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ARTICLE HISTORY ABSTRACT — Data has always played an important role in assisting business
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dustry’s capacity to handle the same. Although, the healthcare industry has been

KEYWORDS using real world data for decades, digitization of health records has demonstrated
RWE its value to all the stakeholders with a reaffirmation of interest in it. Over time,
BIG DIP companies are looking to adopt new technologies in linking these fragmented data
big data for meaningful and actionable insights to demonstrate their value over competi-
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tion. It has also been noticed that the consequences of not demonstrating the value
of data are sometimes leads regulators and payers to be severe. The real challenge
though is not in identifying data sets but transforming these data sets into action-
able real time insights and business decisions.

Evidence and value development frameworks need to work side by side, harness-
ing meaningful insights in parallel to product development from early phase to life-
cycle management. This should in-turn create evidence and value-based insights
for multiple stakeholders across the industry; ultimately supporting the patient as
the end user to take informed decisions that impact access to care.

This article attempts to review the current state of affairs in the area of BIG data
in pharma OR BIG DIP as it is increasingly being referred to.

BACKGROUND

Data in all its various formats has historically played
a significant role in the design of any business model
and thus companies are mining data, hoping to in-
crease efficiency and gaining a competitive advantage
in the market to outperform their peers [1,2]. This is
also true for pharmaceutical firms who for decades
have been managing vast amount of data which are
critical either in the demonstration of clinical and eco-
nomic value, in product development or commercial-
ization decisions [3]. However, considering the fact
that most of this data involves people or patient level
data, incremental costs are being added along with
stringent regulations for the generation and handling
of such data. In order to minimize the cost of these
data while simultaneously maximizing the value,

pharma companies are looking to adopt new technol-
ogies over time; alongside the struggle to integrate var-
ious types and sources of data globally [4]. In order
to capitalize the usefulness “It is critical to collabo-
rate with researchers and the technology ecosystem
to develop innovative solutions to seemingly intracta-
ble problems emerging in healthcare and life sciences
today” [5]. Unlike other industries where this might be
the norm, the challenge in the pharma industry is the
ability to look into the data generated differently and
transforming it into scientifically acceptable evidence.

Solution to this may be managing BIG data. The term
BIG data is a “blanket term” for any data set which is
big in nature and too complex to process using the tra-
ditional management tools or data processing appli-
cations [6]. The impression of BIG depends on how an
organization manages its data. For some companies,
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facing hundreds of gigabytes for the first time might
imply BIG data while for others it may require 100s
of terabytes before considering information as BIG
data [7].

BIG data is at the center of many ongoing discus-
sions about data and its next avatar; so much that it
attracts a lot of media attention and makes it difficult
to differentiate reality from hype. An increasing trend
though is the acceptance of BIG data’s importance and
integration into growth strategies across all the indus-
tries [8], including life sciences and pharmaceuticals.

Concurrently, healthcare stakeholders have started
to see the value of evidence based data and its role in
optimizing the patient journey or access to care. Over
time, payers are becoming skeptic of the incremental
benefit demonstrated in controlled settings by new
drugs and also the value for money for patients and the
economy. Payers are therefore increasingly demand-
ing stronger evidence of value. Stakeholders at alocal
level have also started investing and developing their
own evidence sources to assist decision making. Ear-
lier, data was collected in silos, leading to a fragmented
picture of the patient experience, limiting the ability
of stakeholders to answer key questions. Now, stake-
holders are no longer taking any risk associated with
new products/interventions and have started demand-
ing and mining more data to prove value. This marks
the beginning of the “Prove It” era and the science of
real world evidence has gained importance to bring
together disconnected data sources in a meaningful
way to answer key questions that various stakeholders
pose. Such collaborations are supported by advances
in technology; enabling secure and effective ways to
link the data sources without compromising the in-
tegrity of data. The result - evolution of disconnected
data sources into real world evidence leading to real
time insights and actions. Real world evidence data
sets are often called as BIG data due to their similari-
ties in magnitude and sources [6].

This article attempts to review the current state of
affairs in the area of BIG data in pharma or BIG DIP as
it is increasingly being referred to.

DISCUSSION
How BIG is BIG DIP (data in pharma)?

The ability to deliver new lifesaving drugs to pa-
tients in a timely and cost effective way is dependent
on the capacity to manage the huge amount of data
generated throughout the phases of a product lifecy-
cle [9]. However, the pharma industry has multiple
functional areas and each contributes unique sets of
insights to understand the mechanisms of progres-
sion of disease. This is making such data management
increasingly difficult; pharmaceutical and healthcare
firms are managing large data sets from the research
records and patient information to utilization details,
and supply chain monitoring. Around 70% of a typical
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pharmaceutical project now involves simply manag-
ing data [10] and this involves assimilation, transmis-
sion and cleaning before any actual analysis can begin.
As per Thomson Reuters’ survey, the biggest oppor-
tunity for BIG data in pharma industry is from early-
stage discovery (i.e., drug discovery and development)
~41.20 percent, followed by understanding the market
(i.e., real world) ~26.5 percent [11]. Data sources are
always associated with the three forms of “V”, i.e., vol-
umes, varieties and velocities of data [12,13]. In the
same time veracity and vocabulary are equally im-
portant, especially as social media is becoming a vital
source for gathering of BIG data, primarily due to self-
reported data. With the adaptation of semantic-based
methodology [14], RWE studies can facilitate harness-
ing actionable business insights in real time manner.

What follows are the current analytical and techno-
logical trends with examples of transforming RWE to
real time insights.

What'’s the BIG deal in BIG DIP?
Data mining perspective

The pharmaceutical industry is well known for per-
forming quantitative analyses for clinical and market
research. In the marketing departments, data mining
(DM) applications are used for sales force planning
and direct marketing to doctors and consumers. Data
mining techniques are used to a variety of critical
business decisions in the pharmaceutical industry
[15]. The role of DM methodologies in pharmacolog-
ical domain is evolving. The field of DM covers varied
powerful tools like “association, clustering, segmenta-
tion and classification”, which provide better manipu-
lation of the data and help the pharma sector compete
on lower costs while improving the quality of drug dis-
covery and delivery methods. “A deep understanding
of the knowledge hidden in the pharma data is vital
to a competitive position and organizational decision-
making” [16]. In general, DM algorithms may signif-
icantly assist pharmacological scientists to discover
potentially relevant drug-event associations [17]. The
obtained results generated by the use of various DM
techniques should be viewed as hypothesis proposals
and should be evaluated in the context of other rele-
vant data. Alternatively these signals can then be used
as a bases for intervention as appropriate [18]. Accord-
ing to Poluzzi et al., the application of data mining
techniques in clinical pharmacology can be broadly
grouped into two following areas:

» “Identification of new effects of drugs (mostly
adverse reactions, but sometimes also new
therapeutic effects, and effects in special
populations)”;

“Appropriateness in drug use (e.g., frequency of use
in patients with contraindications, concomitant
prescriptions of drugs known for the risk of
clinically relevant interactions)” [19].
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With respect to the increasing trend of volume
(amount of data) and variety (range of data types)
an application of advanced mining approaches is re-
quired. Ranjan [20] presented a set of relevant data
sources, which are typical for the pharma industry:
rules of general guidelines; clinical data (patient data,
pharmaceutical data, medical treatments, length of
stay); administrative data (staff skills, overtime, nurs-
ing care hours, staff sick leave); financial data (treat-
ment costs, drug costs, staff salaries, accounting, cost-
effectiveness studies); and organizational data (room
occupation, facilities, equipment). Nevertheless, there
is concern about the lack of systematic, objective val-
idation of the methods in this particular area. Unfor-
tunately, a gold standard to validate DM methods does
not exist, although various imperfect reference stan-
dards may be used to obtain useful insights on the per-
formance of any DM method [16]. The whole process is
not only about data analysis; but taking informed de-
cisions from the mined information and fulfillment
of the need to communicate analytic outcomes simply
and clearly. This is where the practical use of visual an-
alytics approaches, which bring an innovative and ef-
fective way to deliver the knowledge from a particular
domain to an individual user, is helpful. In general, the
power of two robust scientific fields, data mining and
visual analytics, can be successfully used to identify
and display novel, valid and potentially useful patterns
mined from huge databases and warehouses. More-
over data visualization helps in providing high level of
understanding and trust to a user not initiated to such
techniques [21]. In the most cases it brings transparent
and understandable overview on achieved results for
different groups of involved stakeholders.

Visual analytics is a new and progressive interdisci-
plinary field of study that calls for a more structured
scientific approach to understanding the effects of in-
teraction with complex graphical displays on human
cognitive processes [22]. The higher-level visualization
summaries can provide a framework for understand-
ing the immense volumes of data and that reveal un-
expected relationships have come to the forefront and
it brings the most effective way to present and under-
stand large sets of data [23]. Health care offers many
potential applications for visual analytics including
pharmaceutical development [24]. A survey presented
by G. D. Sun et al. [25] reviews and classifies recent
work in this particular domain into a set of applica-
tion categories in many sectors of human interests
and gives evidence about the importance and practi-
cal usefulness of visual analytics in real life.

Below the various case studies associated with ex-
traction of unknown and potentially useful informa-
tion from different areas of pharmaceutical domain
are described. Usually DM techniques are used to sup-
port the clinicians at the point of care delivery, the
controlling of clinical treatment pathways, the admin-
istrative and management tasks, and efficient man-
agement of organizational and financial data [20].

Parkinson et al. applied advanced informatics and
data-mining tools to identify plausible preclinical gas-
trointestinal (GI) effects that may be associated with
nausea and that could be of potential use in its pre-
diction. The objective of this analysis was to assess
whether preclinical GI observations and/or measure-
ments can be used to evaluate the risk of drug-induced
nausea in man. This work highlighted the usefulness
of visual tools for displaying a large amount of data.
For example, using a visual network to plot many pre-
clinical effects that are associated with drug-induced
nausea in man can help to quickly identify the most
relevant findings [26]. Coulter et al. examined the re-
lation between antipsychotic drugs and myocarditis
and cardiomyopathy with the use of neural network
architecture. They calculated the strength of depen-
dency between a drug and adverse reaction using a
logarithmic measure of disproportionality. The final
analysis suggested that antipsychotic drugs other than
clozapine may be associated with myocarditis and car-
diomyopathy [27]. Harpaz et al. showed that a rich and
diverse portfolio of data-mining approaches aligned
to different strategies and objectives are now avail-
able for the analysis and detection of post approval ad-
verse drug events. Published results offer unique pros-
pects that collectively can advance the science of drug
safety surveillance [28].

Decision makers in the pharma industry start to rec-
ognize the relevance of the definition of drugs and
products in relation to management information. In
the confusion between costs, care-results and pa-
tient satisfaction the right balance is needed and can
be found in upcoming effective design and evaluation
of graphical information systems that better support
cognitive processes in areas as diverse as scientific re-
search and emergency management [16,29].

Answering the basic questions through
novel journey of discovery

There is no doubt that BIG data and technology have
enabled providing answers to questions that in the past
were only answered by primary research. For example
the introduction of EMRs (Electronic Medical Records)
has helped in the transformation of clinical data into
“liquid” usage, and further simplified mining the data
for specific queries and needs [30]. This marks the in-
troduction of information technology in the health-
care industry and eventually complements existing
technology like business intelligence and data ware
housing practices. The advances in the technical capa-
bility can help the industry to combine the unstruc-
tured clinical and non-clinical (e.g., claims or insur-
ance) data without compromising the patient privacy
[30]. EMR’s have changed the way we understand and
map the patient journey from diagnosis through ad-
herence of treatment and to the desired or undesired
endpoint. This data ranges from baseline assessment at
afamily physician or GP level, to specialist assessment
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FIGURE 1 Multiple data sources in a patient journey

at a consultant level, to diagnostic data from the local
and/or specialized lab reports, to treatment, and ad-
herence data from claims.

Figure 1 is an attempt to map the patient journey
to different sources of real world data that form indi-
vidual robust databases from various settings of care
throughout the progression of disease.

A combination of these datasets can generate evi-
dence based patient journeys by disease, interven-
tion or product that will answers key research ques-
tions such as:

a) Number of patients that have gone through this
journey

b) Number of patients who never get drug treatment

c) Adherence ratio to the treatment regimen

d) Patients availing multiple treatments options, and
most importantly

e) Cost burden and its implications on patient behav-
ior [31]

Assessment of a combination of these data sets could
potentially outline the cracks in the healthcare deliv-
ery system for the providers to fix. The potential of this
isimmense and the limit seems to be the ability of the
human mind to arrive at novel ways of visualizing the
hidden information in these datasets.
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Transforming RWE into business
insights and actions

Due to rise in the market competition, the pharma
industry is under pressure to create and deliver the
right treatments at the right time, for the right pa-
tients, at the right cost [10]. Therefore, big data in
healthcare is venturing beyond the realms of im-
proving profits and reducing overheads and is being
used at advanced levels to predict epidemics, cure
diseases, improve quality of life and tackle avoidable
deaths [32]. Thus pharmaceutical companies need to
measure and monitor metrics and trends of all types,
faster than ever before. BIG data from real world pro-
vides the necessary foundation for greater insight in
less time, shaping a more effective complementary
process of “value” evidence generation’ both in and
outside the clinical drug development process [33].
A well designed study is always based on its founda-
tion of methodology development and setting up of
objective segmentation. Implementing a RWE is not
much different than implementing any other clinical
studies. However; a special attention is required in set-
ting up of the objectives of the study to generate core
data, identifying the patient outcomes or endpoints
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FIGURE 2 Transforming RWE into business insights and actions

from the define target population. These anonymous
data points can be collected through online electronic
portal in a real time basis to generate reports which
eventually answers the informed business questions.
Figure 2 is the pictorial overview, illustrating-how
analytics based decision support can convert real
world evidence to real-time insights for informed
business decisions in a hospital network setting.

FUTURE PERSPECTIVE

Pharma companies strive to innovate, create and de-
liver the right treatments at the right time to the right
patients at the right cost. RWE is widely foreseen to be
one of the instruments towards achieving this. At the
same time, RWE could potentially fulfill the demand
for evidence from health care decision makers who are
continuously seeking value for money along with clin-
ical outcomes involving doctors and their patients. By
interlinking healthcare providers, payers, patients and
other relevant stakeholders, RWE is likely to become
central for establishing effective healthcare frame-
works in future.

CONCLUSION

The buzz around BIG data and the hype generated
around it is obvious and everyone is interested to ac-
quire this new art of data understanding. However,

evidence and value development frameworks need
to work side by side, harnessing meaningful insights
in parallel to product development from early phase
to life-cycle management. This in turn creates value-
based insights with robust foundational evidence for
informed business decisions, post launch coverage and
reimbursement evaluations.

According to Toby Leete and Dr. Ekta Sood, the ulti-
mate utility of RWE is in improving the R&D cycle so
that we can get safer drugs into the hands of patients
quicker to allow them to achieve better outcomes [34].
Going forward there will be an increasing pressure on
pharma companies in terms of reducing the cost of
treatment with the demonstration of real value and in
this situation “RWE will be vital throughout the life-
cycle of every product” [35].

BIG DIP in the form of numerous datasets is omni-
present due to the nature of the healthcare industry
in general. The real challenge is not the lack of data,
but the awareness of where this data exists and estab-
lishing frameworks to mine these. The varied nature
and size of these datasets makes it all the more impor-
tant to be able to convert the data into visually appeal-
ing and digestible formats. These should in-turn fa-
cilitate the ability of pharma managers, R&D, payers,
physicians and ultimately patients themselves to take
informed decisions that impact patient’s access to
care. Caution however needs to be applied with each
step as again the nature of these data mean there is
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confidential information involved and the integrity
of data has to be maintained. Whether BIG DIP de-
rived from the real world evidence dispersed across
the health delivery ecosystem will be able to revolu-
tionize the time to discovery and access to a drug or
intervention remains to be seen. But irrespective of
how this evolves we are in the eye of the storm when it
comes to transformation in the pharma industry from
reliance on structured controlled data to opening up
to unconventional yet valuable datasets.

EXECUTIVE SUMMARY
BIG data in pharmaceutical industry

The historical importance of data in the design of
any business model is immense and thus companies
are mining data to increase efficiency and gaining a
competitive advantage in the market. Unlike other in-
dustries where this might be the norm, the challenge
in the pharma industry is the ability to look into the
data generated differently and transforming it into sci-
entifically acceptable evidence.

It is believed that most of this data involves people
or patient level data that requires special measure-
ment to ensure the privacy of the patient. In addition
to this, there are multiple functional areas within the
industry that contributes unique sets of insights to un-
derstand the mechanisms of progression of disease.
This is making data management increasingly diffi-
cult. Based on the volumes, varieties and velocities,
pharma data sets are termed as BIG DIP.

Dealing BIG DIP in perspective
of data mining

The role of data mining methodologies in pharma
domain is evolving. The field covers varied power-
ful tools which provide better manipulation of the
data and help the pharma sector compete on lower-
ing the overall costs of the treatment while improving
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