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Abstract

Clinical Trial Management Systems promise to hekearch-
ers in managing the large amounts of data occurimglini-

cal trials. In such systems Case Report Forms fpturing

all patient data can usually be defined freely dogiven trial.
But if database definitions are automatically dedvfrom
such trial-specific definitions then the collectédta cannot
be easily compared to or integrated into otherlgiaVe ad-
dress this interoperability issue with an approdshsed on
ontology and semantic data mediation. This resultedhe
development of the ObTIMA system which is compobed
component for setting-up clinical trials and anattier han-
dling patient data during trials. Both componenffep data
reusability by relying on shared concepts definedn ontol-
ogy covering the whole cancer care and researcltspe.
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Introduction

Clinical Trial Management Systems (CTMS) promisehé&dp
researchers in hospitals and biotechnology/pharutized
companies to better manage the tremendous amotiaizta
involved when conducting clinical trials [1]. Thagoal is to
simplify and streamline the various aspects oficéihtrials,
such as planning, preparation, performance, anortieg, by
providing functionalities, like automatic deadlitracking for
legal or regulatory approval, progress report rsgukeeping
participant information up-to-date, or import/expodata
from/into other clinical information systems. Foaeple, it is

still a common yet tedious and error-prone practiceollect
data at each trial site on paper-based Case Ré&moms
(CRF) and then to enter them manually into thd t@abase
at the trial center. CTMSs are supposed to avaglhi pro-
viding user interfaces that blend into clinical weettings and
shield users from underlying data and system coxitple

But as standardized, commercial CTMSs are not ydéelw

deployed, trial databases and their entry intedfaamee often
developed in-house specifically for a given trintlaherefore
not readily reusable in other trials. This issuases an addi-
tional reimplementation burden and makes it diffita com-

pare or integrate data between different trialst Bven if

CTMSs are used, the following issue remains unvesbl
Those systems allow a user to freely define the @&ths and
structures without the need of any informaticslskiBut al-

though this is very desirable, it can create thmeseteropera-
bility problems. If a database is derived from thal-specific

CRF definitions, the database in turn is again alabspecific

and data reuse in further research stays problenfdius, our
work focuses on solving this interoperability istheough an
approach based on ontology and semantic (data)atneali

This work has resulted in the development of théo@qy-
based Trial Management Application,@bTiMA for short Its
development started as part of the European Uniojegqt
ACGT (Advancing Clinico-Genomic Trials on Cancer) aiming
at creating an open, semantic and grid-based témiponfra-
structure to support clinicians and scientists astggenomic
clinical trials in cancer research [2]. Its devet@mt continues
now in the European Union project ContraCancrurarided
to develop a platform for simulating tumor develamnand
response to therapeutic modalities to optimize disease
treatment procedure in a patient's individualizedtext [3].



An early ObTiMA prototype was presented in [4]. Elaxe
describe the current state of its development.hi® énd, we
first cover the ontology and semantic mediatiothasbasis of
the data management in ObTiIMA. Then we describetioe
main components of the system: the Trial Builderdesign-
ing clinical trials and the Patient Data Managent&ydtem for
handling patient data within a trial. We concluderbferring
to related research and how ObTiMA is now beinduatad.

Relevant ACGT Components

The advent of innovate technologies, like high-tigtoput
screening or pharmacogenomics, has lead to theiareaf
new data on a previously unknown scale. Howeveristto
automatically analyze these data are still missingot yet in
an applicable stage. This is the core issue ACGTitw#o
solve by developing a unified technology infrastase to fa-
cilitate seamless, secure access to clinical andrge data:
High-performance knowledge discovery techniqueshaiag
created to support multi-centric, post-genomicicéhtrials.

Among the various ACGT components, the two mostvaaht
ones for ObTIMA are théMaster Ontology providing a uni-
fied set of (logically defined) domain concepts egsary to
describe all aspects of clinical trials, and S@mantic Media-
tor providing ontology-based mediation between datacss.

Master Ontology

The task of this ontology is to comprehensivelyrespnt the
domain of research on cancer and its clinical memsmt and
care, with special emphasis on mammary carcinomeagh
cancer), nephroblastoma (Wilms’ tumor) and rhabdoidor.

Due to the multiplicity of entities and processessent in this
domain, the ontology contains elements ranging fgemetics,
the medical and administrative field, up to thealedomain.
Therefore it forms a cross-section between allhefsé sub-
domains with each one being a vital part of theralyeomain.

Basically, domain ontologies represent a given donizy
formally and univocally defining the types and thednnect-
ing relations, as used within that domain. Henbe, Master
Ontology could effectively be seen not as “propwimain but
rather as application ontology since it is tailotedards the
functionality requirements of the application seed of
ACGT. For example, “proper” domain ontologies exhid
clear-cut, distinguishable domain that can be foimdbasic
scientific disciplines, like anatomy or cytologyutBsince our
ontology incorporates many different aspects, itdspossible
to clearly delineate such a single, specific dombeiowever,
in using ontologies the differentiation between danontolo-
gies and application ontologies blur considerahhyway.

An ontology is thus a representation of the refexem the
linguistic sense of the word, in some domain ordome spe-
cific application providing references for the termsed in
describing the domain. All naming and labellingle Master
Ontology was checked against actual term usadeeiddmain
to ensure end-user usability [5] (which also cargaxamples
from the ontology missing here due to space refins).

For the ontology development, the principles fatestof-the-
art ontology engineering, as proclaimed by the GB@ndry
[6] have been followed closely. Those “best praxisteria for
ontology design support in producing an artifactohhs both
sensible from the point-of-view of content as vaslcoherent
regarding its logical, internal structure. As arample, all
concepts are defined by formal subsumption (“is-eation)
and logical constraints based on the relations é®twcon-
cepts. Hence concepts are clearly delineated frach ether
and ambiguity of pure natural language definitignavoided.

Semantic Mediator

The process of semantic (data) mediation involliesmatch-
ing, combination, and retrieval of data storedigparate data
sources to offer a unified view over them. It isns@tic since
the relationships between all parts of the datararde explicit
by using ontological concepts and relations. Then&gic
Mediator has initially been designed to fulfil thask as a part
of the ACGT platform. It accepts queries to andieges re-
sults from disparate data sources, like databasdsitdfiles,
based on Master Ontology concepts and relationacéjeus-
ers who want to retrieve data via the mediator dbhave to
know any technical details of the underlying datarses but
employ ontological concepts and relations and comlthem
into queries to access all data sources in a anifigy [2].

A new data source is integrated into the semangidiator by
creating a set of rules for mapping this data ssuncto the
Master Ontology. For databases, this task is sfiegliby a
graphical tool that assists in mapping from dataliables and
columns onto appropriate ontological concepts aiations.
Still this process remains a complex task that s¢ede per-
formed by users who are experts both in the donthendata-
base, and the ontology. They must be able to eettie subtle
differences between similar ontological concepts bow this
is mirrored in the data sources (and vice-vers) Qh the
upside, this mapping needs to be created only aien a
data source is first added but can be reused Ffar dasks, so
a genomic data source can be directly reused & drials.

ObTiIMA System Components

Trial Builder

The Trial Builder represents one of the ObTiMA'sotmain

components (cf. Fig. 1) and enables the user taifgpthe

various aspects of a clinical trial. The trial gl and meta-
data can be defined in a master protocol basecmplates
for describing the trial goals and its administratdata, like
start or end date. Treatment plans can be graphibesigned
to guide clinicians through the treatment of indiwal patients
and particular treatment events, such as chemagtpenasur-
gery, can be defined with all necessary informatibime par-
ticular order of treatments for individual patieman be de-
fined by placing them on a timeline. Also, treatinstnatifica-

tions and randomizations to be applied for a pateam be
described. For each stage on the treatment plaRFadan be
assigned to collect the data documenting the trexattm
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Figure 1 — ObTiMA System Components
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Ontology-based CRF Creation

The creation of CRFs marks the core functionalitthe Trial
Builder. In a graphical user interface, the user dafine the
content, layout, and navigation of the CRFs whirh @#sed to
capture all patient data during a clinical trigitelthe patient’s
history, medical findings, diagnostic data, or geits data.

It is important that all information can be definkere which
are necessary for the data integration, i.e., €RR item is
described based on ontology concepts togetherméttadata,
like data type and measurement unit, to set-uptribbdata-
base. However, the internal CRF (data) representasi not
the focus of clinicians but their “user interfacgdyout) and
their adaption and integration into the specifiakflow of the

planned trial: clinicians are not to be botherethwihe under-
lying aspects of the trial database or the ontcklginetadata.
Thus all these aspects are made transparent tséneéhrough
a graphical user interface which hides the actoahpiexity

yet gathers all required information for automdtjcareating

the trial database. This interface is derived algtomatically
from the content and structure of the Master Omyplout pre-
sents a simplified ontology view, adapted to trsk taf creat-
ing items (cf. Fig. 2). It comprises the followisgctions:

In the Ontology View(1), the user selects concepts from the

ontology to create a CRF item. Here, the interfa@ges to
overcome the gap between clinical practice andathteal log-
ical representation of ontology concepts: Althotlyé ontol-
ogy provides natural language descriptions for dtn-
cepts/relationships (in addition to the logical idébns),
those often do not fully mirror the needs of preattior clinical
perception of reality. In order to meet this neeg, do not
present the full Master Ontology here but ratheinaplified
clinical view which contains a trial-independensioaclassifi-
cation of CRF contents from a clinician’s pointvidw.

It is by intention that the clinical view is farsle detailed as the
actual Master Ontology and since this allows theslity to
provide a much easier entry point for the user. ifitexface of
the clinical view is implemented as a tree alwdat starts at
node of the concept “Patient” as focus of any chhistudy
(and hence CRF) and only presents those conceptsatk
directly reachable from this concept, like “Weighat “Tu-
mor” (indicating a patient’s tumor). Only when ancept is
selected then also the concepts directly reactiadiethis one
are shown, such as “Laterality” in the case “Tume#s ini-
tially chosen (indicating the laterality of the jeat’s tumor).
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Figure 2 — Ontology Viewer while Creating CRF Items

When a concept is chosen in (1) then a correspgrithm is

automatically created and shown in them Editor (2) to-

gether with its attributes determined automaticélsed on
the chosen concept, such as label, data type,swearpossi-
bilities, and which can be manually adopted. Faneple, the
concept “Weight” has a numerical data type andtaoi suit-

able measurement units attached. So, when the GRRhis

item is used in a clinical trial then the measureimits are
offered as selection possibilities (in a drop dawenu). The
specified value (entered into a text field) is awdtically test-
ed to be of numerical type and also to be non-negétince a
weight cannot be negative). FinalBreview Iltemg3) presents
all created items in the order in which they areerided to
appear on the CRF. Single items can be reorderesinipyle

drag and drop and subsequently transferred to ritexface
where the overall layout of the CRF is then defiiretlirn.

CRF Repository

Reuvisiting the reuse and interoperability issueutsed in the
introduction, in many trials similar or equal dat& collected,
yet stored differently because of different data@)adefini-
tions. Applying the Master Ontology already imprsvihis
situation through using standardized concepts wireating
CRFs. Going a step further, the situation wouldusther im-
proved by partial or complete reuse of existing AREase
similar data is collected. This idea realized bgating a uni-
fied CRF Repository as crucial part of ObTiMA. Théposi-
tory allows the storage and retrieval of entireotogy-based
CRFs and single CRF items or components for rendeadap-
tion in subsequent trials: When setting-up a chhitial, fit-
ting CRFs can either be directly reused or new aneskly
created by “plugging together” existing CRF itenm&l &om-
ponents. This in turn fosters the standardizatib@RFs even
more, since CRFs can now be compared not only eietrel
of single items (through their basis on ontologicahcepts)
but also on the level of larger components or @irtantirety.

Patient Data Management System (PDMS)

The PDMS supports clinicians when conducting aiddintrial
and is automatically set-up based on the mastdoqguband



CRFs defined in the Trial Builder. The PDMS guidles cli-
nicians through the actual treatment of patientoating to
their individual treatment plans and provides apbreal user
interface to fill in the CRFs relevant to the patie current
treatment situation. The interface is adjustedviergay clini-
cal needs: As with the Trial Builder, the complgxdf the
underlying ontology is hidden from the user, yet libgic-
based concept definitions are used to provide divalidity
checking when CRF are filled in. The basic lookileé data
entry interface corresponds to section (3) on Figith each
input element providing on-the-fly feedback abadstdurrent
state based on the just mentioned checking, hnease a nega-
tive value is specified for a weight then this eri®immedi-
ately highlighted along with an explanation of #reor.

Data Export

To integrate ObTIMA into real-world clinical setgjs, the
system must be capable to interface with othertiegi<CTMS
and be able to exchange data in a format they atadet. To
meet this requirement, ObTiMA allows to import agxport
trial metadata, CRF descriptions and patient dataugh an

extended version of the CDISC Operational Data Mode

(ODM) format [8]. This platform-independent, quasindard
for exchanging and archiving clinical trial datssigpported by
many current CTMSs. Observing CDISC'’s extensiordeuli
lines, we enriched this format by allowing the aiddial inclu-

sion of (metadata) descriptions based on MastewolQuyy

concepts. In the case other CTMSs want to impd# daner-
ated by ObTiMA, they can chose to interpret thepsemmental
descriptions but if this is not feasible the resgltdata is still
“ODM complete” and can sensibly be used by thostesys.

Administration, Security and Pseudonymization

To administer multicentric clinical trials, ObTiMA&ontains

several advanced facilities for managing the nudst of insti-

tutions, researchers, and patients usually padtiicig in such

trials. An elaborated, fine-grained security arettitire has
been implemented to handle the rights and rolesdaa be

attached to the system'’s users in order to guagahta they
can only perform the tasks which they are fullyhawvized for.

It is also straightforward to dynamically reactctianges with-
in a running clinical trial, since new institutioasd users can
always be added or extra security roles and rigatdefined.

It is also indispensable that ObTiMA, as a systeding real
patient data, securely stores all of the data whalld possi-
bly identify some patient to non-authorized persiongseudo-
nymized and encrypted form. To foster security exsare,
such personal data is physically separated fronatheal clin-
ical research data through the use of two distadetbase
servers: One server holds the database for stdragersonal
data of the patients, such as their names and ssigréwhich
must never be shared, e.g., via the Semantic Mmjliathe
protection of this database strictly follows allr@nt legal
regulations for data protection in clinical envineents. The
other server hosts the database that containsthal aesearch
data collected in a clinical trial (through the udehe CRFs).
It is possible within the Trial Builder to mark ta@n CRF
items as personal which results in this data bstoged in the
database for personal data and not in the one$march data.

Advantages of Using Ontology and Semantic Mediator

Built-in Semantic Trial I nteroperability

As pointed out before, when clinical trials areigeed with
the Trial Builder (and thus linked to the Mastert@aogy) then
this means that all items defined on the CRFs laeaitached
to the corresponding ontological concepts. Theegfavhen
data is entered for some CRF item then this datdsis di-
rectly linked to the ontology based on the itemta@hed con-
cept. No manual and error-prone data annotatiorpérapg
subsequently and using biomedical terminologigseiessary.
The advantage can easily be seen when lookingcahtrestud-
ies which highlight that the accuracy of SNOMED atations
exceeds 50% only slightly for three different scerg[9] and
hence annotated data cannot be reliably comparat at

The automatic link of the collected data to theotogy makes
it further simple to “publish” collected data orlénd in” ex-

ternal data into a current clinical trial via thengantic Media-
tor: As ObTiIMA automatically generates the mappiudes

needed by the mediator from the concept-based defimi-

tions, its (research) database can be readily addedata
source to the mediator. Other trials running on A (and

therefore also based on the Master Ontology) ceradpplica-
tions based on that ontology, can perform concaped que-
ries on the trial data using the Semantic Mediattve oppo-
site direction to integrate other, external datarses into the
current clinical trial is also made possible: faorhedical or
biomolecular data sources containing, e.g., genafaia or
data collected in related clinical trials (but msing ObTiIMA)

a mapping based on the Master Ontology can beettdat

the mediator (see above). Then by using the sameepts
(combined with using the same interface) to quederaal

data and data collected in the current clinicall tit becomes
straightforward to perform cross-trial meta-anadyse

Increased Data Quality

Continuing the above, by basing the data collectonthe
shared Master Ontology which has been developedlitigal

domain experts in cooperation with ontology expette data
becomes consistent to the knowledge of the undaerigomain
and hence its quality increases. The Trial BuiideDbTiMA

ensures, mostly transparently to the user, thahguhe crea-
tion of CRF items only concepts from the ontology ehosen
and logical restrictions attached to the concedjits, domain
and range restrictions, are satisfied. Howevemettiy not all

of the restrictions encoded in the ontology, sushnamber
restrictions, can be guaranteed automatically. 8bee we are
currently investigating novel algorithms to suppth user in
further improving the data quality and consistefit®]. As

with the ontology integration, those algorithmslwié applied
“below the surface”, in order to support the usad anprove
quality but without exposing their intrinsic compiy.

Conclusion

In this paper we have described ObTiMA, the Ontpibgsed
Trial Management Application and presented theildetd its
two main components to design clinical trials andranage



the patient data within them, as well as the Ma&tetology
and Semantic Mediator as the foundation of theegyst

Related Work

We are aware of other research initiatives aimm@cahieve
data integration by utilizing ontologies in thenatial trials.

Ontology based data integration frameworks, suctha<p-

och project [11], are a very active research fidlde differ-

ence between the latter and ObTiMA lies in the that these
frameworks focus on only integrating existing dataurces
(instead of creating CRFs to gather new shareadils) dOther
initiatives focus on applications for creating stardized

CRFs by using ontologies, like TermTrial [12], whi@lso

allows automatic database creation based on thB$es.GOb-

TiIMA combines the advantages of the two researchinst

enabling both a user-friendly ontology integratiduring the

trial design and the automatic set-up of the PDMSvall as

the seamless integration of external data andghélication”

of its own database. It is also attractive thatoallology and
semantic mediation integration is transparent éoutser and so
any additional complexity that might be introduded those
technologies/methodologies is hidden, but stillirttzgoplica-

tion provides a strong support and added valukdaser.

Evaluation

ObTIMA is currently being evaluated within the SIOP

2001/GPOH study [13] at the Saarland University pitas as
that study’s trial center. The evaluation is perfed by two
trial administration experts who, until now, haveeh using a
Microsoft Access database created in-house alotly ilf-
defined templates to enter the data collected qepbased
CRFs. Both ObTiMA's trial design and execution fiieis are
evaluated, accompanied by a user study where ase@sked
to report their experiences and propose improvesnéntthe
first step, the CRFs have been designed togettibrtiné Mas-
ter Ontology developers. For this, the existing grdpased
study CRFs were taken and “translated” into thécteonic,
ontology-based pendant. The Trial Builder's useerfiace
was found to be mostly straightforward and quickutaler-
stand after a short tutorial. Yet some possiblerawements,
e.g. regarding performance and user guidance, idergified
and are now being worked on. Also some minor cotscapre
initially missing from the ontology necessary tdyfunodel all
details of the original CRFs but which have beedealdsince.
In a second step, ObTiMA’s PDMS is evaluated byeng a
large collection of CRFs. Feedback is also veryoanaging
here since it was expressed that the given furalityrand its
interface suit the clinical audience and are ea®y quick to
use. Still, a scientifically valid evaluation ottaager user basis
is needed and therefore an evaluation includingrsglinical
centers (based on a rhabdoid tumor study) is novtsoway.
(The feasibility of ontology-based data integratioa the Se-
mantic Mediator has been successfully proven in AC3.)
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