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On January 20, 2015, US President Obama announced at his 2015 
State of the Union Address that he was launching a new precision 
medicine initiative [1]. On January 30, the Obama administration 
unveiled details about the Precision Medicine Initiative. Launched 
with a $215 million investment in the US President’s 2016 budget, 
the Precision Medicine Initiative will pioneer a new model of patient-
powered research that ultimately help deliver the right treatment to 
the right patient at the right time [2]. On March 11, 2015, it had been 
reported that China is planning to invest 60 billion Yuan (nearly $10 
billion) in precision medicine (20 billion from the Central Government 
and the remaining 40 billion from local governments and companies) 
before 2030 [3]. 

 So, what is precision medicine? How is it related to other terms such 
as personalized medicine and omics (especially Pharmacogenomics 
and Pharmacoproteomics)? In this article, I elaborate the concepts and 
their relationships.

Precision Medicine
Precision medicine has been thought to revolutionize how we 

improve health and treat disease. Today, most medical treatments are 
designed for the average patient using the “one-size-fits-all” approach. 
However, in many cases, this approach isn’t effective because treatments 
can be very successful for some patients but not for others. Precision 
medicine is a field of medicine that takes into account individual 
differences in people’s genes, microbiomes, environments, family 
history, and lifestyles to make diagnostic and therapeutic strategies 
precisely tailored to individual patients. 

 Precision medicine is a newer term referring to a similar field 
compared to another term “personalized medicine”. The term ‘precision 
medicine’ entered the scientific lexicon in 2008 when business strategist 
Clayton Christensen, of Harvard Business School in Boston, coined the 
expression to describe how molecular diagnostics allows physicians 
to unambiguously diagnose the cause of a disease without having to 
rely on intuition [4]. The name didn’t gain traction until 2011 when 
a committee convened by the US National Research Council laid out 
a blueprint for modernizing the taxonomy of disease on the basis of 
molecular information such as causal genetic variants, rather than a 
symptom-based classification system. They called the report Toward 
Precision Medicine [4]. 

Personalized Medicine
The term, ‘personalized medicine’ first appeared in published 

works in 1999 with the creation of some of the field’s core concepts 
even dating back to the early 1960s [5]. In short, personalized medicine 
simply means selection of treatment best suited for an individual. 
Originally, personalized medicine is the concept that selection of a 
treatment should be tailored according to the individual patient’s 
specific characteristics, including age, gender, height/weight, ethnicity, 
diet, and environment, versus a decision based on ‘standards of care’ 
derived by averaging responses across large cohorts of individuals in 
clinical trials [6]. 

Personalized medicine came to the attention of scientists when 
they began to realize the promise of the Human Genome Project. The 
scientists announced they had deciphered the human genome in 2000 
and the Human Genome Project was completed in 2003. By lying out in 
order the 3.2 billion units of our DNA, researchers sparked a firestorm 
of discovery and an explosion of genomic knowledge. Accompanied 
with them are the rapidly emerging novel omics technologies including 
microarrays, whole-genome single nucleotide polymorphism [SNP] 
chips, RNA interference high-throughput screening, next-generation 
sequencing etc. All these launch a new era, the so-called genomic 
revolution era which offers us boundless potential and great promise 
including the development of personalized medical products for each 
individual based on his/her unique genomic information [7,8]. With 
the advance of genomics science and the emerging of new omics 
technologies, personalized medicine is now commonly defined as a 
combination of molecular profiling (omics methods) and traditional 
methods, such as family history, environment and lifestyle, to create 
diagnostic and therapeutic strategies precisely tailored to individual 
patients [5-7]. 

Precision Medicine and Personalized Medicine
 Some scientists began to consider changing the name from 

personalized medicine to precision medicine after the US National 
Research Council published their report named “Toward Precision 
Medicine: Building a Knowledge Network for Biomedical Research 
and a New Taxonomy of Disease” in 2011 [8]. One of the common 
complaints about the term ‘personalized medicine’ is as follows. 
“First of all, ‘personalized’ implies the prospect of devising a different 
treatment for each individual patient. On one hand, that’s how 
medicine is practiced every day, and on the other, it’s a complete 
fallacy.” [4]. Thus, some researchers began to retire the phrase 
“personalized medicine” and replace it with “precision medicine” — 
with the idea that molecular information improves the precision with 
which patients are categorized and treated [4]. However, not everyone 
supports renaming personalized medicine. In addition, many people 
believe that personalized medicine and precision medicine are not all 
the same. As a result, both terms exist nowadays. 

There are differences between precision medicine and personalized 
medicine. In theory, first, precision medicine focuses on classifying 
individuals into subpopulations that differ in their susceptibility to a 
particular disease, in the biology and/or prognosis of those diseases 
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they may develop, or in their response to a specific treatment [9]. 
Hence, precision medicine focuses on patient subpopulations, one 
step-up from the individual focus of personalized medicine. Second, 
in terms of pharmaceutical and medical research, precision medicine 
is an approach to integrating clinical and molecular information 
to understand the biological basis of disease and accordingly to 
discovering and developing medical products that deliver superior 
outcomes for patients. Thus, precision medicine focuses on the research 
and development paradigm that will help enable more patient-centered 
clinical practice, including (as in personalized medicine) treatment 
decision-making based on genetic and other related information of 
an individual. Thus, precision medicine is more research-oriented 
whereas personalized medicine is more clinical practice-oriented. 

 In practice, the use of the term “precision medicine” can extend 
beyond treatment selection to also cover creating unique medical 
products for particular individuals. Similarly, although the term 
‘personalized medicine’ suggests that decisions on preventive, 
diagnostic, or therapeutic strategies are tailored to the characteristics 
of an individual, in practice, personalized medicine usually refers to 
the stratification of apparently clinically homogeneous patients into 
subpopulations with distinct clinical prognosis or response to treatment 
[10]. Hence, precision medicine and personalized medicine have so 
much overlap that they are often used interchangeably in practice. 

Precision Medicine and Omics
The advance of precision/personalized medicine heavily relies on 

the ability to study biological phenomena at omics levels although the 
practice of precision/personalized medicine does not use only omics 
data and knowledge. This is because molecular characteristics obtained 
from omics data can classify diseases and identify subpopulation of 
patients suitable to certain common treatment more precisely. 

Traditionally, biology focuses on descriptions of biological 
phenomena and mechanisms. Nowadays, biology has become an 
increasingly data-rich subject. Following this trend, many of the 
emerging fields of large-scale data-rich biology are designated by 
adding the suffix ‘-omics’ onto previously used terms. Specifically, the 
word omics refers to a field of study in biology ending in the suffix –
omics and its related ome addresses the objects of study of such a field. 
For example, a genome is the sum total of all an individual organism’s 
genes whereas genomics is the study of the genomes of organisms. 

Pharmacogenomics is the study of how a person’s response to 
drugs is affected by his/her genetic makeup. It combines pharmacology 
(the science of drugs) and genomics (the study of genes and their 
functions) to develop effective, safe medications and doses that will 
be tailored to a person’s genetic makeup. Pharmacoproteomics, 
essentially a sub-discipline of functional pharmacogenomics, is a study 
of how the protein content of a cell or tissue changes qualitatively and 
quantitatively in response to treatment or disease, what the protein-
protein and protein-ligand interactions are in related to drug response, 
and how a person’s protein variants in quality and quantity affect a 
person’s response to a drug. Currently, the pharmaceutical industry has 
become very interested in Pharmacoproteomics with the expectation 
that this technology will lead to the identification and validation of 
protein targets and, ultimately, to the discovery and development of 
viable drug candidates. Pharmacogenomics and Pharmacoproteomics 
will help the prescription of drug and related doses to a patients based 
on his/her response to a drug, thus greatly promoting the advance and 
practice of precision/personalized medicine. 

Precision Medicine and Big Data 
In 2012, the Obama administration announced the Big Data 

Research and Development Initiative [11], which explored how 
big data could be used to address important problems faced by the 
government. Since then, Big Data becomes such a big term that people 
tend to claim any kind of data analysis to be “Big Data” analysis. There 
are various definitions for Big Data. One definition is, “Big data is a 
blanket term for any collection of data sets so large and complex that it 
becomes difficult to process using on-hand database management tools 
or traditional data processing applications.” [12]. It has the “4V’s+1” 
characteristics, namely Volume (i.e., large data size), Velocity (i.e. high 
speed of change), Variety (i.e., various forms of data sources), Veracity 
(i.e., uncertainty of data) and Driving Results (i.e., generating value). 

Omics data, mobile internet real-time data and electronic health 
record data are the top three areas for Big Data in medical research. 
Precision medicine will use all of these three Big Data. In fact, among 
the $215 million investment in the USA President’s 2016 Budget, 
$130 million (over 60%) will be used for building a large US cohort 
for precision research [13]. In this cohort study, the scientists will use 
extensive omics data, electronic health record data and mobile internet 
data [14]. Thus, omics and medical big data are one of the keys in the 
success of precision medicine. 
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