Clinical issues

Meeting the technical challenges
of personalized medicine and
companion diagnostics

By Richard A. Montagna, PhD

he mapping of the human genome is helping to usher in a more

personalized approach to medical intervention. Knowledge of

an individual’s genomic makeup can help predict if that person
might be predisposed to specific diseases. Such knowledge can be
used by physicians to monitor patients for clinical signs of early
disease that might have otherwise been overlooked, leading to more
positive outcomes. In addition, genomic data can be used to tailor
specific drug treatment by helping to predict how an individual might
respond to a particular drug; if a patient might be predisposed to an
adverse response; and/or the appropriate therapeutic dosage. The
availability of such information is also encouraging the joint devel-
opment of therapeutic treatments and corresponding “companion
diagnostics” that can be used to predict if a particular drug should
be administered to a specific patient in the first place. Such “gate-
keeping” tests can be used to discriminate which patients are more
likely to favorably respond to a particular drug, while at the same time
excluding those patients not genetically equipped to respond. Such
testing can also help to reduce possible adverse effects that might
have been experienced by patients not genetically predisposed to
benefit from the drug. Moreover, the growing cost of health care can
be lowered by a policy of providing a particular drug only to those
individuals who can be expected to benefit from the drug.
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Genomic data can be used to tailor specific drug
treatment by helping to predict how an individual
might respond to a particular drug; if a patient might
be predisposed to an adverse response; and/or the

appropriate therapeutic dosage.
|

Education of the medical community, as well as the general
population as a whole, will be necessary to diminish a number of
bioethical concerns and questions related to molecular diagnostics.
Denying drug treatments to a subset of patients, particularly those
who might view the treatments as their only available lifesaving
option, could be easily misconstrued by those patients as an imper-
sonal, life-threatening, and possibly discriminatory decision, if the
underlying facts are not clearly conveyed and understood.

Despite those issues, the availability of genetic data is trans-
forming the drug development process by improving the man-
ner in which all parties (pharmaceutical companies, diagnostic
companies, physicians, payers, and regulatory agencies) strive to
protect and meet the needs of patients. The paradigm shift from
“one size fits all” to a more precise, tailored therapeutic approach
can be expected to continue as more and more data demonstrate
the therapeutic value of genetic screening prior to initiation of
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drug treatment. This paradigm shift, however, will clearly come
at a cost to Big Pharma, since the marketing of “blockbuster”
drugs to the masses will be replaced by a more refined, tailored
approach. If all medications were offered to patients based upon
a “personalized” approach, the total number of patients offered
specific drug treatments would be reduced. Factoring in the high
cost of drug development, such a change represents a potential
disincentive to the pharmaceutical industry. On the other hand, the
use of companion diagnostics during new drug development can
be expected to increase that drug’s efficacy rates, since potential
clinical trial enrollees can first be stratified into “responders’ and
“nonresponders,” with only the former entered into trials.

The ultimate potential benefit of personalized medicine will
be safer medical intervention, along with a reduction in overall
healthcare costs in the U.S. and abroad. Payers must also embrace
this approach in order to achieve fair and equitable reimbursement
of the molecular diagnostic testing required to assure the best pos-
sible clinical outcome.

Use of personalized medicine to help predict appropriate
therapeutic dosage

The use of genomic data to more effectively predict appropriate dos-
ing of warfarin (Coumadin) is a good example of the power of the
underlying genomic data. Each year approximately 2 million people
in the United States begin warfarin therapy, resulting in more than 30
million prescriptions filled to prevent or treat blood clots.! Although
the medication has proven to be very effective, it is not surprising that
it also routinely ranks among the top five medications most frequently
associated with adverse drug reactions (ADR).>3 Prior to the availabil-
ity of such data, a physician would have to initiate drug therapy based
upon available clinical information such as clinical history, height,
weight, other medications being used, etc. Using a “trial and error”
approach, the physician would initiate therapy and then monitor the
patient by repeated PT/INR testing. The results of such testing would
allow the physician to essentially titrate the drug dosage up or down.
If the initial dose was too low, the patient would remain at continued
risk for an embolism, while too high a dose would subject the patient
to the risk of possible cerebral hemorrhage.

Genomic data, however, can help to predict whether a person is
atrisk of a bleeding event in response to a high dose of warfarin.*-
It can establish more effective therapeutic doses and subsequently
reduce ADRs. Various single nucleotide polymorphisms (SNPs)
have been identified that can help to predict appropriate dosing.
Genomic data, however, can help to predict whether a person is at
risk of a bleeding event in response to a high dose of warfarin.*-
Of the various SNPs identified, two within the cytochrome P450
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