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Large amounts of information are exchanged in the form of PDF-
documents. Increasingly, text is replaced by data, creating new data
governance challenges. A case in point is the pharmaceutical industry.
New EU directives force pharmaceuticals to move from text based to
data based submissions to obtain market authorization for medicines.
This involves data structures with an estimated 1700 data points, using
more than 75 reference datasets. These reference datasets ensure every
submission uses the same terminology to refer to countries, currencies,
substances, diseases, adverse effects and more.

Protecting the quality of reference data is an essential ingredient of data
governance, just as important as monitoring the quality of IT-systems.
Organizations start to act accordingly. This whitepaper investigates what reference
data management is, why it is important, which processes it involves, and how
this practice can be optimally supported using emerging technologies.

When we exchange text, our linguistic abilities enable us to unambiguously
interpret its contents, with a rigor and subtlety that are, frankly, quite baffling.
Even today, there is no scientific consensus on how these linguistic abilities work.
Indeed, the capabilities of today’s most advanced computer programs to
understand text are still lightyears away from ours.

When exchanging data, interpretation of their meaning is paramount. Businesses
in the US and Europe are required to report their public financial statements in the
form of data: a file with raw numbers and codes, generated by bookkeeping
software. How do we know a particular number stands for the business’ current
assets, or, instead, its liabilities? The use of reference data is a key to the answer.
Reference datasets define the permissible values used in data fields and constitute
a taxonomy for categorizing raw data into meaningful chunks. Put differently,
reference data are used to nail down the semantics of other data. This paper
argues that semantic web technology is particularly relevant for reference data
management.

One of the core challenges in managing reference data is to handle their structure.
Reference data sets are list, each having its own varying number of columns. Many
are organized in a tree-like, hierarchical structure — adding even more complexity.
Take for instance Medical Subject Headings (MeSH), a comprehensive controlled
vocabulary for the purpose of indexing articles and books. It serves as a thesaurus



seotes [C18) that facilitates information retrieval. See
—— Figure 1. The reason for adding this type of
— . complexity is knowledge management.
B e e When you don’t know the exact form of the
{ Oiabetes Melitus [C18452394.750] | concept you are looking for, a hierarchical
e — order comes in handy. You can drill down
— . tofind exactly what you need, and navigate
colodt it the tree to discover related items.

‘o Nutrition Disorders [C18.654] |

Now suppose you have your own library
Figure 1. Vocabularies are often hierarchically

structured, as shown in this extract of MeSH. with medical papers and you want to use
MeSH for assigning topics to them. A

standard for exchanging reference datasets, including a way of representing
hierarchical structure, is necessary to optimally support such use cases. As we will
see, semantic web technology provides just the right standards for that.

1 The Rise of Reference Data

Reference data management is an area within Master Data Management (MDM) —
the discipline that aims at structural improvement of data quality. MDM requires a
data governance organization that puts in place policies and procedures. The goal
is to provide the end user community with a trusted single version of the truth.
Based on this, informed decisions can be taken at every level in the organization.

The driving force behind MDM is the insight that there different types of data, each
with its special characteristics, challenges and concerns. Table 1, cited from a
paper! by the renowned data governance expert Malcolm Chisholm, shows how
reference data compares to other kinds of data. Each kind of data has its own
particular characteristics and governance and management needs.

The term “"metadata” in this table needs some explanation. The term is widely used
for a variety of things centered on providing information about other data. In this
context, the term is intended to designate the information typically encoded in
column headings in spreadsheets, and database table structures. We will return to
this type of metadata shortly.

1 Malcolm Chisholm (2015). “The Foundations of Successful Reference Data Management”.
Whitepaper. Available at http://www.topguadrant.com/knowledge-assets/whitepapers/.
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METADATA Metadata Describes the structure and semantics of information assets

Reference data Categorizes other data (e.g., currencies, countries, substances)

MASTER DATA Transaction Structure data | Represents entities in transactions (e.g., customers, products)

Enterprise Structure data Represents responsibilities in transactions

Represents the results of operations being carried out (e.g., sales
Transaction Activity data
EVENT DATA records, paymentrecords)

Transaction Audit data Tracks individual transactions (e.g., transaction log files)
Table 1. Different kinds of data.

The different types of data in the table are ordered by value and risk. Data types
more towards the top have increasing value: errors are multiplied in all other
datatypes lower in the hierarchy. Data more towards the bottom tend to exhibit
larger volumes and higher dynamics. New transactions may occur every second,
whereas updates in the list of countries occur once a year or less.

The claims in this paper will be illustrated based on the regulatory affairs domain
within the pharmaceutical industry. While reference data management is not tied
to any specific domain, this allows us to clarify concepts based on interconnected
examples. Therefore, we start off on a short description of the domain and the
challenges it has to deal with.

Regulatory Affairs and the IDMP Directive

To get a medicine on the market in any country requires one to go through an
extensive procedure in which a well-documented request is submitted to the health
authorities. Before the early two thousands, this was done on paper. A submission
would typically be made up of some 200 volumes of about a thousand pages each.
Starting in 2003, these documents were often digitized as PDF-files and submitted
by way of a compact disc, and nowadays the internet is the preferred channel. It
is important to note that while this is obviously a step forward, the information
being exchanged between the market authorization holder (that is, the company
trying to obtain permission to sell the medicine) and the health authorities still is
information in the form of written text, essentially digitized paper documents.

The European Commission, in cooperation with the US Secretary of Health and
Human Service, has decided that a significant number of key describing
characteristics of an authorization application shall henceforth be submitted in the
form of raw data. In line with this policy, the European health authority, EMA, has
started an initiative to standardize reference data sets for expressing substances,
products, organizations, and so-called “referentials”. These standards have been
formalized and published by the ISO. Together, they are referred to as IDMP:
Identification of Medicinal Products. As of June 2016, the directive will be
effectuated in a stepwise manner.



The sheer amount of raw data comprised in an IDMP-compliant submission is
daunting. The number of defined relations and attributes exceed 400. Many object
classes will recur multiple times in a submission: a given medicine may involve
multiple substances, each substance may be produced by multiple suppliers, and
each of these objects will have specific attribute and relation values. Some
estimate that the number of data points in a typical submission will exceed 1700.?

This has impact. At a recent conference, one speaker quipped that pharmaceuticals
can have only one priority now that the skies are falling in Europe. However, it is
not only European submissions that are affected. The US has stated that it will
effectuate a similar directive, making the same IDMP format obligatory in the US
two years after the EU. Other countries in the world will follow sooner or later.

Explaining the Trend: the Importance of Data

The objectives behind IDMP are to increase the quality of life for all of us. Ensuring
the quality of authorized medicines requires working with immense amounts of
information. Computers can do that more effectively than humans, but they
require data, not text.

As an example, consider the situation where health authorities discover that there
is a serious problem with a specific substance produced by a specific supplier. This
substance may be used in many medicines marketed by many market
authorization holders. Now the question is: exactly which medicines are affected
and need to be taken off the market immediately? The answer to this question is
currently buried in gargantuan amounts of PDF-documents. No search engine will
ever provide a reliable answer. The only way to resolve this structurally is
expressing the information in the form of raw data, and let a computer process
these. It is precisely this set of data that the IDMP directive will produce.

Texts are good at expressing subtle nuances and capturing a train of thought, but
since text requires a person to interpret it, this does not scale against the need to
make decisions based on large amounts of information. This results in pressure to
express information in the form of data, so that computers can take over the work.
The developments in the pharmaceutical industry are therefore matched by similar
developments in finance, retail, manufacturing, agriculture, automotive and many

2 Lior Keet (2016). “Facilitating IDMP Compliance While Aligning With Corporate Data
Integration Strategies”. Paper presented at the DIA Regulatory Submissions, Information
and Document Management Forum conference, 8-10 February 2016, North Bethesda, USA.



other domains. This trend necessitates a new approach to managing data quality.
Reference data management is a key ingredient of this.

2 The Nature of Reference Data

Reference Data in a Nutshell

Reference data sets are very commonly used. Sometimes they are called code
lists, value lists, controlled vocabularies, business vocabularies, look-up tables,
taxonomies, thesauri or coding systems. They define permissible values in certain
data fields, thus providing information needed to make other data meaningful and
interpretable in an unambiguous way.

Say, a product can be safely stored until 3 days after opening. To make sure
everyone involved has the same understanding of which unit of measure is meant,
the different options for specifying it are taken from a shared list. This list is the
reference dataset for units of measures and will contain such items as days,
months, years et cetera. Each entry in the list will contain a code to be used in
records (*D”), a descriptive label associated to it, perhaps in different languages
(“Days” in English, “Jours” in French), along with other information that provides
users with understanding as to the meaning of the entry.

This enables information exchange, and is also a prerequisite for effective records
keeping over time. If you find in the records of your organization that many years
ago products were sold to a customer in a country with country code GDR, it is the
reference dataset that enables you to retrace this to the German Democratic
Republic, even though the country is not existent anymore. Without a managed
set of reference data sets, historical records soon become incomprehensible.

Since the purpose of reference data is to enable shared understanding, it stands
to reason that many reference datasets are defined by an external party, often a
standards body such as ISO. In addition, however, every organization will have
reference datasets defined internally: the list of cost centers and journal headings,
the list of function profiles, the list of production locations, of customer types, of
product lines, et cetera.



Identifiers To manage reference data properly, a data governance
CAS Number 79902-63-9 7 unit must be formed. A central role within this group is
ATC code C10AAD1 the data steward. He or she is the one who is
PubChem CID 54454 operationally responsible for the required management
rhauare. ol and administration tasks. We discuss these tasks below
e DB00G41 in Chapter 3.
ChemSpider 49179
UNIl AGG2FN16EV Y
KEGG DO0434 7 Crosswalks
ChEBI CHEBI:8150 7
ChEMBL CHEMBL 084 Different IT-systems in different parts of the
Figure 2. Different reference organization may use different reference datasets for
datasets use different identifiers the same subject. For identifying substances, for
for the substance called

simvastatin. Source: Wikipedia.

instance, at least ten are in use world-wide, each

taking a slightly different perspective on the subject —
see figure 2. This makes it necessary to create an overview of which reference
datasets form what is called a terminology group. Translating from one reference
dataset to another within the same terminology group becomes necessary, using
a mapping table called a crosswalk. Crosswalks thus enable meaningful exchange
of information between systems using different terminologies for the same thing.
The topic of terminology groups and crosswalks merits a separate paper. For our
present purposes, it suffices to observe that crosswalks push the need for quality
and reliability of reference datasets even further.

Risks and Benefits

The importance of reference data management increases with the number of
reference datasets in use. It is estimated by some that roughly 30% of all tables
in an average database are reference data tables. An IDMP-compliant submission
contains values taken from more than 75 designated reference datasets. Each is
the designated vocabulary within a larger terminology group: the other
vocabularies in each group cannot be used for IDMP purposes, making a translation
necessary based on a crosswalk.

With a growing number of IT-systems that exchange information, and the number
of reference datasets increasing, it is unavoidable that problems stemming from
inconsistent versions or unseen errors will at some point spiral out of control, with
significant impact, potentially even jeopardizing business continuity.

In this connection, it is relevant to reflect for a moment on quality processes for
information systems in general. In the regulatory affairs domain, standards are
extremely high in this regard. IT-systems are required to be certified, software
vendors are subjected to audits. Surprisingly, however, the quality of reference
data is unmanaged. When done properly, reference data management offers



corresponding benefits: control and agility in data governance, and managed
quality of data which leads to predictable results of business processes driven by
these data.

Reference Data and the Future of Existing IT-Systems

To enable the management processes that warrant reference data quality, IT-
systems need to fulfil an important requirement: they need to make it possible to
control the versioning of the reference datasets they use. Put differently, the
system must offer controls by which one can make it use a new version without
needing to change the software. It must externalize reference datasets.

Some software products manage reference data as part of the system, instead of
as an externally controlled resource. This is a serious design flaw that makes the
reference data versioning puzzle practically unsolvable. The whole idea of having
reference datasets defined by external bodies is precisely the separation of
concerns between end user functionality (which is the responsibility of the software
vendor) and data governance (which is the responsibility of the business sponsor).
Data originating from different silos within the organization, and also from outside,
need to be consolidated and processed as a consistent whole. To guarantee
consistency, reference data sets must be managed centrally.

The business sponsor has to be in control of which systems use which versions.
Therefore, only IT-systems that allow administration of reference data from
outside are sustainable in the long run.

3 Supporting Reference Data Management

Linked Data and the Semantic Web

When World Wide Web Consortium (W3C) director Tim Berners-Lee invented the
Web in 1989, he envisaged not just the web of documents that we know today,
but rather a web of data: the Semantic Web. Linked Data is a technology
standardized by W3C that has emerged from more than two decades of work on
this. The single most important challenge in creating the Semantic Web is: when
we place raw data on the Web, how can make these data useful and interpretable?
The answer to this fundamentally changes the way we work with data.

In the Linked Data approach, the answer is two-fold. First, we give all conceptual
things —called resources — a globally unique name, more specifically, a URI. A
fictitious example would be the URI http://mi6.gov.uk/resources/Bond to refer to



http://mi6.gov.uk/resources/Bond

James Bond. This guarantees that the names we use remain recognizable and
interpretable, wherever on the web we use them. Contrast this with a traditional
database or spreadsheet. If you take a customer number out of a spreadsheet,
say the locally defined customer number 11241, it loses its meaning.

The second part of

the answer s that .

we structure data ) /
in the form of a (rdttype
ETIRY rdfs.domain redfs:range p—

graph- The nodes @Ybe ~ / Q"’:V_D:)
N\

and edges are /
resources signified — — _@ | mié:MI ]
by URIs. A graph —_—

can be represented Figure 3. A simple example graph.

by a bag of triples

of the form: <subject, predicate, object>. Consider Figure 3. Crucially, this graph
contains some data, and also some information that pertains to the data model or
schema — what we called metadata in Table 1. Thus, the fact that Moneypenny
works for MI6 is a fact about our world (hence, data), whereas the statement that
“works for” is a relation between a person and an organization is a statement about
the language in which facts are expressed (hence, metadata). The abbreviated
URI’s starting with "mi6:” are made up, but the others exist. They are minted by
standards bodies, have rigorous semantics and can be looked up on the Web by
typing them in the address bar of your browser.

We could publish the triples representing this graph in one file, but also separate
them out into two distinct files, as in Figure 4. We could then publish the file called
“model.ttl” on the web, so that others can use the same ontology in their datasets,
while keeping the actual data in the file “data.ttl” secret, as behooves a secret
intelligence agency.

<data.ttl> <model.ttl>
mi6:MI6 mi6:worksFor
rdf:type schema:Organization. rdf:type rdfs:Property; Note that much of the
mi6:Moneypenny rdfs:domain schema:Person; ontology used to define the
rdf:type schema:Person; rdfs:range schema:Organization. semantics of our little

mi6:worksFor mi6:MI6., . .
dataset is not even defined

Figure 4. The example graph can be represented using triples in jn the file “model.ttl”: it is
different files. . .
defined in the other
ontologies mentioned — RDF, RDFS, and schema.org. RDF and RDFS are
foundational standards made available by W3C, while schema.org is a general
purpose ontology created and maintained by a cooperation of several Web giants,
including Google and Facebook. By itself, our data model only defines a single
property: worksFor.



One idea behind reusing existing RDF data models is that it leads to better data
models for less money. Data modeling is highly specialized work, and small errors
have large impact — metadata are on top of data value hierarchy in Table 1. An
additional benefit of reusing ontologies is an unprecedented level of
interoperability. Different parties can now share the same ontology to express their
data with, obviating the need for conversions, ETL-processes and other plumbing.

This approach is more revolutionary than it seems. There simply is no way in which
we could put the columns of a spreadsheet (or database) in one file, and the data
in another. The moment we separate spreadsheet data from the spreadsheet
structure, the spreadsheet data lose their context-dependent meaning and, thus,
become useless. Consequently, there is also no way in which we could publish
models on the web, and use several of these models simultaneously to describe
the semantics of our spreadsheet or database data.

This feature of Linked Data, the ability to treat data and metadata alike, to combine
or separate data and model, and to reuse and mix data and data models from
different sources, has enabled us to start realizing Tim Berners-Lee’s vision of the
Semantic Web. And it is of eminent importance to reference data management.

SKOS

Simple Knowledge Organization System, or SKOS for short, is a concise ontology
describing the way reference datasets — such as coding systems, term lists,
glossaries, controlled vocabularies, thesauri, taxonomies, library indices and the
like — are structured. It is a W3C-standard ratified as a recommendation in 2009
and broadly used. In the Netherlands, SKOS is adopted on the national ‘comply-
or-explain’-list, effectively making it an obligatory standard for public sector
organizations publishing reference datasets.

Such knowledge organization systems often include some notion of hierarchy.
SKOS is designed to capture this informal structure. Take for instance the library
thesaurus of the WODC, the research institute of the Dutch Ministry of Security
and Justice, which is used to structure the content of its extensive Web library. We
find that both “juvenile offender” and “adult detainee” have “detainee” as broader
term. In this case, the relation seems to imply a subclass-relation of some sort, as
in “an adult detainee is a (kind of) detainee”. Elsewhere we find that “penal
institution” has “criminal law” as broader term, so that the relationship implies
more of a thematic kind of relatedness. We cannot meaningfully say that “a penal
institution is a (kind of) criminal law”.

Thus, the semantics of the hierarchy in thesauri, controlled vocabularies and other
reference datasets does not coincide with a formal “subclass of”-relation. Because



it is exactly this notion of hierarchy that SKOS captures, it does not allow for
inferences to be rigorously made as truly formal logics-based ontologies do.
Therefore, SKOS is sometimes characterized as defining a “soft semantics” for
knowledge organization. The centerpiece of SKOS is the notion of "Concept”, which
is succinctly defined as “An idea or notion; a unit of thought.” This resource’s URI
is, abbreviated, skos:Concept. A number of predicates are defined that express
semantic relations between such concepts, such as skos:broader. Some other
predicates have strings as value and indicate what the preferred term and
alternative terms are. A simple example of how SKOS works is given in Figure 5.
This graph tells us that

~» Headache

e

skos:prefiabol there is a Concept with
-/ the preferred label “Mi-
/ \ _» Migaine graine”, and which is also
"’;f“” "“""'“f'\“ e called “Hemicrania.” It is
/ |
' _- related to the broader
f ) A — Some peaple see flashing lights, some find
! rof type \ N problerms with theit speech, and some fee! concept labeled
_,f \ skos-definition pens and needles in their arms and legs. This
\ ~— can happen before or during a migraine “Headache”. SKOS also
skos:alttLabel == When the headache starts, it is usually severe.
\ Your heads throbs, and it might hurt to see makes available a
\‘. beight lights or hear noises. You might feed ]
\ sick, and you might yoril, This can last number Of predlcates for-
l amyway between a fow hours and a fow days.
Hermicrania relating concepts across

) ) ) Source:hitp/feattharectaovay— different datasets, such
Figure 5. Two concepts, their attributes and their relations,

organized using the SKOS standard. as “exactMatch” and
“closeMatch”. This makes

it possible to map concepts in different reference datasets in a consistent way and
thus to create crosswalks using a rigorously standardized representation form — a
form that can be exchanged without hassle.

Business Processes

Let us now see how Linked Data technologies can help us executing essential
reference data management tasks. The consensus is that in the context of
reference data, the data steward at least eight major tasks to perform:

e Profile organizations. Create a database of originators of reference data,
their contact information and other details.

e Profile reference datasets. For each reference dataset, what it is for, how
it is structured, which parts are relevant, how often it is updated, and so on.

¢ Execute semantic analysis. What is its exact structure, and what do the
different pieces of information mean?

¢ Document semantic analysis. The results of the semantic analyses must
be made available to the end user community, preferably in a way that
makes optimal sense from actual work processes.
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e Import reference datasets. The reference datasets are imported in a
central repository where they are administered and overseen in one spot.

¢ Assign accountabilities. Who decides on life cycle events? Who needs to
be consulted and to be informed?

e Track changes. Reference data are curated and business rules are
checked. After approval, the new version becomes the production version.

o Distribute reference data. The production version must be made
available to IT-systems using whichever technology the IT-system supports.

Linked Data offers significant benefits in supporting these processes. Let us
highlight a few aspects, starting with executing semantic analysis. As a running
example, we take the list of ATC-codes. This reference dataset is used for the
classification of active ingredients of drugs. It divides drugs into hierarchical groups
at five distinct levels. The code of each substance reveals at which level it is placed.
For instance, AO1AA03 (“olaflur”) is a 5t level drug group, while A10 (“drugs used
in diabetes”) is a 2" level group. See Figure 6. Given the hierarchical relations in
the dataset, SKOS is an

A B C D E
excellent starting point in |1 [arccode> Jatcieveiname ~|oop[~]u[~]adm.R  [|Note
: : : 2 A ALIMENTARY TRACT AND METABOLISM
ana IyZIn g its semantics. 3 A0l STOMATOLOGICAL PREPARATIONS
The primary entity in the |4 ana STOMATOLOGICAL PREPARATIONS
. . 5 | ADLAA Caries prophylactic agents
dataset is Substance: every 6 |A0LAADL  sodium fluoride 1.1 mg O 0.5 mg fluoride
entry in the ATC-list 7 |AOLAAO2  sodium monofluorophosphate
. 8 |A0LAAD3  olaflur 1.1 mg O
characterizes exactly one of

Figure 6. An extract of the Excel-sheet with ATC-codes, as

these. obtained from WHO.

So, the first thing we do in our analysis is stating that ATC-data are about
Substances. We give this notion a URI, ex:Substance, and make it a subclass of
skos:Concept. By saying that Substance is a “subClassOf” Concept, it follows that
Substances have the same hierarchical relations as Concepts. This neatly captures
the child-parent relations in the ATC hierarchy.

To make this concrete, Figure 7 shows the result of the data steward’s analysis.?
In the left pane, we see a class hierarchy and for each class, the properties
associated to it. In this hierarchy the data steward has imported the SKOS
ontology. It only has three classes, Collection, Concept and ConceptScheme. We
can see that the data steward has created a subclass of Concept called Substance

3 The screenshots in this paragraph have been created using TopBraid Reference Data
Manager™. Permission to use these has been kindly granted by TopQuadrant Inc., which
is gratefully acknowledged.
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Class Hierarchy Concept (Class)

B Thing http:fhaww w3 orgl2004/02/skos/core#Concept
#  Collection Labels and Description
E' label:  Concept (en)
& @ Substance definition:  Anid tion; it of thought
‘ = Adm R ) inition: n idea or notion; a unit of thought. (en)
‘ ® DDDose isDefinedBy: SKOS Core RDF vocabulary -+
i- [ atcCode .
B zict evelName Class Characteristics
- I unit sub-class of:  Thing -+
is in semantic relation with
P is top concept in scheme Class Diagram
& = Concept Scheme Relevant Properties Table
| | [ [ | o

Figure 7. The resource Concept and its properties are defined by W3C and can be reused
in the data model describing the structure ATC codes.

and defined five properties for it, conforming to the structure of the ATC reference
dataset. The right pane shows the details of the class highlighted in the right pane,
in this case, skos:Concept. In the right upper corner we see this resource’s URI,
which is minted by W3C. Note that all this information is published by W3C on the
Web, and taken from there.

Highlighting one of the properties we created for Substance, DDD, gives us the
screenshot in Figure 8. It has a label, and a definition. In this field the data steward
has just pasted the definition found in the ATC documentation. Assuming that the
Linked Data server is available in the enterprise, this information is just a hyperlink
away from the place where an end user needs to read or input the DDD for a
specific drug. As noted previously, this is important for end users, who need access
to this kind of semantic information to avoid errors and time consuming search
activities.

Now that we have defined the semantics of ATC-codes, the next thing we need to
do is import the actual ATC codes into a central repository. The ATC reference data

Class Hierarchy DDDose (DatatypeProperty)

hitp:/fpharmavoc com/cw/atc/atc#DDD

=  Thing
. Collection o Last edited by Administrator on Jan 17, 2016 4:52:30 PM
= Concept Labels and Description

= @ Substance label: DDDose

B Adm_R comment:  This is a measurement of drug consumption based

on the usual daily dose for a given drug. According to
atcCode the definition, "[{Jhe DOD is the assumed average

maintenance dose per day for a drug used for its
W atcLevelName main indication in adults.”

B unit

is in semantic relation with Property Characteristics

is top concept in scheme

& Concept Scheme

| | (@[ ][ =]

domain:  Substance -+
range: string

Figure 8. The metadata of each ATC-property, like DDDose, can be managed easily using
Linked Data technology.
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set can be obtained in B iiar A01ADO2 {Substance)

. hitp:fipharmavoe.comicw/atelateCodef AN ADDZ
Proy 5
the form of an XML file |haze:;:rower .|E| Labels and Description
or in  spreadsheet | —— type:  Substance -
format, as shown above || & o »o1 c ]
) ) ] DD & m AA ustom Properties
in Figure 6. An importer ||+ = 3 | 5 Adm R ©
tool based on Linked = @ A01AB DDDose:  ©
D hnol . [ O AtAC atcCode:  AO1ADOZ
ata techno ogy Is easy = |—' i?j-;][:,&[)m atcLevelName:  benzydamine
to provide. ¥ s Aoaoz unit:  mg
i |0 ADTADOS
All we need to do is to |} ' i ,
tell the importer which || | [®] [&][#Edt] [ Show History |_ 81 (0) |
of the columns in the Figure 9. The actual ATC-data converted to Linked Data.
spreadsheet

corresponds to which property in the ontology, and how to deduce for each entry
the correct hierarchy level by looking at the code. The importer will then create a
new resource for each entry in the list, give it a URI, get the property values right,
and create the hierarchical relations. The result is in Figure 9.

The left pane displays the hierarchical structure of the ATC reference dataset,
reusing the SKOS ontology. We have highlighted the substance with code
AO01ADO2. The right pane displays the details of this substance loaded from the
spreadsheet. In addition, it tells us that the type of this resource is Substance. The
hyperlink takes us to the definition of this resource in the ontology we just created.
The top right corner displays the URI that was generated for this substance.

Increasingly, standards bodies will publish their reference datasets using SKOS.
This is already happening in the library world and in bio informatics. This will
obviate the need for conversion of Excel sheets and XML-files and further enhance
interoperability. It is important, though, to realize that even when this vision
becomes a reality, reference data management as a discipline still needs to be
executed to warrant data quality.

Benefits of Linked Data

The benefits that solutions based on Linked Data technologies can bring to
reference data management are manifold. Perhaps the most striking benefit is the
ease with which the data models of different reference datasets can be captured
by reusing and extending existing ontologies such as SKOS. This makes it possible
to pin down the semantics of reference data and create crosswalks in a rigorously
standardized way. Solutions based on Linked Data are expressly designed from
the ground up to deal with the diversity of data models underpinning reference
datasets.
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Title Aubagio. INN-teriflunomide

Concept Product Name  Substances  Substances ENNL  Units of Measurement
Sehamon Units of Presentation
Corpus quality

i s

professionals are asked to re spected adverse reactions. See section 4.8 for how to report adverse reactions. 1. NAME OF -~
THE MEDICINAL PRODUCT am&elg 14 mg film-coated tablets 2. QUALITATIVE AND QUANTITATIVE COMPOSITION Each [
film-coated tablet contains 14 mg of teriflunomide. Excipient with known effect: Each tablet contains 72 mg of lactose (as

monohydrate). For the full list of excipients, see section 6.1. 3. PHARMACEUTICAL FORM Film-coated tablet (tablet). Pale blue to

pastel blue, pentagonal film-coated tablets with imprint on one side ('14) and engraved with a corporate logo on the other side. 4
CLINICAL PARTICULARS 4.1 Therapeutic indications AUBAGIQ is indicated for the treatment of adult patients with relapsing

remitting multiple sclerosis (MS). (please refer to section 5.1 for important information on the population for which efficacy has been
established). 4.2 Posology and method of administration The treatment should be initiated and supervised by a physician experienced

in the management of multiple sclerosis. Posology The recommended dose of AUBAGIO is 14 mg once daily. Special populations

Elderly population should be used with caution in patients aged 65 years and over due to insufficient data on safety and
efficacy. Renal impairment No dosage adjustment is necessary for patients with mild, moderate or severe renal impairment not

undergoing dialysis. Patients with severe renal impairment undergoing dialysis were not evaluated. Teriflunomide is contraindicated in

this population (see section 4.3)

@ (1) I{CELLS} (A) ¢ accelerated elimination (21) {7 accelerated elimination procedure (21)
= oM Vo
¢ adverse reactions (20) «’ng[@ ¥y blood pressure (21) [dose!

< elimination procedure (20) ¢ film-coated tablets (20) (intederon beta) (Taciose] <7 multiple sclerosis (21)
¢ OF THE (17) <% OF THE MEDICINAL PRODUCT (22) <7 patients (22) <% patients with severe (17)
¥ placebo-controlled studies (16) ¢y section (14) % terifflunomide (31) <% treatment (18) (GpiB) (warfarin)

Extacted Terms List | Candidate Terms List

Figure 9. A screenshot of PoolParty Extractor™ recognizing terms in different controlled
vocabularies (highlighted in matching colors). Printed with permission from SWC, which
is gratefully acknowledged.

The benefits of having a Linked Data reference data repository in the enterprise
go beyond reference data management itself. Such a repository serves as a trove
of deep knowledge encoded in disparate vocabularies. Because they are all present
in one spot in a form that ensures technical and semantic interoperability, one can
actively query these vocabularies: “Give me all concepts from all vocabularies
where “carcinoma” occurs in the preferred or one of the alternative labels”.

The repository can easily grow into a semantic hub that functions as the integration
backbone of your enterprise. Commercial, large-scale, enterprise-grade platforms
driven by Linked Data standards are now available that are designed from the
ground up to provide exactly that enterprise service. Because of the high degree
of standardization, there is no danger of vendor lock-in: solutions can easily
combine modules from different vendors.

Such a semantic hub not only supports low-cost, high-quality integration between
legacy systems. It also provides a foundation from which text management
solutions can be driven. This includes tools for entity extraction, which construct
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datasets from text, in an automated or semi-automated way. See Figure 9.
Another set of solutions that can be driven from such a reference data repository
are products for structured authoring — that is, text processing solutions that help
authors to use reference data in running text. The rigorously standardized
approach that ontologies like SKOS can offer make for unprecedented levels of
flexibility when connecting these.

These topics warrant more discussion but are outside our scope. Suffice it to say
that the strategic outlook that a Linked Data approach to reference data
management offers is in line with many contemporary developments.

4 Central Takeaways

The central takeaways of this whitepaper are:

15

The importance of reference data increases as data replace text

Existing systems must allow for upgrading the reference datasets they use
without making a new release of the software necessary

Reference data must be governed and managed centrally

Reference data management comprises several business processes

These require proper tooling, based on a central repository

SKOS is a W3C Linked Data standard that is particularly relevant for
reference data management for four reasons:

O

As a W3C Web-standard, SKOS is rigorously formalized for optimal
interoperability and maximal reuse

It captures the basic notions of how an individual vocabulary item is
described (preferred label, alternative labels, notation, definition,
multilingualism, et cetera)

It captures semantic relations that often occur between vocabulary
items inside a reference dataset, such as the all-important
hierarchical “broader” relation

It captures semantic relations between vocabulary items in different
reference datasets, such as “closeMatch” and “exactMatch”, which
are necessary for defining crosswalks that map different reference
datasets to each other
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