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The future of genomic testing in primary
care: the changing face of personalized

medicine

Primary care is recognized worldwide as a key component for improving health
outcomes in the population. At the same time, healthcare systems are rapidly changing
with increasing expectations from technological advances. Genomics is a major driver
in changing how medicine is being practiced; however, the importance for primary
care has been under-appreciated. Strategically implementing genomics in a way that
accounts for the unique characteristics of the primary care context is essential. In this
perspective, we present important areas that we believe are critical in consideration
of both the future of genomic medicine and primary healthcare delivery.
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Personalized medicine in
primary care
Primary care providers, including physicians,
nurses and other healthcare professionals,
are often the patient’s first contact in the
healthcare system. They serve as partners
in managing chronic disease, gatekeepers to
successive tiers in the healthcare system and
act as health educators. Primary care acts as
a critical intermediary between medicine and
public health [1-3), bringing healthcare clos-
est to where people live and work (4], and
contextualizing patient needs against the
sociocultural backdrop of the world in which
they live 5.6]. This degree of personalization
unique to primary care rests on an intimate
understanding of a community’s social and
cultural fabric (7.8].

While primary care has been identified as
a critical component for the delivery of high-
quality healthcare and for the improvement
of global health, we also live in the context
of a rapidly changing healthcare system [9.10],
with increasing expectations, knowledge and
involvement of patients, families and com-
munities [8,11]. There is a growing preoccupa-
tion with costs and performance leading to
increased government intervention, control

and reforms [12]. Finally, technological
developments have created new hopes and
expectations for primary care in what has
become known as personalized medicine or
personalized healthcare.

The concept of personalized medicine is
very closely aligned with the ideas of patient-
oriented care [7.8.13]. Personalized medicine
has been defined in many ways, but one of the
more accepted definitions has been provided
by the National Human Genome Research
Institute as “an emerging practice of medi-
cine that uses an individual’s genetic profile
to guide decisions made in regard to the pre-
vention, diagnosis and treatment of disease.
Knowledge of a patient’s genetic profile can
help doctors select the proper medication or
therapy and administer it using the proper
dose or regimen” [14]. In other words, each
person’s unique clinical, genetic, genomic
and environmental information influences
the nature of diseases, their onset, their
course and their response to medications in
very individualized ways [15]. If personalized
medicine cannot be integrated into primary
care, there is a very real risk that genomic
medicine will bankrupt healthcare sys-
tems with patients flooding tertiary care to
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incorporate genomic information into disease predic-
tion and treatment. This would also cause the issue of
fragmentation of care to persist, as many individuals,
particularly the elderly, have multiple chronic diseases
and would potentially seeck guidance from multiple
specialists as to how best incorporate their genomic
information into treatment strategies. An exploration
of the benefits and challenges for integrating genomic
medicine into primary care has begun in the scien-
tific literature 16-19]. This includes the critical topic
of education of primary care health professionals [20.21]
on the topic of genomic medicine. From these initial
efforts, we will explore in this perspective paper impor-
tant issues that need to be considered for the strategic
implementation of genomics into primary care, which
we believe is critical for the future of both genomic
medicine and primary healthcare delivery.

The fit of genomic medicine with
whole-person primary care

Integrating genomics in a way that appreciates, and
responds to, the complex ethical nuances of primary
care practice necessitates a return to fundamental prin-
ciples and central tenets of both health and healthcare.
While many challenges guiding an ethically sound
integration process are infrastructural, others require
critical analysis of how genomic medicine must com-
plement the central mandates of primary care, and spe-
cifically its commitment to whole-person care [22]. We
propose that a strategic integration framework should
center on the commonality between both genomic
medicine and primary care: the capacity for personal-
ization. Genomic profiling — and increasingly genomic
literacy — augments patient empowerment through
promoting a rich connection to one’s genetic identity,
while family medicine contextualizes healthcare in
ways that appreciate the multidimensionality of patient
health behaviors and wellbeing [23.24).

Personalization in the care setting can be achieved
through a wide range of clinical activities across the
genomic medicine and primary care continuum.
Genomic applications have the potential capacity to
evaluate drug efficacy, diagnose disease and provide
information that can aid in making treatment recom-
mendations, and the integration of genomic sequenc-
ing into primary care promises to facilitate health
professionals in making more informed and improved
decisions. Although there is potential for improved
decision with the use of personalized medicine, there
is still much that the scientific and healthcare commu-
nities do not know regarding genomic sequencing use
and further investigation is required before widespread
success can occur [2526]. Whole-person care, alterna-
tively, extends beyond genetic analysis, namely, assess-

ing family history and creating platforms for shared
decision-making and communication in accordance
with patient beliefs and preferences. Together, this
integration pushes the frontiers of disease diagnosis
and prevention using genomic ingenuity.

The future of genomics in primary care is
now: the role of pharmacogenomics

With technological advancements and scientific break-
throughs occurring in both pharmacogenomics and
genomics, primary care is experiencing an unprec-
edented explosion of new knowledge, driven by the
falling costs of DNA sequencing, which is outpac-
ing clinical interpretation. In addition to pharmaco-
genomics, the use of genome-based companion diag-
nostics as diagnostic and predictive tools may lead
to more judicious and appropriate use of therapies,
including reducing adverse events, improving thera-
peutic outcomes and mitigating expenses. Pharma-
cogenomics, the study of the influence of genetic varia-
tion on individual differences in drug response, is one
important component that is promising for applying
genomics in primary care. Medication management is
complex and fraught with potential harm for patients.
An individual’s response to drug therapy is affected by
intrinsic factors (e.g., age, health and genetic variation)
and extrinsic factors (e.g., diet, environment, concomi-
tant drug use and adherence to therapy). For example,
both clinical and demographic variables contribute
to highly variable dose requirements for warfarin [27].
Genes relevant to the absorption, distribution, metabo-
lism and excretion of a drug directly influence how an
individual responds to that drug. Such variants include
SNPs, copy number variations and other genetic varia-
tions caused by genomic insertions and deletions.
A SNP is a DNA sequence variation where a single
nucleotide — A, T, C or G - at a particular genomic
location differs between individuals. SNPs can lead
to protein function changes and/or protein expres-
sion levels that affect drug’s absorption, distribution,
metabolism and excretion, altering drug response. A
copy number variation is a DNA segment that varies
in copy number between individuals due to deletion,
insertion, inversion, duplication or complex recombi-
nation. Copy number variations can lead to changes in
protein expression levels (amounts) that affect drug’s
absorption, distribution, metabolism and excretion,
thereby altering drug response.

In some cases, the outcome of an individual’s
genetic variation results in a reduced, or lack of,
ability to metabolize a drug, leading to poor drug
response that delays a positive treatment outcome
for the patient. The current inability to predict those
who will benefit or be harmed from a drug treatment
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often leads to several drugs being tested on a patient
before symptoms are reduced. This need to test drugs
on a patient before finding ‘the right combination’
contributes to subsequent poor compliance, reduced
effect and adverse drug reactions (ADRs), leading to
poor outcomes for patients and significantly increased
costs for the healthcare system [28]. Patients were two
times more likely to be admitted to hospital if their
emergency room visit was drug-related compared with
patients with other medical problems and were more
likely to make greater use of health services during a
6-month follow-up period [29]. Seniors are five times
more likely to be hospitalized due to an ADR than the
general population in Canada [29].

With over 65-75% of medications being prescribed
in primary care [3031], the field of pharmacogenomics
provides a potential early win. The impact of gene vari-
ants can result in serious ADRs, leading to hospitaliza-
tion, increased morbidity and mortality and significant
costs to the healthcare system (~CAD#$1 billion in
British Columbia). With the advent of affordable high-
throughput genotyping technologies, such as detection
of SNPs and whole-genome sequencing, the influ-
ence of pharmacogenomics has evolved considerably.
Genome-wide association studies (GWAS) have shown
particular genomic variants to have a marked relation-
ship with drug efficacy and ADR [32). By targeting
individuals and populations likely to be prescribed
drugs that have such genetic profiles, pharmacoge-
nomics has demonstrated the potential to improve the
clinical effectiveness, decrease the numbers of ADR-
related deaths and hospitalizations and reduce costs to
the healthcare system [33]. While pharmacogenomics
should not be considered a cure-all for the problem of
adverse drug events, a recent review of a primary care
setting found that one in four patients take at least
one medication that commonly causes ADRs due to
genetic variability in drug metabolism [34].

A number of international research institutions and
consortia worldwide are undertaking and evaluating
molecular and clinical pharmacogenomics research,
including the NIH Pharmacogenomics Research
Network and PharmGKB. PharmGKB is funded
by the NIH and managed by Stanford University to
produce a “pharmacogenomics knowledge resource
that encompasses clinical information including dos-
ing guidelines and drug labels, potentially clinically
actionable gene—drug associations and genotype—phe-
notype relationships” (35]. This resource rates levels
of scientific and clinical evidence for each drug/SNP
pair, details clinical annotations and cites relevant
guidelines and publications. As pharmacogenomics
research is evaluated, the US FDA updates a compre-
hensive list of pharmacogenomic biomarkers that are

now added to drug labels [36]. There are now many
gene—drug pairs that have been approved by the
FDA as well as other regulatory bodies and pharma-
cogenomic information appears on the drug label of
more than a hundred drugs, including several such as
omeprazole, tramadol (acetaminophen) and warfa-
rin, which are prescribed by primary care physicians
(37). These include many drugs used in primary care,
such as warfarin, clopidogrel and common psychiatric
drugs (e.g., selective serotonin reuptake inhibitors). As
noted in a recent commentary, despite the potential
benefits for individual patients being relatively small,
given the large number of patients treated in primary
care, even small benefits would result in a major popu-
lation impact [37). While there is single SNP test for
individual drugs, this has not yet commonly been
used in primary care practice. Clinical decision sup-
port is a key piece of the puzzle to promote implemen-
tation of genomics and pharmacogenomics in primary
care [20,2137].

The critical role of clinical decision support
There is growing interest in the implementation of
clinical decision support systems that incorporate
genetic variants and pharmacogenomic information
into an electronic health record [38]. Clinical decision
support has been defined as providing “clinicians,
staff, patients or other individuals with knowledge
and person-specific information, intelligently filtered
or presented at appropriate times, to enhance health
and healthcare. It encompasses a variety of tools and
interventions such as computerized alerts and remind-
ers, clinical guidelines, order sets, patient data reports
and dashboards, documentation templates, diagnos-
tic support, and clinical workflow tools” (39]. It has
been shown that in decision-making about genomic
diagnostics, cancer patients place a high value on
physician recommendations and interpretation of the
results [40]. Physicians’ adoption and use of pharma-
cogenomic and other genomic-based data have been
proven to be dependent upon ease of use including
interpretation of the genomic testing results [41].
Taken together, these findings suggest that any clini-
cal decision support for personalized genomic medi-
cine will need to have certain features in order to be
successfully implemented in primary care practices.
One important characteristic of clinical decision
support is point-of-care information, which would
include a summary of the patient’s active diagnoses,
medications, labs, risk factors and such, as well as any
pharmacogenomic label information relevant to the
medications that the patient is on and for any medica-
tions indicated for the patient’s diagnoses. This infor-
mation on genetic variants and pharmacogenomics
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should allow for a quick and easy means of
interpretation of data, facilitating effective interpreta-
tion and development of recommendations for point-
of-care decision-making. A second important feature
is for the clinical decision support system to include
a population registry that provides a mechanism for
the continuous recording of selected information
about each patient in the clinic. The registry can offer
a more comprehensive view of the individual patient
panel. Using specific diseases and markers, practices
can identify patients with unmet needs and measure
clinical performance, monitor adverse events and so
on. It is critical for a clinical decision support sys-
tem to function so as to enable personalized genomic
medicine by acting in concert with the workflow of
physicians and clinical practice.

A key area that would encourage the use of pharma-
cogenomics clinical decision support in primary care
settings is pre-emptive clinical genotyping [14.42]. The
goal of this approach is to genotype patients as part of
routine preventative primary care, securely store their
data and place the results in the patient record. Thus,
when a particular drug is prescribed for a given patient,
knowledge about and interpretation of the at-risk gen-
otype for possible adverse events or drug responsive-
ness, with the relevant pharmacogenomic variability,
will be made available along with possible treatment
recommendations. Although this would certainly be
a principal use of pharmacogenomics clinical deci-
sion support in primary care, there are logistical chal-
lenges, including an infrastructure for a coordinated
biobanking, informatics and clinical decision support
system. Without this infrastructure, any pre-emptive
use of genotyping would remain limited to academic
medical centers [14,42].

The economic impact of genomics: making
the case for primary care

Economic considerations are also an important crite-
rion for the implementation of genomics into routine
primary care. The cost—effectiveness of a health inter-
vention is based on its incremental cost and incremen-
tal effectiveness. Thus, when responders to a given
treatment can be better identified, the effectiveness of
this treatment will increase, and if the cost of treat-
ment is unchanged, the incremental cost—effectiveness
ratio will be more favorable. The potential favorable
economic impact can be illustrated by the opportu-
nity provided by pharmacogenomics to identify treat-
ment responders or patients at risk of adverse events
for certain medications: treating patients with a better
chance to respond and avoiding futile or dangerous
treatments. A positive economic impact would depend
notably on the cost of the pharmacogenomic test, the

number of subjects to be tested, the proportion of
potential responders (or at risk of adverse events) in
the targeted population and the cost of the treatment.
For a condition for which a large number of subjects
need to be tested, it could represent a significant cost
even if the test is relatively inexpensive. On the other
hand, if the biomarker of interest has a limited preva-
lence, the cost to identify a responder (or a subject at
risk of adverse events) could be also substantial.

Anothereconomicconcernwith pharmacogenomics-
guided treatment is the cost of the treatment itself
and the potential for market segmentation for drug
manufacturers [43]. It is beneficial to limit the use of a
treatment to the potential responders, but for a drug
manufacturer, it limits the number of potential users.
For example, suppose that a treatment for diabetes
should be costed at CAD$1000 per year in order for
the manufacturer to recuperate its investment and
generate a reasonable profit. In the case that the same
treatment could only be used in the 3% of the diabetic
patients with the genetic trait of interest, the cost of
the treatment could be as high as CAD$33,000 per
year to be as profitable as if it was used for the larger
diabetic population.

It is still early to conclude if pharmacogenomics-
guided therapy will have a positive or negative overall
economic impact in the long term. The segmenta-
tion of patients according to their genetic character-
istics may lead to developing treatment for subsets
of patients who will be in relatively low number [44].
An unfortunate scenario would be turning common
chronic diseases with relatively affordable treatments
into subgroups of rare diseases with the resulting
high cost of personalized treatment. This may bring
critical economic concerns, as it is being experienced
with rare diseases. For this reason, the use of genom-
ics in primary care will need to be strategic around
economic concerns.

Using phenotype & family health history to
enhance primary care

Although much of the focus has been on using the
patient’s genetic and genomic information to develop
precise diagnostic tests and individualized therapies,
personalized medicine also uses clinical and environ-
mental information as well as family history of disease
to tailor therapy. While we have examined the role
of genomic testing in primary care, it is important to
contrast this with patient characteristics that have a
critical impact in primary healthcare delivery and may
work synergistically with the use of genomic medi-
cine. This is illustrated with the following two case

studies: the issue of obesity and the role of the family
health history (FHH).
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Genomics & the obesity epidemic: optimizing
primary care delivery

The obesity epidemic is a significant global health con-
cern [45]. The ‘globesity’ problem presents a consider-
able burden on the primary healthcare system, since
60 and 26% of clinical patients are overweight and
obese, respectively [46,47]. Visits to primary care physi-
cians have also been reported to be approximately 38%
higher for obese when compared with normal weight
patients [48]. Primary care plays a pivotal role in the
prevention, eatly detection, treatment and manage-
ment of obesity and often serves as the first contact
for weight-related comorbidities. Recent evidence from
GWAS suggests shared genetic pathways for the devel-
opment of obesity and other serious chronic illnesses
such as cardiovascular disease, hypertension, diabetes,
asthma and cancer among others [49-52]. To complicate
matters, primary care physicians face the additional
challenge of achieving therapeutic targets while treat-
ing these comorbid conditions in obese patients. Obese
patients are more likely to exhibit blunted responses to
medications and poorer clinical outcomes for rheuma-
toid arthritis [53], thrombotic disorders [54], asthma [s5],
pain [s6) and depression [57] than their normal weight
counterparts.

This type of weightrelated treatment resistance
is likely due to a combination of physiological and
genetic factors. Excess fat leads to a variety of physi-
ological changes, from hormone imbalances, immune
system alterations and systemic inflammatory pro-
cesses to direct modifications in blood flow and organ
function, which ultimately affects medication disposi-
tion in the body and therapeutic effectiveness [58.59].
Fatty infiltration of the liver is common in obesity
and this form of hepatitis, or liver damage in extreme
cases, has been shown to influence the expression and
activity levels of specific cytochrome P450 enzymes in
humans, which may have significant prescribing impli-
cations for primary care physicians [60,61]. Investigating
the relationship between obesity, drug pharmacokinet-
ics and/or weight-associated genetic polymorphisms
has recently become a new and important research
avenue for clinical trials, some of which are currently
underway [62-64].

Establishing personalized strategies for the manage-
ment of acute and chronic diseases in the obese patient
demographic is becoming more relevant, particularly
as the field of pharmacogenomics continues to iden-
tify gene polymorphisms linked to both individuals
who display the obese phenotype and those observed
to have altered or suboptimal therapeutic responses to
medications. This is critical in primary care to further
clarify the relationship between obesity and poor clini-
cal outcomes. While GWAS findings may currently

be controversial, the rapid development of sequencing
technology will eventually enable researchers to clarify
disease-causing gene pathways that are also involved in
the therapeutic response to drugs that treat these condi-
tions. The integration and application of pharmacoge-
nomics into primary care has the potential to improve
risk assessment and could be an important aspect of
optimizing treatment of obesity-related comorbidities.

Targeting genomics implementation with FHH
We have hypothesized that genomics could improve
treatment of a complicated health issue such as obe-
sity. Before genomics is even considered, however,
the FHH remains one of the strongest predictors of
an individual’s disease risk [65.66]. In fact when look-
ing at common complex diseases, it has significantly
higher odds ratios than currently available SNP-based
genomic tests; and when considering hereditary condi-
tions, family history is the crucial element in determin-
ing whether an individual should undergo genetic test-
ing or not. This is partly due to the limitations of SNP
testing and partly due to the fact that FHH gives you
more than just insight into genetics — it also provides
insight into shared environments (e.g., homes where
the parents smoke or there is lead-based paint). For
these reasons, FHH collection and risk stratification
is strongly endorsed by numerous preventive guide-
lines, including those for breast cancer, colon cancer,
coronary artery disease and diabetes [67-70].

While primary care providers are peripherally aware
of the benefits of collecting FHH and in theory broadly
support its use, significant barriers exist; the end result
is that few routinely collect and use FHH for preven-
tive healthcare planning in their practice [71-76]. These
barriers can be classified into three categories: limited
time during a typical clinic visit to collect or discuss
FHH, the poor quality of information gathered at the
point of care and inability to synthesize FHH informa-
tion into a clinically actionable healthcare plan [71-76].
Patients rarely are well enough informed about their
family’s history to be able to give an accurate history
on the spot [72]. In addition, providers often fail to ask
for enough information about each relative to be able
to use it for risk stratification [73-76]. A high-quality
FHH should include designation of lineage, gender,
and relationship (i.e., maternal aunt or male paternal
cousin), disease status and age of onset, age and cause
of death if deceased, as well as any pertinent negatives
in the family history [77). Inability to synthesize data
is a reflection of the complexity of the risk calculators
and algorithms, and the failure to integrate them into
tools readily available at the point of care.

One solution to some of these barriers is to leverage
the burgeoning field of health information technology.
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Health information technology is growing rapidly and
is a perfect medium for the collection and synthesis of
FHH. Although the collection of FHH can often be
complex [2578], health information technology could
provide patient education about how to collect FHH
from relatives and what to ask about, allow them to
enter their data into a web or portal base software pro-
gram prior to their clinic appointment and run the
complex calculations and algorithms needed to give
providers straightforward action-oriented recommen-
dations tailored to a patient’s risk level. This model has
been successfully used by MeTree, Family Healthware
(79] and Health Heritage (80}, and in a modified form
by Hughes Risk Apps (providers must enter the data)
(811. When using these tools, between 42 and 82% of
the general population was found to be at an increased
risk for at least one condition depending upon the
number of conditions being evaluated and the crite-
ria for assigning risk [80.82.83), representing a substan-
tial portion of the population who would benefit from
risk assessment and targeted risk management strate-
gies. Realizing this model would fulfill the public
health goal of right patient, right care, right time for
preventive healthcare.

As we have begun to successfully develop models for
integrating FFH into primary care clinical practice,
the next step will be to merge the information reflected
in genomic testing with that from FHHs. Currently,
there are no large studies that compare and contrast
the information provided by genomic tests and FHH,
but small studies suggest that there is also synergy and
complementary information between these two [84].
If larger studies prove this to be true, we may be able
to use FHH to target genomic testing to those most
likely to benefit from it then include both FHH and
genomic testing within a risk prediction calculation.
Or, as large-scale sequencing gets underway, we may
find that the information is complementary and that
everyone should undergo both [s5]. The models devel-
oped to integrate FHH into the primary care settings
can then be adapted to accommodate genomic/genetic
data into the risk assessment algorithms.

Genomic medicine at the crossroads of
primary care & public health

The genomic revolution touches the domains of tran-
scriptomics (i.e., the study of genome-wide gene expres-
sion), metabolomics (i.e., the study of metabolites in
a specific medium), proteomics (i.e., the study of the
entire set of proteins in a specific medium, such as a cell
type) and epigenomics (i.e., the study of DNA methyl-
ation patterns and/or histone modifications susceptible
to influence gene expression). Novel high-throughput
laboratory techniques generate massive data that come

with specific challenges in terms of storage, cleaning,
analysis as well as translation. Overcoming the logisti-
cal issues of ‘big data’ combined with the increasing
affordability of whole-genome sequencing, will even-
tually translate into useful applications at for primary
care and public health.

So far, more than 2000 GWAS have been pub-
lished covering a wide range of phenotypes, includ-
ing common chronic diseases [86]. After unrealistic
high expectations following the completion of the first
human genome sequencing in 2000, applications that
have clinical and population impact have been slow to
materialize. As noted previously, selected areas such as
pharmacogenomics, have already started to produce
useful tests that could be incorporated in primary care.
As nicely summarized by Manolio [86], clinically use-
ful GWAS findings have occurred in four main areas:
prediction of diseases (e.g., Type 1 diabetes, age-related
macular degeneration) and risk reclassification; dis-
ease classification (e.g., breast cancer); drug develop-
ment; and drug toxicity (e.g., statin-induced myopathy
and SLCOIBI variants) [87]. Undoubtedly, the main
current contribution of GWAS findings is a better
understanding of disease biology.

An example of an area of interest for future develop-
ment in public health genomics closely related to the
primary care mandate is nutrigenomics and nutrige-
netics. This field takes genomic variation into account
when exploring the effect of diet on human health. It
encompasses but is not limited to the following ques-
tions: does a specific nutrient similarly impact on health
across different genetic backgrounds? Do genetic fac-
tors influence the way we eat (e.g., by influencing our
ability to taste and smell selected substances)? How
does diet influence gene expression? Can genetic infor-
mation be used to target public health screening? Can
knowledge of genetic risk motivate behavior change?
Answers to these questions are currently fragmentary,
but will be key for the crossroads of primary care,
public health and genomic testing.

Conclusion

Primary care is often seen as the ‘gatekeeper’ for
patient-centered care. Personalized medicine has not
yet made inroads into primary care, but as we dem-
onstrate in this article, it should be, and it is critically
important to strategically incorporate genomics into
primary care. Doing so promises benefits for primary
care and health systems.

Future perspective

Translating findings from genomics, pharmacogenom-
ics and related -omics fields into clinical applications
capable of reducing the burden of chronic diseases,
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remains an enormous challenge [88]. We propose a
strategic integration framework that includes the fol-
lowing elements: ensuring the fit of genomic medicine
with the key approach of whole-person care through
personalization; targeting areas that will see early ben-
efit such as pharmacogenomics; ensuring that appro-
priate clinical decision support is available that supple-
ments any education efforts for primary care providers;
assessing the economic impact of genomic medicine to
determine optimal implementation; supplementing

genomic information with patient information includ-
ing the full FHH; and looking to the future for areas of
development such as the intersection of public health,
primary care and genomics. Our strategic framework
builds on early work that emphasizes the role of educa-
tion and step-wise implementation [18,20,21,89). Effective
ways to continuously review and summarize the rapidly
accumulating complex knowledge are needed to facili-
tate policy decisions and evidence-based recommenda-
tions [88]. As stated by Khoury ez 4/, “implementation

Executive summary

Personalized medicine in primary care

information into disease prediction and treatment.

delivery.

primary care: the capacity for personalization.

potential early win.

The critical role of clinical decision support

settings is pre-emptive clinical genotyping.

diagnoses.

primary care.

market segmentation for drug manufacturers.

that can improve health outcome in primary care.

overlap between public health and primary care.
Future perspective

e Primary care providers are often the patients’ first contact in the healthcare system.
¢ If personalized medicine cannot be integrated into primary care, there is a very real risk that genomic
medicine will bankrupt healthcare systems with patients flooding tertiary care to incorporate genomic

* We explore important issues that need to be considered for the strategic implementation of genomics into
primary care that we believe are critical for the future of both genomic medicine and primary healthcare

The fit of genomic medicine with whole-person primary care
e Astrategic integration framework should center on the commonality between both genomic medicine and

The future of genomics in primary care is now: the role of pharmacogenomics

e Pharmacogenomics, the study of the influence of genetic variation on individual differences in drug response,
is one important component that is promising for applying genomics in primary care.

* There are now many gene—drug pairs that have been approved by regulatory bodies including several such as
omeprazole, tramadol (acetaminophen) and warfarin that are prescribed by primary care physicians.

e With over 65-75% of medications being prescribed in primary care, the field of pharmacogenomics provides a

e There is growing interest in the implementation of clinical decision support systems that incorporate genetic
variants and pharmacogenomic information into an electronic health record.
e A key area that would encourage the use of pharmacogenomics clinical decision support in primary care

e Clinical decision support needs to provide point-of-care information including a summary of the patient'’s
active diagnoses, medications, labs, risk factors and such, as well as any pharmacogenomic label information
relevant to the medications that the patient is on and for any medications indicated for the patient’s

The economic impact of genomics — making the case for primary care
e Economic considerations are an important criterion for the implementation of genomics into routine

e A positive economic impact would depend notably on the cost of the pharmacogenomic test, the proportion
of potential responders in the targeted population and the cost of the treatment.
e On the other hand, another economic concern with pharmacogenomics-guided treatment is the potential for

Using phenotype & family health history to enhance primary care
¢ In addition to the use of genomics to develop diagnostic and prognostic tools for treatment recommendations
in primary care, there are complimentary effort such as the use of family health history and clinical phenotype

Genomic medicine at the crossroads of primary care & public health

e Genomics includes transcriptomics, metabolomics, proteomics, nutrigenomics and epigenomics — all areas that

e When we can provide personalized medicine interventions that are more cost-effective than population-based
measures, we will have guaranteed the future place of genomics in primary care.
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science, health services, outcomes research, compara-
tive effectiveness research, and regulatory science are
needed for moving validated genomic applications
into practice and for measuring their effectiveness,
cost—effectiveness, and unintended consequences” [ss].
Whereas population-based measures will remain the
cornerstone in the fight against chronic diseases, more
personalized approaches that account for genomics as
well as other patient characteristics such as obesity, eth-
nicity, FHH and drug efficacy, tolerance and toxicity
need to be included in order to more effectively provide
more holistic integrated primary care. When we can
provide personalized medicine interventions that are
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