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Personalized medicine seeks to stratify therapies according to individual characteristics, and by so doing
improve effectiveness and reduce complications. However, there are not many models of care that is highly
stratified within a single diagnosis in this manner. One potential model is the practice of allergy, in which care
is tailored to specific allergens for individual patients within the broader context of care for rhinitis or asthma.
Allergists have already confronted many of the same regulatory issues anticipated for personalized medicine.
The history of allergy practice also anticipates some of the patient safety concerns that may arise from tracking
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Personalized medicine and using highly personalized medical information. Finally, the therapy of allergy and asthma has been at the
Allergy forefront of attempts to incorporate pharmacogenomics information into patient care. Individualized therapy
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Patient safety

has always been central to the practice of allergy, and so provides a useful proving ground for personalized
medicine as a concept of care.

© 2011 Elsevier Inc. All rights reserved.

In some sense, medicine has always sought to provide care in the
model of personalized medicine. We identify the features in each
individual that suggest one diagnosis and not the other, and, in so
doing, avoid treating the type I diabetic as a type II diabetic, despite
the surface similarities of the disorders. Personalized medicine simply
takes this to a different extreme, providing stratification of therapies
to patients with the same diagnosis, recognizing that a disease with
similar pathophysiology may not manifest identically in different
individuals.

The human genome project provides a technical framework, that
of genetic and heritable variability, on which to base at least some of
this stratification. For example, algorithmic dosing based on single
nucleotide polymorphisms (SNPs) and other personalized factors
provides rapid and accurate dosing of warfarin [1]. Targeted therapy
of oncologic disease, such as with Herceptin and Gleevec improves
outcomes and reduces side effects of therapy [2-4]. There have been
concerns about the challenges and cost of implementing personalized
therapies though [5]. Models of how such care has been implemented
in the past would be helpful.

Since at least 1911, allergists have been providing exactly this kind
of stratified care, and so have already confronted and successfully
managed many of the logistical, regulatory and technical barriers that
have limited the introduction of stratified care in other fields [6,7].
This has happened because the practice of allergy identifies a unifying
diagnosis for the patient's condition, such as allergic rhinitis or
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asthma, but tailors therapy to the specific allergens that are triggering
episodes of the disease. Each patient presenting for care of atopic
disease is systematically assessed, by history and by skin testing or
specific IgE testing, to determine the specific profile of antigens that
trigger disease. In many cases, a specific therapeutic intervention,
immunotherapy or desensitization, that complements more generic
medical care for the asthma or rhinitis will be performed based on this
testing. This therapy is almost always designed specifically for the
individual patient and is custom-prepared and delivered on an
individualized schedule [8]. While other fields, especially oncology,
have made enormous strides in targeting therapy, few other than
allergy have been performing such targeting since 1911.

There are several challenges that arise from providing such
stratified care within the current medical system. These include
problems in demonstrating the efficacy of therapy when the same
therapy differs between individual patients, and regulatory challenges
in managing the expectations of having single, unique indications for
tests and therapies. There are also significant patient safety concerns
related to managing the large information load necessary to ensure
that each patient receives accurate therapy. Finally, there are ongoing
questions and challenges in defining the correct phenotypes within
which to stratify care.

First, personalized medicine may confront problems with demon-
strating the efficacy of interventions that are highly tailored.
Regulatory approval of therapies requires that the efficacy of a
therapy be demonstrated, usually in large, randomized, placebo-
controlled trials. However, immunotherapy and other highly stratified
therapies may be better thought of as a concept of care, a basic
principle which can be implemented in a number of different ways.
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For immunotherapy, a set of several different antigens is created
based on an individual profile of sensitivities and this unique mixture
is provided to induce tolerance to these antigens in the patient.
Regulatory agencies might be reluctant to accept proof of efficacy for
this general concept of care, preferring to certify a specific drug for a
specific indication. This is reasonable because it avoids the problem of
having nebulous boundaries surrounding what is or is not an
approved therapy. However, this same desirable goal inhibits the
growth of highly tailored therapies by requiring each to be
individually approved, dramatically increasing the cost of regulatory
approval.

Currently, in the US, production of each antigen extract is
approved by the Center for Biologics Evaluation and Research
(CBER) at the Food and Drug Administration (FDA) [9]. However,
the mixing and administration of the antigens is performed by the
individual allergist. This means that although there is substantial
regulatory authority over the extract's production, its use and
implementation is less centrally regulated, primarily through physi-
cian licensure, hospital privileges and board certification. Mainte-
nance of Certification procedures for allergists have been the primary
mode by which ongoing quality assurance has been implemented, and
these programs are young and their effectiveness as of yet is uncertain
[10-12].

Similar issues will arise for other tailored and stratified therapies
within personalized medicine. The most appropriate venue for
regulatory oversight of personalized therapies should be determined
carefully and an active decision made about the best level for
regulated personalized medicine practices. For example, the FDA
changed the labeling of warfarin to include the general concept that
genetic information should be considered when planning dosing.
Many felt this was premature as such recommendations had not been
incorporated in professional guidelines at the time, a clear example of
conflict over the appropriate level of regulation [6]. It will be
important to continue to assess who should maintain supervision
and oversight of the application of personalized medicine.

The second consideration, patient safety, has proven to be a
significant concern in the practice of allergy, particularly with
immunotherapy. Patient safety in personalized medicine has typically
been thought of in positive terms, because of its potential for
predicting adverse drug reactions and other poor outcomes. But
there is another side to personalization of therapy. Allergy immuno-
therapy has the potential for fatal side effects from anaphylaxis, and it
has been demonstrated that one of the most common scenarios
(approximately 25%) in which anaphylaxis results is a wrong drug,
wrong dose, or wrong patient error[13]. A busy allergy practice may
have hundreds of patients, each on their own specific immunother-
apy, receiving injections on a weekly basis, and with dosing which
changes with each visit. Accurately managing this information load is
challenging, and is the focus of high profile patient safety efforts from
the major allergy societies. Many interventions that are now routine
in allergy practices, such as systematic identification of high-risk
patients, multiple level checks of dosing and patient identification, use
of photographs in medical records, and expansion of electronic
medical records, may need to be considered carefully as more highly
stratified therapies become a reality in other fields.

The information problem will be compounded as patients with
multiple medical problems receive multiple highly stratified thera-
pies. Already there is difficulty in managing drug interactions and
polypharmacy in the elderly and patients with multiple medical
problems [14]. These problems become significantly more intense
when therapies are highly tailored. It may be difficult to predict
specific drug interactions outside of those that may be expected based
on drug class. For example, there are known interactions between
immunotherapy and beta blockers or ACE inhibitors, since these
therapies inhibit the response to anaphylactic events and promote the
likelihood of anaphylaxis resistant to therapy [15].

However, there is almost nothing known about interactions
between specific antigens and other pharmaceuticals, or even
whether such interactions exist. Highly tailored therapies are also
susceptible to intrinsic drug interactions as well. The mixing of
antigens is complex and many antigens will change the potency of
others when mixed [8]. Hence an additional set of potential errors
outside of wrong drug errors can occur when a therapy must be
individually tailored. Instead of just a dosing error, there exists the
possibility of an error in compounding the therapy itself, with a much
greater likelihood than occurs in standard, single drug therapy.

There are no simple solutions to these issues. As therapies become
more stratified, the base of patients on which to conduct trials
becomes smaller, while the potential for interactions expands
exponentially. There is no conceivable hope of conducting blinded
randomized trials of all possible combinations. There will have to be a
much greater reliance on electronic records, data mining, and more
advanced statistical methodology to adequately monitor for such
effects, followed by more rigorous trials as necessary.

A further challenge in providing highly stratified therapy is in
defining the correct phenotypes in which to stratify. The broadest
category in allergy is the notion of atopy, the general predisposition to
develop a Ty2-mediated, allergic response to specific, generally
insignificant antigens that do not represent a threat to self (pollens,
insects, animal dander). However, many phenotypes have at least two
sub-phenotypes, one due to atopy and one that is due to other causes.
Both rhinitis and asthma, for example, may be due to atopic or non-
atopic causes. If not correctly assigned to an atopic cause, providing
highly stratified therapy against specific allergic sensitization does
nothing to improve the patient's condition, and places them at risk for
anaphylaxis. Currently, there is an assumption made in most cases
that if a patient has rhinitis or asthma and is atopic, that the atopy
must be contributing at least in part. However, this is difficult to
prove, and a lack of response to allergen immunotherapy alone might
be the only way to demonstrate the profound role that non-atopic
causes might be playing. It would spare much cost, time and effort if
that could be adequately known ahead of time, but usually it is not.
Making a correct diagnosis remains the most critical part of a patient's
therapy, and in some cases our ability to provide highly stratified
therapies may outstrip our ability to correctly diagnose patients.

The response to this issue is clear. While personalized medicine
provides exciting possibilities and could significantly improve the care
of patients, it is critical to recognize that the job in “non-personalized
medicine” is not yet done. There remains a need for epidemiologically
based studies defining phenotypes outside of highly stratified care,
since stratified therapies are based on arriving at correct phenotypes
in the first place.

While allergen immunotherapy has been around for a century, the
field of allergy has also moved into areas of stratification more
typically associated with personalized medicine. Oncology and
warfarin dosing have led the way in incorporating pharmacogenetics
into medical practice, but there has also been considerable work done
in asthma therapy [16]. For many years, there has been debate about
the most appropriate step-up therapy to use for asthma. While many
people respond to low doses of inhaled corticosteroids, many do not,
and these people require some type of step-up therapy. There is an
abundance of options for step-up, including a leukotriene inhibitor,
doubling the dose of corticosteroid, adding a long-acting beta agonist,
or using a long-acting anticholinergic agent. However, despite several
well-designed and appropriately powered clinical trials, there is no
consistent answer as to which is the best strategy [17-19]. It appears
that different people respond differently, and that current under-
standing of asthma does not permit a prediction about who will
respond to which therapy.

The best understood pharmacogenetic stratification has been the
use of beta-adrenergic receptor polymorphisms [16]. The beta-
adrenergic receptor is produced from a single exon gene with at
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least 49 known polymorphisms [20,21]. Three of these have been well
studied, the Arg16Gly (ADRB2+46G>A), GIn27Glu (ADRB2+79C>G)
and Thr164lle (ADRB2+491C>T). These were shown to vary with
ethnicity (as asthma disease burden does), and do have functional
consequences for the beta-adrenergic receptor [22-24]. Beta agonists
play a vital role in rescuing asthmatics with severe exacerbations, but
overuse in some individuals is associated with poor outcomes and
fatalities. Since overuse of beta agonists in asthma therapy is
associated with poor outcomes, there was much hope that such
polymorphisms could predict those who would have poor response to
beta agonist therapy [25-27]. Considerable effort has been placed into
the search for polymorphisms in this gene that would predict
response to therapy, with complex and confusing results [28,29]. It
remains unclear whether ADBR2 polymorphisms are useful in
practice.

However, the beta-adrenergic receptor is not the only attempt to
stratify asthma care and provide targeted therapies. A somewhat
more successful stratification has been due to the realization that
aspirin-sensitive patients with asthma (aspirin exacerbated respira-
tory disease, or AERD) have a unique disorder with a unique response
to targeted therapy [30-32]. Aspirin-sensitive patients appear to be
particularly sensitive to leukotrienes, and highly effective blockade of
the leukotriene pathway, such as with zileuton, a leukotriene
synthesis blocker, improves their care [31,33]. Furthermore, these
patients are responsive to aspirin desensitization, with marked
improvement in asthma and sinus disease when appropriately
desensitized [34-37]. For these patients, these targeted therapies
are truly life-changing.

These two situations demonstrate both the promise and challenge
of personalizing medicine. Such stratification promises to revolution-
ize asthma care, which is likely a final common pathway for multiple
etiologies. Personalized medicine will play a vital role in effectively
treating asthmatics in the future. But it is not enough to know the
sequence of the genome and the polymorphisms therein to be able to
apply predictive and personalized therapy. We must be able to
identify which polymorphisms are predictive out of the many that are
irrelevant, and the underlying mechanism of their action must be
simple enough that they can be incorporated into clinical care
algorithms without undue complexity. We must also be able to
handle the increased information load from tracking and managing
patient descriptors that allow us to make these predictions. And
finally, the cost of implementing this stratification must be worth the
benefit derived from it.

That SNP or other polymorphisms will predict response to therapy
in a simple or easily understood fashion is not supported by our
current experience. Most common attributes are polygenic, currently
unable to be adequately modeled even in a research setting, let alone a
clinic, and there remain large amounts of unexplained heritable
variability in traits, such as variations in transcription due to RNA
processing [38]. It is reasonably safe to assume that when finally
adequately explained, the predictive models will not be simple. This
will then entail a reliance on computer-assisted diagnosis, tracking
and management that is currently unprecedented. Ultimately, this
may be a good thing for medicine, reducing error in the same way that
automating pilot decisions in aircraft improves safety and reliability,
despite pilots' initial reluctance to let go of the controls. However,
electronic medical records are a long way from approaching the safety
and reliability of even the simplest of autopilots, and the mechanisms
of living systems easily outstrip the complexity of our most advanced
aircraft.

Finally, the incremental costs of testing, tracking and managing
stratifiers must be worth the incremental gains in healthy life that
result. Comparative effectiveness research has clearly demonstrated
that interventions that improve health, like all human activities and
products, come at widely varying costs, from interventions that are
cost-saving to those that cost well over $1 million for every year of

healthy life saved per person [39]. Stratified therapies will also likely
run this entire gamut, with some being highly effective and cost-
saving, while others may be expensive and barely effective.
Assessment of the comparative effectiveness of stratified therapies
is reasonable and an important investment [40]. As long as attention is
paid to this question, there is no intrinsic reason why personalized
medicine should not be as equally or more cost-effective than current
therapeutic strategies.

For almost exactly 100 years, allergists have been implementing
personalized and highly stratified therapies for patients. They have
been at the forefront of the scientific effort to incorporate data from
the human genome project into clinical care. They have confronted
many of the regulatory and patient safety challenges that arise out of
delivering highly personalized therapy. But even after 100 years, we
are still learning how to do this effectively and safely. Personalized
medicine will not arrive one day, but will be won by inches, through
consistent and careful application of science.
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