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Figure 1: Search trend for the term ‘big data’ since 2004 on Google

The life sciences industry is
changing at a rapid pace. The need
to develop the next blockbuster
is pushing current technologies
and methodologies to the limit.
Scientific advancement over
the last decades was embossed
with giant leaps in knowledge,
however, the new reality is
that smaller incremental gains
need to be carved out with ever
increasing investments. In order
to survive, progress and prosper
in this new reality, a holistic
approach to getting the most of
research data is crucial. In fact,
it will likely be the difference of
being in existence in 5-10 years
or not.1 For those bold enough
to step into an area they are
unfamiliar with, huge rewards
are waiting.
On average only 1% of an
organisation’s data is fully utilised
and there is a major opportunity
on making research processes
more efficient, increasing return
on investment and uncovering
more information from data
assets.2 Indeed, by linking data
from across an organisation,
structuring it in a well-governed,
scalable,
customisable
and
distributed
computing
environment one can reveal
new insights and gain crucial
efficiencies. These foundations
1
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enable companies to unleash
the true power of advanced
analytics and data science, which
can be the difference between
being a leader pushing limits or
a straggler trying in vain to keep
up. Being able to fail faster in
research, design streamlined,
targeted and efficient clinical
trials, and accelerate the
discovery and approval of new
therapeutics whilst reducing
cost are all possible with the
prudent application of disruptive
technologies. The age of digital
is upon us and only those who
adapt to this new world of data
will survive.

Introduction to ‘Big
Data’ in Life Sciences
The
term
‘big
data’
is
commonly used and commonly
misunderstood. As is the
way with buzz-words, it is
used
indiscriminately
and
inappropriately to describe
things that are actually just data.
The chart in figure 1 shows the
usage of the term over the last
13 years.
An industry standard definition
of the 4 V’s (figure 2) was defined
by IBM3 and is described here
with Life Sciences in mind:

1. Business Insider - http://uk.businessinsider.
com/chambers-40-of-companies-aredying-2015-6
2. Harvard Business Review - https://hbr.
org/2017/05/whats-your-data-strategy
3. IBM - http://www.ibmbigdatahub.com/
infographic/four-vs-big-data
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Figure 2: The 4 V’s of ‘big data’

4. PWC - https://www.strategyand.pwc.com/
innovation1000
5. Gartner - https://www.gartner.com/
doc/2589121/survey-analysis-big-dataadoption
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Volume: In the context of
biological data, with –omics
technologies
(genomics,
transcriptomics, metabolomics,
proteomics etc) and high
resolution
cellular
imaging
becoming ever more cost efficient
to host in-house, a typical midsize biotech could reasonably
produce around 250TB of raw
data per year. A few years ago,
generating this volume of data
would’ve been unthinkable, but
as computing and storage costs
decrease and resolution of data
increases, this size of data is
common place and expanding.
Variety:
Biological
experimentation
inevitably
generates multiple data types.
In some organisations, there
can be more than 100 types of
data generated – unstructured
or structured, with a range of
scales of dimensionality and
format. To glean information
from this data in combination
is a difficult task and is suited to
biologists who are able to make
inferences guided by experience.
However, as the number of datatype increases and size of each
data type increases, making
inferences on an ad hoc basis is
becoming less and less realistic.
This is where digitalisation and
applying advanced algorithms
can make sense of the variety of
biological data.
Velocity: In biological research,
there is always an important
question to be answered
efficiently e.g. the difference in
gene expression levels in cancer
cells compared with non-cancer
cells. Hence with this importance,
having raw NGS data or massspec files being processed in
a timely manner is critical.
With distributed computing
environments, such as cloud
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computing services or private
HPC clusters, processing of large
datasets can be performed
rapidly. Therefore, more time can
be spent on analysing data and
informed decision making rather
than processing.
Veracity: The output of biological
data is, in many cases, prone to
error and all output must be
treated with a certain amount
of suspicion before any concrete
conclusions can be inferred.
Technical replicates, biological
replicates and applying statistical
tools to establish false discovery
rates are all mechanisms to
assess the trustworthiness of an
experiment.

Opportunity to
Capitalise
In life sciences and in general, the
C-suite of companies are reticent
to adopt data technologies due to
lack of clarity on how on how true
value can be generated and the
apparent complexity of adoption.
However, the following points
show the opportunities that are
present for those companies
willing to open themselves to
digital transformations and
adoption of data technologies.
Firstly, there is mounting evidence
that directing more resources
towards software in R&D make
companies more competitive and
these companies also reported
faster revenue growth.4 “Big
data will deliver transformational
benefits to enterprises and will
enable enterprises adopting
this technology to outperform
competitors by 20% in every
available
financial
metric.”5
Secondly, for a company to attract
the best and brightest talent, it is
2
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essential they must employ the
most advanced technologies.6
Thirdly, gaining competitive
advantage is reliant on making
informed decisions quickly. This
not only applies in a research
setting but in all departments of
an organisation.
Innovation in life sciences is
achieved by incremental steps.
These incremental steps are
the culmination of a chain of
events: from data, insights are
gained and value is created.
However, different skills, tools
and technologies are needed
to perform each step, i.e.
processing data to produce
results, analysing and visualising
the results to glean conclusions,
and create insights by combining
this new knowledge with prior
information. Repeating this
iterative process, as summarised
in figure 3, and creating feed-back
loops (build, measure, inform,
improve and repeat) in research
and the business side will reap
rewards by dismantling and
testing assumptions, building on
previous work and allowing new
data streams to be adopted to

answer questions of interest.
One of the largest challenges
in digital transformation in
research
is
organisational.
Scientific labs are generally
organised disciplines and are
focussed on creating output of
the highest quality. Scientific
labs are generally organised
disciplines and are focussed on
outputting the highest quality
work. Without oversight, and
to no fault of anyone person or
team, over time data produced
by different groups within the
same organisation is liable to be
siloed and not shared. In a typical
biotech/pharma
company,
these data sources will be quite
broad in size and scope, such
as genomics, transcriptomics,
epigenomics,
proteomics,
metabolomics,
molecular
imaging, flow cytometry, ELISA
assays,
population
studies
and clinical/medical records.7
Combining
snippets
and
summaries
of
information
from these sources and more
to piece together a conclusion
for a potential therapeutic is no
mean feat when the individual

Figure 3: Learn, iterate and improvement cycle

3
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Reap rewards by dismantling and
testing assumptions, building on
previous work and allowing new data
streams to be adopted to answer
questions of interest.

6. A.T. Kearney - https://www.atkearney.
co.uk/documents/10192/5636407/
Time+for+Pharma+to+Dive+into+Digital.pdf
7. Li, Y. and Chen, L., 2014. Big biological
data: challenges and opportunities. Genomics,
proteomics & bioinformatics, 12(5), pp.187189.Vancouver
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The need to develop the next
blockbuster is pushing current
technologies and methodologies to
the limit.

data sources are difficult to
access – by being stored locally
or inaccessibly, in different
versions of excel files etc.
Another consideration is that the
FDA and other regulatory bodies
(e.g. GxP) are extending the
audit trail to the raw data from
all pieces of information that go
into an application for clinical
trials. Hence, by logically storing
and securing this data not only
provides the platform by which
to add advanced analytics to
aid data integration but also
provides a framework by which
governance, regulatory and
security policies can be applied.

Establishing the Right
Environment

8. McKinsey - http://www.mckinsey.com/
business-functions/digital-mckinsey/ourinsights/making-data-analytics-work-for-youinstead-of-the-other-way-around

© Aigenpulse. 2017

|

Of course, performing largescale analytics on data requires
a lot of CPU power. Cloud-based
solutions, such as Amazon
Web Service, Google Cloud
and Microsoft Azure, are wellknown, pay-per-use and fairly
secure. However, there are issues
about storing sensitive data (e.g.
patient records) on the cloud,
which has prompted the cloud
providers to deploy their servers
in the jurisdictions they serve.
Deploying a local cluster with the
option to scale out to the cloud
is one of the most pragmatic
options. A scientific computing
environment deployed on a
local cloud will vastly accelerate
the rate at which data can be
processed and accessed, which
will then accelerate how quickly
the information can be integrated
and insights drawn. This will have
a positive knock-on effect on how
quickly new knowledge is created.
Hence, we see this infrastructure
more like a scientific instrument
where a specialised skillset of
high-performance computing,
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custom software development
and scientific knowledge will
be vitally important to gain
maximum insight.
The right software and analytics
environment must also be
deployed. Given that a typical
lab may have 20-100 different
data formats or sources, great
insights can be made when
structuring and integrating this
data together. Each company
has a unique combination of
scientific
technologies
and
research processes. With a
modular and extendable system,
like Aigenpulse, the data can
be coherently integrated and
research processes can be
digitally transformed. This is
a paradigm shift to the usual
cases of off-the-shelf, turn-key,
black-box solutions currently on
the market. Further, as research
processes evolve, additional
data-streams need to be added
so modularity becomes key. And
when insights need to be made,
advanced machine learning and
AI algorithms can be applied
quickly and easily as all of the data
is stored coherently, securely and
with full audit and traceability.
Whilst applying the best analytics
to data is a highly technical and
important task, visualising and
communicating it properly is
where tangible insights and
value is really created as it allows
knowledge to impact decision
making. Hence, dashboards,
reporting and data visualisation
is incredibly important and all
the better when data can be
interfaced with intuitively and
visualised beautifully.8
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Figure 4: Technology provider, enabler and applier spectrum - in life sciences
companies, often what is missing are the ‘enablers’.

Enabling a Culture of
Success
The last piece of the puzzle aside
from the hardware and software is
the most important – the people.
Establishing
digital
centres
of excellence to provide the
capability in-house is an effective
way of attracting, up-skilling
or retaining technologists.9,10
In life sciences organisations, a
similar and effective approach
would be the establishment
of a fully integrated Scientific
Computing team which sits
between IT and research to help
enable digital transformation
and
accelerate
research.
These resources would sit on a
spectrum between technology
providing, enabling and applying
focus (figure 4). Examples of key
resources would be: a scientific
computing manager who has the
experience to create a coherent
strategy which aligns with
business objectives; a systems
administrator who can deal with
a HPC and cloud environment;
data scientists who are able to
structure the disparate data
sources coherently and apply
advanced analytics algorithms;
bioinformaticians who will be
able to develop code using
5
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good practises and perform
biological data processing and
analysis; and finally effective
data
communicators
or
visualisation experts who can
help translate numbers from a
database to beautiful interactive
charts and figures to effectively
transmit the key messages of
the data to business leaders and
management. IT departments
will also have to accept a level
of flexibility as is succinctly put
in this excerpt from a McKinsey
report10: ‘In this new world,
it will be vital that IT evolves
to be able to manage faster
experimentation cycles, while still
managing the legacy estate for
cost and reliability. This should
lead to a two-speed IT function,
where “fast domains” operate
with different skills, architecture
principles,
budgeting,
and
planning cycles to those that exist
in “legacy domains” that remain
focused on enterprise resource
planning and traditional business
applications.’

Data visualisation is incredibly
important and all the better when
data can be interfaced with intuitively
and visualised beautifully.

9. Ernst & Young - http://www.ey.com/
Publication/vwLUAssets/EY-order-fromchaos/$FILE/EY-order-from-chaos.pdf
10. McKinsey - http://www.mckinsey.com/
industries/pharmaceuticals-and-medicalproducts/our-insights/the-road-to-digitalsuccess-in-pharma
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Keys for Success

The need to deliver innovative
therapeutics more cost-effectively and
generate profitable growth means
that companies need to adapt their
business and operating models by
harnessing disruptive technologies.

The first key thing for any
organisation is to accept they
need to move towards this datadriven world. The need to deliver
innovative therapeutics more
cost-effectively and generate
profitable growth means that
companies need to adapt
their business and operating
models by harnessing disruptive
technologies. Rather trying to
tackle these problems in-house,
it’s a very good idea to collaborate
with specialist companies.
Leadership is a crucial factor
and placing data technologies
at the heart of business strategy
is the most effective way of
bringing a company up-to-date
and introduce a program to
facilitate the change. This starts
with the CEO and needs to filter
through the whole organisation.
Generating enthusiasm about
the process by communicating
the advantages and the potential
benefits is crucial. A way to do
this is to run pilot-schemes with
groups of people from across
a company’s teams, including
research, IT and business to
capture the different needs or
challenges and adjust strategy
accordingly. By engaging with the
entire business, those affected
by the changes will experience
the power and advantage such
technologies can bring. For
example, saving a lot of time by
not trawling through excel sheets
for a particular dataset or being
able to re-analyse 10,000 raw
NGS files with a new algorithm
or being able to compile all data
for a therapeutic lead for an FDA
application with a few clicks. Such
experiences will galvanize teams
and make them more open to
change.
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To
conclude,
‘big-data’
technologies will disrupt those
who remain behind the curve
or those who are not culturally
adept enough to adapt. It must
not be forgotten, there are huge
rewards for the risks involved in
pursuing such foreign activities,
but there are greater risks
in continuing to operate in a
legacy environment and being
left behind. Biological data can
come in large or small packets, in
a dizzying array of formats both
structured and unstructured,
can be of high or low quality but
the need is there to transform
more of the data into useful
information quickly. To do this,
and to prepare for the incoming
increase of large scale –omics
data, the correct application of
hardware and software needs to
be thoroughly considered.
Most importantly, leadership,
researchers and management
need to buy-in to this new world
vision and be prepared for
collaboration and data-driven
decision making. Additional
skillsets, by improving available
talent or by hiring-in, must be
deployed to make the most of
the technologies and assist in
the effective dissemination of
the data company-wide. Finally,
a better understanding of what
data technologies look like will
help companies adapt to this
new world and enable them to
accelerate research and develop
more effective therapeutics,
improve
profitable
growth
and, most importantly, better
treatments for patients.
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