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Pharmacogenetics: Fitting the Drug to the Patient

Aly A. Misha'l**

For many years, physicians have noticed variable
effectiveness of drugs when prescribed to
different patients. Side effects of the same drugs
have been also noticed to vary among patients.

The prevailing concept that taking drugs is
invariably beneficial and safe, is being
challenged by the experience from various parts
of the world pointing to limited efficacy, and
even hazardous effects, of many drugs, when
used in different individuals and from different
ethnicities. Not all individuals benefit from
treatment. Some patients may not benefit at all
from existing drugs, and others may suffer
serious adverse reactions.

In the early 1950s, it was noted that 10% of black
Americans suffered from significant hemolytic
anemia from using the anti-malarial drug
primaquine, while this complication was very
rare among whites.

It was also noticed that black hypertensive
subjects respond better to diuretics and calcium
channel blockers, compared to Angiotension
Converting Enzyme Inhibitors (ACEI).

Historically, drugs, have been produced in a
“one-size-fits-all” fashion, in the hope that all
patients respond in a similar manner.

Since the 1950s, scientists discovered inherited
enzymatic  deficiencies that can lead to
unexpected, and even harmful effects from drugs.
Individual variation in response to drugs has been
encountered frequently, and was considered a
substantial clinical problem. This problem ranged
from response failure, drug-drug interaction, or
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The Role of Pharmacogenetics

The aim is to prescribe the right drug to the right
person from the very beginning. The alternative
in  prescribing

to that is
medications.

the guesswork

In the current practice, physicians prescribe
certain drugs in the recommended doses, and if
the drug does not work, the physician usually
tries another alternative drug. In this process,
time and money are lost, together with hospital
admissions and extended patients suffering, from
prolonged disease or possible drug reactions that

may proceed to disability or fatal outcomes.

For example, ACE inhibitors are used by more
for
hypertension and other cardiovascular conditions.
This group of drugs has the potential to the side
effect of angio-edema in at least 0.1-0.2% of
users. Black people suffer a threefold risk of this

than 40 million people worldwide,

side effect, with reported fatalities.

pharmacogenetics can offer testing to avoid
monitoring of all patients for this possible serious
side effect, we will achieve saving human agony
together with economic savings. Patients at
angio-edema could be
switched, or started in the first place, on other

increased risk for

safe alternatives.

It is noteworthy that we currently have some
estimates of the magnetite of adverse drug

reactions, but when it comes to drug limited
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Millions of patients
across the world die or suffer from significant
prescribed
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effectiveness, or failure of existing therapies, we
have very few studies. For example, how many
years and how many patients does one need to
treat with statins to avoid one death from
cardiovascular disease? If we could predict, with
high probability, in which individuals statins do,
or do not work, we could save precious time,
effort and money, and avoid giving unjustified
hopes to patients, by using pharmacogenetics, to
be more specific in our statins prescriptions.

For more elustration, let us take examples of
other commonly used drugs.

= Variations in response to psychotropic durgs
are well known. Genetic variations of
adrenergic, dopamine and serotonin receptors,
as well as serotonin transporters and histamine,
have been linked to variable response in
schizophrenia and depression. This variability
has been ascribed to genetic polymorphism in
regulation of receptors and transporters.
Genetic analysis has generated enormous
information about human polymorphism. Over
4 million single nucleotide polymorphism were
discovered and are available in public
databases. The great challenge is to determine
the function of each polymorphic gene or its
product, and whether this product has
pharmacologic or toxicologic effects.
Using pharmocogenetic testing to predict
response, lack of response, or side effects, is a
sound therapeutic approach.

= Beta-adrenergic response in asthmatics is
another example. Current research in asthma
pharmacogenetics has highlighted associations
between single nucleotide polymorphism in the
beta-adrenergic receptor and modified response
to inhaled beta-agonist treatments, such as
albuterol. Clinical use of genotyping at an
individual level is considered very helpful to
avoid side effects, and generate effectiveness.

= There is an increasing knowledge of gene
expression which was initiated in the field of
genetics by using the techniques of microarray
analysis to determine the amount of RNA, or of
the protein produced by the gene, to measure
gene efficiency, as in the example of the drug
rifampicin.
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= Pharmacogenetics is beginning to have a role in
prescription of the reverse transcriptase
inhibitor (abacavir) to HIV infection. Patients
with the allele HLA-B*5701 were found to be
at greater risk of a hyper-sensitivity reaction to
this drug. When HLA typing of patients was
undertaken, the frequency of hypersensitivity
dropped down from 5% to less than 1%.

= Warfarin  has two genetic variants in
cytochrome P450 (the enzyme that metabolizes
Warfarin) and vitamin K epoxide reduction (the
target for the drug). Considering these two
markers provides a good degree of precision in
dose requirement. This could provide
explanation why some patients respond more
than others.

The Way Forward

The following developments are predicated from
advances in utilization of pharmacogenetics in
clinical practice:

1.Gradual elimination of the guesswork of trial-
and error “and one-size-fits-all” prescribing.
More progress towards patient-tailored,
individualized drug treatments.

2.Establishment and recording of individual
patient genotypes, i.e personal
pharmacogenetic expression profiles. This
should be part of medical records.

3.Drugs that are subject to substantial
polymorphic metabolism will be prescribed
according to pharmacogentic studies.

4.Changes of labeling and prescribing advice will
relate dose to genotype, and should highlight
the possibility of drug interactions, when other
drugs are prescribed concomitantly.

5.Implementation of pharmacogenetic testing
will substantially reduce the need for
hospitalizations caused by adverse drug
reactions.

6.Improving healing opportunities, by identifying
patients who respond, and avoiding use in those
who do not respond or those who are at risk of
serious adverse reactions.
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Expected Difficulties Suggested Readings

1.Many people may not accept genetic profiling. WHO Drug Information 2003; 17 (2): 84.

1
2.Distinguishing environmental factors from 2. Mayor S. Pharmacogenetics. BMJ 2007; 334.
genetlc factors may be dlfflcult 3. Valentine KA and Hull RD. Therapeutic use of

3.Drug manufacturers may be reluctant to fund Warfarin. Uptodate Oct. 2009.
research in genetic profiling, and tend to invest WWW.uptodate.com.
in new drugs.
4.Pharmacogenetic targeting may pose ethical
problems, which need to be indentified and
opened for debate.
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