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▼ There is a revolution taking place in the
pharmaceutical industry. An era where almost
continuous growth and profitability is taken
for granted is coming to an end. Many of the
major pharmaceutical companies have been
in the news lately with a plethora of concerns
ranging from the future of the biotechnology
sector as a whole through to concerns over
the availability of drugs to economically dis-
enfranchised groups in the developed and the
developing world. The issues for the pharma-
ceutical sector are enormous and will probably
result in changes of the healthcare system, in-
cluding the drug discovery and development
enterprises. Central challenges include the

impact that drugs coming off patents have
had on the recent financial security of 
the pharmaceutical sector and the need for 
improved protection of intellectual property
rights. Historically, generic competition has
slowly eroded a company’s market share.
There is a constant battle between the pace of
discovering new drugs and having old drugs
going off patent, providing generic competi-
tion opportunities to invade their market
share. Recent patent expirations have displayed
a much sharper decline in market share 
making new drugs even more crucial.

The 1990s were a decade where the phar-
maceutical giants believed they could sustain
growth indefinitely by dramatically increas-
ing the rate of bringing new medicines to
market simply by increasing R&D spending
and continuing to use the same research
philosophies that worked in the past. It is clear
from the rapid rise in R&D expenditure and
the resultant cost of discovering new drugs
that the ‘old equation’ is becoming less favor-
able (Fig. 1). There is a clear need to become
more efficient in the face of withering pipelines
and larger and more complex clinical trials.
For large pharmaceutical companies to sur-
vive, they must maintain an income stream
capable of supporting their current infrastruc-
ture as well as funding R&D for the future.
The cost of drug development and the low
probability of technical success call for im-
proved efficiency of drug discovery and devel-
opment and further investment in innovative
technologies and processes that improve the
chances of bringing a compound to market 
as a drug. Already there has been quite a
change in the way in which drugs are discov-
ered. Large pharmaceutical companies are 
diversifying their drug discovery and develop-
ment processes: They are relying more on 
the inventiveness of smaller biotechnology
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Drug discovery and development is a highly complex process requiring

the generation of very large amounts of data and information. Currently

this is a largely unmet informatics challenge. The current approaches to

building information and knowledge from large amounts of data has been

addressed in cases where the types of data are largely homogeneous or

at the very least well-defined. However, we are on the verge of an exciting

new era of drug discovery informatics in which methods and approaches

dealing with creating knowledge from information and information from

data are undergoing a paradigm shift. The needs of this industry are clear:

Large amounts of data are generated using a variety of innovative

technologies and the limiting step is accessing, searching and integrating

this data. Moreover, the tendency is to move crucial development

decisions earlier in the discovery process. It is crucial to address these

issues with all of the data at hand, not only from current projects but also

from previous attempts at drug development. What is the future of drug

discovery informatics? Inevitably, the integration of heterogeneous,

distributed data are required. Mining and integration of domain specific

information such as chemical and genomic data will continue to develop.

Management and searching of textual, graphical and undefined data that

are currently difficult, will become an integral part of data searching and

an essential component of building information- and knowledge-bases.
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companies and they are licensing technology, compounds
and biologicals at a faster, more competitive rate. To meet
crucial timelines they are outsourcing components of R&D
to contract research organizations (CROs) enabling greater
efficiencies either by providing added expertise or re-
sources and decreasing development timelines. The trend
towards mergers and acquisitions, consolidating pipelines
and attempting to achieve economies of scale, is an 
attempt by large pharmaceutical companies to build com-
petitive organizations. Although this might help short-term
security, future ongoing success may not be ensured solely
with this strategy.

One of the most valuable assets of a pharmaceutical
company is its experience in drug discovery and develop-
ment. Of particular importance is the data, information
and knowledge generated in medicinal chemistry, pharma-
cology and in vivo studies accumulated over years of re-
search in many therapeutic areas. This knowledge is based
on hundreds of person-years of R&D and yet most compa-
nies are unable to effectively capture, store and search this
experience. This intellectual property is enormously valu-
able. As with the other aspects of drug discovery and 
development, the methods and approaches used in data-,
information- and knowledge-base generation and searching
are undergoing evolutionary improvements and, at times,
revolutionary changes. It is imperative for all data- and
information-driven organizations to take full advantage of

the information they are generating.
We assert that those companies that
are able to effectively do this will be
able to gain and sustain an advantage
in a highly complex, highly technical
and highly competitive domain. The
aim of this overview is to highlight the
important role informatics plays in
pharmaceutical research, the approaches
that are currently being pursued and
their limitations, and the challenges
that remain in reaping the benefit of
advances.

There has been much time, money,
and effort spent attempting to reduce
the time it takes to find and optimize
new chemical entities (NCEs). It has
proven difficult to reduce the time it
takes to develop a drug but the appli-
cation of new technologies holds hope
for dramatic improvements. The promise
of informatics is to reduce develop-
ment times by becoming more efficient
in managing the large amounts of data

generated during a long drug discovery program. Further,
with managed access to all of the data, information and
experience, discoveries are more likely and the expectation
is that the probability of technical success will increase
(Fig. 2).

Informatics paradigm shift
There is an important paradigm shift that has begun to
take place not only in the pharmaceutical industry but also
in other domains that either generate or is required to use
data and information as part of their business processes.
This shift is a natural outcome of our reliance on comput-
ers for input, storage, access to data and information and
communication. It is becoming easier to store data but
harder to access the stored data in a flexible, complete, yet
manageable way. To compound these complexities, deci-
sion-making requires that all relevant data are accessible
and available even though the data-types could be dramat-
ically different. One only has to consider a trivial example
of trying to find a photograph in an electronic collection
that only has the date and location recorded as annota-
tions; how do you search for a particular photograph of a
sailboat out of a collection of photographs of coastlines,
beaches and ships? Images and textual data are different
data-types. The relevance of this example to the pharma-
ceutical industry is apparent. The kind of data generated in
the course of developing a drug includes diverse data-types
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Figure 1. Graph of increasing R&D spending versus new chemical entities (NCEs) launched
per year. Interestingly, the number of FDA approved new molecular entities (NMEs) have
diminished even though the R&D budget across the industry has increased. There could
be many reasons for this including increased scrutiny by the FDA and the typical cyclical
nature of the industry, in which it can take 10 years from discovery to a drug.
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including chemical, genetic, bio-
chemical, pharmacological, histologi-
cal, physiological and textual data
(Table 1). Many organizations recog-
nize a highly integrated data environ-
ment as key to using the data effec-
tively; however, few have experienced
the benefit of having brought this data
environment to fruition. But as de-
scribed above, the challenge is to build
an environment that integrates different
data-types, is manageable, is flexible
and has a significant lifetime.

Many data environments and
browsing capabilities were designed
with the aim of archiving rather than
providing meaning and context to the
data and information and enabling 
insight into future studies and experi-
ments. Systems designed in this man-
ner are severely limiting to future de-
velopment. In a real sense, an archival
system is designed around a simple
question and answer paradigm whereby
the data returned is an exact, literal 
response to the question asked. As 
an example, consider the challenges of
trying to use a data access system that is not tolerant of
spelling inconsistencies and that does not have the ability
to substitute synonyms for keywords in the search phrase
or that only allows keywords joined through Boolean 
constructs. Efficient and thorough searching of archival
systems requires a detailed understanding of the data struc-
ture of the repository before being able to phrase an appro-
priate question. Such data environments do not facilitate
insight and are uninspiring. A different, more accessible,
paradigm is to provide a natural language interface that is
interpretative and can recognize syntax and context. Such
systems have the ability to provide contextual assistance
in asking the question. As a further advance, the data sys-
tem could return answers within a contextual framework
and facilitate exploration of the answer through natural
linkage hierarchies and further refinement of the question
or, importantly, further related questions. However, this
kind of data and query environment, although technically
feasible, is not generally available to researchers in 
the pharmaceutical industry. Data environments and 
browsing systems remain rigid with confining interfaces, 
data sources unreachable and data-types indecipherable. If 
systems such as these were implemented within the phar-
maceutical industry, this would amount to a paradigm

shift in the manner and efficiency of data and information
management.

Definitions
For the purposes of this review, we define data, infor-
mation and knowledge in the following way: Data servers
(or sources) are ‘low-level’ physical repositories of num-
bers, characters, images, and other such representations
corresponding to variables, observables, and their transfor-
mations (Fig. 3). (For the purposes of this overview, data
and observables are equivalent and are used interchange-
ably.) We consider documents and text as data. In general,
data sources can contain different data-types (e.g. numeri-
cal, textual and graphical). The manner in which the 
observables in the data servers are organized, represented,
stored and accessed can be relational, hierarchical, object-
based, sequential, indexed, or organized in any other way,
provided that the data model(s) and relationships are 
exposed and interpreted by external processes. Deriving 
relationships between data produces expressions that en-
capsulate information. Information servers are the encap-
sulation of methods, algorithms, and systems by computing
systems that produce information from data. This can be
done by refining, transforming, analyzing, and integrating
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Figure 2. The amount and complexity of data and information increases dramatically
during the discovery phase of drug development. The need for integrating the data and
information increases as the drug discovery project progresses and is especially important
when compounds transition from discovery to development (nomination for
development) and in later backup and follow-on programs. Backups are compounds that
are being moved into development behind previous candidates that have different
ADME/Tox properties. Follow-ons occur later in the process and generally have a different
chemical structure or chemotype.
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data (i.e. data processing), and then identifying patterns
and relationships in the data using study, experience, or
instruction as computer methods and processes. Metadata
comprise a component of information because they pro-
vide contextual meaning to the data elements. That is,
metadata are data about data and, therefore, are explicitly
managed data. Metadata can include descriptive infor-
mation about the context, quality and condition, or char-
acteristics of the data. Knowledge differs from data or
information in that new knowledge can be derived from
existing knowledge using logical inference or rules. If
information is data plus meaning, then knowledge is infor-
mation plus processing. In this sense, data sources can 
include databases, information-bases, and knowledge-bases.

Advances in data systems: system architecture,
metadata and data access
Drug discovery and development is a highly competitive,
rapidly changing area that increasingly depends on infor-
mation technology to store, exchange, and mine data and

information. The current application of HTS, directed par-
allel synthesis and combinatorial chemistry and the gener-
ation of ADME/Tox data on an ever increasing scale has led
to a vast increase in the amount of available data for drug
discovery and development. Management and access to
data and the generation of information and knowledge
from this data are rate-determining at many steps of the
drug discovery process. Data heterogeneity (i.e. different
data-types) also serves to make the process of using the
data more complex. The optimization of compounds can
be considered as a process of collecting and understanding
the results of experiments and measurements from different
areas such as medicinal and physical chemistry, biology and
ADME/Tox from which new compounds are made and new
experiments performed. The complexities of this process
place a demand on the capabilities of informatics systems
to store, access and integrate data in a high performance
manner. Within this challenge, there are many opportunities
for improvement including data collection, data integration
and methods for accessing, refining and mining the data.
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Table 1. Examples of data-types used within the pharmaceutical industrya.

Classes Data types

Chemistry Structural and Chemical structure, compound name, synonyms and identifiers, partition coefficients
 physical  (e.g. logP), molecular weight (MW), topological and topographical descriptors
 descriptors  (e.g. atom-pairs, pharmacophore fingerprints), conformations and indices,

 synthetic route, purity, spectral properties, inventory location and quantity.

Biology Assay methods, Inhibition constants (e.g. Ki, IC50, % change at concentration), Hill slope, titration
 enzymology,  curve, assay descriptors (e.g. assay protocol, buffers), reagent descriptors
 biochemistry,
 pharmacology
Mechanism Enzyme nomenclature, cofactors, cellular compartmentalization, post-translational

 modification, proteomics, genomics

Structural Methods Experimental method (e.g. X-ray, NMR), crystallization conditions
 biology  (e.g. protein purity, buffers, additives), purification method, expression system

 (e.g. vector, insect, bacterial), crystal form, space group, refinement parameters
 (e.g. resolution, R-factor)

Structural Domain structure, structural characteristics (e.g. family, RMS differences)
 descriptors

ADME/Tox Assay methods, Free fraction, protein binding, renal clearance, P450 inhibition, cytotoxicity, assay
 pharmacokinetics  descriptors (e.g. assay protocol, buffers, species)
 and dynamics
Toxicity Physiology, pathology, histology, species comparison, mechanistic basis

Genomics, Nucleotide and protein sequence data, gene location, gene structure, SNPs, expression
 proteomics,  profiles, tissue distribution, functional annotation
 transcriptomics

Text Scientific literature, Text, tables, graphs, photographs, bibliographies, appendices, clinical data
 patents, reports,
 memos

aThis table highlights some of the different data-types that are essential to the drug discovery and development process and is not an attempt to be comprehensive.



It is essential to capture all aspects 
of an experiment and typically this is
done through notebooks. Once in a
notebook, however, it is difficult to re-
trieve the data and the experimental
conditions. The ideal, therefore, is 
to facilitate the capture of the infor-
mation and data electronically and to
provide ways of searching this data.
There are efforts to develop electronic
notebooks but the regulatory agencies
have been slow to accept these as 
validated and verified data and in-
formation sources. However, once 
systems and sources have been shown
to be ‘trustworthy’ their acceptance is
likely to follow. An apparent limitation
has always been computational power
and storage capacity (disk). Historically,
computer processor and storage limita-
tions have compromised the kind and
amount of data and information that
can be stored. 

As a simple example, consider a
company having a compound collec-
tion of 50,000 compounds tested in 20
assays. To store the compound identi-
fiers, assay identifiers and single value
assay results as relative activities would
require on the order of 10 megabytes of storage. This is not
a lot of storage to achieve in today’s standards, but in the
past it has been a severe limitation. We are now in a pos-
ition to store and access much more of the information
necessary to fully capture an experiment and its results.
However, the list of data are surprisingly long and varied
(Table 1). To fully annotate an experiment and its results
requires a chemical structure, the chemist who synthesized
it, the date of synthesis and testing and the assay results,
where the physical sample is stored, and a plethora of
other vital information necessary for continued use of the
compound and its data. Instead of representing activity
with a single relative activity value we are able to store the
following: derived data (e.g. IC50, Ki, minimum inhibitory
concentration), the normalized raw data (e.g. percent
change at a concentration of compound), the controls, 
references and standards, the plate map, the raw data 
(e.g. counts), the experimental protocol(s) and annotations
(assayist, date, and so on) and the relationships between
different experiments (Table 1). All of this can be saved 
for many hundreds of thousands of compounds tested 
in replicate across many different assays. The storage 

requirement for this is multiple gigabytes of information.
Consider adding to this other crucial pieces of information
required to optimize a drug such as ADME/Tox, patent 
estate and literature, memos and reports, and storage 
estimates quickly skyrocket into terabytes and access to all
of this data becomes difficult.

Adding to the challenge of storage is the issue of data
heterogeneity. A well designed and well defined data envi-
ronment is crucial to ensure future access from rapidly
evolving search engines and browsers. In addition, well
constructed data sources ensure that these data are avail-
able to data reduction and data mining, the purpose of
which is to extract relationships and information from
many sources. It is also likely that novel methods will have
different data requirements than existing methods. The
ability to store more complete sets of data increases the
likelihood that the relevant data will be available when
new methods are implemented. As datasets grow and be-
come more complete, the methods used to analyze them
need to shift from methods that only deal with portions of
the data to methods to analyze the entire collection of data
at one time. This provides context for the experiment and
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Figure 3. Heterogeneous and distributed environment. The clients at the top of the
hierarchy access the data and information via a metadata rich ‘integration layer’. Access
to the underlying data structures and computer and application servers is mediated
through the ‘wrapping services’, which maintains the information necessary to bind and
direct the queries to the correct source. 
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the resultant data. It also becomes possible to look for
anomalies in the data and identify tests that need to be re-
peated or to identify results that are yielding particularly
interesting information.

There are essentially two primary data architectures
commonly used for addressing the needs of querying and
integrating heterogeneous and distributed data generated
in drug discovery and development. The first approach
solves the data integration and heterogeneity problem by
centralizing data in a single repository, a warehouse. The
second approach uses a design that acknowledges a hetero-
geneous and distributed data environment and integration
of data occurs through methods and ‘wrappers’ that un-
derstand the data structure of each individual database and
provide methods for joining or integrating the data for
each query. This approach is loosely termed database ‘fed-
eration’. As always, there are variations on each of these
approaches that gray the distinction between them, such
as using multiple data-marts (smaller databases similar to a
data warehouse but optimized for a single data type).

Data storage and heterogeneity are both informatics chal-
lenges. However, the most crucial need is to be able to query
and integrate these data and information and to be able to
access ancillary information which provides context to the
data. Without context, the manner in which the data were
generated, the details of the methods used, the reagents
used, and other observables from the experiment, the data
would have no true meaning or value. These requirements
are clearly a test for any discovery informatics team.

Centralized versus distributed
In a warehouse approach the data are integrated in a single
repository which provides a single source for user searches
and data-mining. The main purpose of this design is to
provide a single, integrated data structure that is well un-
derstood and can be accessed in a controlled manner. This
presumably has advantages in terms of data management
within a large, multifaceted organization. Further, this ap-
proach deals with data heterogeneity and data validation
at the point of loading the warehouse and performs the
data integration at the storage level. Frequently, this is 
accomplished using ETL (extract/transform/load) tools or
scripts to migrate data into the warehouse. The limitations
of this approach are the lack of linkage between the ware-
house and the underlying data sources (disconnected con-
text); generally only a subset of the data are uploaded into
the warehouse for performance reasons. Another severe
limitation is the inability of this model to deal with data
heterogeneity. Typically, different data-types have different
storage requirements that are usually addressed through
specialized repositories that are designed to optimize 

management and access. These limitations argue strongly
for a distributed data architecture that keeps the data
repository close to the source of the data and recognizes
that data are heterogeneous.

In a database federation approach, the data architecture
and the information environment remain connected
(linked) and the contextual meaning of the data is main-
tained. This approach necessitates the implementation of 
a middle-ware layer that encapsulates a metadata/infor-
mation environment composed of methods and interpreters
that understand data relationships, and provides a means
of ‘wrapping’ the different, ‘low-level’ data sources. The ap-
proach covers the processes of formulating a query across
complex, heterogeneous data-types, parsing components
of the query and formulating sub-queries, optimization
and running of the sub-queries across the various data 
and information services. Integration of the results of the
queries and caching of the query and results at the inter-
mediate data and information manager occur at the middle-
ware layer. This approach presents the data and infor-
mation retrieved by interacting directly with the data 
and information manager. Data hierarchy is maintained
throughout this process and enables retrieval without 
re-formulation of the query. It is important to realize that
the federated architecture can integrate warehouses as
components depending on the requirements (Fig. 3).

This architecture is congruent with a distributed data 
environment in which data are generated and stored in
highly specialized databases and data storage areas, includ-
ing file systems, and is optimized for writing and reading
the type of data that is generated. Thus data are not re-
stricted to conform to a single set of standards as in a ware-
house but can be stored in the most efficient manner for
each type of data. Standards are imposed at the level of
communication and defining how interactions take place
without restricting content. This is analogous to the design
of the Internet which is a collection of public networks 
adhering to standards such as TCP/IP (Transfer control 
protocol/Internet protocol) and URLs (Uniform Resource
Locators). In drug discovery applications, the types of data
generated and stored include those listed in Table 1.

The view into the data and information services pro-
vided by these systems and methods enables the user to
sort, cluster and associate data that have fundamentally
different data-types and, therefore, provides a means for
developing hypotheses. It is these complex associations be-
tween data that enable the distillation of information and
hypotheses. Encapsulation of these processes into meth-
ods, algorithms and scripts provides knowledge-bases that
can run independently, continuously distilling information
and knowledge from the current and new data.
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It is crucial that the user interface to any data environ-
ment is easily configurable to meet the needs of a diverse
user community. It is unlikely that a single interface will
meet every need, situation or task. The true goal should be
a metadata driven architecture that can reorganize the
presentation of information depending on the questions
asked. This model is heavily dependent on the metadata.
We have seen hints of approaches that tailor views that are
necessary to deal with the information explosion in World
Wide Web delivery platforms such as portals and config-
urable content pages. This is also seen in stand-alone tools
such as Themescape (now Micropatent Europe; http://www.
micropat.com/). However, this is not generally a feature
common in systems used by the pharmaceutical industry.

There have been some significant gains in introducing
advanced informatics systems into the pharmaceutical in-
dustry but a greater emphasis on this strategy is needed.
Early work at Merck (http://www.merck.com/) in collabora-
tion with IBM (http://www.ibm.com) showed that a hetero-
geneous, distributed data and information environment
provided access to data necessary for the efficient operation
of drug discovery programs [1,2]. Key to this prototype was
the integration of cheminformatics data within the envi-
ronment. The outcome of this work is DiscoveryLink (for-
merly the known as the ‘Garlic’ project), which provides
the basis of IBM’s technology for managing and exploring
data within many different domains including the pharma-
ceutical industry. A similar approach was developed within
DuPont Pharmaceuticals (now BMS; http://www.bms.com/)
specifically to provide access to data, information and data-
mining tools for drug discovery. In this case, all discovery
data, including HTS data, was successfully managed and 
accessed. These efforts used expert internal resources that
were fully conversant in the needs and requirements of
their respective drug discovery organizations. There have
been significant efforts by third party developers, at times
in collaboration with industry R&D, to develop marketable
discovery informatics platforms; for example, Tripos (http://
www.tripos.com), Accelrys (http://www.accelrys.com) and
Lion BioSciences (http://www.lionbioscience.com). Although
each provides useful functionality, none has matured to the
point of providing a complete solution to the informatics
challenge. The detachment of a software development com-
pany from the pharmaceutical company client inherently
results in a limited understanding of the processes involved
and the changing needs in drug discovery and development.

Advances in data mining, information discovery and
knowledge-base development
One of the factors influencing the change in the way a sci-
entist deals with data is the explosion of computing power

in the past several decades. Computing power has histori-
cally followed Moore’s Law [3], which predicts that com-
putational power will double every 12–24 months. This
trend was expected to end in the late 1990s. Fortunately,
not only has this trend continued, but it has kept pace
with the explosion in the rate of generation of chemical,
biological and other data. Discovery informatics is a niche
that attempts to leverage this information explosion and
translate it into marketable products for drug companies.
It is necessary for computational methods to deal with
larger, more complex sets of data than ever before. More
computing power facilitates all aspects of the data and
information management process.

In general there are four approaches that are important
to discovering information and knowledge from data: data
searching and integration, data transformation, data re-
duction and data-mining. Data searching and integration
have already been discussed here. Data transformation
refers to any alteration to the data either to facilitate
browsing or to enable data mining. Browsing oriented
transformations include operations such as computing 
averages and standard deviations and dynamically con-
verting results to different units to facilitate comparison
between data points. Transformations to enable data min-
ing refer to format conversions, calculations of fingerprints
for chemical structures, descriptor assignment and other
computational steps to prepare data for interpretation.
Data reduction methods are crucial for dealing with rapidly
expanding datasets. Clustering will be discussed as an ex-
ample of a data reduction method. Data mining methods
are then considered as they apply to various categories 
of problems: classification, pattern discovery, search and
optimization and data extraction.

Data reduction methods were originally designed to
lessen the size of the computational and data management
problem by selecting representative data points and reduc-
ing the number of calculations that need be performed.
This is a useful approach and is used intensively but it suf-
fers from both a representation and a sampling problem.
Data reduction methods are a guide through large datasets.
Reducing the amount of data, provides a manageable
dataset that, hopefully, contains sufficient ‘truth’ to allow
further investigation of the data and decisions to made.
Clustering as a data reduction method was originally touted
as being able to facilitate computation by selecting repre-
sentative members of similar compounds and only per-
forming calculations on the selection. This allowed a larger
set of compounds to be evaluated with a small number of
calculations. The concept behind clustering is to organize a
large set of data into smaller groups based on a similarity
metric. The assumption, which is well validated by experience,
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is that items ending up grouped together share some 
common properties. Because the items are organized via a 
similarity metric, the descriptors used to compute that 
similarity have a tremendous impact on the results. It must
be said, however, that this selection process is highly de-
pendent on the manner in which the items are described
(the descriptors) and the way in which they are clustered.

There are two main categories of clustering methods, hi-
erarchical and non-hierarchical [4]. Within each of those
classifications are multiple methods such as ‘k-means’ and
‘Jarvis-Patrick’, as well as different metrics for computing
similarity between objects, such as the Tanimoto coeffi-
cient, Dice metric, or geometric distance [5]. Frequently,
different descriptors are used depending on the application.
Topological descriptors include the following: Atom Pairs,
Topological Torsions and ‘2.5D’ descriptors [6], Daylight
Fingerprints (http://www.daylight.com), MDL Keys (http://
www.mdl.com). Other descriptors include 3D pharmaco-
phores [7–10], physical property descriptors including
Lipinski Filters [11], Molecular Weight, Polar Surface Area,
clogP and rotatable-bonds [12,13]. Principal component
analysis attempts to reduce the number of descriptors or
variables in a system by determining any relationships be-
tween the descriptors. Analysis proceeds with a reduced set
of descriptors.

However, clustering alone is unlikely to be the panacea
hoped for. Minor modifications to molecules can radically
change their biological activity. This does not render clus-
tering worthless. It simply requires a shift in expectation.
Instead of considering clustering to be the final calcula-
tion, it needs to be used as an initial sampling that enables
testing or examination followed by further refinement of
the selection. The aim is to build a good representative 
selection of the data that can characterize the diversity,
depth and range of the data. Representation of diversity or
some other means of coverage or completeness is a challenge
that is ultimately subjective; it is difficult for methods and
algorithms to replace the analytical abilities of an experi-
enced scientist. The methods need to guide rather than 
replace judgement and need to facilitate rather than in-
hibit. These, in essence, are the real challenges for discovery
informatics.

A commonly overlooked facet in computational methods
for drug discovery is the data quality and the uncertainty
associated with each data point. Methods that take data
uncertainty into consideration will provide better insights
than methods that consider all data as equal and exact; the
methods are only as good as the data they use.

Classification problems are well suited to decision tree
methods. These methods use a training set of data to 
formulate a series of rules that can be applied to classify

the training elements. Once derived, these rules can be 
applied to unknown elements to predict a classification or
outcome. Decision trees have been applied to a large vari-
ety of problems including virtual screening and toxicity
and property prediction. These methods typically break-
down when the unknown elements fall outside the para-
meters represented by the training set.

Pattern discovery and pattern recognition are methods
that are gaining popularity with the increasing amounts of
biological sequence data available. Pattern discovery is a
class of methods that, in a deterministic or a probabilistic
manner, determine the syntactical meaning within groups
of associated objects. In other words the approach ascribes
patterns or collections of descriptors, such as amino acids
in protein sequences, to features such as protein class
membership or other biological observables. Biological se-
quence data are very amenable to the concepts of pattern
discovery and recognition [14]. With large numbers of 
sequences being available and categorized, it becomes
possible to use pattern discovery to categorize orphan 
sequences and provide insight into function [15]. The use
of pattern discovery with respect to drug discovery is not
limited to sequence data; it also has uses for searching and
finding relationships and correlations among other data
types such as pharmacophores or chemical structure fin-
gerprints. There have been a few attempts in the area of
pattern recognition within chemical space and in combin-
ing with other data-types in an integrated space [16,17].
However, this an exciting area of development that
promises new ways of building information from data,
data-mining and knowledge discovery.

Drug discovery and development is in itself a search and
optimization problem. Methods developed to address some
of the needs in this area include pharmacophore mapping
[18,19], docking simulations [20–22], linear and non-
linear QSAR (quantitative structure–activity relationship)
analysis, protein folding prediction, and combinatorial li-
brary design [23]. Interesting approaches in the application
of optimization methods to the pharmaceutical industry
include recursive partitioning [24] and model-building
using genetic algorithms [25]. Generally there are four
optimization and search approaches: regression methods
that fit the data to model relationships, deterministic algo-
rithms try all possible solutions, stochastic algorithms gen-
erate random solutions and select the best, and evolution-
ary algorithms evolve a potential solution set into a final
solution. Each of these approaches have benefits and 
drawbacks. In general, regression methods, which include
neural nets, recursive partitioning and other linear and
non-linear methods, have a hard time fitting data that goes
beyond the training set; that is, it is hard to generalize these
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methods. Deterministic algorithms are guaranteed to find
the best possible answer because they evaluate all solutions.
Unfortunately, for difficult problems, deterministic solutions
can be too time consuming to compute. Stochastic methods
can be faster than deterministic algorithms and are useful as
long as the initial assumption that the difference between
the best stochastic solution and the best deterministic solu-
tion is small enough to be tolerable. Finally evolutionary
methods, such as genetic algorithms, are an approach to solv-
ing some of the difficult optimization problems in the indus-
try. These methods use concepts parallel to those in genetic
evolution such as the generation of a population of potential
solutions, crossovers and mutations during reproduction to
yield new populations, and fitness functions to assess the
suitability of the solution to the problem at hand. The hope
with genetic algorithms is a performance increase over deter-
ministic methods with an increase in solution quality over
stochastic methods. Of course, the solutions found by gen-
etic algorithms, as with any of the approaches outlined, are
heavily dependent on the fitness functions used to assess the
suitability of the populations and the descriptors used. A
poorly defined fitness function or descriptor set applied to a
poorly defined dataset will result in a meaningless result.

Textual data are a largely untapped source of information
in the drug discovery arena. Latent Semantic Indexing
[26,27] and Bayesian statistics [28,29] have been used to 
analyze, manipulate, and process documents and textual
data to extract conceptual meaning and assess relevance to
a user’s query. Unfortunately, many companies are not cap-
turing documents electronically and making them available
for searching, nor are they extracting as much information
as possible from the documents they are storing. To gain 
the fullest benefit from these documents, methods need to 
combine image analysis with the textual context to extract
chemical structures, reactions, charts, graphs and tables.

It is not sufficient to make a single method or approach
available. All of these approaches have many permutations.
Each of these algorithms and metrics have subtle nuances
that must be understood. This is why it remains necessary
to have expert users who understand the intricacies of 
the methods to prevent misinterpretation of the results. It 
is appealing to release these methods generally within the 
organization, and this can be done in many cases. However, 
for new, cutting-edge methods, this is often difficult.
Collaboration and teamwork remains the mainstay of drug
discovery and development; it is difficult to become expert
in all of the new technologies available.

Conclusions and future challenges
Discovery informatics and data-mining methods will be a
crucial component to addressing the changing future of the

pharmaceutical industry. Methods will need to handle
larger and more diverse datasets. It is no longer sufficient to
perform SAR (structure–activity relationship) studies using
data from a single assay or program; it needs to be computed
across all programs and assays with all compounds. It is no
longer enough to restrict the data to activity and binding
assay data; the methods need to incorporate other data
sources including ADME/Tox and other in vivo results. Text
data as an adjunct to the integration of experimental data
are no longer appropriate, it needs to be considered in the
first tier along with traditional data-types. Non-structured
data, such as text and images have always posed difficulty
for processing and searching and remains a challenge for 
integration and use, but also represents great potential for
future advances. Pattern recognition might be able to make
advances in areas other than biological sequence data. It
might be applied to problems including toxiphore identifi-
cation, bioisosteres, and molecular fingerprinting, as well as
data quality assurance metrics such as identifying edge ef-
fects for plated assays, robot errors and errant reactions. It is
important to realize that none of these problems can be
solved without the data, especially without the context to
the data. Analysis methods are only half the problem; data
collection, querying and presentation remain challenges for
the industry as well.
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