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Abstract

Emerging role of bioinformatics tools
and software in evolution of clinical
research

Clinical research is making toiling efforts for promotion and wellbeing of the health status of
the people. There is a rapid increase in number and severity of diseases like cancer, hepatitis,
HIV etc, resulting in high morbidity and mortality. Clinical research involves drug discovery
and development whereas clinical trials are performed to establish safety and efficacy of
drugs. Drug discovery is a long process starting with the target identification, validation
and lead optimization. This is followed by the preclinical trials, intensive clinical trials and
eventually post marketing vigilance for drug safety. Softwares and the bioinformatics tools
play a great role not only in the drug discovery but also in drug development. It involves the
use of informatics in the development of new knowledge pertaining to health and disease,
data management during clinical trials and to use clinical data for secondary research.
In addition, new technology likes molecular docking, molecular dynamics simulation,
proteomics and quantitative structure activity relationship in clinical research results in
faster and easier drug discovery process. During the preclinical trials, the software is used
for randomization to remove bias and to plan study design. In clinical trials software like
electronic data capture, Remote data capture and electronic case report form (eCRF) is used
to store the data. eClinical, Oracle clinical are software used for clinical data management
and for statistical analysis of the data. After the drug is marketed the safety of a drug could
be monitored by drug safety software like Oracle Argus or ARISg. Therefore, softwares are
used from the very early stages of drug designing, to drug development, clinical trials and
during pharmacovigilance. This review describes different aspects related to application of
computers and bioinformatics in drug designing, discovery and development, formulation
designing and clinical research.
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INTRODUCTION

The current drug discovery processes within pharmaceutical
companies remain conservative, typically focused on
discovery of a novel therapeutic target and new potential
compound that modulates the activity of the identified
target. Subsequently, preclinical and clinical investigations
conducted are often slow, expensive, and risky process
and take about 15 years and about 800 million USD to
1 billion USD to introduce a compound on the shelf of
the market. Hence, an effective and innovative approach is
required to predict the drug efficacy, thereby strengthening
the success of drug development process. Bioinformatics
is the applications of computer science in biology that
can improve drug discovery with efficient statistical
algorithms, rationale approaches for target identification,
validation, and optimization. Computers and software
tools greatly help creating databases, predict the function
of proteins, model the structure of proteins, determine
the coding regions of nucleic acid sequences, find suitable
drug compounds from a large pool, perform data mining,
analyzing, and interpret data faster thereby reducing time
of drug discovery and eventually the cost involved in it."

Clinical research is a branch of science that ensures the
safety and effectiveness of medications, devices, diagnostic
products, and treatment regimens for human use. Various
software can predict the possible interactions, toxicities,
and indications thereby, accurately defining the success
of a novel compound or the repositioning for new uses.
Clinical research varies from clinical practice as in the
former established treatments as well as to establish a
new treatment [Figure 1]. This review highlights about
the emergence of clinical research along with speculated
advantages with the application of bioinformatics tools
and software. Information has been loaded on single
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Figure 1: lllustrating the role of bioinformatics and software tools in
clinical research

platform that can be of use to researchers in different
fields of medicine.

ROLE IN DRUG DEVELOPMENT

Major pharmaceutical companies have established high
throughput screening facilities and have invested in
automation to screen large compound libraries. Advances
in bioinformatics have enabled genome-wide analysis for a
broad range of research fields. Bioinformatics technology
allows researchers to analyze the tetra bytes of data produced
by the Human Genome Project. Gene sequence databases,
gene expression databases, protein sequence databases, and
related analysis tools all help to determine whether and
how a particular molecule is directly involved in a disease
process and in turn helps find new and better drug targets.”
A successtul and reliable drug design process could reduce
the time and cost of developing useful pharmacological
agents. Computational methods are used for the prediction
of drug-likeness which means the identification and
elimination of candidate molecules that are unlikely to
survive the later stages of discovery and development.
Drug-likeness could be predicted by genetic algorithm and
neural network-based approaches.” The classical progression
of the pharmaceutical discovery process goes from drug
target to lead compound and finally to drug [Figure 2].
The ability to discover novel therapeutic targets for further
research is the first critical step in this process. Itis reported
that approximately 483 drug targets account for nearly all
drugs currently on the market (45% receptors, 28% enzymes,
5% ion channels, and 2% nuclear receptors).!

TARGET IDENTIFICATION

Before any potential new therapeutic is discovered, the
disease under consideration needs to be understood, to
unravel the causative underlying condition. The disease
mechanism defines the possible cause or causes of a
particular disorder, as well as the path or phenotype of a
disease. The identification of new and clinically relevant
molecular targets for drug intervention is of outstanding
importance. Drug targets could be receptors, proteins,
enzymes, deoxyribonucleic acid, or ribonucleic acid
(RNA) that are pivotally involved in disease processes.
These drug molecules physically attach to the drug target,
triggering a cascade of intracellular biochemical reactions,
and eventually a cellular reaction. The classical method of
target identification included the use of animal and human
cell lines that identifies key avenues involved: The enzyme
that metabolizes the molecule (drug) and protein that act
as receptors. Thus, ideal drug targets are specific and have
a strong effect on the targeted biological pathway without
disturbing the other pathways."
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Figure 2: Steps in new drug development

Deploying genomics and proteomics, potential drug
targets are identified by elucidating the interaction at the
molecular level of a disease. These molecular interactions
are assessed by a thorough analysis of sequences of a gene
or a protein, three-dimensional (3D) protein structure and
its interaction in various expression/metabolic pathways.
With the aid of bioinformatics and computational tools,
a network is constructed on the basis of endogenous
metabolic, regulatory, and signaling networks with
which the potential drug target interacts. The network
generated can reveal the interaction relationship of a drug
target under consideration. Based on their interaction
relationship, the selection of the drug target could be
narrowed to the most competent drug target to a great
extent.

Target identification can be done by computational methods
Molecular docking

This technique predicts the structure of intermolecular
complex found between two molecules and to find the
best orientation of ligand which would form a complex
with overall minimum energy. The 3D pose of the bound
ligand can be visualized using different visualizing tools
such as pymol, rasmol which could help in inference of
the best fit of ligand. It gives the result as a score based on
the docking algorithms generated due to various possible
structural combinations.”! During signal transduction,
various biomolecules such as nucleic acids, proteins, and
lipids play a critical role. Docking technique could predict
the affinity between these biomolecules or receptors
(drug target) and potential drug candidate. The foremost
requirement of molecular docking is the structure of the
protein or receptor of interest. The structure is determined
by X-ray crystallography or nuclear magnetic resonance
(NMR) spectroscopy. The scoring function generates the
scores based on which drug candidate best fit to the target
is identified.

Molecular dynamics simulation

This computer simulation method calculates the
time-dependent behavior of a molecular system and
provides the information about the structure or the
microscopic interaction between the molecules. It is
routinely used in determination of ligand docking, structure
of lipid bilayer, and prediction of protein structure from
polypeptide chain from the data generated by X-ray
crystallography and NMR spectroscopy.l”’ This method
developed a vast platform for the modern computational
protein folding,

Proteomics

Proteomics are studies on the structure and function of
proteins. In proteomics, a large-scale comprehensive study is
petformed on modification/variation of protein abundance,
their respective interacting partners and networks with an aim
to elucidate cellular processes. Using bioinformatics tools for
proteomics, the large data can be stored appropriately, and
analysis can be performed rapidly. Bioinformatics tools and
proteomic information are now also available for biomarker
discovery, integrating biofluids, and tissue information. This
new approach takes advantage of functional synergy between
certain biofluids and tissues with the potential for clinically
significant findings (for e.g., proteomics is highly useful in
identification of candidate biomarkers (proteins in body
fluids that are of value for diagnosis), identification of the
bacterial antigens that are targeted by the immune response,
and identification of possible immunohistochemistry
markers of infectious or neoplastic diseases).

Target validation

With the technological advancement in drug discovery,
the availability of potential target is not rate limiting rather
the problem is in the selection of the most potent drug
target. This imposes a challenge to the bioinformaticians to
develop tools which could select a short number of genes
or the drug targets having the strongest association with
the disease out of a huge data.

However, approximately 324 drug targets have been
identified for possessing clinical importance.”! This
indicates that the current pharmaceutical research and
development are dependent and relies on a small pool of
drug targets, despite the availability of numerous genome
data on human as well as the pathogen.”! A significant
number of drugs fail at early preclinical stages due to
the wrong target identification. Recently, a drug target
prediction method, i.e., support vector machine has been
developed!"” that is based on the physiochemical properties
of protein sequences rather than homology annotation and
protein 3D structure. This method can distinguish known
drug targets from presumptive nondrug target with an
accuracy of 84% in 10-fold cross-validation test.

Databases and computational tools used for target
validation are:

Gene logic
Gene logic is a leading integrated genomics company
providing comprehensive genomic reference databases
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and life science laboratory information management
solutions. It makes use of its large database of tumor and
normal gene expression to generate a short list of targets
that are preferentially expressed in disease situations. The
targets in this list can then be screened for functional
target validation. The use of the database provides the
investigator with a differential expression pattern of the
target as well as its expression levels in different tissue and
disease types. The database also allows the researcher to
investigate the expression levels of other proteins known
to be involved in certain pathways.

Ribonucleic interference technology

Intradigm (Rockville, MD, USA) makes use of RNA
interference (RNAI) technology in which small interfering
RINA (siRNA) oligos are used as gene inhibitors to degrade
homologous mRNA with high specificity and efficacy.
Intradigm focuses on an angiogenesis pathway shown to
be important in cancer, inflammation, autoimmune, and
other diseases. The potential to execute efficacious .z vivo
target validation with clinically viable siRNA delivery
provides high-value information to understand the role
of a particular gene or protein in the disease process,
multiple genes of the same pathway, as well as the role of
the pathway in the disease. This information is not only
critical to the drug discovery process but also important
for potential therapeutic siRNA development.

Immusol

Immusol (San Diego) recently launched a proprietary
technology that allows fast and efficient 7z vivo target
validation for efficacy and safety in multiple disease models
using siRNA vectors. Immusol has inducible RN A1 vectors
that can be stably introduced into cultured tumor cells or
cell lines that result in the expression of RNAi and can be
used for target validation. The inducible vector can also be
studied in a mouse xenograft tumor model.

Aptamers

Nascacell works with aptamers, the synthetic nucleic acid
ligands for target validation as well as screening, Aptamers
bind the active binding site to which the small molecule
drug binds and inactivates the specific functional epitope
on protein without disturbing the rest of the molecule.
Hence, aptamers mimic the effect of a small drug molecule.
In addition, aptamers can differentiate between various
posttranslational modifications by inactivating the stable
protein with physiological turnover rate.

Lead identification/optimization

Lead identification process starts with screening of
compound libraries. Compounds which interact with
target protein and modulate its activity are identified. Lead
optimization is a complex process of drug discovery where

the chemical structure of a confirmed hit is extensively
optimized to produce a preclinical drug candidate.'!! The
optimization of the promising lead candidate is done by
the modifying the primary and secondary structure of
the compound. This complex step can be enhanced by
the recent innovation and progress in computation which
scrutinize related compound to give a lead candidate.
Another major hurdle is the accurate prediction of drug
toxicity.

Software used for lead identification/optimization is:

Comprehensive medicinal chemistry

This database provides valuable information about the
biochemical properties such as drug class, pKa, and Log
P data of over 8,400 pharmaceutical molecules.

Drug bank

It is a database which associates the chemical and the
pharmacological data with various drug targets and
provides comprehensive information about the sequence,
structure, and pathway information. It combines detailed
drug (i.e., chemical, pharmacological, and pharmaceutical)
data with comprehensive drug target (i.e., sequence,
structure, and pathway) information. Its extensive drug and
drug target data have enabled the discovery of a number
of existing drugs to treat rare and newly identified illnesses.

PharmaGKB

It is a computational tool which predicts the response of
a drug with respect to the variation in the human genetics.
The PharmGKB is a pharmacogenomics knowledge
resource that encompasses clinical information including
dosing guidelines and drug labels, potentially clinically
actionable gene-drug associations and genotype—phenotype
relationships. PharmGKB collects, curates, and disseminates
knowledge about the impact of human genetic variation
on drug responses.

Quantitative structure activity relationship

Quantitative structure activity relationship is a technique
employed to predict the properties and activities of a naive
of untested chemical compound which have structural
homology and their physical and chemical properties are
well established. The various software and databases used
during drug discovery are summarized in Table 1.

Software and bioinformatics tools in clinical trials

Besides, expanding exponentially in volume, clinical
trials are becoming more complex too. In addition, the
regulatory authorities demand more safety monitoring
data that must be collected, compiled, and analyzed. The
increasing accessibility of computers and advancement
in information technology has significantly improved
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Table 1: Software and bioinformatics tools used in clinical research (drug discovery)

Software

Description

Web URL

References

e-Drug3D

Database of 3D chemical structures of drugs that provide various
ready-to-screen SD files of drugs and commercial drug fragments. It
consists numerous compounds which act as natural inputs for various
cheminformatics and virtual screening applications

http://chemoinfo.ipmc.

cnrs.fr/e-drug3d.html

[12]

IDMap

Java-based software which predicts novel relationships between
targets and chemicals with the aid of text mining and chemical structure

http://www.equispharm. [13]
com/idmap

information. IDMap has a huge implication in drug repositioning as it
builds a convenient environment for identifying the possible lead (or even

commercial chemical) and its drug target
Promiscuous

The database has an exhaustive resource of protein-protein and
drug-protein interactions intended to provide uniform data useful for drug

http://bioinformatics. [14]
charite.de/promiscuous

repositioning and additional analysis. It provides three different types of
entities: Drug, protein, and side effects as well as their relationships. The
database consists of 25,000 drugs (experimental and withdrawn drugs)

Predict

QuantMap

Connectivity

mapping (Cmap)

DCDB

SM2miR

NCBI GEO

DrugComboRanker

SaDA

FINDSITE

commentary on relationships between drugs and protein or both
Predict stands for PREDICT

A computational method for inferring potential drug indications of both
novel molecules and approved drugs

QuantMap integrates and predicts the interrelationship between drugs,
toxicity with other chemical entities to avoid toxicity. It is a connectivity
map that explores and relates the biologically active chemicals to gene
expression data

Cmap is a catalog of genome-wide transcriptional expression data from

culture human cells treated with bioactive small molecules. It predicts
the molecular response to a new chemical compound by linking its

observed effect on the gene expression changes with similar compound.
Cmap is a simple patter-matching algorithm which establishes functional

connection between drugs, genes, and disease
It is a database which consists of established drug combination in a

well-organized manner. The aim of DCDB is to facilitate systems-oriented

new drug discovery. These organized drug combinations are selected
from various clinical trials and the FDA electronic orange book
SM2miR is a database which has a user-friendly interface to retrieve
information about miRNA or small molecules. The database contains

detailed information about miRNAs, their relationships, their expression

pattern, FDA approval status, etc., which significantly support the
development of drug, for example, miRNA therapeutics

The GEO is a public repository containing data sets generated from high
throughput microarray and next generation sequence genomic. The data

on expression of mMRNA, genomic deoxyribonucleic acid, and protein
provide support to the hypothesis, establish disease predictors, and
provide inputs for algorithm development

DrugComboRanker is a systematic computational tool to prioritize
synergistic drug combinations and uncover their mechanisms of action

SaDA is a software targeted to address the requirements of a laboratory

engaged in huge collaborative projects. It is an integrated system

compromising of a database which could be customized accordingly for
the management of collection, storage, and retrieval of information about

study/trial participants and biomedical samples of environmental origin
FINDSITE is an algorithm-based prediction tool for ligand binding site,
protein functional inference, and ligand screening. FINDSITE identifies
the similar ligand binding sites among the evolutionary related proteins

http://galaxy.
predpharmtox.org

http://bicinfo.hrbmu.
edu.cn/SM2miR/

http://www.ncbi.nlm.
nih.gov/geo.

available on request:
stwong@tmhs.org

(18]

[16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

SaDA=Spatial Analysis and Decision Assistance, GEO=Gene Expression Omnibus, DCDB=Drug combination database, PREDICT=PREdicting Drug IndiCaTions,

3D=Three-dimensional, FDA=Food and Drug Administration, RNA=Ribonucleic

the clinical trial practices. Hence, there is a huge demand
of computational tools in the clinical trials. In addition,
technological developments have to address the need
of Big Data Management (BDM) on the aspects of
acquisition, storage, distribution, and analysis of data.
BDM technologies are used to solve the current data
storage issues and support specialized tools and facilities
that can be used for normalizing and harmonizing data,

used with advanced analytics. With BDM, the medical
records and follow-up data can be more efficiently
stored and extracted. The enormous variety of data may
be structured, unstructured, and semi-structured is a
dimension that makes health-care data both interesting and
challenging. The unstructured data are the office medical
records, handwritten notes of nurse and doctor, hospital
admission and discharge records, paper prescriptions,
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radiograph films, magnetic resonance imaging, computed
tomography, and other images. Structured data are data
which can be easily stored, queried, recalled, analyzed,
and manipulated by machine (although humans may not
so casily read or interpret them). The structured data in
electronic medical records and electronic health records
include familiar input record fields such as patient name,
date of birth, address, physician’s name, hospital name
and address, treatment reimbursement codes, and other
information easily coded into and handled by automated
databases. The software companies are investing more in
developing tools for drug discovery. Now, various clinical
data management tools are available in the market. Besides,
electronic data capture (EDC), eCRE, etc., various clinical
data management tools and software available in the
market are clinical conductor CTMS (by Bio-Optronics),
Clindex, Ascend (by Biopharm). These clinical trials are
referred as electronic clinical trial when the planning,
data collections, data accession, exchange, and archival
for the execution, management, analysis, and reporting
of the trial is performed electronically. Following are the
software available for the BDM and address the aspects of
acquisition, storage, distribution, and analysis.
1. Predixion Software uses cloud-based predictive analytic
software to explain patterns in hospital datasets
2. Health fidelity is using natural language processing
to turn unstructured data (e.g., narrative medical
records) into structured data suitable for computer
management, to address needs in revenue cycle
management, compliance, and analytics
3. Informatica Corporation (NASDAQ: INfA) is
the world’s leading independent provider of data
integration software. The Informatica Platform
provides all the capabilities; the pharmaceutical
industry needs to ensure that it can integrate and
manage ever-growing volumes of data while using that
data to innovate faster and achieve optimal results
4. MIM cloud: It makes data collection and distribution
easy. Data are stored securely and can be accessed from
anywhere on the internet.

Data management in clinical research

Clinical Data Management (CDM) is an integral part of
clinical research as it efficiently gathers the data of trial
subjects at the investigator site and ensures the validity,
quality, and integrity of the same. Thus, the data stored
in the database is reliable, of high quality, and statistically
sound. Implementation of CDM to the clinical trial
process significantly makes the drug development process
cost-efficient and remarkably reduces the time required
from the laboratory to the market. Various procedures
including database design, data entry, data validation, and
the other crucial procedures including the CRF designing
and data locking are evaluated for quality at regular intervals

during the trials. At present, there is a huge demand of
CDMS to make the clinical trial efficient, for compliance
with regulatory requirement and to lead ahead in the
pharmaceutical competitive market.

Few of the currently available off-the-shelf software for

clinical trials are:

1. e-Clinical: Innovative e-Clinical technologies are now
becoming essential to make clinical data acquisition,
aggregation, analysis, and decision-making for the
new product.Two companies e-Clinical solutions and
e-Clinical works are leader in clinical solutions. The
eClinical application (e.g. elluminate by e-Clinical
solutions) provides a cost cutting, broad applicability
with functionally rich solution to manage clinical trial,
support EDC all integrated into one system. The
workflows developed in e-Clinical enables clinical
operations to effectively plan each stage of a trial

2. Oracle clinical and oracle remote data capture: It
is also known as relational database management
system. It is used for managing database design and
data acquisition for clinical study. This allows objects
to be reused for multiple studies, saves time in study
setup, and ensures that there are standardization and
consistency of data collection and reporting. Oracle
clinical can be customized to contain views that
allow the data to be browsed. System generated error
messages are programed to conduct data validation.
The Oracle clinical application allows electronic data
to be created, modified, maintained, and transmitted
without compromising the authenticity, integrity, and
confidentiality of data

3. Electronic case report form: Electronic case report
form is an electronic tool replica of paper CRF
where the clinical trial subject data are captured in an
electronic format. The clinical and nonclinical data
of the subject (including medical procedures) are
gathered directly into the interface of central clinical
database, thereby accelerating the data transmission
to the sponsor. In multicentric trial, the importance
of eCRF greatly increases as the data managers have
continuous insight of data collection at one point.
Thus, making data collection more efficient which
significantly contribute to the efficacy of the whole
clinical trial.

Importance of database in clinical research

Databases are created in clinical research for recording
and propagating scientific information. The investigators
are exposed to eCRF which is the desired format in which
is investigator captures the data.”” Database manages
information and is more than repositories as it allows:

1. Efficient data collection at one point

2. Rapid data output in desired format
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Easy but restricted accessibility

Audit trail function

Ensure data completion, integrity, and quality
Easy archival.

S

Software and bioinformatics tools in pharmacovigilance
Drug safety software used by pharmaceutical
companies

ARISg

It is leading platform for both pharmacovigilance and
clinical safety system. This application provides an efficient
and end-to-end requitement for managing adverse event
reporting in compliance with regulatory requirements and
Food and Drug Administration 21CFR part 11. ARISg
provides an integrated system for pharmacovigilance
and risk management, thereby enabling pharmaceutical
companies to monitor and evaluate their products for
safety risk.

Argus

Oracle Argus is software for pharmacovigilance application
which enables pharmaceutical companies to infer fast and
better safety decisions, optimize global compliance, and
with integrate risk management system. Argus provides
customizable end-to-end safety process with automated
case processing, periodic reporting, E2B intake and
submission, detailed analytics, and safety operations
integrated into a single system.

CONCLUSION

Clinical trial is the key link between advances in medical
research technology and improved health care. It is an
integral part of medical health research dedicated to
elucidate human disease, its prevention, treatment, and
promoting health. Clinical trial of a novel drug candidate
is increasingly highly complex, time—consuming, and very
expensive process. The pharmaceutical marketplace is very
competitive, and the demand for rapid access to approval
of new drug is high. Hence, pharmaceutical companies
face huge pressure to increase the efficiency and efficacy
of the drug discovery and development. The technology
initiative is considered as the only way to achieve this goal.

With the advent of electronic clinical trials and
computer-aided drug design research, there was a revolution
in the drug discovery and development processes. The
software companies developed various tools for analysis
of genomic, sequence analysis, genetic algorithms,
phylogenetic inference, genome database organization and
mining, optical computation and holographic memory,
pattern recognition, and image analysis. In addition, various
stages of clinical trials such as target identification, target
validation, randomization, data collection, data integration;

Bioinformatics

Easierdata  Sponsor

Patients i
sharing

Data privacy

Investigator

Figure 3: Speculated advantages of bioinformatics in clinical research

trial management and pharmacovigilance became
streamlined, efficient, and manageable. The adoption
of the technologies by the pharmaceutical companies
and regulators not only improved the efficiency but also
the evaluation of clinical data (i.e., the transforming trial
data in useable knowledge) and data security significantly
improved while the overall cost of clinical trial reduced.
Speculated advantages of bioinformatics in clinical
research are establishing and using huge data strategy for
clinical trials, leveraging the new techniques to provide
the patient-centric approach in trials, bringing evolution
in existing processes and systems with new techniques,
provide help in case studies from existing data sources for
advanced trials, easier data sharing, and would combat data
privacy issues [Figure 3]. Thus, the drive to innovate has
prompted researchers and the regulators to explore novel
and more complicated ways to investigate promising new
products with the aid of bioinformatics and software tools
yielding trial design that are faster, more flexible, and more
targeted. Looking forward, we can only anticipate that the
future will bring more rapid technological changes for the
new level of drug discovery that would have never been
achieved through traditional review of the raw data.
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