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ABSTRACT - Big data is anticipated to have large implications in clinical pharmacy, in view of its 
potential in enhancing precision medicine and to avoid medication error. However, it is equally debatable 
since such a powerful tool may also disrupt the need of pharmacist in healthcare industry. In this article, we 
commented the contribution of Big Data in various aspects of clinical pharmacy including advancing 
pharmaceutical care service, optimising drug supplies, managing clinical trials, and strengthening 
pharmacovigilance. The future direction of the usage of Big Data related to clinical pharmacy will be 
discussed.  
 
This article is open to POST-PUBLICATION REVIEW. Registered readers (see “For 
Readers”) may comment by clicking on ABSTRACT on the issue’s contents page. 
____________________________________________________________________ 
 
INTRODUCTION 
 
The term “Big Data” is defined as the massive 
data sets which are complicated and far beyond 
the ability of the conventional data analysis tools 
in capturing, assimilating, storing and interpreting 
the data within an appreciable time. Big Data can 
be further characterised by three key components 
namely, data volume (i.e vast amount of 
structured and unstructured data), data variety (i.e. 
data homogeneity) and data velocity (i.e. rate of 
data sets expansion). [1,2]  

The rapid development in information and 
communication technologies in addition to the 
increasing affordability of electronic devices has 
significantly contributed to the growth of data 
from various sources. This has posed unique 
opportunities and great challenges in fully 
exploiting opportunities Big Data can offer. The 
well-known applications of Big Data today are the 
ability to use information to understand consumer 
demand and purchasing pattern for retail 
business.[3] With the expected growth of 
healthcare data volume to reach zettabytes (1021), 
there is an increase in the awareness and 
innovation of garnering data for drug discovery, 
precision medicine and patient-centred pharmacy 
practices with personalised approaches to 
prevention, early detection, treatment and 
optimum management.[2] The examples of Big 
Data application are the electronic medical record 
(EMR) and clinical decision support such as the 
First Databank and the use of Big Data Analysis 
in predicting epidemic tropical diseases. Although 

the growth in this area is still modest, it is 
undoubtedly a highly potential field to shift the 
paradigm of current pharmacy practices towards 
personalised care approaches and better 
pharmaceutical care [3-4]. 

In this article, we commented the contribution 
of Big Data in various aspects of clinical 
pharmacy. Among them include the implication 
on advancing pharmaceutical care service, 
accelerating clinical trials, and strengthening 
pharmacovigilance, specifically on how big data 
may be useful for pharmacists to provide better 
pharmaceutical care. We discussed the possible 
challenges and how can we move forward with 
other healthcare professionals in this digital era 
 
ADVANCING PHARMACEUTICAL CARE 
SERIVCE 
By collecting and integrating the health-related 
data from various trustworthy sources, Big Data 
can produce an extensive population health 
statistics on medication related indicators related 
to clinical outcomes and adverse drug events. The 
population statistics will enable identification of 
high-risk patient for early interventions. In 
addition, EMR of patients can also be used to 
predict patient outcomes by determining the best 
treatment decision [3] The utilization of advanced 
machine learning and artificial intelligence (AI),  
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such as the IBM Watson [5] , has demonstrated 
significant benefits in the healthcare delivery 
system. Predictive modelling using real-time data 
was shown to reduce adverse drug reactions, 
improve disasters management in hospitals and 
reduce re-admissions for patients with specific 
disease.[6] The goal of personalised care plan can 
be achieved through the use of the decision 
support tool as it tailors the use of 
pharmacological agent according to the patient-
specific parameters such as serum biomarkers and 
metabolic profile. Besides, real time patient’s 
clinical response will also allow healthcare 
provider to notice the changes in critically-ill 
patient status and employ appropriate action plan. 
Ultimately, Big Data can assist the clinical 
benchmarking database to improve clinical 
pharmacy service.[3] 

Big Data has proven to improve patient’s 
medication compliance. Express Scripts is an 
integrated medication management tool through 
pharmacy claims processing, medication delivery, 
and personal medication inventory. With the 
integration of data analytics, it can be used to 
predict the compliancy of patients to the 
prescribed medicines, possibility to be addicted to 
opioids or those who are defrauding the health 
system based on consumer demographics and 
attributes, disease states, prescribed drugs, and 
refill rates. Express Scripts reported that with this 
support system, the rate of non-adherence to 
curative treatment was reduced from 8.3% to 
4.8%, saving the patients approximately 
US$30,000 in drug costs. An integrated delivery 
system in the northern California was also 
developed to improve medication adherence using 
online patient portal.[7] 

In the outpatient setting, Big Data plays even 
bigger role in measuring the quality of care and 
patient’s outcomes. A recent study conducted in 
the Greater Manchester, United Kingdom, 
demonstrated that Big Data can be used to 
benchmark the performance of general 
practitioners and identify the sources of waste 
within a workflow. By comparing the pattern of 
prescription and hospital admissions, the study 
has concluded that Big Data has optimized 
resources utilization within the region. A similar 
effort was also being pioneered in the Pharmacy 
Quality Solutions in the US to use Big Data to 
track the performance of the pharmacy and from 
there to choose the preferred pharmacy networks. 
[7-9] 

Besides, predictive analysis and the ‘Internet 
of Things’ (IoTs) may provide detailed demand 
forecasting at the level of point-of-sale and ensure 

the in-store availability of drugs in healthcare 
providers. Moreover, predictive analysis also 
helps in optimising finished inventory, which 
provide inventory budget optimisation and safety 
stock level recommendations. This can help in 
reducing the inventory cost and to avoid wastage 
of expired medication. Big Data also allows the 
insights of scoring models for vendor quality, cost 
and stability and hence support pharmacist to 
secure long-term high-quality supplier partners. 
[10,11] 
 
ACCELERATING CLINICAL TRIALS 
The emergence of Big Data has accelerated the 
drug development and drug repurposing in 
pharmaceutical industries.[12]  The process of 
drug development requires a clear 
pathophysiology of the disease. The generation of 
huge genomics data resulted from various “big 
science” initiatives, such as the Human Genome 
Project and the Cancer Genome Atlas project, has 
undoubtedly accelerated our understanding of 
various human diseases. This, in turn, has led to 
the rapid translation of the knowledge into 
discovery of biomarkers and the development of 
novel targeted therapies.[13,14] 

The analysis, collection and processing of 
large volume of structured and unstructured 
biomedical data and surveys collected by 
researchers and pharmaceutical industries will 
build a better predictive modelling that could help 
to accelerate the drug discovery process. This 
success is a result of multidimensional Big Data 
analysis, artificial intelligence and machine 
learning in determining novel drug structure to 
target a selected pathological condition.[13,14]  

In addition to accelerating drug discovery, 
Big Data can also accelerate drug repurposing. 
Drug repurposing is the re-positioning the 
available clinical drugs for new indications.[2, 6] 
This approach can dramatically reduce the cost, 
time and risk of introducing a new drug to the 
patients. One of the approaches for drug 
repositioning is the “Disease Focus” method 
which utilises the varieties of ‘omics’ data for 
repurposing. For instance, by using the 
knowledge of phenotypic modulation by various 
drugs in the market, researchers are able to 
repurpose 58 potential drugs with a new 
indication for diabetes through analyses of the 
data obtained from genome wide association 
studies (GWAS), proteomic and metabolomics 
studies in diabetes patients. Out of the 58 drug 
candidates, nine of them, including niflumic acid, 
phenoxybenzamine and perhexiline, were shown 
to be highly effective against diabetes. By cross 
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checking the data available on disease associated 
proteins, the data generated from various drug 
development projects and the data on the 
pathogenesis of the disease, it will help to 
streamline preclinical or clinical trials to establish 
the effectiveness of the repurposed drugs for the 
treatment of human diseases.[6]   

In the era of Big Data, it is postulated that 
there is a potential switch in paradigm of the 
clinical trial sector from the prospective 
randomised controlled trial (RCT) to Big-data 
Clinical Trial (BCT). The current dominating 
research method, RCT solely compares the 
effectiveness of different interventions at the 
baseline without the detailed explanation of the 
association between the types of intervention and 
clinical outcomes comprehensively by 
considering all possible aetiologies and risk 
factors.[15] However, a biologically effective 
drug may not be the clinically effective drug. This 
problem arises due to the RCT experimental 
designed with strict protocol, inclusion and 
exclusion criteria may not resemble the reality 
conditions. In real life, patients are often 
complicated by comorbidities or unexpected 
events such as missing dose and delay in drug 
administration.[14] The discrepancies between the 
RCT and real world conditions have warranted 
the need of BCT, which is a comprehensive 
analysis of the overall samples instead of a small-
sample subjects from a large population like RCT. 
This means that the clinical decision made based 
on BCT will be more clinically relevant. However, 
there are major challenges to the implementation 
of BCT including patients’ privacy, policy and 
reliability of information. Nevertheless, BCT 
promise to reshape the future of clinical research 
should these issues be addressed 
adequately.[15,16] 
 
STRENGTHENING 
PHARMACOVIGILANCE 
Adverse Drug Reactions (ADRs) monitoring 
which is defined as adverse patient outcomes 
resulting from a medication, has become a 
challenging research problem that gradually gains 
attentions from the medical centres. The usage of 
Big Data has become a useful resource for 
adverse drug reactions monitoring primarily due 
to its sheer volume.[17] The appeal of Big Data is 
evident due to the ability to identify and evaluate 
associations between drugs, events, and risk 
factors is the basis of pharmacovigilance.[18] 

Recently, abundant text accessible in health-
related forums and social media along with the 
rich expression of public opinion have gained 

attraction from public health community to use 
social media for pharmacovigilance. Based on the 
insight that patients post regarding ADRs which 
mainly expressing negative sentiments, 
researchers start to investigate the effect of 
sentiment analysis features in locating ADR 
mentions. Evaluation results show that sentiment 
analysis features slightly improve ADR 
identification in tweet posts. Sentiment analysis 
features achieved a statistically significant F-
measure increase from 72.14% to 73.22% in the 
Twitter part of an existing corpus using its 
reference and test samples. This study shows that 
addition of sentiment analysis features can 
slightly improve the performance of even a new 
ADR identification method. This improvement 
can be used as pharmacovigilance practice for 
clinical pharmacists because of the rapidly 
increasing popularity of using health forums and 
social media.[19] 

CHALLENGES OF BIG DATA 
Although big data is set to revolutionize the 
delivery of healthcare, several challenges exist. 
First, human barriers such as lack of big data and 
analytical skills are considered as the most 
challenging steps when utilising big data in 
healthcare. Organizations and pharmacies 
encounter shortage of qualified data scientists to 
utilize big data. Primary skill such as the 
knowledge in big data technologies and platforms 
and secondary skills including advanced in 
mathematics and statistics, predictive analytics 
and decision-making models are currently lacking 
in the training of healthcare professional. This 
may hinder the progress of implementing big data 
in pharmacy practice.[2]  

Second, there are huge numbers of isolated 
databases exist today. Majority of them are 
difficult to determine the sources, reliability, 
availability and fitness of the data. In addition, 
highly valuable data can exist in semi-structured 
and unstructured form, e.g. health records and 
scientific literature. For structured data, there are 
often discrepancy in terms the data format, i.e. 
same type of data could be provided in different 
format or similar data field using the same 
vocabulary can have different meaning. For 
instance, different ontologies are developed to 
identify disease in different context. Duplicated 
records are another issues that need to be 
addressed.[2] 

Thirdly is the patient confidentiality. As there 
is huge number of data collections stored online, 
cyber threats could happen and causes financial 
loss as well as decreased consumer confidence. 
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Health organization must monitor patient 
information carefully by hiring qualified health 
informatics professionals to ensure security of 
patient databases.[20] 

It is important to ensure the data do not fall 
into the wrong authority. Keeping the data safely 
and protect it away from wrong authority will be 
another difficult step faced by big data. Although 
the benefits brought by big data is tremendous, 
the coexist problems resulting from misuse would 
bring another opposite major issue.[8] 
 
FUTURE DIRECTION FOR PHARMACISTS 
It is expected that healthcare will slowly move 
towards digital modelling and thus Big Data has 
pivotal role in clinical pharmacy service. We 
summarise the potential support available for 
pharmacists and the potential benefit patients 
could receive from the Big Data intervention in 
healthcare (Figure 1).  

It’s exciting for clinical pharmacists to apply 
digital technology such as smart pillboxes that can 
improve patient’s compliance in real time. There 
are also the in-store beacons that give signal or 
alarm to alert a pharmacist when an at-risk 
customer enters the pharmacy. McKinsey Global 
Institute estimates that Big Data strategies can 
generate up to $100 billion profit for healthcare 
system. The ability of pharmaceutical companies 
to identify new potential drug can be improved by 
utilizing Big Data and develop them into effective 
medicines rapidly. Predictive modelling of 
biological processes and drugs that act safely and 
effectively on biological targets. It can be done 
easily by leveraging the diversity of available 
molecular and clinical data. More effective real-
time monitoring for clinical trial could be in place 

and thus improves the clinical pharmacists’ 
efficiency. Besides, adverse events and 
unnecessary delays can be avoided and trials are 
monitored in real time to identify safety or 
alarming operational signals. Instead of rigid data 
silos which are difficult to exploit, data are 
captured electronically and flow easily between 
discovery and clinical development as well as to 
external partners such as physicians and contract 
research organizations.[21]. 

 
CONCLUSION 
 
Big Data is generated by rapid assimilation of 
technology from resources that range from simple 
to complex in their content. Health system 
pharmacy leaders must understand Big Data and 
its uses in order to help improving pharmacy 
practice model.[3] Clinical pharmacist is 
positioned to play important role partnering with 
other healthcare providers to increase access and 
improve the quality of patient care at the same 
time contributing towards controlling healthcare 
spend.[10] To date, clinical pharmacy is just the 
beginning to touch upon the iceberg of 
information available as compared to other 
pharmacy sectors. A multitude of other areas 
warrant further exploration on how Big Data can 
be used by pharmacists as the possibilities are 
endless. Challenges of Big Data that faced by 
pharmacy or pharmaceutical industry have to be 
identified and overcome completely for a brighter 
and better future. As health care information 
expands in its content and becomes more 
integrated, Big Data will be a valuable tool in 
enhancing the development of patient-centred 
clinical pharmacy services. 

 

 
Figure 1. The Big Data supports available for pharmacists to advance the pharmacy service to patients. 
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