
The year was 2010. It was seven
years since the completion of the

Human Genome Project in 2003,
and the excitement and anticipation
of the promise of genomics was pal-
pable. Our hope was that genomics
would finally allow the ability to
more precisely predict disease risk,
customize therapies, and prevent
disease—the concept of which is
commonly referred to as “personal-
ized health care.” But in 2010, we
rarely used genomic technologies in
clinical practice. Why was it taking
so long for us to see the fruits of
this project?

When I entered the field of per-
sonalized health care, the charge I
was given by our visionary leader
and chief executive officer Toby
Cosgrove, MD, was to integrate ge-
nomics into mainstream clinical
practice. The timing was ideal, I
thought, as President Obama had
just brought to national attention the
crisis of health care spending in the
United States. We were spending
more than any other developed
country on health care1 and yet scor-
ing the worst in measures of ac-
cess, quality, equity, and efficiency
of care.2 As a general internist, I
knew this was true. We were order-
ing too many unnecessary tests, we
allowed care to be delivered haphaz-
ardly by specialists who were only
focused on one piece of the puzzle,
and we were incentivized to do
more—particularly more procedures.
My hope was that by leading this
charge at Cleveland Clinic, a national
model for coordinated care, I might
be able to help shift the curve of
health care spending, allowing us to
deliver more precise care—the right
care for the right patient—that might
result in targeted interventions and
screening, higher quality, and lower
cost.

the disease. While scientists contin-
ued to search for the right combina-
tion of genes that would enable
accurate prediction of disease risk
(and offer potential drug or vaccine
targets to prevent disease), it was
clear from the medical literature
that the best predictor of disease
risk continued to be family health
history (FHH). FHH is often over-
looked, and while crude, it encom-
passes a combination of both
genetic and environmental risk fac-
tors. Yes, it’s true! FHH, a portion of
the history that we clinicians often
spend less than 2.5 minutes collect-
ing and that the literature indicates
we do not routinely discuss with pa-
tients,3 has been proven repeatedly
to be a better predictor of risk than
genomic testing for many condi-

I am a primary care general inter-
nal medicine physician, trained in
the 1990s when genomics was a
very very small piece of the medical
school curriculum. First on my list
was to read up on genomics to sep-
arate hype from fact. In my mind,
personalized genomic health care
served two purposes: predicting
risk and customizing therapies.
What I found from scouring the
medical literature was that there
were very few genomic tests that
could predict risk for disease accu-
rately because most of the diseases
we see as internists are multi-facto-
rial. Even if we carry a gene or
group of genes that are associated
with a specific disease, we usually
need some sort of environmental or
other exposure to actually change
phenotype and trigger expression of
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Table 1. Examples of Clinical Indications for Cancer Genomics

Disease Indicator Therapy References

Non-small cell EGF-R over-expression Gefitinib/erlotinib 5, 6
lung cancer

Chronic myeloid BCR-ABL Philadelphia Imatinib 7
leukemia chromosome +

Breast cancer BRCA1 mutation Parp inhibitors 8

Table 2. Examples of Clinically Relevant Pharmacogenomics Tests from
CPIC Website

Drug Test Clinical relevance FDA warning
exists

abacavir HLA-B*5701 High risk for hypersensitivity Yes
positive

allopurinol HLA-B*58:01 High risk for severe cutaneous No
positive adverse reactions (SCAR)

carbamazepine HLA-B*1502 High risk for severe cutaneous Yes
positive reactions (SJS/TEN)

warfarin CYP2D6/VKORC1 Result may guide initial dosing Yes

clopidogrel CYP2C19*17 allele High risk for bleeding Yes
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tions we see in clinical practice—
breast cancer, colon cancer, dia-
betes, and AAA, to name a few.4

In contrast, when it came to
predicting response to therapies,
there were many evidence-based
successes in the realm of cancer
genomics (Table 1) with broad ac-
ceptance and implementation of
these already taking place in major
medical centers such as mine. I
also found a large body of scientific
literature in the field of pharma-
cogenomics (i.e. genes that predict
drug response and adverse events)
and rising national interest in the
use of pharmacogenomics in stan-
dard medical practice. One such na-
tional group is the Clinical
Pharmacogenomics Implementation
Consortium (CPIC), a branch of
PharmGKB that has since published
34 peer-reviewed recommenda-
tions on the use of pharmacoge-
nomics in clinical practice.9 A few
examples of clinically relevant phar-
macogenomic tests are outlined in
Table 2. CPIC’s recommendation
statements provide useful guidance
on how to change clinical manage-
ment based on a pharmacogenomic
test, but we still do not have clear
consensus on when these tests
should be ordered.

What was clear from my investi-
gation was that we were very early
in the process of integrating ge-
nomics into mainstream clinical
practice and that the opportunities
for implementation fit two cate-
gories: 1) the consistent collection
and systematic use of FHH for dis-
ease risk prediction and 2) laying a
framework and structure for the in-
tegration of pharmacogenomics into
clinical practice. These became our
initial projects, and along with a
team of talented and dedicated indi-
viduals, we built a FHH collection

care. And we need to increase our
efforts to educate and keep all of
our clinicians up to date on the lat-
est that genomics has to offer, in-
cluding developing an increased
understanding of when these tests
are useful. There is much to be
done, and I continue to hope that
genomics and a better understand-
ing of FHH risk will allow patients to
be healthier for longer periods of
time. In the meantime, I urge clini-
cians to keep abreast of current re-
search in this field and seek
opportunities to learn how ge-
nomics may influence an individ-
ual’s risk for disease and response
to therapies. We should re-dedicate
our efforts toward accurate FHH
collection and use of FHH for risk
prediction. As for me, it is clear that
genomics and FHH are important in-
gredients, but they are just one por-
tion of our overall ability to provide
personalized care. Personalized
health care will require a conver-
gence of biology and science; com-
munity and individual health and
wellness; patient engagement; and
coordinated, team-based, accessible
health care. Some call this popula-
tion health; some call this value-
based care. Regardless of the
name, we need to move together
as a team of clinicians, scientists,
teachers, patient advocates, and in-
novators so that we can achieve the
goal of better health for our patients
and communities and the vision of
the right care for the right patient.
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