response

to statins

PHARMACODINAMICS



END-ORGAN TOXICITY

SLCO1B1 521C does result in increased systemic 
statin exposure and increased risk of statin 
myopathy.

Associations between genetic variation in COQ2 
(rs4693075) (encode for coenzyme Q10) and statin 
myopathy have been reported. → increase the 
susceptibility to myophaty.

Although some patient reports have described benefits 
from COQ2 supplementation in cases of statin 
myopathy, neither COQ2 supplementation nor COQ2 
testing is currently recommended for routine use in 
patients receiving statin pharmacotherapy.



GATM is the rate-limiting enzyme in the creatine biosynthesis pathway.

Providing an important source of cellular energy, creatine is predominantly synthesized in the liver and

kidneys and subsequently transported to skeletal muscle.

GATM is heavily studied for its potential role in statin-induced myopathy (SIM).

Research suggests that reduced creatine storage or altered cellular processes involving GATM may play

a part in why some muscles are vulnerable to statin damage

Certain genetic variants (such as the rs9806699 G>A polymorphism) within the GATM gene have been

linked to a reduced risk of developing statin-induced myopathy.

Some studies hypothesize that these variants lower GATM expression, thus reducing the creatine

demand and cellular energy stress associated with statin exposure.

While initial studies showed promise regarding GATM's protective effect, subsequent studies and meta-

analyses have found inconsistent results, concluding that its clinical significance as a predictor for

myopathy is still debated and requires further research







Afatinib
• belongs to a new class of antitumor drugs, tumor growth inhibitors: Afatinib
is an irreversible, potent, and selective inhibitor of the ErbB family.

• Afatinib binds covalently and irreversibly blocks the signal from all homo-
and heterodimers formed by the members of the ErbB family EGFR (ErbB1),
HER2 (ErbB2), ErbB3 and ErbB4

• acts against tumors selectively, as it recognizes some proteins that are found
on the membrane of tumor cells or inside the cell. The binding to these
proteins blocks/slows down the cell-division mechanisms

• since these proteins are also found in small quantities on healthy cells, the
result is that the action is prevalent on tumor cells, but ADRs can occur.





Afatinib

(Gilotrif) as monotherapy is indicated for the treatment of adult 
patients with: 

• locally advanced or metastatic non-small cell lung cancer (NSCLC) 
with an EGFR activating mutation;

• With locally advanced or metastatic NSCLC of squamous histology 
progressing on or after platinum-based chemotherapy







To inhibit the genes involved in the pathogenesis

Non conventional gene therapy



To correct the gene defect and to rescue the normal gene 

expression

Non conventional gene therapy



Amyotrophic lateral sclerosis ALS

Testing required



Tofersen (Qalsody, Biogen): approved by FDA to counteract SOD1-ALS

Antisense oligonucleotide that targets SOD1 mRNA, reducing SOD1 protein synthesis  



Qalsody received a marketing 
authorisation under exceptional 
circumstances valid throughout the EU on 29 May 
2024.

Route: intrathecally using a lumbar puncture.



What are the benefits?

In a main study involving patients with ALS associated with a mutation in the SOD1 gene, 72
patients received Qalsody and 36 received placebo for 28 weeks. The main measure of
efficacy was the rate at which a patient’s disease symptoms worsened during the study.

This was assessed using a standard rating scale known as ‘ALS functional rating scale revised’
(ALSFRS-R), which measures aspects of a patient’s physical functioning, such as difficulty
talking, breathing, eating and performing other normal daily activities. The total score ranges
from 0 (no function) to 48 (normal function).

After 28 weeks, the ALSFRS-R score decreased by 4.5 points in patients who received Qalsody
compared with 5.8 in patients who received placebo; however, this difference was not
statistically significant, meaning that it could be due to chance.

Other measurements, in particular long-term data, indicated that Qalsody may slow down the
course of the disease. In addition, results showed reductions in the levels of the SOD1
protein in patients who received Qalsody compared with those who received placebo,
confirming the way the medicine is expected to work. There were also reductions in the levels
of a protein called neurofilament light chain (NfL, an indicator of nerve damage),
suggesting reduced nerve damage



What are the risks?

For the full list of side effects and restrictions with Qalsody, see the package leaflet.

The most common side effects with Qalsody (which may affect more than 1 in 10 people) include 
pain in the back, arms, legs, muscles or joints, tiredness, increased levels of protein and/or white 
blood cells in the cerebrospinal fluid, and fever.

The most common serious side effects with Qalsody include myelitis (inflammation of the spinal 
cord), increased pressure around the brain, papilloedema (swelling of the nerve that connects the 
eyes with the brain), radiculitis (irritation and injury of nerve roots) and aseptic meningitis 
(inflammation of the lining around the brain and spinal cord).



Approved 
by AIFA on 
July 31st

2024







2023_ This is a Phase 1b/2a multicenter, randomized, double-blind, placebo-controlled study to evaluate the 
safety, tolerability, PK, and PD of intrathecal (IT) WVE-004 in adult patients with C9orf72-associated ALS or 
FTD. To participate in the study, patients must have a documented mutation (GGGGCC [G4C2] repeat 
expansion) in the first intronic region of the C9orf72 gene and be diagnosed with ALS or FTD.







“AMX0114 targets calpain-2, a calcium-activated protease, which has been found to be an important 
contributor to axonal degeneration and studied over decades of research as a potential target for the 
treatment of ALS and other neurodegenerative diseases. In preclinical studies, AMX0114 showed improved 
neuronal survival and reductions in extracellular NfL levels across multiple disease models. We are excited to 
progress AMX0114 into the clinic for people with ALS as we work to advance a potential therapy for this 
relentlessly progressive, fatal disease,” said Camille L. Bedrosian, MD, Chief Medical Officer at Amylyx.



QRL-201 is an antisense oligonucleotide, or a small DNA 
molecule, that’s designed to restore STMN2 levels by correcting
such abnormal mRNA processing. Raising STMN2 production 
levels with QRL-201 reversed nerve damage in lab-grown nerve 
cells and animal models.

Stathmin-2 is a neuronally enriched protein that plays a 

crucial role in axonal outgrowth during development and 

regeneration.

https://alsnewstoday.com/news/antisense-oligonucleotide-stathmin-2-levels-lab-grown-motor-neurons-qrl-201-als-quralis/
https://alsnewstoday.com/news/antisense-oligonucleotide-stathmin-2-levels-lab-grown-motor-neurons-qrl-201-als-quralis/
https://alsnewstoday.com/news/antisense-oligonucleotide-stathmin-2-levels-lab-grown-motor-neurons-qrl-201-als-quralis/
https://alsnewstoday.com/news/antisense-oligonucleotide-stathmin-2-levels-lab-grown-motor-neurons-qrl-201-als-quralis/
https://alsnewstoday.com/news/antisense-oligonucleotide-stathmin-2-levels-lab-grown-motor-neurons-qrl-201-als-quralis/
https://alsnewstoday.com/news/mda-2023-designer-dna-drug-als-shows-promise-early-studies/
https://alsnewstoday.com/news/mda-2023-designer-dna-drug-als-shows-promise-early-studies/


Small RNA Interference    (siRNA)

– It is a mechanism by which small fragments of 

double-stranded RNA trigger the sequence-

specific degradation of an mRNA

– By the action of the endonuclease DICER, 

segments of 20-23 bases called small interference 

RNA (siRNA) are formed

– Then by the action of the multiprotein complex 

RISC (RNA-induced silencing complex) the two 

strands of the siRNA are separated and the single 

strands bind to the complementary sequences of 

the mRNA

– The formation of the complex can:

Activate the degradation of the mRNA, if the bond is 

not very stable

Block the function of the mRNA if the bond is very 

stable



BEVASIRANIB: 

• The first siRNA developed for age-related maculopathy is bevasiranib (Acuity Pharmaceuticals).

• Used for the treatment of exudative age-related maculopathy, responsible for 60% of cases of age-related 
blindness

• Vascular endothelial growth factor (VEGF) plays a primary role in the development of maculopathy

• Administered intravitreally, bevasiranib inhibits NEW VEGF production, without interfering with existing 
VEGF.



Transfection of an exogenous siRNA can be problematic, since gene silencing is only transient, especially in 

rapidly growing cells. 

One way to overcome this problem is to introduce a vector (such as a plasmid) into the target cell that expresses 

the desired siRNA molecule. This is possible by designing vectors that can produce small hairpin RNA 

(shRNA) molecules containing a dsRNA, which have the advantage of being transcribed just like any other RNA. 

These vectors are in fact able to transcribe shRNAs through specific eukaryotic promoters for RNA polymerase 

III (such as the promoter of the human H1 gene, which encodes a catalytic RNA, or the promoter of the U6 

snoRNA), which usually induce the transcription of small nuclear RNAs (or snRNA) involved in splicing. The 

resulting shRNAs are processed into siRNAs by the RNase Dicer, although the actual involvement of Dicer in 

this step is not yet confirmed by the entire scientific community.

Critical points of the use of siRNA in therapy:
• Mammal cells do not have specific enzymes (RNA 

polymerase RNA-dependent)

•  RNA does not easily cross the membrane

• RNA is unstable



shRNA

• Short Hairpin RNA (RNA a 
forcina, shRNA), single-stranded 
that folds back on itself and in 
this hairpin conformation 
activates DICER forming 
fragments of 20-23 bases similar 
to those produced by siRNA



FDA Approved siRNA Drugs

•Patisiran: Approved for hATTR.

•Givosiran: Approved for AHP.

•Lumasiran: Approved for AHP.

•Inclisiran: Approved for reducing LDL cholesterol in 
subjects with HeFH or ASCVD.

•Vutrisiran: Approved for PH1 in adults and pediatric 
patients.

•Nedosiran: Approved for PH1.

Fitusiran: A GalNAc-siRNA conjugate targeting 
SERPINC1 mRNA for hemophilia A and B

Other siRNA drugs: Tafamidis, Inotersen.



Several small interfering RNA (siRNA) drugs have been authorized by the European 
Medicines Agency (EMA). These include patisiran (Onpattro), givosiran, lumasiran 
(Oxlumo), inclisiran (Leqvio), and vutrisiran (Amvuttra).

Here's a more detailed look at some of the approved siRNA drugs:

•Patisiran (Onpattro): Approved for the treatment of polyneuropathy caused by 
hereditary transthyretin-mediated (hATTR) amyloidosis.

•Givosiran: Approved for the treatment of acute intermittent porphyria.

•Lumasiran (Oxlumo): Approved for the treatment of congenital alpha-1 antitrypsin 
deficiency.

•Inclisiran (Leqvio): Approved for the treatment of primary hypercholesterolemia (both 
heterozygous familial and non-familial) or mixed dyslipidemia.

•Vutrisiran (Amvuttra): Approved for the treatment of polyneuropathy caused by 
hereditary transthyretin-mediated (hATTR) amyloidosis.

EMA Approved siRNA Drugs









Sofosbuvir  (Sovaldi®)
• ANT to inhibit HCV RNA polymerase

Risultati immagini per sofosbuvir

As a prodrug nucleotide analog, 
Sofosbuvir is metabolized into its 
active form as the antiviral 
agent 2'-deoxy-2'-α-fluoro-β-C-
methyluridine-5'-
triphosphate (also known as GS-
461203), which acts as a 
defective substrate for NS5B 
(non-structural protein 5B)

https://www.linkedin.com/pulse/myth-reality-sofosbuvir-pakistan-dr-jibran-khan-r-ph-mba-ccrp


• Sofosburiv is a prodrug used to treat hepatitis C.

• Its main metabolite, 2'-deoxy-2'-α-fluoro-β-C-methyluridine-5'-
monophosphate, inhibits the RNA polymerase that the hepatitis C
virus uses to replicate its RNA.

• It is marketed in Italy as Sovaldi;

• since March 2013 it has been available for prescription by centers
authorized by the Italian Medicines Agency, for patients with
chronic hepatitis C in the advanced stages of the disease or with
liver cirrhosis.

• It must always be used together with another drug, never
alone: ​​the duration of therapy varies from 12 to 24 weeks.



Sofosbuvir eliminates the hepatitis C virus because it acts directly against the 
virus, blocking its replication process.

Given in combination with other drugs including:

• Pegylated interferon alfa (2a and 2b): stimulates the immune system's 
response against the virus

• Ribavirin: indirectly interferes with viral replication

• daclatasvir and/or simeprevir: direct-acting antivirals

The dose of sofosbuvir should not be reduced. If treatment with other 
medicinal products used in combination with Sofosbuvir is permanently 
discontinued, the administration of Sofosbuvir should also be discontinued.



6 clinical trials to 
evaluate the 
efficacy of 
sofosbuvir (1947 
patients)



No important ADRs 
(1947 patients)



Ribavirin (Rebetol®) is the active substance specifically indicated for influenza viruses with severe manifestations. It is a

guanosine analogue, but has a modified nitrogenous base. This induces errors in the replication and transcription of the

viral genome, producing mutations that inactivate mRNA and proteins. It acts by inhibiting nucleoside synthesis, mRNA

capping and other processes important for the replication of many DNA and RNA viruses. Like many nucleoside analogue

antiviral drugs, it must be triphosphorylated by enzymes (cellular and/or viral) to become pharmacologically active.

Declatasvir (Daklinza) is an inhibitor of nonstructural protein 5A (NS5A), a multifunctional protein that is an essential

component of the HCV replication complex. Daclatasvir inhibits both viral RNA replication and virion assembly

Simeprevir (Olysio) is a specific inhibitor of the HCV NS3/4A serine protease, which is essential for viral replication. In a

biochemical assay, simeprevir was found to inhibit the proteolytic activity of recombinant HCV genotype 1a and 1b NS3/4A

proteases, with median Ki values ​​of 0.5 nM and 1.4 nM, respectively.

Conjugation of PEG (bis-monomethoxy polyethylene glycol) to interferon alfa-2a forms a pegylated interferon alfa-2a

(Pegasys). Pegasys has the antiviral and antiproliferative activities characteristic of interferon alfa-2a in vitro.



• The efficacy of sofosbuvir has been confirmed in patients with genotypes 1 - 4, including those
awaiting liver transplantation due to liver cancer and with HCV/HIV-1 co-infection.

• Clinical data to support the use of sofosbuvir in patients with genotypes 5 and 6 are limited.

• In January 2014, EMA (European Medicines Agency) granted the marketing authorization in the
Community for sofosbuvir. The therapeutic indications include adult patients with chronic
hepatitis C with genotypes 1, 2, 3, 4, 5, 6

• who have never undergone any antiviral treatment (Naïve Patients);

• who have already undergone one or more antiviral treatments with alpha interferon (pegylated or
non-pegylated) alone or in combination with ribavirin, who have had a relapse of the disease
(Relapser), who have responded partially (Partial Responder) or who have not responded at all
(Null Responder).

• The therapy, with peg-interferon and ribavirin, or with ribavirin alone and/or other antivirals,
differs depending on the viral genotype and the clinical condition.





In Italy all patients are eligible for treatment, 
according to Determina n. 500/2017 di AIFA 
published in Gazzetta Ufficiale il 30/3/2017.
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