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Introduction
The completion of the human genome, at a 
cost of US$2.7 billion, more than a decade 
ago promised to usher in a new era of med-
icine. As the cost to acquire entire human 
genomes continues to decline, on pace to 
cost US$1000 or less within a decade, the 
question still remains: Will genomic tests 
revolutionize the practice of medicine? In 
the last year, there has been much progress 
towards addressing this query, in particular 
with regards to: (1) considering the technical 
challenges of integrating genomic and clin-
ical data, and (2) understanding the clinical 
implications of genomic based testing.

Neither of these areas should be consid-
ered necessarily “new” research areas for the 
biomedical informatics enterprise. However, 
the recent maturity in these areas suggests 
that medical decisions may increasingly 
be guided by genomic information. This 
is not to imply that genomic medicine will 
completely replace conventional medical 
decision making. Instead, the incorporation 
of genomic medicine may offer a comple-
mentary cadre of decision support tools that 
may provide clinicians with crucial informa-
tion to enable personalized medicine. From 
a genomic perspective, clinical decisions 
are generally guided by phenotypes (e.g., 
as collections of observations such as signs 
and symptoms) that are often the result of 
dysfunction that may be of genomic origin, 
whereas genomic-based decision tools offer 
a detailed perspective to the underpinning 
cause of genetic diseases and disorders. It 
is thus important to note that ultimate suc-
cess of genome-based decision making will 
require not only genome sequence based 
knowledge, but also understanding how ge-

nomic-based clinical decisions complement 
classical clinical tools of high diagnostic 
reliability or those that implicitly incorporate 
genomic knowledge (e.g., family history).

This survey will first consider the advanc-
es made towards the integration of genomic 
data into electronic health record (EHR) sys-
tems. Next, the progress towards developing 
genomic tools that may be of clinical utility 
will be discussed. Throughout both of these 
topics, particular emphasis is given to studies 
and discussion from the last year (2012).

EHRs with Genomes
The integration of genomic information into 
electronic health records (EHRs) has been 
the substrate of many discussions: How 
much genomic data need to be included? 
Will the inclusion of genomic data result 
in information overload in already complex 
clinical environments? Can the EHR in-
frastructure accommodate the voluminous 
genomes and associated annotations? The 
integration of genomic information along-
side the array of information that is available 
within electronic health records will be an 
essential step towards enabling clinical de-
cisions that leverage genomic information.

Masys, et al.[1] provide a list of seven 
technical “desiderata” that should be consid-
ered for the inclusion of genomic data into 
EHRs. These desiderata provide direction to 
include genomic data while balancing their 
potential clinical and research utility. This 
balance is one that has not often been sought 
between clinicians and biomedical research-
ers, but is one that is suggested as essential 
for the future success of genomic-based 
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medicine. Altman [2] also highlights the data 
integration challenge to meld genomic data 
alongside classic clinical data within EHRs. 
The incorporation of genomic data into ma-
chine accessible form, he suggests, will en-
able unprecedented unification of population 
and individual level data such that they can 
be incorporated into a Bayesian paradigm for 
personalizing medicine (e.g., for providing 
truly personalized drug therapies based on 
population and individual genetics).
Genomic data may be considered in a similar 
manner as other clinical laboratory tests, as 
discussed in the viewpoint from Biesecker, 
et al. [3]. Towards this end, as a practical step 
towards integrating genomic data within an 
EHR, Jing, et al. [4] demonstrated the feasibil-
ity to leverage the Continuity of Care Record 
(CCR) standard. In their study, they were 
able to extend the CCR standard to represent 
genomic test results as an extended laboratory 
test. Their study highlights the possibility of 
leveraging existing standards used in EHR 
implementations that might provide a truly 
integrated genomic clinical record. 
Whilst the incorporation of genomic data 
into EHRs will position the clinical enter-
prise to be prepared for a future of genome 
guided medicine, the most significant short 
term result will be the research potential. 
The ability to perform population level 
genotype-phenotype studies will enable the 
deep insights into the genomic etiology of 
many diseases and disorders. As reviewed by 
Kohane [5], EHR-Driven Genomic Research 
(EDGR) will be an essential endeavor to 
bring together clinical phenotypes (as repre-
sented in EHRs) and genotypic information 
(as acquired from contemporary sequencing 
technologies or genome wide scans). The 
increased adoption of comprehensive EHR 
systems alongside improvements in bio-
banking and sequencing technologies also 
suggest the EDGR projects will provide a 
cost-effective means to provide insights into 
clinical phenotype-genotypes. 
Recent years have seen a growing number 
of EHR-linked biobanks. One of the most 
successful examples of an EDGR initiative, 
the electronic Medical Records and GEnome 
(eMERGE) project, has been developing 
strategies for robust clinical phenotyping 
from EHR data alongside genomic data for 
the purposes of identifying clinically mean-

ingful genotype-phenotype correlations. As 
of 2012, eMERGE consists of nine sites 
across the United States. The eMERGE 
consortium has recently developed a clear-
inghouse for clinical phenotyping algorithms 
(http://pheKB.org) that is publicly accessible 
and includes performance values for the 
algorithms across the eMERGE consortium 
institutions. In the last year, the eMERGE 
consortium have described potential applica-
tions related to areas such as studying genetic 
risk factors associated with Type 2 Diabetes 
Mellitus [6] and identification of cataract 
cases from EHR data [7]. A particularly 
promising eMERGE EDGR study identified 
a putative protective ApoE variant in African 
Americans [8] associated with Low Density 
Lipoprotein Cholesterol. 
Pharmacogenomics, which focuses on iden-
tifying genetic variation correlations that 
influence drug response, continues to be 
an important area of growth in biomedical 
informatics. Studies from the last year have 
demonstrated how EHR-linked biobanks 
could be used to as a source of pharma-
cogenomics knowledge to enable real-time, 
preemptive drug dosing decisions [9]. There 
are a growing number of medical centers that 
have started to make significant investments 
in support of pharmacogenomic knowledge 
driven clinical decisions. These programs 
are starting to directly address the challenges 
of pharmacogenomics data integration such 
that clinicians can better leverage more 
complete personalized medicine information 
available at the point of care [10-12]. 
In summary, the recent progress towards the 
integration of genomic and clinical data are 
helping enable a new generation of studies 
that uniquely leverage relationships between 
genomic and clinical data. In support of the 
EDGR paradigm, we have seen significant 
advances in disease focused studies – such 
as those that are the subject of the eMERGE 
consortium. The true vision of the EDGR 
paradigm will be realized as increasing 
numbers of EHRs are able to incorporate 
genomic data, thus supporting researchers 
in their quest to develop approaches for 
identifying genotype-phenotype correlations 
across a broader spectrum of diseases and 
clinicians in their need to have clinically 
meaningful, personalized information at the  
point-of-care.

Clinically Actionable 
Genomic Analysis
Parallel to the discussion about how to inte-
grate genomic data into EHRs, many in the 
clinical and research community continue 
to question the potential utility of genomic 
data. As described in the previous section, 
perhaps the only notable exception is phar-
macogenomic information, where there is 
a direct path from genetic information to 
clinical action. There are many research 
implications for the integration of clinical 
and genomic data to understand the under-
lying cause of genetic diseases (e.g., to help 
develop targeted treatment regimens), but it 
is not yet entirely clear whether the identifi-
cation of genomic correlations with disease 
will provide better diagnostics. 

Do, et al. [13] compared the predictive 
power of standard of care family history 
versus genomic based single nucleotide 
polymorphism (SNPs, which are single point 
mutations that may be correlated with dis-
ease susceptibility) for predicting complex 
diseases. Their findings suggest that neither 
family history nor SNP-based analyses are 
by themselves uniform predictors of disease. 
However, their results do suggest that family 
history and SNP-based analyses together 
provide complementary, clinically informa-
tive information that could potentially be 
used in differential diagnoses of diseases 
of a genetic origin. This finding further un-
derscores the 2004 plea from Guttemacher, 
et al. [14] to clinicians for gathering better 
quality family history data that can be used 
in complement with genomic data.

The clinical utility of genomic tests still 
remains in question – Roberts, et al. [15] 
suggest that the vast majority of genomic 
test results do not yield clinically useful in-
formation. Nonetheless, they do suggest that 
identification of genetic predispositions may 
help guide lifestyle changes or more regular 
screenings to prevent or lessen the severity 
of disease. However, it must be emphasized 
that the reliability of genomic tests to pro-
duce robust models for predicting disease 
can vary. Morgan, et al. [16] highlight this 
type of variability a study where a significant 
difference was found between disease risk 
models developed from commercial genome 
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arrays (e.g., those used by direct-to-consum-
er genomics services) versus those from full 
genome sequence based analyses. A review 
by Bodurtha and Strauss [17] describes a 
range of potentially insightful perinatal ge-
nomic tests that can be done; however, the 
clinical utility of these tests remains unclear. 

The challenges in determining the clinical 
utility of genomic tests is largely due to the 
limited number of randomized controlled 
trials (RCTs), which are the accepted “gold 
standard” mechanism to assess the clinical 
utility of a given clinical tool, associated 
with determining the utility of genomic tests. 
Thus, while the biomedical informatics and 
medical genetics communities may continue 
to discover clinically valid genotype-phe-
notype correlations, until the clinical utility 
of the correlations can be determined, their 
adoption will remain minimized. To address 
this specific point, Goddard, et al. [6] have 
proposed the use of a Comparative Effective-
ness Research (CER) framework to assess 
the clinical utility of genome tests. In the 
context of determining the clinical utility 
of genomic tests for cancer, they suggest 
an approach that builds on the four criteria 
established in 2004 by the United States 
Center for Disease Control Office of Public 
Health Genomics framework for evaluating a 
genetic test, ACCE [18]: (1) analytic validity, 
(2) clinical validity, (3) clinical utility, and 
(4) the ethical, legal, and social implications. 
Goddard, et al. suggest that the clinical utility 
be evaluated through the use of observational 
studies from analysis of EHR-based data. 
They also note the challenges of clinical 
phenotyping from EHRs are described, and 
therefore further support the importance 
of the promising EDGR work that is being 
done through initiatives like eMERGE as 
described in the previous section.

Overall, it may still be early to see a 
direct impact of the increasing number of 
genotype-phenotype correlations on clinical 
care. Genomic analyses may very well com-
plement current genome based analyses that 
are part of the standard of care (e.g., acqui-
sition of family history), but there is enough 
variability in disease prediction models that 
it may be difficult to interpret genomic test 
findings clinically. Nonetheless, the reali-
zation of the need for the demonstration of 
clinical utility has led to the development of 

promising frameworks that may ultimately 
lead to greater adoption and use of genomic 
tests in clinical practice.

Conclusions
Collectively, we have seen great progress 
towards the clinically meaningful inte-
gration of genomic information into EHR 
systems, especially in the last year. The 
integration of genomic and clinical data 
has catalyzed retrospective and prospective 
genotype-phenotype studies, which further 
supports the positive outlook of EDGR 
initiatives like eMERGE. The development 
of an EDGR framework also better enables 
the development of real-time, personalized 
pharmacogenomic clinical decision support 
systems. However, aside from pharmacog-
enomics contexts, the clinical implications 
of genomic integration with clinical data re-
main promissory. Nonetheless, the increased 
integration of genotypic and more robust 
clinical phenotyping strategies suggest that 
the synergy between genomic and classical 
clinical data will continue to increase in the 
very near future. At the minimum, we will 
see an increased number of genomic mark-
ers that provide unprecedented insights into 
the clinical etiology of many diseases and 
disorders. Some of these findings may lead 
to genome-informed clinical decision sup-
port tools that will complement the current 
arsenal of diagnostics.
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