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A recent report from the British Royal Society on the prospects for personalized medicine 
provides a sobering assessment of the field and its prospects. The report contends that 
pharmacogenetics has little clinical relevance at the moment and will only progress with the 
completion of large, cumbersome clinical trials. The report goes on to note that the 
regulatory infrastructure, medical education initiatives and public deliberation necessary to 
make personalized medicine a reality are essentially nonexistent, at least so far. In our view, 
personalized medicine is much more than a hypothetical protocol designed to correlate 
genotypes with prescriptions. We argue that the development of personalized medicine is a 
broader phenomenon that is already being practiced in one form or another in many 
contexts. Both academic medicine and the pharmaceutical industry have a huge stake in 
bringing pharmacogenetic-based personalized medicine to fruition; we expect both entities 
to act as drivers of what will be a long-term, iterative process. 
Recently, the British Royal Society produced a
50-page assessment of the field of pharmaco-
genetics, entitled “Personalised Medicines: Hopes
and Realities” [101]. The report offers a thorough
review of the state of our art: it discusses the his-
tory of medical genetics and pharmacogenetics,
pharmacological principles, how drug develop-
ment works, clinical applications of pharmacoge-
netics, emerging ethical issues and the outcome
of public dialog on the subject in Britain. In this
commentary, we address specific conclusions
reached by the authors of the report and perhaps
offer a somewhat more optimistic view of the
future of personalized medicine. 

The prevailing message of the report is best
exemplified by its contentions that pharmaco-
genetics has a negligible impact on current clinical
practice, and is unlikely to revolutionize or person-
alize medical practice in the near future [101]. Few
would take issue with either point. However, if we
step back and broaden our terms, it becomes evi-
dent that the personalization of medicine is already
well under way. For example, by the report’s own
admission, physicians regularly titrate dosages in
order to optimize their patients’ responses to drugs
such as warfarin. In addition, every day primary
care doctors use the Framingham Risk Score to
stratify patients into different categories of 10-year
risk for cardiac events in order to recommend
appropriate lifestyle and therapeutic strategies [1].
These may not qualify as high-tech pharmaco-
genetics, but they are real manifestations of
personalized medicine nonetheless. 

More to the point, the evolving paradigm these
crude examples support is one of risk stratifica-
tion based substantially on genotype, albeit indi-
rect measures of genotype. The new personalized
medicine, as exemplified by direct correlation of
genotype with drug response, dosage, disease state
and/or prognosis, is merely a step further along a
continuum of care that is already established. The
key question is how quickly we can make the
transition from the indirect to the direct. In some
cases, particularly for diseases such as diabetes and
obesity, it may indeed take decades. But when, for
example, gene expression signatures with predic-
tive value are recognized for their potential clini-
cal utility in diffuse large B-cell lymphomas [2],
acute myeloid leukemias [3,4], breast cancer [5–9],
and even cardiovascular disease [10], the future
may be closer than we think. 

We would also emphasize that direct geno-
typic and gene expression measures are not the
only toolsets available to practitioners of person-
alized medicine. DNA microarrays are, but one,
‘omics’ technology that can be considered almost
ready for primetime; protein biomarkers appear
to be on the near-term horizon for personalized
medicine as well. The use of troponin in the
detection of cardiac injury is a recent and
impressive example of protein biomarker tech-
nology as a tool to offer personalized evaluations
of one of our major public health scourges [11,12].
Troponin itself is part of a long, evolving line of
cardiac biomarkers, from lipids to creatine kinase
to C-reactive protein, that are now part of the
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practitioner’s common vernacular to assess risk
and guide therapy for the individual patient.
What all such markers have in common is that to
a large extent they are reflections of patients’
genomes; they are, after all, gene products
produced in response to environmental stimuli. 

The report also states that clinical trials will
be necessary before new pharmacogenetic tests
can be brought to market. Again, it is an obvious
and valid point. Prospective trials are a prerequi-
site to determining whether pharmacogenetic
testing consistently leads to the selection of the
right drugs and doses for individual patients,
thereby improving therapeutic responses while
reducing adverse ones [13]. While such trials may
not be feasible when the genetic or genomic var-
iants of interest are rare, they should be well
within our reach for assessing the power of more
common variants.

Ultimately, clinical trials must begin upstream.
For its part, the report acknowledges that
pharmacogenetics is likely to become increasingly
critical to the drug discovery and development
process. In fact, this has already occurred. Until
recently, one might have argued that the pharma-
ceutical industry has no incentive to segment its
target populations via pharmacogenetics and
thereby reduce the size of its market for presump-
tive blockbusters. However, in the wake of high-
profile adverse reactions to rofecoxib (Vioxx®)
and other cyclooxygenase (COX)-2 inhibitors,
such arguments are no longer valid [14]. 

Even before the Vioxx fiasco, the private sector
had begun to demonstrate a willingness to incor-
porate pharmacogenetic criteria in the develop-
ment process. Trastuzumab (Herceptin®) in the
treatment of breast cancer guided by Her-2/Neu
testing, and imatinib mesylate (Gleevec®) for the
treatment of chronic myeloid leukemia diagnosed
by the presence of the breakpoint cluster region-
abelson (bcr-abl) fusion protein, are perhaps the
most notable examples of products for which use
is indicated only in the presence of a specific
biomarker [15]. In many cases, the initially smaller
markets of patients defined by biomarkers have
been expanded as further disease indications are
discovered for patented drugs. Now, several major
pharmaceutical companies are considering such
strategies a priori: they are targeting small popula-
tions with rare genetic diseases in the hope they
can drastically cut the duration of clinical trials
and later expand the use of branded therapies to
treat related indications [16]. Clearly, cancer is well
ahead of other chronic diseases in terms of the
application of this paradigm. 

Further evidence that the pharmaceutical indus-
try is willing to include pharmacogenetic testing as
part of clinical development can be gleaned from
the fact that more than 25 programs containing
such data are currently before the US FDA as vol-
untary genomic data submissions [Felix Frueh. PERS.

COMMUN.]. Moreover, several academic groups
have begun to explore the development of phar-
macogenetic tests on already-marketed
drugs [17,18]. Again, cancer is the best opportunity
for such tests; other common diseases may require
greater numbers of markers, larger populations
and longer time frames. Ultimately, the clinical
utility of pharmacogenetics and personalized med-
icine, for cancer and everything else, will occur
only through the combined efforts and pooled
resources of industry, regulators and academia.

These developments speak to the emergence
of regulatory standards in pharmacogenetics,
which is cited as another necessary factor for suc-
cess in the Royal Society report. Ironically, in the
USA the regulatory climate vis-à-vis pharmaco-
genetics may actually be outpacing private-sector
technological initiatives in the field. Within the
last few years, for example, the US FDA has:

• Developed voluntary guidance for pharmaco-
genetic data submissions [102]

• Explicitly acknowledged the relationship
between genotype and response to multiple
drugs [19]

• Approved the first device for rapid diagnostic
genotyping of more than 30 pharmaco-
genetically relevant variants in two cytochrome
P450 (CYP) genes [20]

• Announced an agreement to collaborate with
the National Cancer Institute and the Centers
for Medicare & Medicaid Services on improv-
ing the development of cancer therapies and
the outcomes for cancer patients through
biomarker development and evaluation [103]

Whether these initiatives will be sufficient to cre-
ate the necessary regulatory infrastructure
remains to be seen – but it’s a promising start. 

Another hurdle is cost. Cost–benefit analyses
in personalized medicine initiatives will need to
be performed on a case-by-case basis, according
to the report. Thus far, genetic and genomic cost
analyses have been slow in coming, but hardly
absent. Since 1996, at least 149 economic analy-
ses of genetic services have been conducted,
mostly for adult conditions such as cancer [21].

Few studies have analyzed pharmacogenomic
testing per se, but those that have been per-
formed have largely indicated these tests to be
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cost effective [22,23]. In particular, when a
genomic biomarker assay can be conducted on a
serum or urine sample and replace an assay
requiring a tissue sample obtained through a
biopsy, cost savings may be substantial. For
example, the molecular profiling assay to iden-
tify heart transplant patients at risk for rejection
has been shown to be cost effective compared
with the standard procedure of endomyocardial
biopsy [24]. 

Elsewhere, several studies of single-locus
genetic testing for thiopurine methyltransferase
(TPMT) deficiency, which can lead to severe tox-
icities in patients treated with purine drugs, have
found such testing to be cost-beneficial under
certain conditions [25–29]. The Royal Society
report also makes this point [101]. We would
argue that even if TPMT testing itself never
becomes widespread (and for a number of rea-
sons we believe it probably will not), these stud-
ies offer evidence that the economic constraints
of personalized medicine can be addressed and
that such analyses can provide the data necessary
to make painful decisions regarding the alloca-
tion of care. In our view, it’s time for more US
academic scientists and healthcare economists to
bring their collective expertise to bear in order to
fill this knowledge gap.

Perhaps the most urgent call to action made in
the Royal Society report – and possibly the one
most critical to the successful furtherance of
pharmacogenetics in the USA – is the need for
education, especially among healthcare profes-
sionals [30]. Given the rapid evolution of the
field, coupled with the possibility that adverse
drug reactions may represent the sixth (or worse)
leading cause of death among hospitalized
patients [31], the need for pharmacogenetically
enlightened medical education will only become
more acute as time passes. To its credit, the US
FDA appears to have recognized the gap in
genetics education [32]. We wish the same could
be said for the US academic medical education
establishment. Of course, our concern is hardly
limited to current and future physicians: a con-
certed effort is also needed to educate the general
public – the adoption of personalized medicine
will only occur following acceptance by society
as a whole. Even in Iceland, where the public has

largely signed on to the efforts of the firm
deCODE Genetics (Reykjavik, Iceland) to col-
lect DNA and health information on most of the
island’s adult population, debate has been
vigorous and sometimes fractious [33].

Despite its sometimes dour tone, the Royal
Society report ultimately succeeds in conveying
the bigger picture: personalized medicine will be
a long-term proposition – to do it effectively will
take time. Prospective pharmacogenetic trials for
any number of conditions – cancer, cardiovascu-
lar disease and Alzheimer’s disease, to name just a
few – will require years to adequately measure
outcomes. For non-Mendelian conditions other
than cancer, where tissue is often inaccessible,
the challenges will be especially formidable. We
should set our expectations accordingly. 

Having said that, in our view the environ-
ment for personalized medicine is an encourag-
ing one. The FDA has displayed significant
leadership on regulatory and educational
aspects of the issue and a number of trials are
under way. The drug industry appears to recog-
nize that pharmacogenetics can not only help
avoid safety issues and their accompanying lia-
bilities, but may also lead to the design of tar-
geted, less toxic and more efficacious therapies.
Meanwhile, academic medicine, in its pursuit
of evidence-based treatment, is beginning to
utilize genetic and genomic measures in a ther-
apeutic context, not only because it’s the right
thing to do for patients, but because it’s the
approach for which translational researchers
will be rewarded by funders. If that was not
explicit before, the National Institutes of
Health (NIH) Roadmap has since made it
crystal clear [34]. 

For personalized medicine to be a success,
every institution involved in biomedical research
and healthcare delivery – be it public, private or
regulatory – must be engaged and committed to
the process. If that happens, hopes may yet
become realities. 
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