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Abstract

Precision medicine is an emerging approach to disease treatment and prevention that considers
variability in patient genes, environment, and lifestyle. However, little has been written about how
such research impacts emergency care. Recent advances in analytical techniques have made it
possible to characterize patients in a more comprehensive and sophisticated fashion at the
molecular level, promising highly individualized diagnosis and treatment. Among these techniques
are various systematic molecular phenotyping analyses (e.g., genomics, transcriptomics,
proteomics, and metabolomics). Although a number of emergency physicians use such techniques
in their research, widespread discussion of these approaches has been lacking in the emergency
care literature and many emergency physicians may be unfamiliar with them. In this article, we
briefly review the underpinnings of such studies, note how they already impact acute care, discuss
areas in which they might soon be applied, and identify challenges in translation to the emergency
department. While such techniques hold much promise, it is unclear whether the obstacles to
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translating their findings to the emergency department will be overcome in the near future. Such
obstacles include validation, cost, turnaround time, user interface, decision support,
standardization, and adoption by end users.

Introduction

Precision medicine refers to creating individualized diagnostic and treatment plans for
patients based on the way their unique characteristics may dictate disease response or
progressiont-2. Although there are many forms of precision medicine, one approach with
particular relevance to emergency medicine is systematic molecular phenotyping—the
comprehensive measurement of a category of molecules from a patient’s specimen in order
to characterize their condition.

Technology in this area is advancing rapidly. In 2003, the Human Genome Project
announced that it had completed its mission to sequence the entire human genome. That
effort required 13 years, multiple research institutions processing samples from multiple
subjects, and $2.7 billion3. In contrast, since 2014, more than 500,000 people have
purchased a commercial product that provides identification of multiple DNA single
nucleotide polymorphisms within weeks for only $99 each®. The United States Food and
Drug Administration (FDA) has already approved marketing of one of the instruments
underlying these products (Illumina MiSeqDx™)® . Recently, a research team from one
institution announced the application of whole genome sequencing to the care of a patient
with a test turnaround time of 26 hours®. Direct-to-consumer advertising of whole genome
sequencing is also available via pre-order with a physician’s authorization for $999%. In
order to spur precision medicine’s role in the future of medicine, President Barack Obama
announced a $215 million proposal to finance the Precision Medicine Initiativel in January
2015, and the European Union has committed close to €1 billion for similar research since
2007’

Numerous proclamations have been made about the impact of precision medicinel:24.8-10,
While some point to the current paucity of clinically applicable discoveries and other
limitations of such research®11, others point to its potential to alter the way doctors define,
categorize, and diagnose diseases10:12.13 Despite numerous advances in this field, little has
been written about how precision medicine may affect emergency care. In this paper, we
highlight the impact of such research on the experience and care of emergency department
patients. We further discuss the considerable challenges in applying these findings to the
emergency department setting.

Background

Precision medicine refers to a broad field encompassing many techniques to more accurately
deliver treatments. One common feature of these various techniques is a systematic analysis
to more precisely characterize a subject’s phenotype. Precision medicine includes big-data
analyses applied to socioeconomic or medical history data from the medical record to derive
personalized recommendations; however, such approaches are beyond the scope of this
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paperl4. Instead, we will focus on those analyses that focus on molecular phenotyping,
which use analysis techniques often referred to as “-omics” (Table 1).

The combination of technological advances in molecular chemistry, assay automation, data
storage and transmission, and computational mathematics now allow quantification of
hundreds (e.g., metabolomics) to tens of thousands (e.g., transcriptomics) of analytes from a
single patient specimen. In the case of genomics, billions of data points from a single patient
sample can be generated. Some common techniques for systematic molecular phenotyping
include genomics, genome-wide association studies (GWAS), epigenetics, transcriptomics,
proteomics, metabolomics, and microbiomics, among others (Figure 1).

Systematic molecular phenotyping approaches have helped us to better understand diseases,
leading to improved diagnostic and treatment approaches. These techniques have also led to
more efficient development of blood-based diagnostic tests. In some cases, such research has
identified disease subtypes that may respond differentially to existing treatments. The vision
of this approach is that patients will receive personalized treatments based on their unique
genetic codes, metabolite, or other analyte profiles. As these techniques are increasingly
being used to investigate acute care conditions, the practicing emergency physician will need
to be familiar with their scientific basis.

At times, systematic molecular phenotyping identifies a single analyte associated with a
diagnosis or treatment response. In such cases, these findings are translated into clinical care
in traditional fashion. For example, if a genomic analysis identifies a single genetic variant
that predicts a disease, then an assay for that single gene can be used as a diagnostic test.
Such systematic studies are impacting many areas of acute care medicine.

However, what further distinguishes systematic molecular phenotyping as a field is the
potential to create new approaches to diagnosis and treatment. Comprehensive analyte
testing is one such new approach. Frequently, the inability to gather comprehensive data
about a patient limits emergency physicians’ ability to make accurate diagnoses. At times, it
is not only a lack of time or resources to obtain comprehensive data, but also a limitation
regarding knowledge of which pieces of information to pursue. Most clinical tests assess a
single analyte (e.g., troponin, creatinine) and often a single analyte is used to help determine
whether an entire biological system is abnormal (e.g., white blood cell count). In contrast,
systematic molecular phenotyping can quantify a large spectrum of analytes, which
circumvents the piecemeal nature of ordering tests. Such comprehensive analysis of groups
of analytes, and their relationship to one another, provide a more nuanced understanding of
the patient’s physiology. For example, a panel of inflammatory system markers that analyzes
many molecules might allow more precise identification of the type of infectious organism
in a patient with fever.

Although for much of this article we will discuss these techniques as a group, there are
important differences. For example, while a patient’s genome would not be expected to
change over time, their metabolomic or proteomic profile might change rapidly according to
their physiologic state. However, there are some commonalities in the ways in which they
attempt to change our approach to diagnosis and treatment.
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Consider the following case, taken from the actual clinical experience of one of the authors.

Case Presentation:

A 31-year-old male presents to the emergency department with left calf pain for 2
days. He has not noticed any swelling, skin changes, or prominence of the leg
veins. He denies chest pain, shortness of breath, or dyspnea. He has no significant
past medical history, no history of recent travel, and an unremarkable family
history. His exam and vitals are normal, and his Wells deep vein thrombosis (DVT)
score is 0.

The patient is diagnosed with muscle strain and prepared for discharge without
further testing. It is explained that this is unlikely to be a DVT given the clinical
data. The patient replies that he came to the emergency department because he was
concerned his pain might be caused by a DVT, since a commercial DNA analysis
service reported a genetic predisposition to blood clots. He shares the report, which
states that he is heterozygous for Factor V Leiden.

In light of the new information, a duplex ultrasound was ordered and is negative for
DVT and the patient was discharged home.

Did the physician do the right thing by allowing the patient’s genetic data to
influence the decision to order an ultrasound? Does the patient require further
testing or referral for Factor V Leiden?

This case demonstrates both the promise and possible dangers of widespread systematic
molecular phenotyping. There are a number of ways that systematic molecular phenotyping
can be integrated into emergency department care (Figure 2, for one example). Some
institutions have existing prototypes in placel16. Many of the key features of such a system
already exist or are beginning to take shape: universal electronic health records with
underlying decision support, multiple venues to access systematic molecular phenotyping,
and technical analytic advances that allow rapid turnaround and application of results.

In such a model, the electronic health record represents a key tool for transfer of outpatient
information to the emergency department and vice versal®. This creates a feedback loop
where emergency care visits could lead to baseline systematic molecular phenotypes (similar
to other laboratory blood tests) which can then be used for future acute episodes or chronic
disease management. Alternatively, data may be stored in portable formats that move with
the patient between systems.

Increasingly, patients can have such systematic analyses performed in multiple
environments. For example, the aforementioned Precision Medicine Initiative will provide
for patients to have their genomic information linked with 8 their electronic health records?.
There are a rising number of validated clinical applications for molecular phenotyping; this
leads to more patients having such analyses available from their usual clinical care.
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Furthermore, a burgeoning private industry seeks to provide patients genetic analysis
information directly. Therefore, it will be increasingly likely that a patient presenting to an
emergency department has already had a complete genomic or other systematic molecular
analysis performed prior to the ED visit.

Finally, it is possible that technical advances in analyte analysis, reporting, and integration
will allow for real-time systematic molecular phenotyping of patients in the emergency
department. The challenges for this model are further discussed below in “Translation to the
ED”.

In the following two sections, we provide specific clinical examples of how systematic
molecular phenotyping approaches have already been applied to acute care conditions and
how they may be applied in the future. Unlike our opening case, the case presentations that
follow are hypothetical.

Improving Diagnosis and Prognosis

Case Presentation

A 55-year-old man presents to the emergency department with chest pain. He is
unable to reliably characterize the pain. He has a past medical history of diabetes
but has never had prior risk stratification for acute coronary syndrome. His initial
work up, including troponin and electrocardiogram, is non-diagnostic. He is placed
in an emergency department observation unit but the next day fails to attain target
heart rate on an exercise stress test. A comprehensive metabolomic profile
performed from a blood sample collected during his initial ED workup shows low
levels of dicarboxylacylcarnitines, suggesting his clinical risk for death or AMI in
the next year is lowl7. As a result, he is discharged with reassurance and without
further cardiac testing in the ED.

In this hypothetical example, the clinician overlays objective measures, such as troponin,
EKG, and stress testing onto the patient’s clinical history and risk factors for coronary artery
disease. While many patients are adequately diagnosed and managed using this model, a
significant number have indeterminate tests, and risk persists. Additional noninvasive tests
could play a substantial role in such scenarios.

Systematic molecular phenotyping research is one way to develop such noninvasive tests.
Under the current research translation paradigm, the development of a candidate biomarker
assay typically begins with assumption about what the relevant analyte should be. For
example, troponin-I was identified as an intracellular, cardiac muscle-specific marker that
increases in the blood among patients with myocardial injury. It was subsequently validated
in a series of studies to determine its performance as a diagnostic test.

However, developing a new assay that measures a different molecule requires another series
of studies. This process is laborious, costly, and requires time. The use of systematic
molecular phenotyping techniques may be a more efficient means of discovering such
biomarkers. A well-designed and adequately powered study has the potential for multiple,
parallel avenues for discovery:
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1 genetic factors (e.g. gene for factor V Leiden mutation) that identify
patients at high risk of disease;

2. genetic risk scores that accommodate existing clinical characteristics or
diagnostic schemes associated with the disease;

3. single, previously unknown biomarkers to use as diagnostic tests;
4 complex patterns or panels of biomarkers that identify disease; and/or
5. factors that predict prognosis or likely side effects of treatment.

Any of these may be used to assist in diagnosis of a condition individually, or in
combination to more accurately diagnose patients or predict prognosis.

For example, one group of investigators identified a pattern of gene expression that occurred
in healthy individuals who had been inoculated with respiratory viruses!®. They then used
this gene expression pattern to create and validate a set of biomarkers to differentiate
respiratory viral infections from bacterial infections®. Although not yet available in clinical
practice, this novel biomarker could be used to differentiate clinically similar but
etiologically different diseases, a hallmark of the precision medicine effort. It also
demonstrates the ability to quickly identify which molecules are important to measure out of
several possible targets.

Additionally, more complex patterns of multiple biomarkers can be used to better
differentiate phenotypes of interest. These patterns can be used as a panel for diagnosis or
prognosis. For example, a proteomic analysis of patients with severe burns not only
discovered novel associations between certain proteins and burn injuries, but also found 43
proteins with different concentrations in survivors versus nonsurvivors2. These protein
biomarkers were then combined into a model that predicts survival. One could envision a
test that produces an aggregate report that incorporates all of these proteins into a single
risk-stratification measure for the clinician. Such complex relationships would have been
extremely difficult to establish using a single biomarker approach. Similar approaches have
also suggested methods which may predict mortality and other complications from trauma2,
sepsis1322 and intracerebral hemorrhage3.

Incorporation of these basic science approaches may augment existing clinical risk
stratification models in several acute disease states. As an example, two recent studies used
transcriptomic analysis?# and metabolomic profiling2° to improve prediction of death in
acute myocardial infarction (AMI). In the first study, researchers identified MRNA that were
more prevalent in the blood of patients with coronary artery disease. They then created and
validated a “gene expression score” incorporating these mMRNA changes with traditional
cardiac risk factors. In the latter study, investigators identified the fatty acids, ketones, and
other metabolites associated with risk for AMI or death. They then combined these factors
with a traditional risk stratification model.

In both studies, combining —omics data with existing clinical prediction scores led to a
higher proportion of patients being classified appropriately. The gene expression score
allowed the safe exclusion of some patients from the need for cardiac angiography while
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increasing the diagnostic yield of cardiac angiograms performed from 36.2% to 48.2%24.
Likewise, metabolomic profiling increased the proportion of patients correctly risk-stratified
for AMI or death by 11%2°. Should subsequent studies validate these findings, such
approaches may provide more accurate diagnosis and prognosis while using fewer
healthcare resources.

Targeting Treatment

Case Presentation

A 62-year-old man is brought in by his family because of fever and lethargy. He is
found to be in septic shock. His electronic health record supports the integration of
genetic information. He is flagged as having the AA genotype, rs1042717, in the
beta(2)-adrenergic receptor gene (ADRB2), which makes him susceptible to
deleterious effects of adrenergic vasopressors along with an increased mortality
compared to other genotypes. Moreover, the decision support tool associated with
this notation suggests the increased mortality can be mitigated by the
administration of steroids2®. He is given intravenous steroids and his pressure is
supported with vasopressin.

This hypothetical case demonstrates how systematic molecular phenotyping approaches may
allow greater therapeutic success by more accurately targeting treatments. Within existing
disease classifications, it may be possible to identify subcohorts that preferentially benefit
from a particular treatment. This area of research has the potential to “rescue” previously
discarded therapies by more accurately targeting them toward patients who might benefit.
Alternatively, more accurate classification of patients may allow prevention of serious
adverse drug effects.

For example, pharmacometabolomics and proteomics have been used to predict drug
responsiveness in conditions like sepsis®2” and pain control8. One specific example of this
is a post hoc study of patients in septic shock randomized to I-carnitine or placebo?®.
Pretreatment blood samples were analyzed for a comprehensive panel of fatty acids and
other metabolites. This analysis showed that patients with a low concentration of 3-
hydroxybutyrate who were treated with I-carnitine had decreased vasopressor requirements
and reduced 1-year mortality. This demonstrates how an —omics analysis can identify an
appropriate subgroup for a particular treatment within a common phenotype to improve
clinical outcomes.

Similar approaches might also identify patients at risk for pharmacologic adverse events. For
example, Del Rio-Espinola et al.30 performed genetic analyses on 1,172 acute ischemic
stroke patients who were treated with recombinant tissue plasminogen activator (rtPA), of
whom 20.9% developed hemorrhagic transformation and 10.6% died. They studied 140
single nucleotide variants (SNVs) in 97 candidate genes and identified one SNV that
predicted hemorrhagic transformation and death. This was subsequently validated in a
separate cohort. This example highlights how in the near future, the decision to administer
rtPA will can be informed by a systematic approach using biologic data to determine a
patient’s risk of bleeding.
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The preceding examples are illustrative of the broad ways in which systematic molecular
phenotyping research lead to findings that can directly impact acute care. Several others are
presented in Table 2. While not all of these techniques can be applied at the bedside, it is
readily apparent how they might be incorporated in the future once certain hurdles are
overcome. In the following section, we discuss obstacles to this process of translation and
some potential solutions.

Direct-to-Consumer Tests

As demonstrated in our opening clinical case, the prospect of patients directly obtaining
comprehensive genomic analyses could have a profound impact on emergency care. Such
direct-to-consumer tests bypass the physician as gatekeeper between patients and their
genomic information, but also leave patients without professional medical guidance on how
to interpret and act on the information they receive. It remains to be seen how patients will
respond to such information, particularly given the probabilistic nature of such data. As can
be seen from our real-life case example, patients may turn to emergency physicians for
guidance, particularly when they are concerned about time-sensitive conditions such as
venous thrombosis. Compounding the difficulty in interpretation is the fact that these tests
are generally not certified by the Clinical Laboratory Implementation Amendments (CLIA).
Thus, even hospitals that are able to do these analyses and that have systems to integrate
results into clinical decision support would require re-testing in their own clinical
laboratories.

Beyond the logistics of where and how patients obtain guidance on interpreting the results,
regulation of direct-to-consumer genomic tests represents a major challenge for translating
these findings to the bedside®31. While the technology currently exists to provide patients
direct access to their genome, it remains unclear whether the recommendations and risk
assessments provided by these direct-to-consumer commercial firms have been properly
vetted®. Firms often fail to disclose which genetic variants inform their predictions, let alone
reveal the underlying evidence base32. A further challenge is that tests can identify an
essentially unlimited number of variants based on the over 3 billion base pairs that compose
the human genome. Evaluating whether each data point is accurately measured would take
years and thus delay the public’s access to the benefits of this technology.

The FDA has acknowledged the competing interests of evidentiary mandate and public
access to this technology through some of their novel regulatory approaches to this area.
Rather than requiring a company to provide evidence that a proposed test can accurately
measure every possible gene variant in the genome, the FDA asks for evidence for only a
representative subset of possible gene variants. They also leverage existing federally funded
databases of genetic correlations with disease to validate clinical predictions®. Many such
databases already exist, such as the publically funded Database of Genotypes and
Phenotypes (DbGAP), developed to “archive and distribute the results of studies that have
investigated the interaction of genotype and phenotype.”33

Direct-to-consumer whole genome sequencing represents a challenge to clinicians. ED
providers know how to act on existing user-performed testing, such as home pregnancy tests.
However, unlike a pregnancy test, whole genome sequencing cannot currently be rapidly
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repeated or verified in the ED with present technology. As such, emergency physicians will
have to decide whether, and how, to incorporate these results into their clinical decision
making.

Translation to the ED

For systematic molecular phenotyping approaches to reach their full clinical potential for
ED patients, other barriers must be surmounted as well.

Time—Current systematic molecular phenotyping techniques cannot provide turnaround
times in an ED timeframe. Recently a group reported a 26-hour turnaround time for a whole
genome sequence®, which is rapid, but still not useful for emergency physicians. Thus, it is
currently more likely that emergency physicians will encounter previously-run analyses that
are available via electronic medical records or directly from patients'6. As of 2014, almost
100,000 people have had their genome sequenced and this number is expected to increase
exponentially2. A more likely scenario is that the results of comprehensive measurements
will be done in the research setting. Once candidate markers have been identified, tests can
then be developed to rapidly identify only the relevant targets. Such targeted assays could
conceivably provide results in a time frame suitable for ED use.

Cost—Although the calculated cost of performing genomic analyses has decreased
exponentially (Figure 3)34, these costs may not be representative of all fixed costs required
to perform such analyses. Other systematic molecular phenotyping costs likely will follow
suit in seeing a trend toward lower costs. While direct-to-consumer testing has demonstrated
a willingness of some patients to pay for this technology, it is unlikely that all patients would
be willing to do so, and unclear whether third-party payors would cover these costs. It is
likely that insurers will require some demonstration of economic value and improved
clinical outcomes prior to agreeing to pay for general systematic molecular phenotype
screening.

Capacity—Indeed, even if such costs are overcome, it is not clear that each hospital or
health system would have the necessary data infrastructure and technical expertise to carry
out such analyses on a widespread scale3®. Hospitals that conduct such analyses currently do
so primarily for research purposes. Increased investments in analyzers, data storage, and
personnel would be required to scale up to mass testing.

Validation—Some genomic studies may require thousands of patients and multiple centers
to perform. Therefore replication and validation of findings can be difficult®>. Furthermore,
the relationship between genetic associations and disease mechanisms often requires further
study. For most SNVs discovered through modern genotyping techniques, the actual
mechanism relating the SNV to the disease is unknown. More commonly, the causes of
disease are polygenicll. Therefore, it may be hard to discern which associations are valid
and which are false positive discoveries.

Adoption—Furthermore, developing a scheme for integrating clinically actionable results
into ED decision-making will be another challenge. Assuming technical barriers of analysis

Acad Emerg Med. Author manuscript; available in PMC 2017 October 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Limkakeng et al.

Page 10

can be overcome, physicians will still have to learn what to do with the vast amount of
information generated. Given the large number of molecule concentrations that may be
measured in any given sample, practicing clinicians will not be able to realistically
incorporate the numerous relationships into their knowledge base. Indeed, even at a leading
academic medical institution, a survey of providers indicated a lack of knowledge of the
scope of existing indications for pharmacogenetic-guided therapeutics.

Implementation—Given the overwhelming breadth and depth of such data, even the most
supportive clinicians will likely need sophisticated technological assistance to interpret the
results. Decision support systems will need to accommodate not only large amounts of
molecular data but also the patient’s clinical context. Challenges already exist in making
decision support user-friendly when the inputs for decision rules are relatively simple. It
remains to be seen whether such systems can tolerate large volumes of data and numerous
potential inputs. Plus, these systems must have the flexibility to evolve with the growing
understanding of associations between molecular phenotypes and correlated diseases.

Overtesting—L.ike all diagnostic tests, it is possible that the availability of such testing
may not improve diagnostic accuracy but only increase resource utilization. Ensuring that
the availability of molecular phenotyping does not drive unnecessary testing will be
particularly difficult given the time constraints in managing acute illness. Such information
would either need to be already available or be available using technologies that provide
results in clinically relevant time frames suitable for ED care. Future research will need to
examine the impact on overall resource utilization and outcomes that both the test context
and the test results themselves would have.

Future Directions

In the future, it may become possible to test a wide array genes, proteins, or metabolites, in
the ED on a routine basis. These tests may report not just individual biomarkers but also
patterns of biomarkers. These might be augmented by technological support for automated
interpretation. Treatments will not be chosen based not broad diagnostic categories, but
rather on individualized recommendations based on systematic molecular analyses. In the
more near term, integration of previously-run systematic molecular analyses of patients may
inform decision support tools embedded in electronic health records. Additionally, real-time
—omic testing might serve as a basis for public health screening or long-term health
interventions from the ED.

However, for this future to be realized, emergency physicians must play a key role in
producing and consuming this literature. Our specialty’s holistic view of patients that
extends beyond single organ systems may advance this field of research by creating new
collaborations and synergies. Furthermore, a strategy of blind acceptance of handed-down
research findings and implementation strategies from other specialties is likely to lead to
burdensome systems that don’t match our unique work environment. Therefore, it behooves
us as a specialty to educate ourselves about this body of research and to get involved where
we can. At the individual level, this will require engaging local experts in research and
education in this area and collaborating on career development or other grants with such
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experts. Involvement in pharmacy and therapeutics committees is an opportunity for
interested emergency physicians to engage in discussions on how EDs should interact with
the dozens of pharmaceuticals with FDA-approved pharmacogenomic indications. At the
specialty-organization level, this might involve sponsoring conferences and didactics,
advocating for or creating new research grant opportunities, and partnering with other
specialty organizations to create new opportunities for collaboration and dialogue.

Conclusion

Currently, systematic molecular phenotyping research is making an impact on emergency
care in many traditional ways as a tool for researchers. By improving our understanding of
disease, systematic molecular phenotyping research will allow us to develop better
diagnostics and help us understand which treatments are effective. More accurate application
of therapies may improve care while providing cost and time savings for patients in the ED
by reducing the need for observation or hospital admission.

Furthermore, systematic molecular phenotyping research is introducing new concepts that
may alter how we provide care in the ED. Emergency physicians may increasingly see
patients bringing direct-to-consumer genomic reports to their ED visits, and ED physicians
will be called upon to help patients interpret the results. Thus, systematic molecular
phenotyping research will fundamentally alter the format and even the scope of ED
diagnostics and therapeutics. However, before this can become a reality, there are many
unique challenges that must be overcome. Technical, financial, and cultural challenges may
impede or prevent adoption. The dangers of such research include premature adoption of
findings and overtesting. In the future, emergency physicians must play a key role in
producing such research and in helping patients to interpret the complex results.
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Figure 1.
Reproduced with permission from Skibsted et al. Crit Care 2013; 17: 231 and adapted.

Numbers denote targets within cellular processes for different systems biology approaches:
1, Genetic analysis and Single Nucleotide Polymorphisms (SNPs) and 2, epigenomics
(methylation variable positions) 3, transcriptomics (MRNA); 4, proteomics; and 5,
metabolomics; 6, pharmaco-(genomics/metabolomics/proteomics).
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Figure 2. A Model for Incorporating Systematic Molecular Phenotyping into Emergency Care
There are multiple potential sources for baseline systematic molecular phenotyping data to

be entered into an acute care patient’s electronic health record. During the visit itself,
clinical data can be combined with this data to help provide complex decision support. In the
future, with more rapid turnaround times, systematic molecular phenotyping might be
performed primarily in the ED and incorporated into such systems. Alternatively, patients
may arrive with portably stored systematic molecular phenotyping data, or targeted testing
of genotypes might be posited based on the patient’s clinical scenario. The results of any
testing done in the acute care setting would be retained for future visits, or a patient might
have systematic molecular phenotyping done as part of an ED-based public health
intervention and stored for future use.
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Figure 3.
Reproduced from www.genome.gov/sequencingcosts. Direct costs associated with DNA

sequencing as reported by the National Human Genome Research Institute’s Genome
Sequencing Program. To illustrate the nature of the reductions in costs, this graph shows
hypothetical data reflecting Moore's Law, which describes a long-term trend in the computer
hardware industry that involves the doubling of ‘compute power' every two years. If the costs
per genome were to follow Moore’s Law going forward, the cost per genome in the year
2022 would be approximately $100.
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Table 1

Definitions of Basic Science Techniques Utilized in Precision Medicine

Genomics

The study of the entire complement or strategic sequences of genetic material.

Genome-Wide Association Studies (GWAS)

A form of study in which the researcher simultaneously probes all segments of the genome
for evidence of association between single nucleotide polymorphisms and disease.

Exome Studies

Studies focused on the protein coding regions of the genome. Exome analyses focus on rare
variants that are likely to be functional. This is in contrast to GWAS, which focuses on
common variants that may or may not be related to functional proteins.

Epigenetics

The study of the regulation of gene activity by reversible modifications such as methylation
of deoxyribonucleic acids (DNA).

Transcriptomics

The quantification of the relative levels of messenger ribonucleic acids (RNA) for a large
number of genes in specific cells or tissues to measure differences in the expression levels
of different genes.

Proteomics

The study of a comprehensive number of proteins, the products of gene transcription
(including their expression and/or post-translational modifications).

Metabolomics

The study of a comprehensive number of small molecules (such as fatty acids,
carbohydrates, and glycoproteins) that are the terminal downstream products of cellular
processes.

Microbiomics

The study of the gut flora and their relative constituents by quantification of bacterial
genomics.

Pharmaco-(genomics/proteomics/metabolomics)

The use of the aforementioned technologies to choose therapy, with the goal of maximizing
efficacy and safety of therapy.
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