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.
1

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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isoform CYP2C9, denoted as CYP2C9*2 and CYP2C9*3, are as-
sociated with a slower metabolism of warfarin; thus carriers of these
alleles may be vulnerable to bleeding due to the accumulation of
warfarin in the liver. In addition, warfarin behaves as an antagonist
of vitamin K by targeting the vitamin K epoxide reductase com-
plex. Vitamin K is an essential cofactor of many coagulation gene
products, and thus mutations in the VKORCI gene compounded
with the vitamin K antagonistic effects of warfarin could lead to
bleeding events.”® Taken together, knowledge of an individual’s
genomic makeup with respect to these SNPs can provide a “per-
sonalized” approach to warfarin therapy, with more effective initial
doses predicted based upon existing algorithms.!°-12

Companion diagnostics used to determine if drugs should be
administered

Genomic data have also proven useful in determining whether a
number of specific therapeutic approaches should be initiated in
the first place. An example is the use of a companion diagnostic to
determine if the epidermal growth factor receptor (EGFR) inhibitors
certuximab (Erbitux) or panitumumab (Vectibix) should be admin-
istered to colorectal cancer patients.'3 The biology of the EGFR
is well understood, with EGFR initiating a signaling cascade that
controls many important cellular functions, including proliferation.
Downstream of the initial signaling event, however, genetic muta-
tions can render the KRAS protein constitutively active regardless
of whether the EGFR is stimulated or inhibited. In this mutated state,
administration of EGFR inhibiting drugs will not be of any benefit
to such patients since the downstream signaling pathway is already
constitutively “turned on.” Given the high cost of these EGFR inhibi-
tors, as well as the potential for unnecessary ADR, KRAS testing
represents a valuable companion diagnostic tool. Other similar ex-
amples of therapeutic/companion diagnostic pairs include, but are not
limited to, c-erbB-2 biomarkers/trastuzumab (Herceptin)'“ for breast
cancer patients, T3151 mutations/imatinib mesylate (Gleevec)'? to
treat chronic myeloid leukemia patients and ALK gene markers/
erlotinib (Tarciva)'® to treat non-small cell lung cancer.

Industry and FDA collaboration to provide the most effective
treatment algorithms

For a particular companion diagnostic to be of clinical utility, it
must be effective at detecting the biomarker(s) of interest, reliable
and easy to use by the diagnostic laboratory, and ultimately, reim-
bursable by the payers. To help establish the most effective path-
way forward, the FDA has provided industry with guidance'”that
companion diagnostics should do the following: identify patients
who are most likely to benefit from a particular therapeutic product;
identify patients likely to be at increased risk for serious ADRs
as a result of treatment with a particular therapeutic product; and
monitor response to treatment for the purpose of adjusting treat-
ment (e.g., schedule, dose, discontinuation) to achieve improved
safety or effectiveness.

For drugs that could be benefitted by a corresponding com-
panion diagnostic, the drug and diagnostic industries have several
challenges:

m Who will identify the most useful biomarker(s)?

m Who will develop the companion diagnostic?

m At what point during the drug development effort will one or
both of the above be initiated?

‘Who will develop the companion diagnostic often depends upon
the structure and capabilities of the pharmaceutical company. Obvi-
ously, many major drug companies have diagnostic subsidiaries that
can identify the biomarkers and develop the diagnostic tools. Other
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companies, however, may have to rely upon strategic partnerships
with large or small diagnostic companies. In addition, since drug
development efforts are a long and arduous process, the timing of
developing a companion diagnostic also becomes a critical chal-
lenge. If companion diagnostic efforts are undertaken before or
during Phase I trials and the drug candidate fails to clear this hurdle,
valuable time and money will have been wasted on both fronts.
But, as the drug trials proceed along the gated pathway required
by FDA, development costs and risks continue to increase. As one
proceeds along the Phase I, Phase II, and Phase III pathway, the cost
of a failed drug (and concomitant companion diagnostic develop-
ment) disproportionally increases. An added challenge is that the
FDA has indicated it intends to review a “therapeutic-companion
diagnostic pair” together. The failure of a companion diagnostic to
clear FDA hurdles will essentially lead to a failed drug since in the
absence of an approved companion diagnostic, the corresponding
drug might not be approved. These are critical challenges for the
drug and diagnostic industries to work together with the FDA to
assure safe and effective medical intervention.

Tools to achieve effective companion diagnostics
By its very nature, molecular diagnostics is a complex process
at many different levels. From a technical standpoint, significant
expertise and equipment are required in order to perform the vari-
ous assay steps required to obtain the desired results. From the
standpoint of the physician-patient relationship, the plethora of
new genetic information must also be effectively transmitted so that
appropriate clinical decisions can be made. Moreover, the payers
are clearly challenged by the complexity of molecular diagnostics,
as evidenced by the multiple CPT codes used to reimburse a single
diagnostic test. Therefore, all interested parties will have to work
together to assure effective implementation and utilization of
companion diagnostics.
]
For a particular companion diagnostic to be of clinical
utility, it must be effective at detecting the biomarker(s)
of interest, reliable and easy to use by the diagnostic
laboratory, and ultimately, reimbursable by the payers.
]

Solving the challenges provided by the technical complexity
of molecular diagnostics has been the focus of several diagnostic
companies. At its core, molecular diagnostics requires the perfor-
mance of multiple processes to go from a raw clinical specimen to a
final reportable result. Genomic data from an individual patient can
be obtained from cells in a variety of clinical specimens, such as
buccal swabs or whole blood. On the other hand, genetic informa-
tion, particularly mutant DNA, harbored within tumor cells must
be obtained from the tumor itself. Compounding the problem is
the presence of what could be overwhelming wild-type host DNA
that could mask the presence of the mutant tumor DNA.

In order to address these challenges Rheonix, Inc., has developed
the Rheonix CARD® microfluidic molecular diagnostics platform.!8
It can dramatically simplify and reduce the cost of performing sophis-
ticated molecular diagnostics by fully automating all necessary steps,
including acquisition and concentration of target cells, lysing of those
cells, extraction/purification of DNA, multiplex PCR amplification,
and finally detection. In this system, once a raw, untreated, clinical
specimen has been introduced by the analyst, all subsequent steps are
seamlessly and automatically performed without any further inter-
vention. Composed of injection moldable polystyrene, the disposable
CARD devices contain all necessary pumps, valves, microchannels,
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