
 

How your genes influence what medicines are
right for you
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You have a headache. Do you reach for Tylenol or Advil? Most people
have a preference because they have learned over time that one works
better than the other at relieving their pain. This type of variability from
person to person is true for nearly every medication, whether it requires
a prescription or can be purchased over the counter.

Pharmacists, physicians and researchers have tried for decades to
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understand why the same medication, at the same dose, can work well
for some people but not for others, or why some people need higher or
lower doses of the same drug, or why some people have side effects,
while others do not. Many factors contribute to these differences in how
people respond to the same medication, including age, other medications
they may be taking, kidney function and cigarette smoking, to name a
few. But it's become increasingly clear that genetics can also be an
important factor.

Genes influence how well drugs work

Understanding how these genetic differences work means that physicians
can take a more personalized approach to selecting the right medication
and dosage for each individual. This is called pharmacogenetics, and
pharmacogenetic tests to guide use of certain medications are becoming
increasingly common.

This kind of personalized treatment is an example of what is called 
precision medicine, which is being touted as an important part of the
future of health care. In fact, President Obama announced in the 2015
State of the Union address his plan to launch the Precision Medicine
Initiative:

"to bring us closer to curing diseases like cancer and diabetes – and to give
all of us access to the personalized information we need to keep ourselves
and our families healthier."

Genes influence how well your liver breaks down
medicine

Today the most frequently used tests looks for variations (also called
polymorphisms) in the genes that carry instructions for making the
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enzymes in the liver that metabolize (break down) drugs.

For drugs that are already in an active form – which means that the drug
has immediate effect on the body – enzymes in the liver break the drug
down to make it inactive, so the body can then discard it. When the
enzyme in the liver that breaks down a particular drug does not work
properly due to a genetic variation, then the body can't get rid of the
active drug effectively. That can lead to too much drug in the body,
which can in turn lead to serious side effects.

Other drugs are consumed in a form that is inactive, and are broken
down in the liver into their active form. The liver enzymes that break the
drug down are critical to making it work. For these medications, when
the liver enzyme does not work properly because of a gene variation, the
drug cannot be converted into its active form.

Differences in how enzymes break down drugs can mean that people
need different doses of a particular drug to achieve the same effect, or
that some drugs might not be as effective for them. And many of these
gene variations are very common in the general population and can
affect decisions about the right drug or right drug dose in several ways.

Using gene variations to choose the right medication

Children with leukemia are commonly tested for a gene variation for the
enzyme that breaks down drugs called thiopurines. These drugs are
commonly used to treat childhood leukemia, and are consumed in an
active form.

If tests reveal that the enzyme that breaks down the drug and gets rid of
it doesn't work as well, they are given one-tenth the normal dosage. That
tiny fraction of a dose gives them the same benefits as someone whose
enzyme functions normally and gets 10 times the dose because their
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body breaks it down more efficiently. In cases like this, the genetic
difference between people can be addressed by giving different dosages
of the same medication.

For drugs that are converted into an active for in the liver, genetic
variations can mean that a person needs to take a different kind of drug
entirely. One example of this is the drug called Plavix® or clopidogrel,
which is commonly used after heart attacks or balloon angioplasty to
prevent blood clots from forming. It has to be activated by the liver – but
gene variations in the most important enzyme for this process mean that
at least 25%-30% of people cannot fully convert Plavix® to its active
form. When people with that gene variation take Plavix®, it is less
effective at preventing heart attacks and strokes.

Here at the University of Florida, we began testing this gene in heart
disease patients getting a balloon angioplasty and stent in 2012. For those
who had the gene variation that made Plavix® a suboptimal choice, we
recommended a different medication be used.

We followed patients who had this gene variation, and found that the
ones who actually took an alternate drug had significantly fewer heart
attacks, fewer strokes and were less likely to die than those who
continued taking Plavix. These data highlight how using someone's
genetic information can lead to a personalized approach to their care,
and in turn lead to better health.

These same approaches are also being used more and more often to
select cancer drugs, although in most situations it is the genetics of the
tumor, not the patient, that are being tested to pick the right drug. In
fact, most of the new drugs that have been approved for the treatment of
cancer in recent years are developed for specific tumor genotypes.

Where does pharmacogenetics go from here?
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These are just a few examples of the potential for using genetic
information to guide decisions about drug therapy. Currently over 100
drugs have pharmacogenetic information in their product label from the
Food and Drug Administration. Over time, more and more medications
will likely be added to the list of those for which genetic data may allow
for more personalized treatment decisions.

And the way genetic information is obtained will change in the coming
years. In the examples provided above, the genetic information is
gathered through a laboratory test that specifically evaluates the gene or
genes of interest.

However, in the future it is expected that an individual's entire genome
(all three billion letters of their genetic code) will be defined and stored
for use throughout their lifetime. When that happens, using genetic
information to inform decisions about the right drug and the right dose
will likely involve computerized approaches that marry the genetic data
with knowledge about drugs and genes, to lead to a personalized
treatment recommendation. We are probably at least a decade or more
from this reality.

In the meantime, the number of drugs whose use can be guided by
genetics and the number of people who benefit are expected to grow.

This story is published courtesy of The Conversation (under Creative
Commons-Attribution/No derivatives).
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