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ABSTRACT 

The rapid and ongoing digitalization of society leads to an exponential growth of both structured and unstructured data, 

so-called Big Data. This wealth of information opens the door to the development of more advanced personalized medicine 

technologies. The analysis of log data from such applications and wearables provide the opportunity to personalize and to improve 

their strength and long-term use. Personalized medicine is the use of a patient’s genomic information to form individualized 

prevention, diagnosis, and treatment plans to combat disease. 
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1. INTRODUCTION 

Big Data refers to the practice of combining huge volumes of 

diversely sourced information and analyzing them, using more 

sophisticated algorithms to inform decisions. Big Data relies 

not only on the increasing ability of technology to support the 

collection and storage of large amounts of data, but also on its 

ability to analyses, understand and take advantage of the full 

value of data. The expectation from big data is that it may 

ultimately lead to better and more informed decisions [1]. 

Access to large omics (genomics, transcriptomic, proteomics, 

epigenomic, metagenomics, metabolomics, nutriomics, etc.) 

data has revolutionized biology and as led to the emergence of 

System biology for a better understanding of biological 

mechanisms [2]. Personalized Medicine can be broadly 

described as a customization of healthcare that accommodates 

individual differences as far as possible at all stages in the 

process, from prevention, through diagnosis and treatment, 

post-treatment follow-up. But, in practice what people 

understand the term to mean varies widely and no single 

definition has been agreed upon. Many other terms, such us 

genomic medicine, stratified medicine and precision medicine 

are frequently used synonymously with personalized medicine 

[3]. 

2. FEATURES OF PERSONALIZED 

MEDICINE AND HOW IT AFFECT IN 

HEALTHCARE SYSTEM 

The overarching goal of “Personalized Medicine” is to create a 

framework that leverage patient EHRs and Omics data to 

facilitate clinical decision-making that is predictive, 

personalized, preventive and participatory [4]. The emphasis is 

to customize medical treatment based on the individual 

characteristics of patients and nature of their disease, 

diagnoses and responses to treatments. In personalized 

medicine, practitioner can: 

1. Validate medical treatment and response to therapies. 

They can predict the possible side effects and detect 

adverse event to treatments based on genetics make 

up for each individual patient in comparison to other 

similar patients. 

2. Describe better targeted therapies for individuals. 

They can determine -apriori- which drugs will work 

better with each individual patient, instead of 

adopting an empirically driven approach of trail-and-

error. 

3. Make better decisions on risk prediction and focus on 

prevention, rather than disease management. 

Collecting genetic information from prenatal testing 

can be useful to determine possible diseases in future 

that can be either be avoided, or adequately 

controlled [5]. 

Big Data and Possible Solutions in Personalized Medicine 

Big data could have a very big impact in healthcare especially 

in personalized medicine. As reported by the Institute of 

Health Technology Transformation, US health care 

organizations have generated 150 Exabyte of health care data 
[6], and this data will continue to grow in the coming months 

and years. This unprecedented amount of data, when 

meaningfully used, can provide significant insights in avoid 

unnecessary treatments, minimizing drug adverse events, 

maximizing overall safety, eventually leading to much more 

effective and efficient health care system, and provide a path 

realize the objectives of personalized medicine. 

3. BIG DATA CHALLENGES 
a) Variety of Data 

To study of personalized medicine we need to navigate and 

integrate clinical information (e.g. Medical diagnosis, medical 

images, patient histories, etc.,) and biological data (e.g. gene, 
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protein sequence, functions, biological process and pathways) 

that have diverse format and are generated from different 

heterogeneous sources. While the last decade was dominated 

by challenges in handling massive amount of data, we argue 

that it is now important to move focus on developing tools and 

techniques to make better sense of data and the use of 

information for knowledge discovery. We believe that data 

integration and making use of different data sources is at the 

core personalized medicine. It provides physicians and 

researchers an integrated view across genotypes and 

phenotypes. Whereas some of the data are accessible in 

structured format, most of the data are only available in 

unstructured format, such as image or text. The heterogeneity 

and diversity of data thus limits their accessibility and re-

usability. To address this challenges, in our research projects 
[7],[8], we have developed an ontology-driven semantic problem 

solving environment to improve personalized medicine in the 

sense that make data and resource more understandable and 

interpretable for applications to integrate, search and query. 

Specifically, we used semantic web technologies to make 

knowledge interpretable by the agent in the web to enable 

integration and re-usability of heterogeneous resources for 

knowledge discovery and prediction. 

b) Quality of the Data 

An important aspect to ensure data quality is data 

standardization and terminologies with semantic mapping. 

This is typically requires extending and existing ontologies, or 

in many cases, development of domain-specific ontologies. 

One of the big challenges in ensuring data quality is 

understanding both syntactic and semantics differences in data 

sources, and how they can be harmonized. By having 

consensus-based common vocabularies and ontologies, it is 

feasible to annotate datasets with appropriate semantics to 

make the resources more understandable and interpretable for 

applications and agents on the web [9], [8], [10]. 

c) Volume of the Data 

However, having the huge amount of data itself does not solve 

any problem in personalized medicine. We need to summarize 

or abstract data in the meaningful way to translate data to 

information, knowledge and finally wisdom. We still need to 

investigate to effectively translate large amount of data, tools 

such as Hadoop systems can help us to speed up our data 

processing and querying. 

d) Velocity of the Data 

Healthcare data is continuously changing and evolving. The 

rapid changes in the data poses a significant challenges in 

creating relevant domain models on-demand to be useful for 

searching, browsing, and analysis of real-time content. In turn, 

“this requires addressing the following issues. 1) The ability to 

filter, prioritize and rank the data. 2) The ability to process and 

ingest data quickly, and 3) the ability to cull, evolve, and hone 

in on relevant background knowledge” [11]. 

Need Hybrid Education approaches to achieves 

Personalized Medicine 

The challenges of bid data already exist and are adopted by 

companies such as Google, Apple, Amazon and Facebook to 

tackle the fairly homogenous big data [12], the heterogeneous 

nature of omics data presents a new challenge that requires 

sufficient understanding of the underlying biological concepts 

and analysis algorithm to carry out data integration and 

interpretation [13]. It is important for whoever involved in this 

research to understand 1) underlying problem, 2) the method 

of data analysis, and 3) the advantages and disadvantages of 

different computational platforms to carry out explorations 

and draw inference. Expertise in biology provides a 

foundation to contextualize causal effects and guide 

identification and interpretation of interaction signal from 

noise. There is also no uniformly most powerful method to 

analyze omics data and the use of various approaches to infer 

biological interaction requires modeling expertise [14]. Lastly, 

computer programming skills are necessary to navigate 

explorations and analyze omics data accordingly. There is a 

need for reliable and maintainable computer codes through 

best practice for scientific computing 
[15]

. Approximately 90% 

of scientist are self-taught in developing software and one may 

lack basis practices such as task automation, code review, unit 

testing, version control and issue tracking. Barrier between 

disciplines still exist between informaticians, mathematicians, 

statisticians, biologist, and clinicians due to a too divergent 

scientific background. Cutting-edge science is integrative by 

essence and innovative strategies in universities to educate and 

train future researchers at the interface of traditionally 

partitioned disciplines is urgently needed for the transition to 

personalized medicine [16]. Although increased knowledge at 

the population level is a key factor in development of modern 

societies, there is upper limit to the wealth of knowledge and 

expertise a single individual can hold [17]. This is the reason 

why, in addition to multidisciplinary individual training, 

initiatives by universities, research funding agencies, and 

governments are encouraged to connect researchers from 

diverse scientific backgrounds on interface topics related to 

systems biology and personalized medicine [18]. 

Omics Data 

Initially there were grate expectation for omics data to provide 

clues on the mechanism underlying disease initiation and 

progression as well as new strategies for disease prediction, 

prevention and treatment [19]. The ideas was translate omics 

profiles into subject-specific care based on their disease 

networking (Fig .1) 
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Integrative methods of Omics data 

The integration of omics data requires appropriate 

mathematical and statistical methodologies to infer and 

describe casual links between different subcomponents [20]. 

Genes may carry out different functions in different cell types 

/ tissues, which adds to the already substantial inter-individual 

variability. Biological complexity presents a challenge in 

extracting useful information with high-dimensional data [21].  

Fig.2: Cloud-based model to implement personalized 

medicine. 

An interdisciplinary cloud-based model to implement 

personalized medicine. The consecutive knowledge and 

service swapping between modeling and software experts in 

research and development units is essential for the 

management, integration, and analysis of omics data. Through 

software and model development will derive updates upon 

knowledge bases for complex diseases, in additions to clinical 

utilities, commercial applications, privacy and access control, 

user-friendly interfaces, and advanced software for fast 

computations with the cloud. This translate into personalized 

medicine via personal clouds that upload wellness indices into 

personal devices, electronic databases for health professionals, 

and innovative medical devices [2], [22]. Both computational and 

experimental methodologies are needed to fully elucidate 

biological networks. However, in contrast to experimental 

assays, computational models rely on biologically driven 

variables and have inherent pitfalls of omics data [18], [23]. 

4. TECHNOLOGIES PERSPECTIVE 

Making personalized medicine to be successful we require 

accessing and processing vast volumes of structured and 

unstructured data about individual patients. This data includes 

both structural and unstructured data types. Since traditional 

technology is not equipped to this end, the big data and 

semantic web related technologies come into play. 

5. BIG DATA PLATFORM 

From an architectural perspective, the use of Hadoop in our 

applications as a complement to existing data systems is 

important. IT offers an open source technology designed to 

run on large numbers of connected servers to scale-up data 

storage and processing in a very low cost and it’s proven to 

scale to the needs of the largest web properties in the world.  

The Hadoop’s architecture offers new venues for data analysis 

including [24].  

 Schema on read: Users can store data is the HDFS 

(Hadoop Data File System) and then design their 

schema based on the requirements of the 

applications. 

 Multi-use, Multi-workload data processing: Multiple 

users can have access to a shared data set in the same 

time for close to real time analysis. 

 Lower cost of storage. 

 Data warehouse workload optimization. 

As Apache Hadoop has become more powerful and successful 

in its role in enterprise data architectures, the capabilities of 

the platform have expanded significantly in response to 

enterprise requirements. The Enterprise Hadoop capabilities 

are aligned to the following functional areas that are a 

foundational requirement for any platform technology: Data 

Management, Data Access, Data Governance & Integration, 

Security and Operations [25]. 

The above architecture is an amalgam of Hadoop data patterns 

that we designed to use of Hortonworks Data Platform (HDP) 

in Mayo’s healthcare systems which is shown in Fig.3 [25].  

 

6. PROCESSING CHALLENGE AND 

SOLUTION IN HADOOP 

MAPREDUCE APPLICATION 

With the growing availability of online health resources, 

consumers are increasingly using the Internet to seek health 

related information. One of the prominent ways to seek online 

health information is via web search engines such as Google, 

Yahoo, Big, etc. In the semantic analysis, we need to query 

MetaMap server for annotating each search query. The major 

data processing challenges in this process is that the MetaMap 

takes significant time to process the input queries and to return 

their UMLS concept mappings. For example, to process 

100,000 quires on a single node with sequential processing 

takes around 10 hours. As MetaMap processing very slow and 

the size of our datasets was fairly large (10 millions), it would 

take around 40 days to finish the annotation sequentially. 

Therefore, we utilized Hadoop MapReduce [26] framework for 

speedup. 

Fig.1: A basic framework of personalized medicine. The 
integration of omics profiles permit accurate modeling of 
complex disease and opens windows of opportunities for 
involves clinical applications to subsequently benefit the 
patient. 
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Once the search query data is submitted to the Hadoop 

MapReduce framework, the data is split between several 

mappers on 16 nodes, Fig.4. 

 

 

Fig.4: 

Hadoop MapReduce framework with 16-nodes cluster for 

processing of the search queries with UMLS MetaMap. 

For instance, given a set of Q search queries, each node 

process q=Q/16 search queries and each mapper process q/N 

search queries, where N is number of mappers. Each mappers 

processes multiple search queries and for each search queries 

the local MetaMap server, Fig.5. 

Fig.5: 

Functional overview a mapper task: annotation of the search 

queries with UMLS concepts and semantic types using 

MetaMap tool. 

Mappers output the search query with UMLS concept and 

semantic types and reducers consolidated mappers output. 

With MapReduce framework (16 node cluster, with each node 

running MetaMap server) we could reduce data processing 

time for 10 million search queries to around 2 days as 

compared to 40 days time on a single node sequential 

processing mode. 

 

7. CONCLUSION 

This review aims to stimulate research initiatives in the field 

of big data analysis and integration. Omics data embody a 

large mixture of signals and errors, where our current ability to 

identify novel associations come at the cost of tolerating larger 

error threshold in the context of big data. Major investment 

need to be made in the field of bioinformatics, 

biomathematics, biostatistics to develop translational analyses 

of omics data and make the best use of high-throughput 

technologies. We posit that “smart data” is a requirement to 

enable down-stream analysis and extraction of meaningful 

information. This will, in our opinion, enable large-scale data 

science using techniques such as inductive reasoning and topic 

modeling, exploratory data analysis will allow discovery of 

data patterns that, unlike traditional statistically driven 

methods which are hypothesis based, will be independent of a 

specific hypothesis. Beside technology and infrastructure 

challenges for using smart data to enable personalized 

medicine, there are several others challenges that were 

discussed in this paper. New generations of multi-talented 
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scientist and multidisciplinary research teams are required to 

build accurate complex disease models and permit effective 

personalized prevention, diagnosis and treatment strategies. 
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