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Bioinformatics and Systems Biology- Ex. in
Metabolomics

In parallel with these in vitro developments,
in silico tools are evolving to deliver not only
key predictive and mechanistic functionality,
but also providing data structures, workflow
and other elements upon which emerging

standards can be built.

Given the complex and integrative nature

of metabolomics research, understanding

how systems biology is being integrated and
standards developed here could yield insights
for broader solutions across precision
medicine. Historically metabolic and gene
expression/proteomics have been separate
data types that cannot be correlated statistically.
However increasingly, metabolomics is in-
volved with studying comprehensive responses
at the DNA, RNA, protein, and metabolite
level in so-called ‘integrated” studies. These
experiments generate vast amounts of data that
require specialized mathematical, statistical
and bioinformatics tools. The data must be
properly collected, analyzed with statistical
significance, built into a model where all end
points are connected and relationships are
understood, and then stored in an efficient

and clear manner.

Genomics have driven much of the technical
advancement. Some of the first applications
used microarray technology to study changes in
gene translation and expression after exposure
to a compound or toxin. This involved analyzing
lists or sets of genes/proteins/metabolites

to select a subset that is characteristic of a
particular condition or endpoint, or a ‘gene
signature’. Further analysis involves assigning
data to classes, comparing classes to look for
correlations, grouping compounds with similar
effects, and elucidating mechanistic insights.
This has required substantial bioinformatics
resources and sophisticated approaches, and
fortunately these have been available to leverage

from the field of genome sequencing.

Metabolomics raw data processing is considered
the most challenging and time-consuming step
and involves including noise reduction, data
integration and alignment, and compound
identification and quantification. Once
metabolic composition is determined, data
reduction techniques can be used to elucidate
patterns and relationships among metabolite
profiles. These approaches have historically
been based on statistics, but are evolving to

knowledge-based pathway and network models.

Commercial Landscape

The metabolomics, bioinformatics and systems
biology landscape is innovative and dynamic.
There are a wide variety of free publicly available
databases and tools that help to analyze and
organize metabolomic information. Most of
these are created by academics and nonprofit
research groups. Typically these have links to
each other and together constitute a substantial

foundation of free bioinformatics tools.

Building on this public base are a number of
commercial market participants of different
types, including equipment manufacturers like
Agilent that also develop appropriate software
compatible with their instrumentation. Also
some bioinformatics companies have a specific
focus on metabolomics research including
prediction models and an overall understanding
of complex biological pathways. Furthermore
there are companies like Metabolon focused
on clinical biomarkers like inborn errors of
metabolism (IEM).

Data Standards and other Unmet Needs

To maximize the value of data sets, it is
important that data is made publicly available
in formats and with metadata that are widely
accepted as standard. This is essential to facil-
itate experimental replication and comparison
over multiple investigators and laboratories.
Standards for data reporting have been attempted,
but unfortunately are still not widely used. In

this sense, the field of metabolomics lags

behind genomics and proteomics. Some of the
reasons for this slow adoption of standards
include the proliferation of analytical platforms
and vendors, and the complexity of sample
processing which remains the focus of

significant attention.

Please visit predict-medicine.com for more
information about our forthcoming BCC
Research report ‘Metabolomics in the Age

of the Micrbiome’.
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Model-Based Drug Development

Another subtle example of standards are being
imparted is the way that computer model-based
drug development is increasingly being

encouraged by FDA.

It is becoming standard practice for FDA and
pharmaceutical companies to estimate clinical
trial doses using computer models to evaluate
why adverse events occur, and to determine
the potential basis for variability in patient
response. This was a key goal defined in FDA’s
2004 Critical Path Initiative report, and last
year FDA called the quantitative clinical trial
simulation tool developed by Critical Path
Institute’s (C-Path) consortium the Coalition
Against Major Diseases (CAMD) a “fit-for-
purpose” drug development tool for Alzheimer’s
disease (AD). The intent is to simulate clinical
trials by integrating all relevant data, enhancing
future study efficiency and hopefully efficacy

as well.

FDA is also using modeling software in its
research for drug-induced liver injury (DILI).
This software is used to author models and edit
depictions of the body’s functional pathways
paired with mathematical algorithms. The
mathematical representation of normal and
diseased biological systems makes it possible to
simulate outcomes of specific interventions or

treatments over any clinically relevant period



of time using computer generated patients.

In contrast to the limitations of simulating a
single generic virtual human, these models
can generate any number of virtual patients
representing combinations of disease status,
genetics, aging, lifestyle, or other factors. It is
then possible to run a virtual clinical trial on a

diverse patient population.

And now use of these same type models is
being explored in settings tied directly to

patient care.

Systems biology to EHR

Based on these developments we can start

to see conceptually how future applications

of systems biology based on continuously
improved disease models could potentially
interface to the heavily invested electronic
health records (EHR) systems, This could be
important for future EHR use (particularly)
given slow progress due mainly to interoperability
and privacy issues. Ultimately these systems
need to connect, for example to help prioritize
which diagnostic screens and tests are most
critical at given points in points in a patient’s

life and circumstances.
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Pharmacogenomics (PGx)

Pharmacogenomics is providing a focal point
for genomics testing, where in a straightfor-
ward and practical application of ‘do no harm’,
drugs are screened for potential adverse
reactions. This is particularly important for
cardiovascular drugs because individual
responses to medications are so varied. There
are now several common, well-documented
genetic variations that can have a dramatic effect
on the body’s metabolism of many commonly-
prescribed cardiovascular drugs, producing
either too high an effective dose with
increased risk of an adverse drug reaction,

or too low with reduced efficacy. Several
classes of medications can produce adverse
effects in certain individuals including blood
pressure and cholesterol-lowering drugs,
anti-platelet agents, antiarrhythmic drugs,

and agents to control bleeding and clotting.

A patient taking statins may experience muscle
aches, commonly termed myalgia, and some
patients have a small chance of developing a
serious, life-threatening adverse drug reaction

called statin-induced myopathy.

Other important PGx applications include
chronic pain medications, mental health
medications, and polypharmy situations.
Pharmacogenomics also includes testing to
support cancer therapies and a subset of
prenatal testing (period). There non-invasive
prenatal testing or NIPT is poised to become a
$1 Billion market particularly for inborn errors
of metabolism (IEM) which are relatively rare
but extremely serious conditions such as
lysosomal storage disorders. MS-based screening
for IEM in neonates is now routinely done

in most industrialized countries. Otherwise,
while major medical centers are beginning

to implement pharmacogenomic tests in
patients undergoing certain procedures or
taking certain medications, most physicians
do not receive pharmacogenetics training

and a big gap in awareness and know-how

remains.
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Wellness Monitoring

It is interesting to note that some leaders

of Precision Medicine like the proteomics
example cited earlier are focusing on wellness
monitoring as an attractive market application.
Furthermore, Leroy Hood’s Institute for
Systems Biology has made progress with their
100K Wellness vision, reporting initial results
from their first pilot of 100 individuals, and
planning to scale to 1000 people this year, to
10,000 in 2016 and eventually 100,000 well
individuals and follow them for 25 years to see
who develops disease and how. They also
report striking response from many leaders

at research institutions, medical centers and
innovative health systems in the U.S. and
abroad who have already initiated strategic
partnership discussions with them. Internationally,
they envision a franchise-like model with

rigorous scientific and security standards

and an agreement to aggregate and share
data. The 100K study harnesses ISB’s systems
approach and expertise in the integrated
analyses of biological data, from genome
sequences to collect blood, saliva, stool

and urine samples every three months to
measure microbiome diversity in the gut;
clinical chemistries that are focused on
nutrition; 1,600 blood metabolites; epigenetic
(methylation) status of white blood cell DNA;
blood organ specific fingerprints from the
brain, heart and liver; selected hormones;
ongoing clinical histories, psychological tests,
and data from “quantified-self” devices
including heart rate, activity, sleep quality,
blood pressure, weight, etc. They plan to
study the molecular basis of health and the
initiation and progression of disease, along
with “actionable outcomes” in conjunction

with health coaching and medical oversight.

So far after analyzing just a few types of data
for the 100 Pioneers they find that 100% have
multiple actionable potential areas to improve
their wellness and/or avoid disease. Thus their
audience appear to be healthy individuals
committed not only to their own wellness but
also to the cause of integrating big data,
systems biology and ‘omics. This sounds great
for long-term, but what about trying to help

people who desperately need it?
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Functional Medicine

That’s exactly what the field of integrative or
functional medicine has been doing off the
radar for many years. According to PWC
estimates the annual expenditures on
complementary and alternative medicine
(CAM) are worth $40 B. The majority are
cash-paying customers, since CAM services
are mostly not covered by insurance. Think
about this. Data from this population

is people voting with their wallets, free of
insurance bias. And now Cleveland Clinic
has demonstrated initial results with a new
approach merging top specialists with the latest

technologies. Patients come with a wide range

of critical illnesses that have defied treatment
and often even diagnosis. However as functional
and integrative medicine requires highly
specialized practitioners and cash-paying
customers, it can be hard to scale. It’s interesting
to note that like systems biology, functional
medicine incorporates a keen focus on

environmental factors like toxins etc.
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New Principles of Consumer Engagement
Beyond cancer, how do we envision the patient
consumer engaging with precision medicine?
Following the growth of non-invasive prenatal
testing (NIPT) it’s possible to see some younger
parents having the interest to test themselves
also. But beyond a handful with potential serious
health concerns, what will hold their interest
long enough to guide them to breakthroughs in
longevity? And what about older individuals, will
they wait until a debilitating disease forces them
to turn over all stones, or will some act proac-
tively to predict and create their optimal health?
How do we model this type consumer behavior,
as the quantified-self/FITBIT, hard-core fitness
demographic? And more to our context, what can
we in the precision medicine field possibly do

about it?

We see a future driver of Precision Medicine
being patient as consumer adoption, with an
opportunity for life science innovators to
contribute essential content to education and
awareness. FDA has started the conversation with
their ‘Blue Button’ vision of patients’ data access
and consent, but admits there are many details to
be worked out in basics like understanding the
potential motivations and goals of individuals and

organizations for interacting with the data.

We are launching a new initiative to research
consumer awareness of precision medicine, along
with adoption drivers and needs for education
and support, and look forward to sharing these

insights in the future.

Conclusion

Viewing precision medicine as a collection of
technology applications and market segments,
and studying commercialization, standardization
and adoption of these individually and collec-
tively, can inform the nature and rate of change
in this highly complex environment. The 9
Sources profiled (Figure4) constitute a broad array
of models, and purposefully include some in
areas that are not traditionally associated with life
sciences in order to highlight new drivers such as

patient-consumer engagement.

Figure 4:
9 Models to Predict the Future of
Precision Medicine

1 Proteomics Biomarkers Bridging
Research and Clinical

2 Predictive Drug Safety Testing and Research

3 3D Cell Culture Revolution

4 Bioinformatics and Systems Biology,
for example in metabolomics

5 Model-based Drug Development
6 Pharmacogenomics
7 Wellness Monitoring

8 Functional Medicine

9 New Principles of Patient-Consumer
Engagement
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drawing on experiences with disease management and
integrative health & wellness, and inspired by the visions
of Dr. Leroy Hood, Dr. Eric Topol, and others to help

fill in this vision and bring it to reality. For more
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