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Abstract

Adverse drug reactions (ADRs) occur among 6.7% of all hospitalized patients and that 0.32% of all of those develops fatal ADRs, causing more than 100.000 deaths/year in the USA. In Sweden, ADRs causes up to 12% of all admissions to hospitals. In most cases, the reason for developing ADRs is the polymorphic variability of cytochromeP450 (CYP). CYPs are responsible for the rate limiting phase I metabolism, mainly increasing the toxicity of the mother drug. During medical treatment, pharmacological efficacy could vary 1000-fold between individuals while CYP activity could vary 100-fold, due to single nucleotide polymorphism (SNP). We propose a multidisciplinary approach for optimization of the medical treatment for the Caucasian population, including CYP genotype screening and phenotype evaluation, risk management and personalized medical treatment with follow-up. GenoID Ltd. is an expert in High-Throughput-Screening (HTS) PCR method development and optimization as well as in CYP phenotype/metabolism determination. We seek Hospitals, Outpatient Clinics, Universities, Biotech Companies, Pharma Companies from European Countries and from the Associated States to participate in the proposed Good Medical Treatment (GMT) Project.

Rationale

The main points are:

· Adverse drug reactions (ADR), including death, occur among 6.7-12% of all the hospitalized patients.

· Cytochrome P450 (CYP) polymorphisms are responsible mostly for ADRs.

· CYP polymorphisms can be accurately and cost-effectively screened using high-throughput (HTS) PCR methods.

· Medical treatment and/or dose can be optimized according to the patient’s genotype.

· Personalized treatment is a cost-effective method for improving the quality of life and managing risk.

Details: 

Biotransformation of xenobiotics is carried out in the liver through various phase-I, and phase-II reactions. Although the liver shows profound cellular heterogeneity (hepatocytes, Kupffer cells, Ito cells, endothelial and epithelial cells), hepatocytes represent 2/3rd of the cell population and constitute the major and most representative cellular subpopulation in terms of metabolism.  

The compounds are not only substrates of the enzymes, in other words metabolized by the enzyme, but can be inhibitors or efficient inducers, and cause serious drug-drug interaction where a drug can alter (enhance/ decrease) the rate of metabolism of a second drug.  In the worst case it leads to a substantial increase of the concentration of a second drug in the circulation due to poor metabolism and clearance.  If the therapeutic index is narrow, then adverse effects are likely to appear. In order to develop safer drugs with fewer side effects due to drug-drug interactions this problem received wide recognition in the recent years, thus such assessment tends to be screened also at the discovery phase while presently those studies are only in the clinical phase. 

The picture is further complicated by a remarkable degree of genetic variability in the population. The population is divided into four phenotypes by polymorphism:  UM (ultra-rapid metabolizers), EM  (extensive metabolizers),  IM (intermediate metabolizers) and PM (poor metabolizers).  For cytochrome P 450 (CYP or P450) isozyme 2D6 (CYP2D6) the incidence of the PM phenotype in populations of different racial origin varies: approximately 
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2- 6 % of individuals in the Caucasian populations are of PM phenotype, while that of 14- 22 % are in the Asian population. 

Sex related differences were also observed. Clinical reports of decreased oxidation of estrogens and benzodiazepines in females relative to males suggest that gender -dependent variations in drug biotransformations should also be taken into consideration.  

Sub-population metabolic differences have been also reported.

The majority of the registered drugs are metabolized by P450 isoforms. CYPs are localized in the smooth endoplasmic reticulum of the cells and play dominant roles in the rate-limiting bioactivation (phase I) of a wide variety of xenobiotics including drugs and candidates. Currently >700 (>58 in humans) CYPs have been characterized and categorized. CYPs exhibiting >40% similarity in protein sequence is classified within the same family, those sharing >55% amino acid sequence are grouped into the same subfamily and considered as isoforms. Twelve mammalian CYP families exist. In human liver, the following families/subfamilies are dominant: CYP1A2, CYP2B6, CYP2C9, CYP2C19, CYP2D6, CYP2E1, CYP3A4. 

The inter-individual variability in xenobiotic metabolism and drug response is extensive. The drug level in plasma can vary more than 1000-fold between two individuals having the same weight and with the same drug dosage. The causes for this variation are of genetic, physiological, pathophysiological and environmental origin. Genetic variability is known for drug absorption, drug metabolism and for drug interactions with the receptors. In the past decade, genetic factors for this variability have received much emphasis. One could envision that the genetic factors would account for about 20–40% of the inter-individual differences in drug metabolism and response, but for certain drugs or classes of drugs, the genetic factors will be of utmost importance for the outcome of the drug therapy. Serious adverse drug reactions (ADRs) occur among 6.7% of all hospitalized patients and that 0.32% of all hospitalized patients develop fatal adverse reactions, causing more than 100.000 deaths annually in the USA. In Sweden, ADRs causes up to 12% of all admissions to internal medicine clinics. In most cases, the reason for developing ADRs is the polymorphic variability of CYPs. CYP genotype screening and according medication and/or dose adjustment can prevent aDRs.
Individuals can be screened for genetic polymorphisms via phenotyping or genotyping. Phenotyping the polymorphism of a drug-metabolising enzyme is the indirect analysis of genetic variation by examining an individual’s metabolic capacity. It involves administration of a drug probe and measurement of metabolites in order to examine the biochemical measure of interindividual pharmacogenetic variations and thereby classifies an individual as a poor, intermediate, extensive or ultra-rapid metaboliser. The disadvantages of direct (administered substrate) phenotyping include:


 limited specificity of probes


 potential adverse effects from drug administration


 the fact that the phenotype may be influenced by a variety of factors such as concurrent drug administration, food intake, alteration in hormonal levels and disease states.

Genotyping, on the other hand, involves the direct analysis of genetic variation by examining an individual’s DNA. The advantages of genotyping include:


 direct determination of an individual’s genetic information


 less invasive than phenotyping because DNA may be isolated from buccal swabs, hair roots and saliva


 not influenced by concurrent drug administration


 needs to be determined only once in a lifetime
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In addition, the past limitation of the genotyping approach, namely that the functional significance of many of the specific genotypes remained unknown, has been changing rapidly: >40% of all known CYP polymorphisms was discovered in 2001 and in 2002. Furthermore, there are simple, high-throughput methods for the routine genotyping of large-scale clinical samples, the cost of genotyping drastically decreased.

Objectives

- Method development and validation for CYP genotype screening.

- CYP genotype determination of international populations.

- Identifying genetic risk factors for drug response.

- Drug optimization and/or dose adjustment.

- Statistical evaluation, qualitative and quantitative relationships between genetic profile and                            optimal medical treatment.

General approach

- Validation of the different high-throughput screening (HTS) PCR methods (TaqMan, SnaPshot) by crosschecking between participating multinational laboratories (N=100), calculation of precision, accuracy and cost-effectiveness.

- Determination of the genetic CYP polymorphisms in clinical and non-clinical groups (main targets: cardiovascular diseases, cancer, birth control) by means of national sub-populations, age, sex, current medical status, medication type and effective dose (N=min. 10,000 max. 20,000).

- Medical treatment and/or dosage adjustment according to the personal genetic profile.

- Medical follow-up. 

- Biostatistical evaluation of the relationship between genetic profile and medical outcome.

- Establishment of Guidelines for Personalized Medical Treatment of the Caucasian population (like GLP, GMP, Good Medical Treatment: GMT).

Need & relevance

The Caucasian population is not homogeneous in terms of CYP genotypes. The type and dose of a medication might be sufficient for one patient but might be inadequate for another. In addition, sub-populations show diverse “drug-responseness”, too. An Integrated Project is needed for standardization of HTS genotyping methods and for international co-ordination of genotyping populations and sub-populations.

Scale of ambition & critical mass

The main goal of the proposed project is optimization of the medical treatment for the Caucasian population, including CYP genotype screening and phenotype evaluation, risk management and personalized medical treatment with follow-up. Expected achievements:

· less side effects of drug administration

· decreased number of medical visits
· less hospitalization
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· enhanced quality of life
· extended life expectancy
· less death caused by ADRs
· achieved population genotype results could be used for rational drug design
The total number of genetic samples screened should be between 10,000 and 20,000 according to the definition of SNP. The critical mass in Europe: number of participating countries expected to be approx. 12, approx. 3 hospitals/clinics per country and approx. 5 regional HTS screening center, a total number of participants: approx 40-50. 

Integration

The proposed project will integrate basic research and clinical monitoring as well as method development and routine screening by SMEs; diverse resources, skills and different level of organizations. CYP genotype determination has been carried out mostly in the USA. The proposed project will contribute to strengthening European competitiveness. The project also mobilizes scientific interaction between European countries and improves the involvement of Newly Associated Countries. 

Hospitals and clinics in Europe are practically ready for the project. European academic institutions and SMEs have worked out appropriate CYP genotyping assays but HTS method development and validation needs to be done, resulting a standardized European screening protocol. 

About our company

GenoID Ltd. was established in 2001 with the goal of becoming a product, service and  solution provider in the field of molecular diagnostics, pharmaceutical research and development.
Our company fills the gap between genetics/genomics and pharmacology/toxicology, providing high-throughput screening of drug candidates for the pharmaceutical industry. Advanced hit selection and lead optimization allows our partners to increase speed and efficacy of drug design and development, as well as lead rescue. GenoID has developed and currently manufactures diagnostic kits targeting the identification of infectious and genetic diseases. Facilities equipped with robotic fluid handling devices allow performing HTS real-time and end-point PCR assays, SNP detection, biochemical assays, molecular biological procedures and lead optimization. As an expert in automatization, our company designs prototypes of accessories for robotized systems. GenoID achieves its goals through a wide variety of collaborative efforts and partnerships including but not limited to exclusive contracts, technology transfer, custom design and flexible business models for long-term co-operation.
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