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Summary 
This paper introduces the Translational Research Informatics 
(TRI), its definition, its requirements, its technological 
background, and the perspectives. The TRI is the essential 
informatics to support the translational research (TR) phase that 
is a part of the early clinical trial phase. The TR is believed to be 
a key pipeline for the success of the omics based medicine. We 
analyzed the requirements to the TRI and defined the required 
informational technologies. In concrete terms, the integration of 
data and knowledge is the fundamental technology, and the 
establishment of the knowledge based prediction is principal to 
achieve the safe and efficient TR. The TRI is the critical 
informatics to meet the practical success in this post genomic era. 
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1. Introduction to TRI 

Basically the definition of the Translational Research 
Informatics (TRI) is the informatics to support the 
translational research (TR) phase. The TR phase is a part 
of the early clinical trial phase. Here the explicit 
definitions of the TR phase are slightly different among 
the nations. In Australia the TR indicates the phase 
including preclinical, I, and IIa, while the TR in USA 
indicates the phase including preclinical and I [1]. The 
difference is the inclusion of the phase IIa. In Japan, 
Japanese TRI study group defines the TR phase as the 
preclinical, I, and IIa [2]. Meanly among international 
countries, the TR indicates the phase including preclinical, 
I, and IIa. Based on these investigations, we define that the 
target phase of the TRI is the combined phase of the 
preclinical phase, the phase I, and the phase IIa. 
 This TR phase is recognized as the principal exit research 
phase of all biomedical researches in USA, Australia, and 
EU countries. The TR phase has a role as a social pipeline 
to bridge the fruits of basic research to the general public. 
The TR phase is essential to earn the social consensus or 
the legal background for applying the cutting edge 
medicine like genome medicine to the general practice. 
  Viewing the TR phase from the point of informatics side, 
we can rephrase the TR phase as the translational phase of 
the information or the knowledge from basic science to 
clinical practice. That is to say that the TR phase is the 

transitional phase from basic scientific knowledge to 
clinical knowledge for the effective use of the knowledge. 
The object of TRI is to support this knowledge transition 
process from the IT side of view with keeping the 
maximized safety of the human based clinical trials and 
the maximized efficiency. 
 
2. Requirements to the TRI 
 
Recently in US, the biomedical research cost increases 
abruptly [3], while the number of the new drug application 
decreases [4]. This means that the developmental cost per 
a new drug significantly increases. In concrete terms, it 
increased from 1.1 B$ (2000) to 1.7B$ (2002). The reason 
of this increase was based on the critical path phase that 
increased both the time consuming and the economical 
cost. This critical path phase includes the TR phase. 
Specifically the TR phase is an initial part of this critical 
path, and needs for the optimization of the TR phase was 
recognized. In other aspect, the TR phase is the essential 
phase to install a novel clinical method based on a novel 
discovery to the general public. The TR phase is also 
essential to energize the drug discovery market. The 
requirement analysis on overall technologies to support 
this pipeline including the TR phase has done at US Food 
and Drug Administration (FDA ) and National Cancer 
institute (NCI) [5]. 
 
Table 1 Three dimensions and Important Techniques 
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For the optimization of the TR phase, the technological 
requirement analysis had done by US FDA and Institute of 
Medical Science of the University of Tokyo (IMSUT) 
[3,6,7]. Table 1 shows the outline of the result. The 
benchmarks of optimization are the clinical safety, the 
clinical efficiency, and the industrialization. In TR phase 
as a kind of a critical toxicological phase for human, the 
mostly prioritized benchmark should be the clinical safety, 
the second one is the clinical efficiency, and the third one 
is the industrialization. The point that the maximum safety 
is prioritized than the industrialization is different from the 
other industries. In table 1, based on these three 
benchmarks, the important technologies are indicated. 
Many technologies as the animal model, the testing 
methodology, and the scale-up methodology are indicated 
for whole pipeline process. As for the TR phase, the 
documentation technology and the prediction technology 
that can predict the final clinical result at an earliest timing 
possible are principal. In other words, we require the 
prediction technology that can predict the final result of 
the human based clinical trial at an earliest stage possible. 
Followings are the example of this technology: 
  A. The cause and effect model that can be used to 
predict the results of human based clinical trial or 
economical effect 
  The examples are the correlation table between the 
bio-system (transgenic mouse, cell line, etc) experimental 
result and the human clinical result, the cause and effect 
model of "pulse wave - arrhythm - death" at neoplastic 
patient. The object of this technology is to avoid the 
critical trial, unfruitful trial, and unproductive investment 
by predicting the final conclusion of the human based 
clinical results at an earliest stage wherever possible. At 
the stage of novel creation of the medical methodologies, 
the prediction technology is expected to predict the result 
of the human based clinical effects, the side effects, the 
clinical risks, the economical risks, and the clinical paths 
(the clinical conditions that patient will pass) with enough 
accuracy. This prediction technology does not need to 
stand on the deterministic model, if the prediction model 
has enough accuracy. Considering the context that the 
current deterministic technology does not have enough 
technological level that can predict the complicated 
phenomenon as clinical facts with enough exactness, 
adopting the cause and effect models that have enough 
accuracy is a reasonable choice to establish the prediction 
model for the TR optimization. The TRI stands on the 
standpoint that we need the practically usable prediction 
model based on present technologies. 

  B. Data collective fundamentals to establish the cause 
and effect relational model 
On the assumption to establish the cause and effect 
relational model, we need to collect the clinical case data 
and knowledge. To collect the clinical case data and 
knowledge, we need the data collective fundamentals that 

is ordinary called as the social informational fundamental 
technology. This social informational fundamental 
technology is the primary demanded technology and is 
based on the collection, the integration, and the 
systematization of information and knowledge. The 
specific technologies are as follows: 
  - Ontology as a technology for 
index/knowledge/terminology 
  - Markup Language as a technology of data 
exchanging format 
  - Integrated database as a technology for data store 

(Compatibility with Markup Languages must be 
considered because this technology premises data 
exchanging) 

 The data and knowledge derived from these 
technologies must be sharable internationally from the 
view of data availability. This implies that these 
technologies must link up with the international 
standardization activities as International Organization 
for Standardization (ISO) [8], Health Level Seven (HL7) 
[9]. 

  C. Optimized clinical planning and management 
methodology from informatics aspect 
 Because the TR phase is a so-called human based 
experimental phase, the TR protocol must be planned 
with error-free optimization. The planned TR protocol 
must be executed exactly and must be managed 
appropriately. To achieve these, the optimized protocol 
generation technology and the protocol execution 
management system must be required. IMSUT and Kobe 
university CGI center developed these technologies [10]. 
The developed technologies are based on the rule 
generation and the management of the protocol execution. 
The both are based upon the protocol knowledge that is a 
kind of the summation of the rules. This technology 
implies the knowledge migration technology with copy 
based migration from a TR facility to a clinical trial 
facility. 

  D. Novel biomarker or statistic marker and 
measurement technology having causal relation with the 
human clinical result or the final economical effect of the 
probes. 
 New biomarkers and statistical measurement as a 
marker for psychological effect are required to establish 
more reliable and profound prediction. 

  E. Benchmarks to evaluate the predictive accuracy 
 The benchmark itself is required to evaluate the novel 
technologies from the point of the predictive accuracy. 
The benchmarks for causal effect models and the logical 
background of evaluations are required. 

  F. Biomedical knowledge quantification methodology 
for quantified prediction 
 To achieve the precision prediction, we need to quantify 
the prediction to compare the accuracy of the prediction. 
To quantify the prediction, we need the quantified 
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knowledge basically to calculate the predictions. The 
biomedical knowledge that is described with the multi 
dimensional features [11] may have the potential of the 
quantification. 
Among these technologies, the main technologies are A, B, 
and C. The others as D, E, and F are the subsidiary 
technologies for A, B, and C. 
 
3. Social Informational Fundamentals of TRI 
 
 

 
 

Fig. 1 Social Informational Fundamentals of TRI 
 
In this post genomic world, we must consider the novel 
clinical practice that is based on the Omics information. 
The Omics information is the summation of the 
hierarchical omics data, and these data must be integrated 
with logical order. According to the above analysis, the 
required social informational fundamentals in TR phase 
are shown in Fig. 1. Basically the principal technologies 
are the omics electronic health record (EHR) and clinical 
omics databases. Coupling and liaising these two 
technologies enable the high efficient legal/special 
documents generation/utilization, the high efficient data 
collection as research fundamentals, and the safe and 
efficient offering of novel medical methods to the general 
public. Three supporting elemental techniques for these 
two technologies are the ontology, the information model, 
and the data format.  
 In order to go on these technologies realistically in 
general public, we need the standardization of the 
elemental techniques, the data sharing, and the securing of 
the data security. The standardization of the elemental 
techniques is important for data sharing, meta analysis, 
technological compatibility, and reconciliation of facility's 
gap. Considering that the TR phase does not have a scaling 
up capacity of number of patients on the reason that it is a 
kind of toxicological phase, the utilization of data and 

knowledge in meta analysis by the standardization has a 
significant meaning. This characteristic of TR phase is 
different from the middle/latter part of clinical trials. In 
this post genomic era, the data that pass this TR phase will 
have omics data containing genome data fatally. Because 
these clinical omics/genome data are the ultimate personal 
information, the securement of the data security is the 
considerable prerequisite of the data sharing and the 
standardization of the elemental techniques. The current 
elemental techniques for the data security are public key 
infrastructure (PKI), digital signature, and encryption. 
 The practical pattern to apply the basic scientific findings 
as the fruits of the genomic science to the clinical practice 
is summarized in two applications as the novel diagnostic 
method or the novel treatment technique (Fig. 2). In order 
to make these novel applications usable at general clinical 
scene, all novel applications as drugs/devices must pass 
the social pipeline including the TR phase and the clinical 
trials to earn the legal background and social consensus. 
Here the essences of what pass the pipeline are data, 
information, and knowledge. And the informational 
fundamentals that can support the transition process and 
the data passing are significant. This transformed 
knowledge through these informational fundamentals is 
used for general public as general practice, health 
promotion, and disease prevention. In normal course, a 
novel general practice technique based on the novel 
methodology will be designed from the standard guidance 
that is generated from the collected data and the 
transformed knowledge. The continuous market research 
and the continuous data collection of the novel product 
after opening market can be good basis to get the future 
target and to find the hidden issues/chances. The earned 
data from the clinical trial process and the continuous 
evaluations will be analyzed with statistic methods and 
stored in the integrated knowledge base, this knowledge is 
used for the targeting process or the creation process of 
novel methods. 

 
Fig. 2 The Flow of Pipeline and Genome Medicine 
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The TRI needs above informational infrastructure that 
should have an information cycle as for the utilization and 
the collection of information. This infrastructure is 
required as a social platform to open the door to the new 
medicine. 
 
4. Inception of TRI 
 
  The TRI has just begun and is in its infancy. The current 
status of the TRI is in the stage of construction of the data 
collection platform. The elemental techniques of the data 
collection platform are the information model, the 
ontology, and the data format. These are important to 
establish the integration of omics EHR and clinical omics 
database. 
  Among the above-mentioned elemental techniques, as 
the medical information exchange technique based on the 
information models, ISO and HL7 are constructing the 
information models for the medical domain. These efforts 
are adopted in the national EHR project in some countries, 
and the international data collective infrastructure is being 
put into place [12]. Recently, HL7 has started the 
cooperation with the CDISC (Clinical Data Interchange 
Standards Consortium) that promotes the computerization 
of Clinical Trial from a pharmaceutical company's view 
[13]. 
  As the ontological technique, the Gene Ontology (GO) 
is the biological ontology mainly for the genes [14], while 
the SNOMED-CT (Systematized Nomenclature of 
Medicine for Clinical Terms) is the clinical terminology 
for clinical use [15]. With holding many discussions, these 
go near to be an international standard. In US and UK, the 
national projects as the integration of these ontologies and 
the connection with the messaging models have started. In 
Japan, there is a project of clinical omics ontology framing 
to support the TR [16]. The basic platform for the TR 
system is going ahead. 
  As for the data exchanging format, now, the Genomic 
Sequence Variation Markup Language (GSVML) is in 
international standardization at ISO [17]. The GSVML is 
the data exchanging format of genomic sequence variation 
data to use it mainly in human clinical medicine. The 
object of GSVML is to enhance the data exchanging of 
genomic sequence variation data with focusing on SNP 
mainly for human based clinical use internationally. The 
GSVML receives an expectation to contribute the 
international collection of clinical genomic data with 
coupling on EHR information models that is in process of 
international standardization. The GSVML is originally 
from Japan and is the world first international standard in 
genomic medical information domain. 
 
5. Horizon of TRI in Post Genomic Era 
 

  Getting into the post genomic era after the completion 
of the human genome project [18], currently the 
productions of the practical fruits are expected from the 
genomic researches. The genome medicine is one of the 
main targets of the expected outcomes. The genome 
medicine is still in the stage of experimental medicine, and 
it needs to pass through the TR phase as the social pipeline 
to realize the genome medicine as the general practice in 
general public. The TRI is the informatics to support the 
social pipeline and is expected to play an important role in 
future. 

 
Fig. 3 Definitions and their Relations in the Genome Medicine 

 
  The genome medicine is a medicine based on the 
genome information (Fig. 3). The genome information is 
the summation of the information of respective genes and 
the cross relationships of the genes. To connect the 
genome information to the genome medicine, we need 
more information as the phenome information that is 
substantial information of expression in human body, the 
hierarchical omics information that exist between the 
genome information and the phenome information, the 
disease information that represent the abnormal state of the 
human body, the clinical information that is for the 
diagnosis or the treatment of the disease, and the 
environmental information that can be the cause of the 
disease. 
  This genome medicine has three characters as the 
personalized medicine, the pre-emptive medicine, and the 
scientific medicine. The personalized medicine is the 
medicine per nation per region per personal. The genome 
medicine has characteristics of the tailored medicine and 
the customized medicine. A large amount of information is 
essential to achieve the customized medicine, and the 
genome data especially genomic sequence variation data 
can offer this great deal of data.  
The pre-emptive medicine is a kind of the preventive 
medicine that is based on the precise prediction of the state 
enabled by the tons of genome information. 
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We can say that the preventive medicine is a kind of 
economical medicine achieved by the disease prevention 
or the condition increment prevention. 
 The scientific medicine is the medicine based on the 
clinical case integrated with the omics background. The 
substance of the evidences at EBM (Evidence Based 
Medicine) that is currently accepted in international 
clinical domain is the clinical cases, and the scientific 
medicine will support the scientific background with the 
vast amount of omics data. To generate the omics 
background, we need the integrated omics database and 
the analysis technique of omics network. 
  In the genome medicine, the informatics undertakes a 
role to support three clinical objectives as the clinical 
safety, the clinical efficiency, (clinical effect, working 
efficiency), and the economical efficiency from the 
informatics side of view. The TRI undertakes a role to 
support the process of the actualization of the genome 
medicine and the bridging to the general public from the 
IT side of view. 
  From the standpoint of informatics, we can say that the 
TR phase is a kind of the transitional phase of knowledge 
from the basic knowledge that is derived from the genome 
based findings to the medical knowledge. In this way, the 
TRI is the essential supporting field to establish the 
genome medicine truly. 
 
6. Global Provisions of TRI 
 
  Many efforts of the TRI have started globally.  
  In US, following the term of "new pathway to 
discovery" in the NIH roadmap [19], the knowledge 
informational infrastructure project had started as the 
toolbox for the researchers on a budget of $139M from 
2004. The main focus is in the integration and the 
utilization of the knowledge for the effective use of the 
scattered data on this Internet society. This infrastructure is 
principal to promote the molecular targeting development. 
  In Australia where is also the advanced country about 
the TR like US, the IT system is recognized as the 
infrastructure to enhance the availability of data. They 
started with the integration of the distributed patient 
databases [20]. They think this issue is urgent and 
principal to utilize the accumulated patient data. The 
principal role of this infrastructure is to minimize the risk 
of the TR by predicting the result of the clinical trials at 
early phase.  
  In Japan, a NTRSC (National Translational Research 
Support Center) concept is in under contemplation. Fig. 4 
shows the concept of the NTRSC. The concept is 
discussed at the TRI study group. The NTRSC is a kind of 
social fundamental IT infrastructure and is based on the 
knowledge processing. Currently the project is in the 
developmental phase of the prediction techniques based on 

the knowledge processing and the documentation 
techniques based on the coupled technology of EHR and 
DB. Basically this project is prototyping the informational 
platform infrastructure to collect the nation-wide 
information. 

 
Fig. 4 A Concept of the NTRSC in Japan 

 
7. Conclusion 
 

In days ahead, the TR must be more principal to secure the 
human health from an aspect of installing the new 
technologies to the general public. The TRI must work as a 
social informational fundamental that can support the TR 
phase where is a part of the social pipeline for the life 
science. To achieve the strategic utilization of the 
information in the TRI, we must promote the continued 
effort to integrate the international information and to 
develop the practical technologies. The TRI is the critical 
informatics to fruit the omics researches practically in this 
post genomic era. 
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