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Executive Summary

This deliverable describes the outcomes of WT 5.2 Query and data extraction workbench,
which has developed “the interfaces necessary to author, store and deploy queries of clinical
data to identify subjects for clinical studies”. The work presents the design and
implementation of the TRANSFoRm Query Formulation Workbench Software Tool.

The deliverable provides the list of functional and user requirements for the tool, as derived
from the combined analysis of the use cases provided by deliverable D1.1 and the
information elicited by conducting participatory task modelling, involving a group of expert
users. This analysis is enhanced with a comparative literature review of features and
functionalities of relevant state-of-the-art research study eligibility query based tools. Through
this review, some go the limitations of existing solutions are highlighted, while discussed in
the context of how TRANSFoRm addresses these on its query formulation workbench
solution.

This is a semantically aware software tool that supports the easy authoring of distributed
searches to EHR and other clinical data sources. The query authoring based on an eligibility
criteria representation of the Clinical Research Information Model (CRIM), in order to achieve
the identification of research subjects from EHR data sources. The use of the TRANSFoRm
terminology services, in conjunction with the Clinical Data Integration Model (CDIM) allows
the capturing eligibility criteria in a computable representation, based on CDIM ontology, so
the criteria can be translated into executable query statements at the individual EHR data
sources. In this way the workbench achieved to automatically identify ‘prevalent cases’ for
research, where the searches report back counts of eligible subjects in the EHRs, flagging
the subjects for recruitment and consent by the local clinical care team, in full compliance
with data protection legislation and best practice.

The deliverable demonstrates the overall functionality of the query formulation workbench
requirements and associated Ul on an example study: the eligibility needs of the diabetes
use case. The Ul provides mechanisms and simple visual representations of groupings of
eligibility criteria, which can be easily managed by users as a series of simple interaction
steps, guiding the user throughout the process.

Integration with other TRANSFoRm components, such as the security framework, has
provided a successful working functionality of the query formulation tool within the
TRANSFoRm distributed infrastructure. Users can work together on study and protocol
design, with rules for collaborative access, driven by the predefined user requirements. Study
protocols are designed using an intuitive interface where authorisation rules are used to
restrict access to a user’s individual or group permissions. Integration with the TRANSFoRm
provenance service also allows for further auditing of user actions.
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1. Introduction

The increased adoption of electronic health records (EHR) provides the possibility for clinical
researchers to search for eligible patients on individual EHR repositories. The heterogeneity
of EHR systems, however, has presented a major bottleneck to “digitally” search on multiple
EHR data sources, particularly for large-scale multi-centre clinical studies. Not only are these
EHR systems often implemented in different data structures with diverse access interfaces,
the data itself are also encoded in different coding schemes. The TRANSFoRm project is
coming to help resolve these issues. According to Annex | - "Description of Work" of the
TRANSFoRm project, the research aims “to develop a common digital infrastructure to
support the learning health care system, including methods, models, services, validated
architectures and clinical demonstrations of software to support:

1. Epidemiological research using GP records, genomic and other databases (e.g.
privacy, data linkage, data quality tools)

2. Research workflow embedded within the EHR (e.g. subject identification, alerts,
functional electronic case report form)

3. Decision support for diagnosis in primary care (e.g. integration of clinical prediction
rules to provide prompting/alerting within the EHR via ontology and web-services).” [1]

As part of these objectives, TRANSFoRm is developing a semantically aware query
formulation workbench, in order to enable the easy authoring of distributed searches to EHR
and other clinical data sources, using a controlled vocabulary service and appropriate
standards-based technological solutions. The main aim of such a tool is to automatically
identify ‘prevalent cases’ for research, where the searches will report back counts of eligible
subjects in the EHRs, flagging the subjects for recruitment and consent by the local clinical
care team, in full compliance with data protection legislation and best practice.

This deliverable describes the outcomes of WT 5.2 Query and data extraction workbench,
which has developed “the interfaces necessary to author, store and deploy queries of clinical
data to identify subjects for clinical studies” [1]. As part of this deliverable we discuss the way
TRANSFoRm provides an interface to realise query authoring, based on an eligibility criteria
representation of the Clinical Research information model (WT6.4), in order to achieve the
identification of research subjects from EHR data sources. The use of the TRANSFoRm
terminology services, in conjunction with the Clinical Data Integration Model CDIM (WT6.5)
allows the capturing eligibility criteria in a computable representation, based on CDIM
ontology, so the criteria can be translated into executable query statements at the individual
EHR data sources. The deliverable also discusses how the query formulation workbench tool
interacts with TRANSFoRm’s distributed infrastructure (WT7.5), provenance tool (WT5.2)
and the overall security framework, as provided by WT3.3.

The deliverable is organised as follows. Section 2 provides an overview of the elicitation
process (based on participatory design, use case analysis and comparative literature review)
of the functional and user requirements of the query workbench and concludes with the list of
these. Section 3 discusses the system architecture and its functional components, which
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form the context for the design and implementation of the TRANSFoRm query formulation
workbench, as defined by elicited requirements discussed in section 2. Section 4 discusses
the Query Formulation Workbench User Interface design and workflow, and provides
storyboarding based on an example use case. Section 5 discusses the technical
implementation details of the workbench, with reference to the other components of the
TRANSFoRm digital infrastructure. The document includes some concluding remarks,
references and associated appendices with user interface mock-ups and implementation
screenshots.
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2. Overview of the Query Formulation Workbench
Requirements

The design and implementation of the query formulation workbench was based on a
requirements-driven approach. To gather the appropriate functional and user requirements
for the tool, we followed the combined analysis of the use cases provided by deliverable D1.1
[2] and the information elicited by conducting participatory task modelling, involving a group
of expert users. Participatory task modelling combines the strengths of task analysis and
participatory design [3]. Task analysis comprises a wide range of research and development
activities, including data collection, data analysis, and modelling of the task domain. Task
analysis has mainly involved users at the data gathering stage, while the analysts are mainly
involved in the data analysis and the modelling of users’ tasks. Participatory design, in
comparison, encourages the involvement of users with developers in the systems
development activities, as highlighted [4]. As part of the analysis of the D1.1 use cases and
participatory design sessions with the authors of the reports, including other domain experts
available in the consortium, we produced a definitive “wishlist” of query requirements, while
we enhanced this knowledge through task analysis work, based on users and existing
literature. As part of latter, we conducted a literature review of existing eligibility criteria query
interfaces (Section 2.2), describing the desirable features of a query tool. As part of this
review, we are also highlighting, by means of comparison, some of the limitations of existing
solutions that TRANSFoRm seeks to address and improve on its query formulation
workbench solution. At the end of this section, we provide the list of the TRANSFoRm Query
Formulation Workbench requirements list, as derived from the elicitation approach, described
above.

2.1. TRANSFoRm Query Formulation Requirements Desiderata

Concerning the requirements of query formulation, data extraction and linkage, the use
cases of D1.1 provide a generic “wishlist” of desiderata, as follows:

1. The system should present options to the researcher. This could include: preview
of available research information (counts/specific patient characteristics).

2. Authorize (including present conditions and need for informed consent) data

extraction (and linkage)

Select patients (study population) in different databases and/or eHR

4. Extract information for the selected population/patients

w

a. Information to be able to determine cases and controls or to determine risk
factors for a cohort design

b. Covariates

5. Reintegrate this data in a new temporary TRANSFoRm-database
a. link at the level of individual persons
b. putinformation from different databases, eHR and countries in one database
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6. Present the extracted data so that it is ready for further analyses

To put into perspective this generic “wishlist”, we look into the details of an example use case
for TRANSFoRm, as described by D1.1. The specific use case model is a genotype-
phenotype diabetes study, with the main focus on the research question (RQ2): “Are well
selected single nucleotide polymorphisms (SNPs) in type 2 diabetic patients associated with
variations in drug response to oral antidiabetics (Sulfonylureas)? [2]. A case control design
will be used to investigate the link between specific SNPs and responses to antidiabetic
drugs. The selection and data extraction will be done in the following steps:

o

Select Type 2 Diabetic (T2D) patients from the genomic database.

b. Select T2D patients using specific target medications from primary care database.
c. Extract information on variables identified, as described in [2][5].

d. Link data at individual patient level.

e. Define cases and controls based on HbA1c information.

The query formulation is seen to be used in the first instance for Step b above, to identify
patient counts matching the criteria of T2D with targeted medications. Figure 1 shows the
eligibility criteria for T2D patients in Step b, above, as shown in Deliverable D1.1 [2].

From the above example, one can identify the relevant eligibility criteria desiderata for a
feasibility assessment query tool, as highlighted below:

¢ Intent, which categorises criteria into inclusion (“operational selection”) and exclusion
criteria.

e Main clinical category, which organises criteria as demographics, clinical findings,
medical history, allergies, procedural or surgical history, behavioural characteristics,
laboratory data, device data, vitals, prior or concomitant medications, and
administrative and informed consent issues.

¢ Main medical topic separates eligibility criteria into disease areas (e.g. cancer) and
finer clinical details specific to the topic (e.g. tumour size and stage for breast cancer
topic).

e Concepts and their mapping to coding sources needs to be readily available.
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A. Concept name
Type 2 diabetes

B. Synomyms
Diabetes type 2

C. Required operational selection criteria?
Coded diagnosis (including degree of certainty — definite/probable/possible)
Specific codes for type 2 diabetes:

Definite type 2 diabetes: specific T2D code and no contradictory codes

Probable type 2 diabetes: less specific diagnostic codes (e.g. maturity-onset diabetes, non-insulin
dependent diabetes mellitus, NIDDM) OR presence of confradictory codes (T1D AND T2D)

Faossible type 2 diabetes: codes specific for other types of diabetes as “steroid induced diabetes’,
‘gestational diabetes’ OR vague high level codes as ‘diabetes mellitus’ OR multiple contradictions in
the coding.

Therapeutic data (drug therapy)

Insulin alone with a prescribed daily administration frequency < 3 OR
Insulin + oral glucose lowering agents +/- metformin OR

Oral glucose lowering agents +/- metformin OR

Metformin OR

No drug therapy

Laboratory data

Fasting blood glucose =7.0 mmol/l OR
(undetermined) blood glucose =11.1 mmol/l OR
Glycated haemoglobin (HbA,.) =6 5%

Other data
Age =35 AND

Exclusion criteria
blank

Figure 1: Diabetes eligibility criteria

It is interesting to note, that Weng et al. [6] have conducted a systematic review of models
and systems with computer-based eligibility criteria knowledge representation and have
derived a similar list of desiderata for query formulation requirements, which confirms that the
TRANSFoRm use cases have provided a list of query requirements that is acceptable to the
wider domain of clinical research.

Furthermore, as part of the participatory design work with domain experts and the various
interactions with other work tasks within the consortium, we identified the following drivers for
the functional requirements of the query formulation workbench (described in detail at section
3):

1. The development of the system adopts a model-based approach, where the
TRANSFoRm Clinical Research Information Model (CRIM) provides a computable
information model for eligibility criteria.
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2. Criteria concepts, especially clinical concepts, can be browsed and selected
through the TRANSFoRm Integrated Vocabulary Service. The vocabulary service
provides mappings from standard UMLS concepts to standard EHR or clinical
data sources’ coding schemes.

3. The eligibility criteria are captured in a computable representation, based on the
Clinical Data Integration Model (CDIM) ontology; CDIM captures an extensible
common representation of clinical care data, which can be submitted to the
TRANSFoRm distributed infrastructure for data extraction and linkage.

To enhance our understanding on the query formulation workbench desiderata, and identify
the essential list of user requirements for the TRANSFoRm query formulation workbench, we
have enhanced our use case analysis and participatory work, with a comparative literature
review of four existing eligibility criteria query tools. The section that follows discusses their
features and services, while compares them in respect to what the TRANSFoRm tool is
providing.

2.2. State-of-the-Art: Other Query Formulation Tools

Four different query tools have been studied with respect to their requirements and features.
ePCRN, i2b2/SHRINE, FARSITE and VISAGE are described in the following sections. This
is followed by a comparison of the tools with respect to the desiderata and proposed features
of the TRANSFoRm query tool, with a summary comparative table of individual features.

2.2.1.ePCRN

The ePCRN project [7][8] built a sophisticated infrastructure to support the design and
implementation of randomised clinical in the United States. The project aimed to support
researchers in the patient cohort identification and recruitment processes by providing them
with a set of applications, called the Study Design Workbench. The Workbench assists the
researcher in creating and designing new studies, using a standard template that includes all
the required fields, defined by the World Health Organisation and the US National Institute of
Health’s ClinicalTrials.gov service. Additionally, the Workbench helps the researcher to
define the study eligibility criteria and supports the translation of eligibility criteria into actual
queries and interacts with the ePCRN Practice Gateway to provide counts of potentially
eligible.

Requirements

+ Identification of subjects from clinical data — counts of potentially eligible patients
at selected sites are returned to researchers, who specify eligibility criteria on a Web-
based workbench, thereby protecting the privacy of patients on the data source.

o Appropriate security and privacy controls — to prevent unauthorized access both
for users and potential external parties.

e Collection of clinical study data — a system that allows for a more standardized
case report form for remote, electronic data collection, with in-built validation and a
more robust control of meaning, especially as data is passed from one system to
another.
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Methods

The ePCRN workbench consists of the Study Designer that enables researchers to specify
study eligibility criteria to obtain counts of potentially eligible patients. An example screenshot
is shown in Figure 2. The features of the Study Designer are described below:

Inclusion and exclusion criteria are individually specified.

Eligibility criteria are specified as five categories: demographics (Age and gender),
clinical problems, laboratory tests, vital signs, and drugs.

The Enterprise Vocabulary Service (EVS) interface enables users to search for terms
in various terminologies and coding systems, as provided by the NCI Metathesaurus
[9] (Label 1 in Figure 2).

The query logic allows for conjunctive and disjunctive relationships.
Figure 2).

Values relevant to particular concepts can be specified to refine the query. These are
specific to the criteria type and categories.

Data sources can be selected before the query is run, as shown in Figure 3. The
results are displayed as counts in individual sites.

(Labels 2-4 in

+ ePCRN Study Designer v1.0 (Alpha) EEX
File Edit Tools Window Help
wal 0
13, *Eigibiity Criteria <I> =g
Inclusion Criteria . Exclusion Criteria | EYS UL
-~
Define Age and Gender A Details £
| Problem Name Status Time §
VIAGE >= v |[20  2years v ;
= » (optional) 2nd Age range Anemia Active No
<= v||60 - |yeus v
[“]Gender |includes v | Male and Female
Define Included Clinical Problems A < &%
Status Problem o Yocabulary and Codes
" 3 = Vocabulary Code N
[“]Problem 0 includes any v | Active v | | DisbetesIn v INone v |0 2 | days v [3 E, ] oms.cut Ty
i ] SNOMEDCT_2... 271737000
AND v | [V]Problem 1 includes any v | Active v | | Anemia v | |[None v |0 T ldays D 9[3 ES [] snoMeEDCT_2... 267531008
[] 1cogcm_2007 285.9 v
e - \ .
Eligibility Criteria Text £
Include Male and Female Patients with age >= 20 AND <= 60 ~
that have ANY of the follow conditions:
-Active Diabetes Mellitus
-Active Diabetes Insipidus|
AND ANY of the follow conditions:
-Active Anemia 2.
Figure 2: ePCRN Workbench
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File Edit Tools Window Help
=| SQL Query = O (5] Count Subject Result =0
I SELECT COUNT (DISTINCT C.RNON_ID) 4 Research Network Found Subject Count Status Total Time Progress
I Sig’;;“—"m G [ MidRec 0 Running 00:00:25
/* —-—- Inclusion Criteria --- */ ] Qms 0 Running 00:00:25
( /* -—- Age >= 16 years and Age <= 60 years --- */
CURDATE () - INTERVAL 16 YEAR >= DATE (EXTRACTVALUE (C.CCR_XML Stri
AND
' CURDATE () - INTERVAL 60 YERR <= DATE (EXTRACTVALUE (C.CCR XML Stri
| 18]
I AND
/* —--- Both male and female --- */
' EXTRACTVALUE (C.CCR_XML_String, '/ContinuityOfCareRecord/Actors/Actc
/% --- Exclusion Criteria --- %/
< T F
18, Criteria Text =0
Include Male and Female Patients with age >= 16 AND <= 60
AND
Exclude No Patients
’
Total 4 practices, 0 finished, 4 remaining, timeout set as 20 minutes ...
STOP SEARCH

Figure 3: Data Sources Queried

2.2.2.i2b2/SHRINE

SHRINE is a prototype federated query tool for clinical data across multiple data repositories.
It aimed to draw from the successes of i2b2 (Informatics for Integrating Biology and the
Bedside — demonstrating the feasibility of using the data accrued during the course of
healthcare for discovery research, for a single clinical data repository) and SPIN (Shared
Pathology Information Network — a cross-institution data sharing system).

Requirements
The success factors for the SHRINE prototype were defined, with a development time and
sponsorship of 6 months [10]:

a) A system approved by the Institutional Review Boards (IRBs) and the hospital
executives.

b) The system can query in real-time, the clinical data repositories of at least three
different health care centres.

c) Query interface allows searches on patient demographics and diagnoses. Other data
types are less consistent in how the concepts are coded, and creating a common
ontology for all SHRINE databases is time-consuming and therefore only
demographics and diagnoses are included in this prototype.

d) The technical architecture has been selected based on the prototype and would need
to be redesigned for scalability.

e) The prototype will return approximate aggregate counts and the minimum count
threshold is 10. Counts less than 10 will appear as “less than 10” instead of the actual
count.

Methods
The SHRINE user interface is divided into 4 modules as shown in Figure 4:
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1) Ontology module that lists the hierarchical medical concepts as an expandable tree.
The top two levels are demographics and diagnoses. The Find Term tab allows users
to search concepts by name or code. The SHRINE demo also includes lab test and
medication concepts. The i2b2 web client also contains additional concepts related to
clinical trials, procedures [11].

2) Query tool module enables users to drag-and-drop concepts into panels to describe
the population being searched. The concepts in the same panel are locally OR’ed,
and the panels are themselves AND’ed. Panels can be negated by selecting the
Exclude button. Date ranges can also be placed on a panel. A minimum number of
occurrences can be specified for a panel — it indicates how many times a concept
must appear in a patient’s medical record.

3) Query status module displays information about the amount of time the query has
been running and when the query is complete, it shows aggregate counts from each
hospital.

4) Previous queries module lists the results of previous queries. Users can drag-and-
drop items from this module to the Query tool to view the concepts used in the query.

i2b2 Query & Analysis Tool Logout

Navigate Terms ‘ | Find Terms ‘ Query Tool
218§ Demographics Query Name: | |
i Age Group 2
E4E8 Gender Dates | Occurs = 0x |Exclude | | Dates | Occurs = 0x |Exclude | | Dates | Occurs = Ox | Exclude
& Female E Regional enteritis &) Male E@l Meoplasms
&) Male (B8 Ulcerative colitis
@] Unknown
@8 Language
(E8 Marital-Status one u;f ngrfle ﬂ one B;f
; more more
Rlace these these these
Vital-Status dragan
() Diagnoses item
from here
[ auery | ew auery | 3 Graums (] Jvowcroup ||
Query Satus
5Nomnfe-Fema1e@1 6:39:03 = Executing query...
-89 Nonin-Femal-Neopl@1 6:39:11 Z'aﬂsid_ ‘!mhe E'SEW”US)? 14.0
) Dy uery Finished..
E-9 Circulatory sys@16:39:18
_gc‘ a v sy @ﬂm03 || Matching patients chospital 13: 332 (+-3)
H !rcu atory sys@17: N Matching patients thospital 2): 16 {(+-3)
({5 Circula-Events @17.04:11 Matching patients thospital 3): 151 (+1-3)
4% Demographics @1 7:04:21
631019 years old@17:04:39
#-{E) Albanian@D2:31:25 =

Figure 4: i2b2 Workbench [11]

The SHIRINE prototype architecture consists of a Query Aggregator and SHRINE Adapters
at each hospital. The Query Aggregator has two parts: the first one is a web-based interface
through which users can access the system. The second part consists of web services that
broadcast the query to each Adapter and receive counts back for each hospital. The SHRINE
Adapters are web services at each hospital that receive queries from the Aggregator and
return patient counts. The purpose of the Adapters is to translate the query into a format that
is compatible with the institution’s source databases.
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As the three hospitals were already planning to implement local i2b2 instances, each created
an i2b2 structured database for the SHRINE prototype. This led to the design of only one
Adapter that could be used at each location with minimal customizations since the Adapter
would be connecting to an i2b2 database.

Values associated with laboratory tests can be specified by flag or by value, with the units
specified. These are specified after the laboratory concept has been selected and dragged
onto the panel. For medications however, dosage information are also concepts that need to
be selected first from the Ontology module, dragged onto the panel, after which, a pop-up
window allows values for the associated information to be specified. Demographics are also
represented by concepts in the ontology. Age, for example, is categorized as groups, with
individual age years within.

Shrine Core Ontology

The Core ontology was constructed following the recommendations of relevant government
and private sector bodies and took a pragmatic approach, dependent on the availability of
patient data when standards were selected. The absence of standards in particular domains
required the creation of new ones [12]. The following standard terminologies provide the
baseline for the Core ontology [12][13].

Table 1: SHRINE ontology and terminologies

Concept Category Source Ontology Concept Type Terminology
Demographics HITSP C32' Age
Gender HL7 Administrative
Gender
Language ISO 639-1
Marital Status HL7 Marital Status
Race and CDC Race & Ethnicity
Ethnicity Code Sets
Religion HL7 Religious Affiliation
Vital Status
Diagnoses ICD-9-CM?
Clinical Classification Software (CCS) hierarchy
Medication RxNorm® (Ingredient)
National Drug File Reference Terminology (NDF-RT)4 hierarchy
Laboratory Test LOINC codes
Data Partners HealthCare System Hierarchy

SHRIMP [14] is a tool developed to translate between local medical vocabularies and
nationally recognized standards defined by HITSP, ICD-9 and RxNorm. It can also be used
to create concept hierarchies to allow queries to occur on high level concepts, making it
easier to query systems with a large number of concepts and aggregate medically related
facts.

"HL7 ccD, http://www.hitsp.org/ConstructSet_Details.aspx?&PrefixAlpha=4&PrefixNumeric=32

2 http://www.cdc.gov/nchs/icd.htm

8 http://www.nlm.nih.gov/research/umls/rxnorm/

4 http://nciterms.nci.nih.gov/ncitbrowser/pages/vocabulary.jsf?dictionary=National%20Drug%20File%20-
%20Reference%20Terminology&version=February2011
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Remarks

A typical query contains 2 or 3 concepts and takes 10-60 seconds on the prototype to
construct. A single concept that matches few or no patients can run in as little as 5 seconds,
while a query with many concepts that matches a large percentage of all patients can require
up to 2 minutes [10].

SHRINE has been built around local policies, risking developing a product that works only in
one institution. However, sharing clinical data for research requires both technical innovation
as well as a cultural shift in attitudes towards collaboration. SHRINE has been developed to
address the latter first to create greater impact and adoption of the software platform.

A more scalable model based on SPIN will be designed to allow for expansion of the
SHRINE network. Plans also include the further development of the Adapter to support more
complex ontologies.

2.2.3. FARSITE

FARSITE (Feasibility Assessment and Recruitment System for Improving Trial Efficiency) is
an information system developed to support the evaluation of trial feasibility by providing
accurate assessments if number of patients eligible for a particular trial. It also automates
patient recruitment, whilst preserving consent for consent. FARSITE is being developed by
North West e-Health, a collaboration between the University of Manchester, Salford Royal
Foundation Trust, and Salford Primary Care Trust, UK [15].

Requirements

e Preserving consent-for-consent and patient-clinician relationship - The main requirement
identified was to speed up feasibility-assessment and recruitment while preserving the
patient-clinician trust relationship that is central to consent-for-consent [16]. Consent-for-
consent is the consent to access medical records in order to identify eligible participants
to approach to see if they would like to participate in a research study [17]. This applies to
identifiable patient data, as anonymised or robustly pseudonymised/linked anonymised
data may be used without consent [18]. However, in cases where patients are
approached from their medical records, steps should be taken to make patients aware
that personal information is used in research in the practice, and throughout the NHS,
and that the care team includes research staff [19]. The automated feasibility assessment
and recruitment is being compared to the ad hoc method, where clinical staff are asked
for estimated of the number of patients with particular characteristics they are expected to
see in a given period of time. The search for patients in databases and paper records is
not systematic. The ideal research information system would parse the protocol, form a
search query, and enable the study sponsor to assess the potential recruitment in a
specific population while varying the inclusion and exclusion criteria. Therefore, the study
design extends into feasibility, which might benefit the design. After the study is
approved, the well-understood protocol and search mechanisms are employed in the
same e-infrastructure to aid recruitment. Only at the recruitment stage is it necessary to
know the identity of an individual patient [16].

e Improving research protocol design interactively - The balance of the need for tightly
defined eligibility criteria against the need to get sufficient number of participants to
achieve the required statistical power is important, when designing a research study
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protocol. Hence, the need for a system that enables the user to progressively test and
refine eligibility criteria until the correct balance is found. The definition of eligibility criteria
must allow the user to select clinical codes quickly and easily. It must also allow for
complex combinations of criteria using Boolean operators. Individual criteria should be
able to be extracted with exact values or with a range.

¢ Unified process model linking trial protocol design and recruitment - Although there is a
clear distinction between the actors involved in clinical trial design and clinical trial
recruitment, the FARSITE authors argue that the connection between the two processes
is essential to ensure that the efficiency gains do not compromise the best practice for
privacy and consent.

Methods

An ideal trial protocol development and recruitment process has been captured from the
subject matter experts [16] (details of their roles and experience not specified in this part).
The requirements from the actors of clinical trial design are different from those of trial
recruitment actors. These two sets of actors are essentially separated by a clinical care
boundary, where recruitment actors (mainly attending clinician) can access patient-
identifiable information, while design actors (mainly researchers or administrators) need to
access only anonymised data. No patient-identifiable information should cross this boundary.

Counteracting Deductive Disclosure

In the trial protocol design process, the analyst progressively develops the protocol by
issuing queries against the anonymised repository to determine how many patients will meet
the specified eligibility criteria. Although these queries only return an integer count of
matching patients, allowing users to issue a sequence of queries leaves the system open to
deductive disclosure [20]. The FARSITE trial protocol design system will filter the results of
queries to ensure that counts of less than 5 are returned as 5.

Preserving Consent-for-consent

The analyst is responsible for developing the protocol to obtain the patient counts. To
preserve the consent-for-consent, it is the attending clinician who needs to run the query
against the EHR system to identify patients. As the anonymised repository does not have
information about the attending clinician, the query has to be transmitted across the clinical
care boundary, identify the clinicians with potential recruits and rewritten so that specific
queries are constructed for each clinician. The clinicians are notified of the active trial and
some of their patients are eligible. The email contains a HTTP link, which when clicked,
executes the query for that clinician (assuming successful authentication on the FARSITE
system). The results are presented to the clinician as a form in a web browser and the
clinician can select suitable patients and submit this information. The system collates the
responses and emails the projected number of participants to the trial protocol designer. The
trial protocol may need to be redesigned, but if the number of participants is acceptable, an
email is sent to the clinicians informing them that trial recruitment can begin. The clinician
can log on to FARSITE through a web browser and generate personalized letters and
information sheets for each patient. When the trial is registered with the system, the system
will autonomously run the query to test if new patients have become available since the last
execution.
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Remarks

A prototype Trail Protocol Designer tool has been developed to enable a user to construct
Eligibility Criteria queries and retrieve the number of eligible subjects in an anonymised
database of diabetic patients. Based on user feedback, improvements have been made to
the user interface, including present the count of patients for each eligibility criteria. Plans to
include a quick and easy way to find the correct clinical code, with suggestions based on an
ontology, such as OpenGALEN [21], has resulted in a hierarchical display of Read Codes,
grouped as Diagnoses, Procedures & Findings, Measurements & Tests, Allergies & Adverse
Reactions and Other, as shown in Figure 5, a screenshot from [22].

Procedures & Findings
P e TN e S RN B Current
‘H-.-nmll-m(t)
Modicnes & Devices (0)
Am&mmrwm)
L) - b
¢

r Hide Unumed Tome -
r
r
r

Figure 5: FARSITE terminology hierarchy - Procedures & Findings

The first deployment of FARSITE is planned in Salford in collaboration with the Greater
Manchester Clinical Research Network (GMCRN) and the NHS in Salford. Salford NHS has
an advanced EHR system, Salford Integrated Record (SIR), which integrates primary and
secondary care data to form a single patient record. Salford is also deploying an e-Lab, a
secure information system to contain the anonymised repository of patient data extracted
from the SIR system. The Trial Protocol Design tool will be mounted within the Salford e-Lab
for GMCRN researchers to use. The Trial Recruitment Tool will be developed as a
standalone web application inside the clinical care boundary accessible only to clinicians.

Query Ul Features

a) Separate inclusion and exclusion criteria sections

b) Criteria groups can be created, each with a number of individual criteria

c) Demographics is separate from the inclusion and exclusion criteria
o Age (lower and upper value)

Gender

Ethnicity
e Smoker status

d) For each criteria, there is a Search, Results, and Restrictions sections in the workflow
e Search allows the user to start typing the term and click the Search button.
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e The Results section then shows the results of the search, categorised into groups
(Diagnoses, Procedures & Findings, Measurements & Tests, Medicines &
Devices, Allergies & Adverse Reactions, Other), with the group with the most
results shown. One or more concepts can be selected.

e The terminology used is SNOMED CT UK Release. The search results are limited
to the first 300 terms. The description, Read code and status of the term are
displayed. Additionally, the count of patients matching each term is displayed.

¢ The Restrictions section then allows the user to put constraints on the selected
criteria. The constraints depend on the result/concept groups.

i. For Procedures & Findings, and Medicines & Devices, a time period can
be specified, either as having occurred before or after an exact date, or as
a time period of more or less than a period of time in the past.
ii. For Measurements & Tests, values can be entered with the operators
(between, >, >=, <, <=, =) and the gender can be specified if needed. As
well as the values, when the measure was taken can also be specified, as
a time period, an exact date or between specific months of the year.
e) When the query is run, the count of patients is obtained, with breakdowns for each sub-
criteria, as shown in Figure 6.

Figure 6: Breakdown of results by criteria

f)  When the protocol is approved, these numbers are further broken down by GP practice
with a map showing the location of the practices.

Recruitment Ul Features

a) The user can select one or more GP practices and specify a date by which GPs need to
respond.

b) The document manager option enables the user to attach relevant documents, e.g.
patient consent form, information sheet, ethics approval letter. It also offers a document
template to draft the invitation to the GPs and to send it to them with any other
information, such as protocol restrictions, etc.
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c) The GPs receive an email notification about the study and can then log into FARSITE
and see relevant studies.
d) For each study they have been invited to participate in, information about the study, the
protocol, the documents, identified patients, and an opt-out option is available.
a. Patients can be selected for invitation and they are included for invitation letters to
be printed out.
b. The GP can also opt out patients for all future research.

The benefits of using the FARSITE application in comparison with previous modes of
working have been analysed, following the deployment of the FARSITE software. A
comparison of the estimates of numbers of patients eligible for the trials and the trials’ actual
recruitment rates shows a strong correlation between protocols with a low FARSITE
recruitment estimate and trials struggling to recruit participants [23].

2.2.4. VISAGE

VISAGE (VISual AGregator and Explorer) is the query interface for the Physio-MIMI (Multi-
Modality, Multi-Resource Information Integration environment), a multi-CTSA® site project
funded by the National Center for Research Resources (NCRR), USA, designed to develop
novel, flexible informatics methodologies, tools and infrastructure to facilitate the collection,
management and analysis of clinical and physiological data [24][25]. Physio-MIMI has an
expandable Sleep Domain Ontology (SDO); fine-grained interface for role-based data-source
level access control; plug-and-play Honest-Broker adaptor to mediate data access services;
and data schema to a Sleep Domain Ontology mapper that transforms a local database into
a data resource that can be queried using the federated query interface VISAGE on the web.

Requirements
The uses cases include:

e The identification of a research cohort that meets specific demographic, physiological,
and clinical criteria and the subsequent identification of a second similar cohort to
serve as control subjects.

e A user needs to be able to specify the selection criteria and quickly obtain results of
the number of records available in the selected data repositories, to save the query,
and repeat the query modifying one or more criteria in order to identify the second
cohort.

Additional requirements identified through the needs analysis are:

o Clinical researchers want to be able to identify clinical criteria for use in the query
based on clinical and logical terminology, not technical or database schema
terminology.

e The interface needs to allow for searching for available terms based on a number of
synonyms.

® CTSA - Clinical and Translational Science Awards, http://commonfund.nih.gov/ctsa/index.aspx
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Users want to receive immediate feedback on the counts returned by the query rather
than having to submit and wait each time criteria are adjusted.

Users want to be able to direct a single query to one or more underlying sources of
data without explicit knowledge of the different database structures.

Users want to be able to save and reuse queries to avoid having to repeat the
process of specifying very detailed criteria in order to change a single aspect of the

query.

Methods

Query Builder Interface

The query builder interface includes the following functional areas, as shown Figure 7 and
Figure 8:

Database selector: choose the databases against which to run the query (Labels 1,
17)

Term search bar and term selection areas, based on the Sleep Domain Ontology
(Labels 2-3)

Term display area: when a term is selected (Label 4)

Terms can be grouped or ungrouped by selecting the terms first using the
checkboxes (Label 5)

Conjunctive and disjunctive relationships apply, with the Flip action to reverse the
AND/OR operators. ANDed terms are in green and logical ORs in blue (Labels 6, 14-
15)

Terms can be rearranged with drag and drop functionality (Label 7)

Terms can be deleted (Label 8), and groups as well (Label 13)

Concept categories and constraints are derived from the SDO; available categorical
data are indicated by checkboxes (Label 9), while continuous variables use sliders
(Label 10)

The number of records that satisfy the conditions are displayed in the Result Count
Area (Label 11)

Users can describe, save and update the query to the Query manager (Labels 12,16)

Remarks

A preliminary evaluation of the efficiency of the VISAGE query construction was performed
[24]. Three common queries with increasing levels of logical complexity on patient
demographics were selected and two expert users created queries in both VISAGE and i2b2
web client. The number of clicks and time needed for creating the queries were recorded

Table 2).
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Table 2: Evaluation results [24]

Query VISAGE 12b2 Web Client
# of clicks | time (sec.) | clicks | time (sec.)
1 5 13 14 59
2 6 16 25 119
3 20 52 37 160

VISAGE reduced time and effort, in terms of the number of clicks, to a half or nearly a third.

However, this preliminary evaluation has looked at only one specific aspect of the query
interface.

VISAGE has focused on an intuitive, usable and simple interface. The query interface
development used agile and user-centred methodologies and rapid prototyping was achieved
through the use of various open source web development tools and frameworks, including
Ruby on Rails, Prototype and script.aculo.us JavaScript libraries.

{1 caie el ¢l a

PrysioMIMI GQ@case.epu | Case WesTerN Reserve UniverstTy | SeTTINGS |
Query | InFormaTiCiAN | ONTOLOGY | ADMINISTRATION | STATISTICS | HONEST BROKER
Query Builder 6 @
Ontological Dictionary Group | Ungroup Selected | Flip | Name Zhang 2009.10.23 4:55 PM
Tree Hierarchy of Ontological Terms | Case Honest Broker ter SSL|_| Marshfield HBA w/SSL|_| SHHS2 Remote
® Dagalqase _ SHHS2 ta o_/ UH Sleep Data |__ WI Sleep
AHI {_| T €3 Age at time st or Study 2515 !
* Apnea hypopnea index ;(_| - o~ . . - "-' - - - - -~ i
(AHI) 8 65 5
* Apnea hypopnea index A B R :
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Figure 7: Query builder interface [24]
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Figure 8: Query interface example [Adapted from [26] Figure 1.10]

2.2.5. Comparison of state-of-the-art query tools with the TRANSFoRm
Query Formulation Workbench

In this section, we discuss, by comparison, the features and limitations of the query tools
reviewed above, present the differing requirements of query formulation, data extraction and
linkage in TRANSFoRm. Through this discussion we elaborate on how TRANSFoRm seeks
to address the limitations of the above described state-of-the-art query tools.

Multiple Data Sources

The TRANSFoRm project aims to facilitate Europe-wide studies, and therefore needs to
support multiple heterogeneous data sources, such as GPRD and NIVEL primary care data
sources, without processing the data into a common format. In comparison, FARSITE uses
the Salford Integrated Record, which already integrates records from different primary care
system suppliers. The ePCRN infrastructure relies on data sources that are structured as
continuity of care records (CCR) [27]. However, i2b2/SHRINE and VISAGE use i2b2
instances that use adapters to connect to heterogeneous databases.

Deductive Disclosure

Most of the reviewed query systems provide means to counteract deductive disclosure, to
maintain patient privacy. An agreed minimum count is returned, which prevents result counts
from numerous queries to potentially identify patients. In TRANSFoRm, the prevention of
deductive disclosure will also be achieved and this will be handled by a thresholding
mechanism for an agreed minimum count to be returned.
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Terminology Usage

All the query tools reviewed use medical terminologies or ontologies to represent concepts.
FARSITE uses SNOMED CT as the only source vocabulary for the regional UK primary care
records. VISAGE uses the Sleep Domain Ontology, while i2b2/SHRINE caters for local
terminologies as well as the Shrine core ontology. ePCRN uses the NCI Metathesaurus in
the English language due to the context of the usage in the USA. TRANSFoRm requires
reference to a number of different source vocabularies in different European languages. The
TRANSFoRm Vocabulary Service uses the UMLS Metathesaurus as well as other
vocabularies not supported by UMLS, such as Read Codes version 2, ICPC2 (version 2012),
etc..

Search and browse functionality are the most common features available in query tools. The
TRANSFoRm Vocabulary Service enables the searching of terms and returns results in the
corresponding source vocabularies. Parent and child terms are also viewable, based on the
UMLS hierarchy of concepts.

FARSITE is the only tool from the group to display the patient count matching concepts while
using the terminology search and browse functionality. This feature is especially useful when
searching only one source vocabulary.

Eligibility Criteria Specification

The query tools we have considered in the review enable users to define the eligibility criteria
for a study protocol either in fixed groups or according to needs. For instance, FARSITE and
ePCRN allow specification of inclusion and exclusion criteria and demographics separately.
Additionally, ePCRN enables users to define eligibility criteria in fixed groups, such as
problems, medications and laboratory tests. i2b2/SHRINE and VISAGE allow flexible
addition of criteria. Similarly, the TRANSFoRm query formulation workbench will enable
users to define criteria groups flexibly, whilst catering for complex queries with combinations
of operators.

The attributes associated with the selected concepts help to define the criteria further. For
example, laboratory measurements include the laboratory test result concepts (e.g. fasting
blood glucose), the result value (e.g. 7.0) and the associated unit (e.g. mmol/l). Like many of
the other query tools, the TRANSFoRm query formulation workbench will use the CDIM
ontology and archetypes to determine the associated attributes for each concept. Therefore,
the query formulation workbench can present the relevant options to the user while they
design their study protocol, on the fly.

Query Results

The results of a query return patient counts matching the criteria defined. Results broken
down by eligibility criteria give the most detailed information about the distribution of patients
and enable users to update study protocols accordingly. i2b2/SHRINE displays total count
per site and also has some predefined categories for results breakdown. There are plugins
available for displaying demographics results breakdown. ePCRN also displays total counts
per site. Similar to FARSITE and VISAGE, the TRANSFoRm query formulation workbench
will display results as a total count, as well as broken down by eligibility criteria and criteria
groups.

Version V1.0 18th July 2012 23



FARSITE has a map view of results to better identify locations. TRANSFoRm can also
provide this feature as the information for geographical location within Europe is available for
the data sources. If the user has selected the query to be run against multiple data sources,
the results can also be filtered by data source.

Collaborative Work

A common feature of the existing query tools is to allow users to create, update and share
protocols. In ePCRN, for instance, updates can be made to a protocol but the changes are
not linked to the users who brought the changes. In TRANSFoRm, users can work
collaboratively on a study and create versions of the protocol. All changes will be logged and
query results will be stored.

The functionality for users to retrieve their work from the tool to use elsewhere is not often
specified in the existing tools. In ePCRN, the protocols are backed up but not available offline
for users. VISAGE offers statistical, metadata and sleep-related data for researchers to use.
So far in TRANSFoRm, the requirement for exporting files related to protocols and results
has not been expressed by users; however, this feature has been identified as useful in the
literature review and discussions with expert users.

Patient Recruitment

i2b2/SHRINE and VISAGE are not recruitment tools, while FARSITE and ePCRN have this
feature. The recruitment of patients follows the feasibility assessment of the study using the
query tool. In TRANSFoRm, it is planned for patients matching study eligibility criteria to be
flagged for consideration for study recruitment.

Table 3|below summarises the features of the reviewed state-of-the-art query tools, in
comparison to the TRANSFoRm query formulation workbench.
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Table 3: Comparison of Query Tools

Feature TRANSFoRm ePCRN i2b2 / SHRINE FARSITE VISAGE
Z:; -sgitriSSQEZ?oosljss Yes — Data sources are | Yes — enabled by No — use of the Salford Yes
Multiple data sources Europe research networks SHRINE Integrated Record
Prevention of deductive Yes Yes Yes Yes Not specified

disclosure

Use of terminology

Yes - Search; UMLS
Metathesaurus and
other source
vocabularies

Yes — Search; English
NCI Metathesaurus

Yes — Browse and
search; local and
standardised

Yes — Search then
browse; SNOMED CT

Yes — Sleep Domain
Ontology

Yes - Parent and

Hierarchical . Yes - Parent and .
. . children concepts can . Yes — Shrine core . .
view/browsing of . children concepts can Yes Yes — similar to i2b2
: be viewed for UMLS . ontology
terminology be viewed
Metathesaurus
No - the concept No — the concept No - for Search, the
Term search results . X . . )
rouped by tvpe semantic type is semantic type is term category can filter Yes No
grouped by typ available in UMLS available in UMLS results
Separation of
|n(.:Ius.|on/echu3|on No Yes — via fixed groups No Yes No
criteria and
demographics
Eligibility criteria group Yes Yes — via fixed groups Yes Yes Yes

building

Version V1.0

18th July 2012

25




Feature

TRANSFoRm

ePCRN

i2b2 / SHRINE

FARSITE

VISAGE

Term/criteria values

Yes - dependent on
concept types as
defined in the CDIM
ontology

Yes — within the criteria
groups

Yes — some dependent
on the term; date and
frequency for all

Yes — dependent on the
criteria group type

Yes — term-specific
controls dependent on
ontology

Patient counts per term

(irrespective of criteria No No No Yes No
values)

Yes — Some fixed
P.atllell’].t cou_nts- per Yes No —IOnIy total count groups and_pluglns for Yes Yes
eligibility criteria per site demographics

breakdown
Map view of sites Planned - Location No No Yes No

information available

Collaborative work

Yes - users can
collaboratively work on
studies and queries

Yes — but changes are
not associated with
users

Yes — queries can be
reused and shared

Yes — protocols can be
updated, approved by
users

Yes — user sharing
feature within the query
profile panel

Yes — statistical,

Retrieval of file sets Not required so far Not for researcher use Not specified Not specified metadata and sleep-
related
Recruitment function Planned - Flagging of Yes No Yes No

eligible patients
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2.3. TRANSFoRm Query Formulation Workbench Requirements

List

In this section, we provide the list of functional and user requirements for the TRANSFoRm
Query Formulation Workbench tool, as derived from the combined analysis of the use cases
provided by deliverable D1.1 and the information elicited by conducting participatory task
modelling, involving a group of expert users. In addition, this list has been enhanced by a
critical and comparative literature review of relevant state-of-the-art eligibility criteria query
tools.

Users and study query formulation

Every user will have a unique login and password to the system.

Each study created in the system can have multiple queries (query versioning).
Information about the study includes name, reference numbers and description.

Multiple users can work collaboratively on a study and its associated queries. Only one
user can modify and run a query at any one time. User activity will be logged.

Queries can be saved and edited at a later time.

Available data source properties

Users registered to the system have access to the properties of the available data
sources depending on their permissions. A mechanism will be in place for users to
request those permissions (at least a contact).

Users can view the data source properties: name, organization, country, region, coding
schemes, population size, data extract date. The issue of vicarious identification and data
source/search granularity needs to be considered.

Eligibility criteria design

Eligibility criteria groups can be created and combined to represent the study protocol.
Each group represents an inclusion or exclusion criteria group.

The eligibility criteria group will have a name and a number of individual criteria added.
The attributes the user can specify about the criteria depend on the type of criteria being
entered. For example, if it is a medication criterion, the dose, unit, duration, and method,
for instance, are the attributes that can be specified to put restrictions to the search.
Whereas, for a diagnosis, a temporal attribute to indicate when this diagnosis was made
is available to the user. As concept attributes are linked to data type, the user will need to
specify a CDIM concept first, and then specialize to a specific concept using the
vocabulary service.

The CDIM concept will inform the concept attributes that are associated with the concept
type.

It is assumed that only one set of attributes can be specified for a concept. For example,
for blood glucose laboratory test result, the user can define values >= 7 mmol/l. This
value can be equivalent to >= 126 mg/dl, but since unit conversion will be available, the
user does not need to specify more than one value/unit pair.
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Medical vocabulary selection

When formulating a criterion, the user first chooses the kind of concept he is looking for
from the CDIM concepts. The CDIM concept helps the query formulation workbench
define what attributes are associated with the concept for display. For instance, a
Laboratory Test concept can have temporal and value attributes.

The user then refines the concept by using the vocabulary service to access the clinical
terms and their corresponding codes in different coding schemes.

The user will type in a keyword and search for available terms.

The results of the vocabulary search will be displayed in result groups (concept types)
and hierarchy of concepts enabled for the results returned to view child concepts. As the
user would have specified the CDIM concept previously, a mapping solution to the
vocabulary/UMLS concept can allow the restriction of vocabulary search results by
concept type.

Results display

The count of patients is returned matching the eligibility criteria as a total.

The count of patients is broken down by eligibility criteria group.

The count of patients is broken down by individual criterion. The same task can be
achieved by running queries with and without individual criteria and returning data per
match may extend the time taken to run queries.

The patient count can be filtered further, by country, region, organization, where
applicable, with consideration of vicarious results.

The following sections discuss how this list of requirements is supported by the overall
system architecture of the query formulation workbench (section 3); how these requirements
are translated into an interface design and workflow (section 4); and finally how these
requirements are implemented technically into a software tool (section 5).
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3. TRANSFoRm Query Formulation Workbench
Architecture

This section gives a brief description of the system architecture and its functional
components, which form the context for the design and implementation of the TRANSFoRm
query formulation workbench, as defined by elicited requirements discussed in section 2.

3.1. Conceptual Architecture

Vocabulary
& Service CDIM-DSM
‘ '»00 mapping
o
N\
)

(2) Search Criterii Distributed Infrastructure (3) Local Query EHR
TRANSFoRm Query ¢ for Data Extraction and DS
Formulation Workbench (5) Query Result Linkage (4) Query Result

Provenance Service

CDIM Ontology

-

Clinical Researcher

Figure 9: Conceptual Architecture

TRANSFoRm aims to support the whole clinical research cycle: from research protocol
design, feasibility assessment to subject recruitment and study data collection. An essential
part of this workflow focuses on supporting clinical researchers in the design of appropriate
eligibility criteria for identifying subjects to be recruited in research studies. Such criteria are
formulated as computational queries across distributed and/or federated EHR data sources.
As described in Figure 9, each EHR data source is controlled and administered by a distinct
organisation, namely a data controller. Clinical researchers design eligibility criteria using the
user interface (Ul) of the TRANSFoRm query formulation workbench. A specially designed
vocabulary service, the TRANSFoRm Integrated Vocabulary Service (see section 3.3),
allows researchers to browse and select standard clinical concepts. The vocabulary service
provides mappings from standard UMLS concepts to standard EHR coding schemes®.

The eligibility criteria are captured in a computable representation, based on the CDIM
ontology; CDIM captures an extensible common representation of clinical care data and, as
such, is generic and not dependent to the local EHR data source implementation schemata

® The TRANSFoRm Integrated Vocabulary Service can be browsed on the web at the following URL:
http://www.eutransformvs.bham.ac.uk:8080/evs/
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(see section 3.3). The computable representation of the eligibility criteria is then submitted to
the distributed infrastructure for data extraction and linkage. The distributed infrastructure
securely distributes the various search requests to individual data sources and coordinates
their execution.

With the help of CDIM-DSM (Data Source Model) mappings, the criteria are translated into
executable query statements, which can be run on local EHR systems. Results are pushed
back to the infrastructure, which then encrypts them and subsequently delivers them to the
query formulation workbench. Finally, the workbench aggregates individual results and
presents them to the user.

Provenance information of the entire query workflow is captured by the distributed
provenance system (Deliverable 5.2 TRANSFoRm Provenance Tool [28]), deployed
alongside the federated query infrastructure. This conceptual architecture enables loose-
coupling between data sources and the query formulation interface, while it allows for flexible
implementation options on how the query workbench will work with individual EHR data
sources. The following sections discuss in some further detail some of the important
functional components of the overall conceptual architecture.

3.2. Query Formulation Workbench

The query formulation workbench brings together information from diverse data sources and
provides a central interface for users to access a variety of TRANSFoRm applications and
services. Specifically, the workbench provides a user interface for clinical researchers to
create clinical studies, design eligibility criteria, initiate distributed queries, monitor query
progress, and report query results. Through the workbench, clinical researchers can browse
the TRANSFoRm Integrated Vocabulary Service, search for appropriate criteria concepts
and bind clinical codes in these criteria concepts. In addition, researchers can use the
federated query infrastructure to remotely search EHR data sources, document the findings
and the overall workflow in the provenance system for auditing purposes.

The development of the query formulation workbench system is driven by the TRANSFoRm
Clinical Research Information Model (CRIM). Therefore, a model-based approach was
adopted for the development of the system. CRIM provides a standard, computable
information model of clinical studies, conducted in primary care settings, and represents the
baseline reference model for real-world design and implementation of systems that can be
used to support all aspects of clinical trial design, execution, analysis, and reporting in the
complex environment of primary care [29]. The query formulation workbench implements the
CRIM eligibility criteria model, which specifies the information constraints on the formulation
of inclusion/exclusion criteria. A detail discussion on how CRIM is implemented in the current
version of the system is available in section 5.4. The query formulation workbench Ul is
implemented as a web application, using modern, standards-compliant, JavaScript and Ajax
technologies, in order to deliver a rich user interface, readily accessible from diverse client
platforms (further detailed discussion available in section 5.2).
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3.3. CDIM Ontology and Vocabulary Service

TRANSFoRm employs an ontology-driven mechanism to address the data model
heterogeneity issues and facilitate data interoperability among EHR data sources. At the core
of this mechanism is the CDIM ontology. CDIM is an extensible and common representation
of clinical care data, which abstracts away the complexity and variance in different source
data and provides a unified coherent view of clinical concepts. CDIM is the pivot mechanism
to view and exchange data throughout the TRANSFoRm system. The query workbench
captures eligibility criteria in a computable representation, which is based on CDIM ontology
so the criteria can be translated into executable query statements on the data source side
using CDIM to data source model mappings.

The vocabulary service is another key component of TRANSFoRm, enabling data
interoperability and it is an important associate service to the query formulation workbench. A
vocabulary-controlled mechanism is necessary for an encompassing system to link many
diverse data sources, where varied coding schemas, even local non-standard codes, are
used. The TRANSFoRm integrated vocabulary service provides a unified platform to deliver
terminology mappings and is shared by all entities in TRANSFoRm [30]. A centralized
vocabulary service is easy to reuse, maintain and evolve.

The vocabulary content of the service is based on a Unified Medical Language System
(UMLS) Metathesaurus subset of clinical concepts and associated terminologies relevant to
primary care clinical practice and research. It also contains other terminologies and
associated coding schemes, which they are not currently included in the UMLS
Metathesaurus, such UK Read Codes version 2 and ICPC2 (version 2012). The UMLS
Metathesaurus is a comprehensive multi-lingual biomedical terminology database, which
covers many terminologies used for clinical care, basic and translational research, while it
provides cross-mappings between these source terminologies [31]. The vocabulary service
covers the most commonly used coding schemes in European primary care systems,
including SNOMED CT, ICD-10, ICPC, ICPC2, Read Codes and others. In addition to
English, the service also supports many European languages such as French, German,
Dutch, Spanish. The vocabulary service provides, both a web interface and a web services
API, for users to search and retrieve clinical concept definitions, codes and their associated
mappings.

The first version of this service was implemented using LexEVS 5.1 and was based on
UMLS Metathesaurus 2010AA release. The current version of the service has been
upgraded to LexEVS 6 and is based on UMLS Metathesaurus 2012AA release. LexEVS is
an open source general purpose terminology service solution and LexEVS 6 supports HL7
CTS 2 Draft Standard for Trial Use [32].

3.4. Distributed Infrastructure for Data Extraction and Linkage

The distributed infrastructure for data extraction and linkage enables communication
between various TRANSFoRm applications, including but not limited to the query formulation
workbench and EHR data sources. The infrastructure involves many distributed components,
but as a whole provides federated secure data access and query of EHR data sources and
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research databanks. Among others, the infrastructure includes the security framework which
enables policy-driven authentication and authorisation. The query formulation workbench
uses the infrastructure to invoke distributed query execution, monitor query progress and
retrieve query results.

The distributed data extraction and linkage infrastructure provides secure messaging
channels where all query requests and query results are encrypted. When clinical
researchers design eligibility criteria and instruct the workbench to query selected EHR data
sources, the workbench invokes the infrastructure APl which encrypts the request using the
security library, as described in deliverable D3.3 TRANSFoRm Security framework. The
encryption of the query request happens before any external communication takes place.

The infrastructure implements an asynchronous messaging model, where each data source
polls the infrastructure and uses the infrastructure APl and security library to retrieve and
decrypt query requests. Eligibility criteria are translated into local query statements suitable
for individual data sources with the help of CDIM-DSM.

Figure 10 depicts the scenario of the interaction between the query formulation workbench
and the TRANSFoRm distributed infrastructure for data extraction and linkage. When a query
is run, the result is encrypted and pushed to an approved study data repository (Step 1). The
data source uses the distributed infrastructure APl & security library to pull the query from
distributed infrastructure services. (Step 2). Following this step, the query is run and the
result pushed to temporary encrypted data storage (Step 3). After a query is submitted, the
workbench can request status updates using the infrastructure API (Step 4), informing the
user if new results are available. If new query results are available, the workbench retrieves
them from the data storage using the infrastructure APl and aggregates the new result with
existing results (Step 5). In addition to providing secure messaging, the distributed
infrastructure interacts with the TRANSFoRm provenance service to capture relevant
provenance information at each stage of the workflow.
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Figure 10: Scenario of interaction between the Query Formulation Workbench, the distributed

infrastructure, security framework and provenance tool.

Version V1.0 18th July 2012

32



The following section discusses how CDIM handles the issue of the heterogeneity at the
level of individual data sources.

3.5. Data Source and CDIM Mapping

Heterogeneous data models, at the data source end, are handled by CDIM ontology by a
mechanism of data source model mappings to CDIM. The CDIM ontology hides specific
details of each data source and provides a unified and consistent view of data elements.
Each data source schema is captured in a representation which can be mapped to CDIM
ontology. More specifically, database schemas and CDIM mappings are described in an
ontology format and imported in a LexEVS instance. These mappings allow flexibility in
defining how local objects are related to CDIM concepts. CDIM-DSM is then leveraged to
translate generic queries based on CDIM into locally executable queries.

3.6. Provenance Framework

The TRANSFoRm provenance framework keeps track of the origin of various data and its
evolution in different stages of the clinical studies [33]. Making TRANSFoRm systems
provenance aware, one can enable the investigation of data sources and the services that
produced a particular output, together with the individuals who instigated the requests and
received the outputs. In such a way, user behaviour and data manipulation can be audited, to
assess that correct decisions were made and appropriate procedures were followed.

Data privacy, legal and ethical regulations restrict provenance data from being stored in a
central repository. The provenance framework mirrors the distributed EHR data access
infrastructure, by implementing a decentralised platform for provenance capture, storage and
querying. The query formulation workbench invokes the central provenance service to store
provenance data for query execution and eligibility criteria design. This is achieved by using
provenance templates for query execution process and eligibility criteria design process,
respectively. More details about the provenance service can be found in [28].

3.7. Summary

This section provided brief description of the system architecture and its functional
components, which form the context for the design and implementation of the TRANSFoRm
query formulation workbench. The workbench integrates various TRANSFoRm services and
presents a unified user interface for managing all aspects of eligibility criteria design and
querying for eligible subjects. This service provides the essential support for clinical
researchers to plan research studies participant recruitment and assess study feasibility at
early stage. The following section discusses the query formulation workbench Ul design and
workflow.
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4. Query Formulation Workbench User Interface Design

The Query Formulation Workbench Ul design and workflow are described at this section,
based on the functional and user requirements identified in section 2.3 and with reference to
the other components of the TRANSFoRm digital infrastructure.

4.1. Interface Workflow

In this subsection, we discuss the Ul workflow and describe it textually and with the use of
UML activity diagrams.

All user interactions with the query formulation workbench are in the form of standard web
application interactions, such as mouse clicks and simple text input. All interfaces are to be
intuitive and standards compliant, while still retaining the functionality required for rich query
design and analysis. Minimal training will be required to operate the web-based tool, which
will operate across a wide range of devices ensuring compatibility across various types of
user hardware.

Use of standard HTML visual elements, such as buttons, text boxes and dialog boxes
ensures user familiarity. Sections of the Ul are colour coded for consistency and navigation is
simplified through clear menus and obvious button placements.

In the Ul sections of “study creation” or “query design” users are presented with options to
create elements, such as studies and criteria groups, only when requested by the user. At all
times, the standard workflow of item creation, user data entry and final submission is
adhered to. At no point is the user presented with a prompt for data entry unless a request
has already been made to create an element (such as a study or criteria group).

Specifying a criteria group

Upon user request, users are guided through the process of creating a set of query criteria,
including sub groups, each potentially containing multiple criteria or further nested sub
groups. The Ul is designed such that any number of sub groups can be nested, allowing
users to design complex queries with rich logical structures. Creation of a single criteria
group and criterion is described in Figure 11.

User specification of an eligibility criteria group and criterion requires the user to first add a
criteria group. A Ul element, such as a button is clicked by the user, triggering a prompt to
appear requesting the user to enter more information about the criteria group, such as name
or description.

After the creation of a group, the user can now add individual criteria, again using a Ul
element such as a button, which triggers another prompt for user entered data to appear.
Alternative approaches to user data entry include simple searching for terms using the
TRANSFoRm integrated vocabulary service or more advanced prompting for criteria
attributes, using a set of pre-defined CDIM concepts. In Figure 11, a CDIM concept is first
selected by the user, modifying the Ul to display a prompt for searching for a specific term.
Searching for a term communicates with the vocabulary service to match user input against
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the list of available concepts. If search results are found, a user selects a specific term, which
updates the UI.

Approaches to updating the Ul appearance, include adapting the Ul upon selection of a
search term to show user data entry fields for a list of criteria attributes as determined by
CDIM, or alternatively, the user is simply prompted to fill in a set list of attributes, regardless
of search term result. In Figure 11, the term searched for and selected by the user is used to
determine the list of attributes. The user then fills in all relevant criteria attribute fields,
including any that may be data source specific, and completes the process of adding a single
criterion. The query formulation workbench Ul is then updated to show the newly created
group and criteria contained within.

Running a query

Once the structure of a query has been designed, using the query formulation workbench, it
can be stored for future use or submitted directly. Figure 12 describes the overall process of
running a previously designed query.

Once a user is authenticated and authorised to run a query they can follow the process of
submitting a query and displaying the results on the screen. Although many TRANSFoRm
components, including the distributed infrastructure, are used in the query submission
process, the user experience is constrained entirely within the query formulation workbench
interface and none of the background processes are visible to the user.

In the workflow described in Figure 12, a user selects a study and is directed to a list of
queries already designed for that study. When a predefined query is selected, the user is
prompted to select from the available data sources. On confirmation of data source choice
the distributed infrastructure is used to translate and process the query to a suitable format
for each data source.

Submission of a query by the user will update the Ul to display the progress of the query.
The amount of information given to the user on query progress depends on the ability of the
distributed infrastructure to support partial results. An alternative to displaying partial results
is to only show the results on query completion. In either case, the Ul can either be updated
automatically, or on user prompted update, to show the status of the query.

On completion of the query the user is redirected to a full results view, where all patient
counts are shown for each individual criterion and group, as designed by the user when the
query was created. If information on country, region and organisation is available, the user
can further filter the query results.
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4.2. Specific Ul Considerations

Based on the desiderata and previously identified requirements, the Ul design and workflow,
includes the following specific considerations for the functionality of the workbench’s
interface.

Collaborative study design

Study and query design can be collaboratively worked on by multiple groups of users. While
each study can have a number of queries, only one user at a time can modify and run a
query. Other users can only view the query and are unable to edit.

Role based access control, as described by the TRANSFoRm security framework, will allow
for restricted user access based on individual and group permissions. Complex authorisation
rules are captured as part of the participatory design process and are seamlessly integrated
with the Ul to tailor the user’s experience. Restricted Ul components are either not shown to
unauthorised users or replaced with warnings.

Automatic grouping of term search results

Ideally, a team of clinical subject matter experts would group concepts (UMLS semantic type
or coding system) into the main eligibility criteria types to be used by the query formulation
workbench. This information would be represented in CDIM and made available to the Ul
through the TRANSFoRm distributed infrastructure.

As an alternative, users can select a specific criterion type when adding new criteria,
modifying Ul elements to allow suitable data entry. For instance, a short list of criterion type
can include: demographics, diagnoses, procedures, medications, measurements (lab tests
and vital signs). When a demographics criterion is selected by the user, options such as age,
gender, and ethnicity will be displayed with the appropriate attributes (constraints on time,
value, etc). For other criteria types, including where a coding system is to be used, the
vocabulary service can be invoked. Development of a generic model of criteria will allow
multiple attributes per criterion type, with an expected mapping between each criterion type
and its child attributes.

As the CDIM concept needs to be selected by the user, this may be comparable to the
criterion type described above.

Units and concept-specific attributes

The TRANFoRm project will address the issue of varying unit types between data sources
and the associated unit conversion issue.

For example, when the user selects HbA1c as the term, the list of units the user should see
are %, mmol/mol, mmol/L and iu/L, as these are used by the data sources NIVEL and
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GPRD. If the user selects % as a unit type, data in other units should be converted to % (if
possible). The conversion of units will be handled by the CDIM translation web services,
again accessed through the TRANSFoRm distributed infrastructure.

Based on feedback obtained from the wider TRANSFoRm team and domain experts, one
solution for the display of units and unit conversion is as follows: the units available per
concept are provided by the CDIM-data source translation services. Information on which
units can be converted is also provided. This information can be displayed to the user and
when a unit is selected, any possible conversions are done via the CDIM-data source
mapping, to include as many relevant records as possible.When the user selects a concept
using the vocabulary service, this concept (UMLS concept ID or local code) needs to be
mapped to the CDIM concept for the subsequent correct display of units of measure per
concept.

Results breakdown

The patient count returned for the query is not only as a single total, but is returned as a
breakdown to the level of individual criteria and criteria groups as designed by the user in
query creation, taking into account the issue of vicarious identification. The results can be
filtered by country; region, etc. provided this information is available from the data source.

4.3. Query Formulation Workbench Ul Storyboards

Storyboards covering the main functionality provided by the query formulation workbench Ul
are shown below. Through the storyboarding, we demonstrate the full workflow, interface
considerations and requirement implementation alternatives. Full size mock up screens are
available in Appendix A.

Medium fidelity mock ups, showing creation of a query in an example web application using
HTML and the jQuery JavaScript framework are shown in Appendix B. These mock ups
demonstrate the creation of the diabetes eligibility criteria example study, described in the
following subsection.

4.3.1. Example Study: Type 2 Diabetes Use Case

Part of the Type 2 Diabetes use case, described in the TRANSFoRm Deliverable D1.1 [2], is
used for the Ul workflow description (storyboards), describing functionality that relates to a
set of typical eligibility criteria creation and running with the TRANSFoRm query formulation
workbench.

Based on the specification of the workbench’s Ul, the diabetes eligibility criteria can be
specified as the following groups:

Inclusion Eligibility Criteria Group: Diabetes AND
Inclusion Eligibility Criteria Group: Drug Therapy AND
Inclusion Eligibility Criteria Group: Laboratory Data AND
Inclusion Eligibility Criteria Group: Demographics
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A. Inclusion Eligibility Criteria Group: Diabetes

Subgroup: Definite T2D OR
Subgroup: Probable T2D OR
Subgroup: Possible T2D

A.1. Subgroup: Definite T2D
Type 2 Diabetes
A.2. Subgroup: Probable T2D

Maturity-onset diabetes OR

Non-insulin dependent diabetes mellitus OR
NIDDM OR

Subgroup (Type 1 diabetes AND Type 2 Diabetes)

A.3. Subgroup: Possible T2D

Steroid Induced Diabetes OR
Gestational Diabetes OR
Diabetes Mellitus

B. Inclusion Eligibility Criteria Group: Drug Therapy

Subgroup: Insulin Only OR

Subgroup: Insulin, OGLA, Metformin OR
Subgroup: OGLA, Metformin OR
Subgroup: Metformin OR

Subgroup: No Drug Therapy

B.1. Subgroup: Insulin Only

Insulin AND
Daily frequency < 3

B.2. Subgroup: Insulin, OGLA, Metformin

Subgroup (Insulin AND Oral glucose lowering agents) OR
Subgroup (Insulin AND Oral glucose lowering agents AND Metformin)

B.3. Subgroup: OGLA, Metformin

Oral glucose lowering agents OR
Subgroup (Oral glucose lowering agents AND Metformin)
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B.4. Subgroup: Metformin
Metformin
B.5. Subgroup: No Drug Therapy

Assumption: No drug therapy means that patients with diabetes are not on any
diabetes drugs (insulin, OGLAs, metformin).

Exclusion group (Insulin OR OGLA OR Metformin)

C. Inclusion Eligibility Criteria Group: Laboratory Data

Fasting blood glucose >= 7.0 mmol/l OR
Random blood glucose >= 11.1 mmol/l OR
HbA1c >=6.5%

C.1. Inclusion Eligibility Criteria Group: Demographics

Age >= 35

4.3.2. Study Creation and Collaborative Work Storyboard

Figure 13 describes user authentication, study selection and review of study collaborators. Ul
1 shows a typical prompt for user entered data, in this case a user’s authentication details.
On entering these details they are confirmed using the distributed infrastructure and security
framework before the user is then redirected to a list of available studies as in Ul 2. The list
of available studies is determined by the role of the user such that only studies where the
user is an authorised collaborator are shown.

Selection of a study, using a Ul element such as a link or button, redirects the user to more
detailed information on the study as in Ul 3. As well as general information on the study, a list
of protocols previously designed using the query formulation workbench are shown.

The menu options available to the user are also updated, providing the user with the option
of showing the study collaborators. On selection of this menu link the user is redirected to a
list of study collaborators as in Ul 10. Changes can then be made to the list of study
collaborators.
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4.3.3. Protocol Building Storyboard

A study can have a number of query designs, or protocols, defined to reflect protocol
versioning. Figure 14 shows the workflow for the building of a single protocol for a diabetes
study. The TRANSFoRm query formulation workbench enables users to define eligibility
criteria by selecting the data sources to be queried (Ul 12) and by creating criteria groups,
that allow flexible and logical criteria definition with inclusion, exclusion criteria, as well as
logical operators. A criteria group represents a logical combination of concepts and their
attributes. Ul 13 describes a typical dialog prompting the user to enter details on a criteria
group. When a user has entered all required data to describe a criteria group they click on a
submission element, such as a button, and are returned to the query designer which has now
been updated to include the new criteria group.

Figure 15 describes concept selection and concept attribute definition using the example of
searching for the CDIM concept “Disease” with the “Diabetes Mellitus” concept. First the user
must request addition of a criterion as in Ul 14, which will update the Ul to show the dialog to
enter all required information as in Ul 17. Ul 17 also shows the integration between the query
formulation workbench and the vocabulary service on searching for the concept “Diabetes
Mellitus”. The user is offered a list of possible concepts with associated detailed information,
including the concept’s representation across multiple source vocabularies.

On selection of a concept from the results list the Ul is updated to appear as in Ul 18. The
user is then able to enter attributes using simple on screen elements such as text boxes and
date pickers. These attributes are used to further constrain the eligibility criteria.

4.3.4. Query Execution and Results

Figure 16 describes successful submission of a designed protocol and display of the results
on screen. In this example the natural delay due to query translation and submission to
individual data sources using the distributed infrastructure is not shown. Ul 22 shows a
typical dialog providing the user with information on the current stage of the workflow,
successful query submission. Ul 9 shows the results page, which in this example is
automatically redirected to on successful submission. The overall patient count is shown as
are individual counts for all elements of the protocol, including individual criteria and groups.

The results can be further filtered by the user as in Ul 24, which on confirmation of filter
properties, will update the results page to show the new counts as in Ul 25. Queries can be
executed multiple times, producing multiple results, each of which can be viewed by the user
at any point. Figure 17 describes the listing of query results for a single query in Ul 8. A user
can choose to edit the protocol, as in Ul 7 as described above, or simply view the results as
in Ul 9 and above.

Partial result sets may be provided by the distributed infrastructure, which can be displayed

to the user in a similar manner to full result sets. Figure 18 shows an alternative, where only
a running count of results is shown to the user for partially completed queries.
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Figure 15: Storyboard for adding concepts defining eligibility criteria.
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Figure 17: Storyboard of query results and protocol update.
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4.4. Summary

This section has discussed the query formulation workbench Ul design and workflow, demonstrating the
overall functionality the software tool. The storyboards used have demonstrated the realisation of the
workbench’s functional requirements and associated Uls, as derived by a participatory design process,
discussed in section 2. Translation of the diabetes eligibility use case to groupings of eligibility criteria has
allowed for development of storyboards of interfaces based on a simple visual representation. Groupings of
eligibility criteria can be easily managed by users and complex procedures such as adding concepts can be
presented as a series of steps, guiding the user through the process. The following section discusses the
technical implementation of the Query Formulation Workbench software tool and its associated user
interface.
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5. Implementation of the Web-based Query Formulation Workbench
Software Tool.

This section presents technical implementation details of the web-based query formulation workbench
software tool, together with associated and supporting technology components from other parts of the
TRANSFoRm digital infrastructure.

5.1. Functionality Overview

uc Primary Use Cases /

Web-based Query System

Create Study
"""" 3 Terminology Service
De5|gn Eligibility
R \

//\

User

Submit Query for
Subject Counts

Provenance Service

Refresh Query
Progress and
View Results

N
«includexs
.

. ? %
/j,/’;’ Middleware
\\

.
Source Metadata \‘&

Select Data
Sources

Browse Data

Figure19: Functional description

Based on the functional requirements and Ul design specifications, a UML use case diagram is provided in
this section to illustrate the functionality that the current version of the TRANSFoRm query formulation
workbench deliver (Figure 19): users can browse data source information, design eligibility criteria, select
data source and count eligible subjects. Users can browse EHR data sources registered with TRANSFoRm
and find basic information about each data source, such as its country, region, organisation, size and used
clinical coding schemes. A basic knowledge of available data sources helps users to decide which data
sources are relevant for each study and should be selected during query creation.

Design of specific eligibility criteria and analysis of the returned results allow users to find counts of
potential subjects who are eligible to participate in their studies. More specifically, users can create studies,
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search for concepts using the vocabulary service, design eligibility criteria, select data sources and run
queries. Users can also actively monitor query progress for long-running queries and view up-to-date
results on demand if this functionality is made available through the TRANSFoRm distributed infrastructure.

The query formulation workbench needs to interact with various other TRANSFoRm components and
services to fulfil most of the required functionality. The workbench’s Ul includes a vocabulary search
interface that allows the user to seamlessly connect to the TRANSFoRm integrated vocabulary service, in
order to search for clinical concepts and associated codes. The provenance service is integrated at each
stage in the workflow of finding eligible subjects: create study, design eligibility criteria, submit query and
retrieve query results. The query formulation workbench also uses various provenance templates provided
by provenance service to capture each activity’s provenance information and stores the data in a central
provenance database. Users can instruct the query formulation workbench to search across a list of
selected EHR data sources, represented in the Ul as a list with appropriate additional information. In the
background, the query formulation workbench invokes the TRANSFoRm distributed infrastructure to serve
requests. Finally updating the Ul information is provided where appropriate.

Designing and running clinical studies is intrinsically a collaborative process, which involves many people to
work together. Furthermore, developing research protocol and eligibility criteria is by nature an iterative
process with elements being updated constantly until a final version is reached and approved. The
TRANSFoRm query formulation workbench implements proper versioning and concurrent access control
mechanisms and thus provides a team-based collaboration environment.

5.2. Application Architecture and Implementation

The TRANSFoRm query formulation workbench Ul is implemented as an Ajax-enabled web application,
using JQuery technology, which delivers a responsive and rich Ul and is easily accessible across diverse
client platforms. This section describes the application architecture and how the application interacts with
other TRANSFoRm components, to fulfil the previously defined functional and user requirements (section
2); particularly designing eligibility criteria, running queries and retrieving results.

5.2.1. Application Architecture

Following the typical layered web application design, the TRANSFoRm web-based query formulation
workbench comprises of three layers: a presentation layer, service layer and persistence layer (Figure 20).

The presentation layer provides an Ajax web client implemented using JQuery. The Ajax application is
delivered to clients‘web browsers and supported by the Spring MVC framework. The Ajax client includes a
vocabulary search interface for users to quickly search the TRANSFoRm integrated vocabulary service. In
order to reduce network latency and improve throughput, the Ajax client is designed to connect directly to
the vocabulary service through its RESTful interface.

Processing logic and interaction with other TRANSFoRm components/services are implemented in the
service layer. In response to requests from the Ajax client, the Spring MVC framework invokes the service
layer components and returns their responses to the user.

The persistence layer is implemented based on Object-Relational Mapping (ORM) technology to build
domain objects. These objects are mapped to relational database tables through Hibernate, a popular open
source ORM solution which implements Java Persistence API (JPA).
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The current query formulation workbench is built using the following set of technologies:

e Cent0S 6.2

e Oracle JDK 6u32

e Apache Tomcat 6.0.35

¢ JQuery Framework 1.7.2
e Spring Framework 3.1.1
e Hibernate 4.1.4

e MySQL 5.5.25

The Ajax component of the TRANSFoRm query formulation workbench is implemented with JQuery
framework 1.7. JQuery is a fast and concise JavaScript library that simplifies JavaScript programming and

Ajax interactions for rapid web development.

The server side component of the application is based on Spring framework 3 and Hibernate 4. Spring is an
open source application framework and is amongst the most popular for enterprise level Java software
development. MySQL 5.5, the most popular open source relational database, is used as the database
server. The whole application is bundled as a Java servlet application and hosted by Apache Tomcat 6.

The application is developed with the latest release of JDK 6 from Oracle.
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Although the application is based on Java and is able to run on many platforms, the target operating
platform is CentOS 6.2. CentOS is a free enterprise-class Linux distribution derived from the Red Hat
Enterprise Linux (REHL) distribution.

5.2.3. Implementation Workflow — Designing Eligibility Criteria

Figure 21 describes the implementation level workflow of designing eligibility criteria and shows the
interaction between the query formulation workbench and other TRANSFoRm services, such as the
vocabulary and provenance services.

Clinical research users start the process of designing eligibility criteria by opening a study and creating an
empty query. The user adds criteria groups and subgroups based on their desired Boolean logic structure.
The user can decide between AND or OR as the Boolean operator between groups as well as between
criterions within each group.

When adding specific criteria to a group, the user is prompted with a list of semantic type choices driven by
the CDIM information service, such as diagnosis, laboratory measurement, prescription, age, gender etc.
This list of concepts can be either encoded in the query formulation workbench internal database or
retrieved from the CDIM information service using the TRANSFoRm distributed infrastructure. In either
case, the Ul is developed such that any change to a user’s selection updates the form used for data
capture.

Where relevant, the user can use the vocabulary service to search for a suitable clinical concept. The
workbench invokes the vocabulary web service to do the search and updates the Ul as soon as results are
returned. The vocabulary service provides a web service API for either term or code based search. A term
based search matches the concept description with user input phrases. The TRANSFoRm vocabulary
service has multi-lingual support, so search terms can be in any language that the vocabulary contents
support. Alternatively, if familiar with a specific coding system, the user can enter a known code and find
the concept through a code based search.

Apart from clinical codes, for some criteria (such as a laboratory measurement or prescription) the user
may input value or unit constraints in order to build a complete rule. Users may also add temporal
restrictions to the criterion, for example, recordings before or after a certain date.

During the eligibility criteria design process, users can periodically save their progress. On a user’s request
to save the current eligibility criteria design, the query formulation workbench persists to any changes to the
local database and invokes the TRANSFoRm provenance service to persist the saved criteria as
provenance data through the provenance templates for eligibility criteria design. User's behaviour and
design activities are captured so design patterns can be analysed later.
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Figure 21: Design Eligibility Criteria Workflow
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5.2.4. Workflow — Running a Query and Reporting Results

Figure 22 describes the typical workflow involved when running a query and shows use of the query
formulation workbench, the distributed infrastructure for data extraction and linkage, and the provenance
service. The workflow comprises of query submission, checking query progress and retrieving results.

In order to run a query and return results, firstly a user created eligibility criteria design is selected for
submission. The workbench invokes the data source registry service via the distributed infrastructure to
retrieve the list of available data sources. The TRANSFoRm data extraction and linkage infrastructure
provides a semantically rich registry service, where all data sources are registered. The service provides
various metadata for each data source, such as coding schemes used by the data source, the country and
geographical regions that the data source covers, the covered population size and how up-to-date the data
source is. The provided extra information on each data source helps users to make an informed selection.

Once the user has selected a set of data sources to search, the workbench sends the eligibility criteria and
the list of selected data sources to the distributed infrastructure by invoking the distributed infrastructure
API which encrypts the query request using the security library. In order to retrieve the query, data sources
regularly poll the infrastructure and use the infrastructure APl and security library to retrieve and decrypt the
request. With the help of CDIM-DSM, the eligibility criteria are translated into query statements suitable for
execution on local data sources. The query is run and any results are encrypted and pushed back to an
approved study data repository via the distributed infrastructure.

When the workbench passes the query request to the infrastructure, it informs the provenance service that
a query request has been made and a query execution process has been initiated so the relevant
provenance information is saved. The distributed infrastructure also interacts with the provenance service
to record provenance of each activity taking place inside the infrastructure.

Users can request query progress reports once the query has been submitted. The workbench invokes the
distributed infrastructure API to retrieve status updates based on the response of individual data sources.
The infrastructure retrieves the query status on each data source and reports whether the query task is
being processed, completed, or failed. If the query task has failed, the infrastructure returns an error code
and suitable message to the query formulation workbench to indicate to the user the exact reason for the
failure.

The distributed infrastructure also reports other information, such as the start time and end time of each
query task. If any new result is available, the workbench retrieves the result from the data storage using the
infrastructure APl and decrypts the result. The workbench then aggregates the new result with existing
results and presents this to the user. Once all results have been received, the workbench reports the
aggregated result to provenance service and indicates the query execution process has completed. All the
communication between the workbench and provenance service are based on the provenance templates
as defined by the provenance service for the query execution process.

At any point of time after the query is submitted, the user may decide to stop the query, typically because
some data sources have taken too long to process the query or the results are deemed unreliable.
Whatever the reason, when the user instructs the workbench to stop the query, the workbench instructs the
distributed infrastructure using the API to terminate any pending queries. The workbench marks unfinished
query tasks as being terminated by the user and again informs the provenance service in order to capture
this information.
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5.3. Concurrency Considerations

The TRANSFoRm query formulation workbench is designed as a team-based collaboration environment,
allowing multiple users to work concurrently on the same study. In such a multi-user environment, proper
concurrency control mechanisms need to be in place to prevent potential conflicts, when more than one
user attempt to update the same object or invoke the same function. The core business objects within a
study, which have shared access, currently include protocol, eligibility criteria and query. Simple policies
are introduced to protect concurrent access to these objects:

¢ Only one user can update the protocol and eligibility criteria at any point in time;

¢ Only one user can initiate a new query for a specific eligibility criteria at any point in time, but new
queries can be submitted for another eligibility criteria within the same study as long as that
eligibility criteria has no running query;

¢ Read access has no restrictions.

act Concurrency Control /

(Open eligibility criteria)

update

Try agsin?
Click
button  } [Yes] /y( [No]
Locked? Notify the user this criteria is
[Yes] being updated by another user

[No]

W
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criteria
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l Leave the page I

Release the lock

ju

®

Figure 23: Concurrency Control for Eligibility Criteria Update
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As an example, Figure 23 shows the scenario of updating eligibility criteria and implements concurrency
control using a locking mechanism. Note that because concurrent reads have no restrictions, users may
view stale data. Since the number of users attempting concurrent access is expected to be small, a simple
write lock is sufficient in this situation.

5.4. Object Model of Query Formulation Workbench
5.4.1. CRIM Model

class Ul Domain Model /

Study Protocol StudyGroup

FundingAmount: int - Description: char - Identifier: int

FundingType: int - FirstEnrollmentDate: char - Name: char
Identifier: long < - Identifier: int
ProblemStudied: char 1; -
Pu.blicjl'itle.: char " |- RecruitmentStatus: char [
ScientificTitle: char - StudyDesign: char Asdigns

- AimsObjectives: char StudyPopulation: char Participant

StudyPurpose: char

RecruitmentMethod: char

- StudyType: char
coordinates oversees - Ta!rge.tAccruaIN: int Allocation
Blinding: char kK>—————- AllocationMethod: char
1|-  Concealment: char
ProcessDescription: char
Investigator

StudyCoordinator

— - InterestConflicts: char
Responsibilities: char - Responsibilities: char

Role: char \oversee\ HealthCareSite Rule
U
StudySite oS
Uses

StudyActor Patient EligibilityCriteria

Person

Name: char <|—

Title: char Applied to
- Affiliations: char

Rule (e.g. responsiveness):

- PatientID: int

Figure 24: Relevant Part of CRIM Model ([29], Figure 27)

The object-oriented (OO) implementation of the query formulation workbench is based on CRIM, which
defines business workflows for TRANSFoRm use cases and develops high-level domain information
models. CRIM identifies conceptual entities and relationships between the entities in the clinical research
domain. Figure 24 shows a subset of the CRIM domain model, which is relevant for the current system
implementation. This subgraph is extracted from the complete UML class diagram [29]. The model
identifies conceptual domain entities such as Study, Protocol, EligibilityCriteria, StudySite, Investigator,
StudyCoordinator, etc. These entities represent important domain objects and need to be used as the basis
to drive software implementation.
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5.4.2. Conceptual Object Model of Query Formulation Workbench
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Figure 25: Conceptual Object Model

While CRIM has captured the most important domain entities, a few other entities are missing from the
model which are also essential to be represented from a practical implementation perspective, particularly
the federated query, counts, etc. A high-level model design for Ul system implementation bridges the gap
by capturing the missing elements (Figure 25). Each of the elements is elaborated below:

User

A user can potentially be involved in several studies and is not restricted to one study at a time. On the
other hand, since the query formulation workbench is designed as a team collaboration environment, it
allows multiple users to work together on the same study. So User has many-to-many association with
Study. User may have different roles and so different privileges and responsibilities in different
studies. Since User is closely linked with authentication and authorisation, it is generally managed by
the TRANSFoRm security framework which provides interfaces for other components to retrieve user
information.

Study

Study represents a clinical study. It is the central object that encompasses all the components about a
study, such as protocol, staff, sites, eCRFs, data results, etc. Study is uniquely identified across the
whole TRANSFoRm system.

Protocol

Protocol is a realisation of a study's design elements, processes, activities and details. As
Protocol is modelled in CRIM as many-to-one association with study, one study may have more
than one protocol. Each protocol may either represent a different version, or represent different design
of the study, which gives users flexibility in managing their study protocol development.

EligibilityCriteria

EligibilityCriteria is a defined list of rules that specifies the eligibility of study participants,
specifying patients that are eligible or not to participate in a study. It can include separately inclusion
and exclusion rules. Protocol has one-to-one association with EligibilityCriteria. As
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described in section 4, the query formulation Ul is designed in such a way that the whole eligibility
criteria comprise a number of criteria groups. Each criteria group is either an inclusion criteria group or
an exclusion criteria group, so the user has the flexibility to organise inclusion and exclusion rules.
Each criteria group can have subgroups so as to form a hierarchical structure. At the lowest level, each
group/subgroup comprises a number of single criteria. Each single criterion can either specify a clinical
concept such as diagnosis, medication, laboratory measurement etc, or define a demographic rule
such as age, gender etc. Criteria groups/subgroups and single criteria are connected using the
Boolean operators AND and OR. The hierarchical structure of criteria groups gives the user the flexibility
to organise complex Boolean logic statements, in a nested form. Criteria group and single criterion are
modelled as CriteriaGroup and SingleCriterion respectively in a composite design pattern.

° Query
Query represents the federated query and comprises a number of single query tasks, represented by
QueryTask, one per data source. Query records overall query status and aggregates individual query
results (i.e. counts in the current deliverable). The user may search different data sources using the
same eligibility criteria or do the same search again from time to time. In order to support this flexibility,
EligibilityCriteria has one-to-many associations with Query so multiple query instances can
be based on the same eligibility criteria. Query has one-to-many relationship with QueryTask.

e QueryTask
QueryTask represents the actual query task on a single data source, so it has a one-to-one
association with DataSource. QueryTask reports query status for the single query and records the
query result such as count returned by the data source. QueryTask has one-to-many association with
SubjectCount, which represents a breakdown of the count result by criterion.

e SubjectCount
A breakdown of the total count by criteria group and individual criterion is a useful feature to help users
evaluate the contribution of each criterion or criteria group and fine tune the criteria for a better match.
SubjectCount is introduced to support this requirement, where each Criterion (the superclass of
CriteriaGroup and SingleCriterion) has one-to-one association with SubjectCount.

U DataSource
DataSource is the abstraction of a real data controller, who hosts and provides access to EHR data.
Various metadata about the data source, such as organisation information, data quality, technical
configuration, etc., are recorded with a registry service. The service is managed by the TRANSFoRm
distributed infrastructure, which provides an API for other components to retrieve and populate data
source information.

5.4.3. CDIM Artefact-based Eligibility Criteria Implementation Model

The eligibility criteria model is the core component of the domain object model. As described before,
EligibilityCriteria comprises CriteriaGroup and SingleCriterion, which are designed
using a composite pattern. Each CriteriaGroup can be either an inclusion criteria group or an exclusion
criteria group, which is indicated by the InclusionOperator. CriteriaGroup can have subgroups
which are connected using BooleanOperator AND/OR. The recursive nature of the subgroup
relationship makes it possible to build a nested hierarchy, the leaves of which are SingleCriterion. The
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specification of individual criteria is based on the concept of CDIM artefacts (Figure 26). A CDIM artefact is
an archetype that groups together closely related CDIM ontology concepts in order to construct application
friendly reusable units.

class Eligibility Criteria Object Model /
Criterion «enumerations «enumerationx «enumeratio...
InclusionOperator BooleanOperator Operator
xenum» «enums» «enum»
INCLUDE AND <
EXCLUDE OR =
Subgroups <=
>
|
EligibilityCriteria CriteriaGroup
SingleCriterion
dateCreated: date - name: string
createdBy: userid - lusionOperator: InclusionOperator
dateUpdated: date *|- booleanOperator: BooleanOperator
updatedBy: userid
hasAssociationifith
ValueRestriction
COIMArifact TCDIMConcepﬁ
ValueType - name: string - conceptld: URI 7 valdelOperatpr sung
: = 0.4 valuet: ValueType
- value2Operator: string
value2: ValueType
SimpleValue
EnumValue CodedValue Temporal Value
walue: string s
value: stiing - term: sting
enumeration: Listestring>
Code DateValue Agevalue
codlngS\{stem: string - wvalue: date AlNEEInt
code: string

Figure 26: CDIM Artefact based Eligibility Criteria Object Model
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Figure 27: CDIM Artefact “Laboratory Test"
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Figure 27 shows the Laboratory Test artefact, which aggregates relevant concepts closely related to the
laboratory test concept extracted from CDIM. Note that some reciprocal relationships have been omitted to
enhance figure readability. lists the CDIM ontology concepts captured in the Laboratory Test
artefact. At the moment, 7 artefacts have been defined for use with eligibility criteria model, including
Diagnosis, Procedure, Laboratory Test, Vital Sign, Prescription, Age, and Gender. New artefacts can be
easily added as per user requirements.

Core Concept: Laboratory test

Ontology Label URI

Laboratory_Test Type_ ID http://www.transformproject.eu/cdim 1 7.|
owl#CDIM 6880734

laboratory_measurement_datum http://www.transformproject.eu/cdim 1 7. |
owl#CDIM 2520788

laboratory_measurement_unit_label ||http://www.transformproject.eu/cdim 1 7. |
owl#CDIM 1484306

lab_ordering_instant http://www.transformproject.eu/cdim 1 7. |
owl#CDIM 4336497

lab_specimen_obtention_instant http://www.transformproject.eu/cdim 1 7. |
owl#CDIM 9589456

lab_result_confirmation_instant http://www.transformproject.eu/cdim 1 7. |
owl#CDIM 0196231

Table 4: CDIM Concepts in Laboratory Test Artifact

In order to build logical rules with CDIM artefacts, a class valueRestriction is introduced so each
CDIM concept in the artefact can be attached to an operator and a value. ValueRestriction actually
has two pairs of operators and values. The second pair of operator and value is optional and only used
when defining a range is required. Value representation requirements would be different as per specific
concepts. A simple type system is introduced to facilitate value specification. Simplevalue represents
primitive value types such as integer, decimal, literals etc. The value itself is encoded in a string. Since the
value is generally passed between JavaScript/HTML and remote database systems, a string encoding is
often good enough. Enumvalue is used for enumerated values. For example, gender will have enum
values: Male, Female, Both. CodedValue is used when a list of clinical codes need to be attached to the
concept. A typical usage of CodedValue is searching vocabulary service and binding found codes with the
criterion. Finally, TemporalVvalue is needed to specify temporal restrictions. In practice, two forms of
temporal restrictions are often used: date-based and age-based. Date-based restriction uses an absolute
date value e.g. > 2010/01/01, while age-based restriction is relative to subject’s date of birth. An example of
age-based temporal restriction is presented below . Date-based and age-based are represented
by DatevValue and AgeValue respectively.

A criterion of HbA1c > 6.0 % for patient aged more than 50 at the time of laboratory result confirmation
could be expressed as:
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Ontology Label Operator| | Value

Laboratory Test Type ID = ([LOINC;4548-4])
laboratory_measurement_datum > 6.0
laboratory_measurement_unit_label = ([UO;00001877)

lab_ordering_instant

lab_specimen_obtention_instant

lab_result_confirmation_instant >= (50 yrs +

http://www.transformproject.eu/cdim_1 2.owl# |
CDIM_8130944

Table 5: An Example of Laboratory Test Measurement

Notes:

e LOINC: Logical Observation Identifiers Names and Codes

e 4548-4: LOINC code for “HbA1c”

e UO: The Ontology of Units of Measurement,|http://code.qooqIe.com/p/unit-ontoloqv/l

e 0000187: % (ratio)

¢ Units are represented as a special form of CodedValue where the coding system is UO. The code
value is automatically populated by the system. No knowledge of UO is assumed for end users.

e CDIM_8130944: birth_instant

e The age-based temporal restriction translates into CDIM concept birth_instant + 50 years when this
eligibility criterion is submitted as a query.

5.4.4. Query Formulation Workbench: Complete Domain Object Model

The complete domain object model for the software implementation of the query formulation workbench is
presented in Figure 28. It is based on the conceptual model developed in section 5.4.2. This domain model
includes the eligibility criteria model as elaborated in the previous section and other domain objects such as
Study, Protocol, Query, as well as query results. The Study class records various pieces of
information about a study, such as name, reference number, when the study was created, who created the
study, when the study was updated, etc. A study has multiple protocols, with each protocol being a different
version or different study design. Each Protocol has one EligibilityCriteria, which comprises
one or many CriteriaGroup. Each CriteriaGroup contains name, inclusionOperator and
booleanOperator. InclusionOperator indicates whether this group is an inclusion group or an exclusion
group. BooleanOperator decides whether the subgroups and single criterions within the group are
ANDed or ORed. singleCriterion is based on CDIMArtifact, the name of which indicates its
semantic type such as diagnosis, laboratory measurement, prescription, demographic information such as
age, gender, etc. Each CDIMArtifact is mapped to a list of CDIMConcept following CDIM ontology
definition. CDIMConcept may be attached with value restriction to establish query rules.
ValueRestriction can have two operator/value pairs. The second pair is optional and only used to
define a range. The value may be a simple numeric value, enumerated value, coded value, or a temporal
value, so defined as 4 value types. One EligibilityCriteria can be submitted for query multiple
times so is associated with multiple Query. The Query class tracks the overall status of the federated

query, reports the aggregated count, and records the start time and end time. The overall status can be all
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query tasks running and no data source returns, partially completed with some results available, all tasks
completed, partially completed and terminated by user. Effectively each data source has one query task.
QueryTask tracks the status of individual query task and records its returned count and its end time. The
status of a single query task can be processed, completed, failed or terminated by user. If that query task
has failed, an error code is returned to indicate the exact failure reason, and a human readable text
message will be displayed to the end user about the error. Criterion sensitivity analysis is supported with a
breakdown of counts by criterion (CountPerCriterion links to both CriteriaGroup and
SingleCriterion).

class Domain Objects /
Study

- id: long
- name: string Query GueryTask
- A . i
. :e:;:::z:ur:‘?,ir: g - id: long - dataSourceName: string
- dateCreated: date - status: sting - status: string
e EligibilityCriteria - totalCount: int g 2| count: int

dates d: dat - stanTime: datetime - emorCode: int
- date, 00:;5e_ : a: - dateCreated: date - endTime: datetime - message: sting
i - createdBy: userid - endTime: datetime

- dateUpdated: date

- updatedBy: userid

Protocol

- description: string Criterion CountPerCriterion
- dateCreated: date
- createdBy: userid

- datelUpdated: date ¥
- updatedBy: userid

Subgroups ?
} [ l

CriteriaGroup

- count int

= SingleCriterion
- name: sting

- inclusionOperator: InclusionOperator

«enumeration» «enumerationxs - booleanOperator: BooleanOperator
BooleanOperator InclusionOperator
«eNUM» «&NUMs hasAssociationWith
AND INCLUDE
OR EXCLUDE
ValueRestriction
CDIMArifact CDIMConcept
- valueiOperator: string
ValueType - name: sting [ 7|+ conceptld: URI

01| wvaluet: ValueType
- value20perator: stiing
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- «enuma
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- codingSystem: string - value: date T
- code: shing

Figure 28: Domain Object Model

5.5. Summary

In the previous section we presented the technical and implementation details of the TRANSFoRm web-
based query formulation workbench. The system is designed as a typical layered web application based on
Spring framework and Hibernate ORM. An Ajax-based rich Ul is developed using JQuery to allow for
dynamic interfaces and easy integration with the underlying web application.

Design and running of queries is assumed to be team based, where concurrent access is typical. With the
introduction of a simple write locking mechanism, the system protects shared objects from conflicting
updates.
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The main aim of the query formulation workbench at this stage is to support eligibility criteria design and
retrieval of an eligible subject count, the core of which is built around a sound eligibility criteria model. The
whole TRANSFoRm system is adopting an ontology-driven approach where a unified and consistent view
of diverse data source representations is provided through an ontology model, i.e. CDIM.

The query formulation workbench eligibility criteria implementation model is based on CDIM artefacts,
where closely related CDIM concepts are grouped together to form a higher-level abstraction which closely
matches the application domain. The eligibility criteria model is translated into CDIM concepts with
associated value restrictions when the model is submitted for query.

The query formulation workbench and its associated Ul is made provenance-aware, and interoperates with
a variety of other TRANSFoRm components, including the vocabulary service, distributed infrastructure,
CDIM information services and provenance service.
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6. Concluding Remarks

The current deliverable discusses the design and implementation of the TRANSFoRm Query Formulation
Workbench. This is a semantically aware software tool that supports the easy authoring of distributed
searches to EHR and other clinical data sources, using a controlled vocabulary service and appropriate
standards-based technological solutions. The main aim of the workbench is to automatically identify
‘prevalent cases’ for research, where the searches report back counts of eligible subjects in the EHRs,
flagging the subjects for recruitment and consent by the local clinical care team, in full compliance with data
protection legislation and best practice.

The design and implementation of the query formulation workbench was based on a requirements-driven
approach. To gather the appropriate functional and user requirements for the tool, we followed the
combined analysis of the use cases provided by deliverable D1.1 and the information elicited by conducting
participatory task modelling, involving a group of expert users. We enhanced this knowledge through task
analysis work, based on users and existing literature. As part of latter, we conducted a literature review of
existing eligibility criteria query interfaces describing the desirable features of a query tool. As part of this
review, we also highlighted, by means of comparison, some of the limitations of existing solutions and
elaborated on how TRANSFoRm addresses and improves these on its query formulation workbench
solution.

We demonstrated the overall functionality of the query formulation workbench requirements and associated
Ul on an example study. We showed how the tool can translated the eligibility needs of the diabetes use
case. The Ul provides mechanisms and simple visual representations of groupings of eligibility criteria,
which can be easily managed by users as a series of simple interaction steps, guiding the user throughout
the process.

Integration with other TRANSFoRm components, such as the security framework and CDIM information
service, has provided a successful working functionality of the query formulation within the TRANSFoRm
distributed infrastructure. Users can work together on study and protocol design, with rules for collaborative
access, driven by the predefined user requirements. Study protocols are designed using an intuitive
interface where authorisation rules are used to restrict access to a user’s individual or group permissions.
The use of the TRANSFoRm terminology services, in conjunction with the Clinical Data Integration Model
CDIM allows the capturing eligibility criteria in a computable representation, based on CDIM ontology, so
the criteria can be translated into executable query statements at the individual EHR data sources.
Integration with the TRANSFoRm provenance service also allows for further auditing of user actions.
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Appendix A

Balsamiq is a rapid prototyping package for user interface design which is typically used in collaborative
environments. Prototyping software such as Balsamiq allows users to quickly see visual mock ups, without
developing the underlying software necessary to support them as full applications. The following mock ups
describe a series of typical workflows in the prototype TRANSFoRm query tool.

Login
<:| I:> X {} (htip://server.com/login | @

TRANSFoRm Query Tool

Please enter your login details
Username: I_ l
Password: I_ l

Log In

Figure 29: Ul 1 Login
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Study List

<] E> X {} H ver.com/s /list 1 @
TRANSFoRm Query Tool e | ot | Loa0ut

Menu Study List
Studies
List Study ID Study Name
Search 41566 Diabetes study A Select | [ Delete
Create New
41567 Diabetes study B Select | | Delete
41698 Heart risk study A Select | | Delete
41700 Heart risk B Select | | Delete
42331 Example X Select | | Delete
42332 Example X2 Select | | Delete
43562 Example Minimal Select | | Delete
44780 Test Study 1 Select || Delete
44781 Test Study 2 Select | | Delete

Figure 30: UI 2 Study List

Study Overview: Dicbetes Study B

<j E> X {} Ihﬁg:“;&;ver com/study/overview/41567 ] @

TRANSFoRm Query Tool toos | et | o0

Menu Study: Diabetes study B

Studies
List Created 21st August 2012
Search Modified 14th September 2012
Create New
Current Study Nnme. . Dm‘?e_h_zs study 8 . . PP . .
Overview Description  An initial test of the search for patients with a specific criteria group for inclusion

Collaborators in a natienwide diabetes trial

Study 41567

P ti
ﬁ::o% Reference DIAB_B
Protocols
Protocol ID 4| Description Last Medified By Date Last Modified
41567Q005 Protocol V1 John Smith 15 June 2012
Diabetes Diagnosis with )
41567Q002 medication John Smith 01 June 2012
41567Q001 Diabetes Diagnosis Fred Frank 15 May 2012

Figure 31: Ul 3 Study Overview
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Study Properties: Diabetes Study B

A x4

: ver.com/study/properties/41567
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Studies
List
Search
Create New
Current Study
Overview

Collaborators

Properties
Protocols

TRANSFoRm Query Tool

Study Properties: Diabetes study B

Name Diabetes study B

Description An initial test of the search for
patients with a specific criteria group

for inclusion in a nationwide diabetes
trial

Reference DIAB_B

Home | Contact | Log Qut

Figure 32: UI 4 Study Properties

Study Properties: Diabetes Study B
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Study Properties: Diabetes Study B
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Study Properties: Diabetes Study B
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Studies — Inclusion Criteria Group : Definite Type 2 Diabetes =
List [ Add Criteria | | Add Subgroup | | Edit Group properties | [ Delete Group |
Search Criteria
Create New @ [@( Diabetes Mellitus, Non-Insulin-Dependent
Current Study
Overview m
M — Inclusion Criteria Group : Demographics =
Eﬂ;er‘% | Add Criteria l | Add Subgroup | Edit Group properties l I Delete Group l =
rotocols
ected P | Criteria Attributes
5;“;” | rotoc @@ Fosting blood glucose 3= 7.0mmol/|
ratoco
Results #Z @& Random blood glucose >= 11.1mmol/|
ZM@mE HbAlc >= 6.5%
— Inclusion Criteria Eroup : Drug Therapy
| Add Criteria I | Add Sul_aﬂauE l Edit Group properties |_Delete GrauE l =
— Group : Insulin AND OGLA
| Add cCriteria | | Add Subgroup | | Edit Group properties | [ Delete Group |
Criteria
2@ Insulin m
2@ o6La
— Group : Insulin AND OGLA AND Metformin
| Add Criteria § | Add Subgroup [ | Edit Group properties [ | Delete Group [
Criteria
PRE Insulin m
one o XN
L @GE  Metformin
| Save Protacol l | Submit Query l QI
#]
Figure 35: UI 7 Protocol - Expanded
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Query Results: Diabetes Study B

<] E> X {} : ver.com/study/results/41567Q005

] e

TRANSFoRm Query Tool

Home | Contact | Log Qut

Menu Query Results: Protocol V1
Studies
List Completion Date A| Time Taken | Total Count
Search 15 June 2012 00:10:20 531
Create New
14 June 2012 00:10:00 525
Current Study
Overview 10 June 2012 00:09:50 500
Collaborators
Properties
Protocols | Edit Protocol l | Rerun Query l
Selected Protocol
Protocol
Results
&
Figure 36: UI 8 Query Results
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Query Results: Diabetes Study B
<] l:> X {} Lhttp://server com/study/results/41567Q005 || @
TRANSFoRm Query Tool bane | Contect | Leg.Out
Menu Detailed Query Results: Protocol V1
Studies Query Completed: 15 June 2012 Count total: 531
List Time Taken: 00:10:20 Filter: None
Search | Edit Protocal | | Edit Results Filter | | Run Query Again |
Create New
— Inclusion Criteria Group : Definite Type 2 Diabetes
Current Study L Count o
. Criteria
Overview
Collaborators Diabetes Mellitus, Non-Insulin-Dependent 955
Properties
Protocols m
Selected Protocol — Inclusion Criteria Group : Demographics =
W Criteria Attributes Count
esults
Fasting blood glucose »=7.0mmol/| 1200
Random blood glucose »>= 11.1mmal/| 1500
HbAlc »=6.5% 815
Group Count: 1001
— Inclusion Criteria Group : Drug Therapy B
— Group : Insulin AND OGLA
Count
Criteria
Insulin 789
OGLA 899
Group Count: 710
— Group : Insulin AND O6LA AND Metformin
Count
Criteria
Insulin m 789
o6LA [ AND | 899
Metformin 600
Group Count: 580
Count: 710
L
Figure 37: Ul 9 Query Results - Detailed
Version V1.0
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<3 E> X {} Lhitp://server cﬂ/sM/nronerfiele?ﬁT_ 1 @

Study Properties: Diabetes Study B

TRANSFoRm Query Tool thoe | et | Lo

Menu Study Collaborators: Diabetes study
Studies
List Name 4| Contact
Search Giacomo Guilizzoni | gg@email .com| Remove
Create New
Current Study Guido Jack gj@email .com | Remove
Overview Add Collaborator
Collaborators
Properties
Protacals
»
Figure 38: UI 10 Study Collaborators
Study Protocal: Diabetes Study B
<:1 E> X {} Lhittp://server.com/study/protocal/41567 | @

TRANSFoRm Query Tool tome | ot | L ot

Menu
Studies
List
Search
Create New

Current Study
Overview
Collaborators
Properties
Protocols

Selected Protocol
Protocol

Diabetes study B: Protocol V1 Design

I Add Criteria Group l |Se|ec1 Data Sources I

Version V1.0

Figure 39: Ul 11 Protocol Start
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Version V1.0

Select Data Sources

W GPRD

¥ NIVEL

[ Data Source X
[ Data Source Y

| Confirm Selection | | cancel |

Figure 40: UI 12 Data Source Selection

Add Criteria Group

Name [Definite Type 2 Diabetes

Description [Znclusion of diagnosis - definite T2b

| Add criteria Group | | Cancel |

Figure 41: UI 13 Add Criteria Group
18" of July 2012
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<> X [inlamrver con/snbToerecs/ 41567

Study Profocal: Diabetes Study B

] & D

TRANSFoRm Query Tool

Menu
Studies
List
Search
Create New
Current Study
Overview
Collaborators
Properties
Protocols
Selected Protocol
Protecol

Protocol Design: Diabetes Diagnosis

Inclusion Criteria Group : Definite Type 2 Diat

Home | Contact | Log Out

[ Add criteria | [ Add Subgroup | [ Edit &roup properties | [ Delete Group |

Version V1.0

Figure 42: Ul 14 Criteria Group Added

Add Individual Criteria

CDIM Concept Search (@

D

| Find Concept I

Figure 43: Ul 15 Choose CDIM Concept
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Add Individual Criteria

CDIM Concept Search

@Uis )

I Find Concept I

Disability Related Difficulty
Disease

Figure 44:

UI 16 CDIM Concept Dynamic Filtering

Add Individual Criteria

CDIM Concept
You have selected:

Vocabulary Service Search

Concept Search

@ois

Disease

@_Type 2 Diabetes

- Concept

UMLS Code (€UT) [ 0011860

Diabetes Mellitus, Non-Tnsulin
~Dependent

Diabetes mellitus type 2 in
cbese

TInsulin-treated non-insulin
-dependent diabetes mellitus

Diabetes mellitus autosomal
dominant type II (disorder)

Non-insulin-dependent dicbetes

mellitus with renal complications

Semantic Type Ibismse. or Syndrome

Definition A type of diabetes mellitus that is characterized by insulin
resistance or desensitization and increased blood glucose

levels. This is a chronic disease that can develop gradually

!

— Source Vocabularies

ENG T90005  non insulin dependent diabetes

ENG T90007  adult onset diabetes

— Super Concepts

ENG T90009  type 2 diabetes

Sub Concepts
ENG  NOCODE Diabetes Mellitus, Non-

Disorder of endocrine
pancreas

DISEASES OF THE
ENDOCRINE

PANCREAS
INCLUDING
DIABETES

licate concept

Dnbe::;rmllmu type 2 in Tsulin-Dep +
e
c2 2 Diabetes Melli

NIDDM with peripheral Ene 6747 Type 2 Dlabetes Mellins

. di ENG X40T5 Type 2 diabetes mellitus
Digberes s “'I"I'm‘ =0 d"z ) SNOMEDCT ENG 267468009 Diabetes mellius: (aduit

fapetes g fype 2 in onset)or(noninsulin dependent)

nonol e . "

Tnsulin-resistant diabetes SNOMEDCT EN& 44054006 N?ﬂ-lm!ﬂm-ds?uﬂsm
N diabetes mellitus
mellifus AND

Choose Concept | Cancel I

Figure 45:

UI 17 Select Vocabulary Service Concept
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Add Indivi

dual Criteria

CDIM Concept Search @Dis
Disease

Search @ Type 2 Diabetes

You have selected:

Vocabulary Service

Selected Concept

Selected Concept
UMLS Code (CUT)
Semantic Type

Attributes

Digbetes Mellitus, Non-Insulin-Dependent
€0011860
Disease or Syndrome

me T (77 B

Before

e MZ7E ~ OH

Add criteria | [cancel |

Figure 46: Ul 18 Concept Attributes - Diagnosis

Add Individual Criteria

CDIM Concept Search @Lab

You have selected:

Laboratory

Vocabulary Service Search @_HbAlc

Selected Concept

Selected Concept
UMLS Code (CUT)
Semantic Type

Attributes

HbAlc
€0024621
Test Result

Time: [Afe ] | 12/05/2012] E

Value: [operatr[v] | | ond [

Value: Equals Iv |£55 ' mmol/L v
Greater than %

Less than mol/L.

Between

| Add Alternative Value Units |

| Add Criteria I |Ca.ncr.||

Figure 47: UI 19 Concept Attributes - Lab Result
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Study Protocol: Diabetes Study B

<] [:> X {;} Ihﬁg:dcierver.cEfs'l’udy/Dro‘fucolf41567 ] @
TRANSFoRm Query Tool o | o | o
Menu Protocol Design: Diabetes Diagnosis
Studies

List Inclusion Criteria Group : Definite Type 2 Diabetes 5

Search | Add Criteria l | Add Subgroup l | Edit Group properties l | Delete Group |

Create New
Current Study Criteria

Overview 2@ Diabetes Mellitus, Non-Insulin-Dependent

Collaborators

Properties

Protocols
Selected Protocol | Add Criteria Group I I Save Protacol I I Cancel I

Protacal

&»

Figure 48: UI 20 Inclusion Criteria Group Added

Study Protocol: Diabetes Study B
<j E> X Q Ihng:“Eerver.cﬂr’sfudy/nro‘hcolﬂll567 1 @
TRANSFoRm Query Tool s e
Menu Protocol Design: Diabetes Diagnosis
Studies
List — Inclusion Criteria Group : Definite Type 2 Diab =
Search | Add Criteria l | Add Subgroup [ I Edit Group properties l | Delete Group l
Create New
Current Study Criteria
Overview @M Diabetes Mellitus, Non-Insulin-Dependent
Collaborators
Properties
Protacals AND |
Selected Protacal — Exclusion Criteria Group : Type 1 Diab
Protocol | Add Criteria l | Add Subgroup [ I Edit Group properties [ [ Delete Group | =
Criteria
& @ Didbetes Mellitus, Insulin-Dependent
| Add Criteria 6roup l | Save Protacol l I Cancel l
»

Version V1.0

Figure 49: Ul 21 Exclusion Criteria Group Added
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Query Submitted

The query will now be executed.

View results via Selected Protocol > Results

Figure 50: UI 22 Query Submitted
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Query Results: Diabetes Study B
<] E> X {} II_-lnn:“;erver.c@/sh.ldy/resulfsf‘il 567Q005 | @
TRANSFoRm Query Tool o | contct | Loo 0t
Menu Detailed Query Results: Protocol V1
Studies Query Completed: 15 June 2012 Count total: 102 (filtered)
List Time Taken: 00:10:20 Filter: Country (United Kingdom), Region (West Midlands)
Search | Edit Protacol l | Edit Results Filter l I Run Query Again l
Create New
— Inclusion Criteria Group : Definite Type 2 Diabetes
Current Study L Count =
. Criteria
Overview
Collaboraters Diabetes Mellitus, Non-Insulin-Dependent 250
Properties
Pratocols AND |
Selected Protocal — Inclusion Criteria Group : Demographics =
—:r'""l'i"' Criteria Atiributes Count
esults
Fasting blood glucose >= 7.0mmaol/| 240
Random blood glucose >= 11.1mmol/| 300
HbAlc »= 6.5% 163
Group Count: 256
AND |
— Inclusion Criteria Group : Drug Therapy
=
— Group : Insulin AND OGLA
Count
Criteria
Insulin 112
O6GLA 175
Group Count: 140
— Group : Insulin AND OGLA AND Metformin
Count
Criteria
Insulin m 153
o6LA [ AND | 177
Metformin 120
Group Count: 112
Count: 140
»
Figure 51: UI 23 Query Execution in Progress
Version V1.0
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Edit Filter

Type Value
| Country [v] | United Kingdom | v|
| Region |v| | West Midlands |v|

| SaveFilter [ | Cancel |

Figure 52: UI 24 Query Results - Edit Filter
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Query Results: Diabetes Study B
<] E> X {} II_-lnn:“;erver.c@/sh.ldy/resulfsf‘il 567Q005 | @
TRANSFoRm Query Tool o | contct | Loo 0t
Menu Detailed Query Results: Protocol V1
Studies Query Completed: 15 June 2012 Count total: 102 (filtered)
List Time Taken: 00:10:20 Filter: Country (United Kingdom), Regoion (West Midlands)
Search | Edit Protacol l | Edit Results Filter l I Run Query Again l
Create New
— Inclusion Criteria Group : Definite Type 2 Diabetes
Current Study L Count =
. Criteria
Overview
Collaboraters Diabetes Mellitus, Non-Insulin-Dependent 250
Properties
Pratocols AND |
Selected Protocol — Inclusion Criteria Group : Demographics 5
—:r'""l'i"' Criteria Atiributes Count
esults
Fasting blood glucose >= 7.0mmaol/| 240
Random blood glucose >= 11.1mmol/| 300
HbAlc »= 6.5% 163
Group Count: 256
— Inclusion Criteria Group : Drug Therapy
=
— Group : Insulin AND OGLA
Count
Criteria
Insulin 112
O6LA 175
Group Count: 140
— Group : Insulin AND OGLA AND Metformin
Count
Criteria
Insulin m 153
VS AND | 177
Metfarmin 120
Group Count: 112
Count: 140
»
Figure 53: UI 25 Query Results Filtered
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Query Results: Diabetes Study B

<3 E> X {} Ihﬂi:“ﬁﬂ"" cg/sfudvr’rzsulfleﬁéTQCDﬁL

] & D

Menu
Studies
List
Search
Create New

Current Study
Overview
Collaborators
Properties
Protocols

Selected Protocol
Protocol
Results

TRANSFoRm Query Tool

Query Results: Protocol V1

Completion Date -
Query in Progress

14 June 2012

10 June 2012

Time Taken
00:05:45
00:10:00
00:09:50

Total Count
300 so far

525
500

| Edit Protocal I I

Rerun Query [

Home | Contact | Log Qut

Figure 54: Query Results With Incomplete Query

Query Results: Diabetes Study B

@ E:> X {} Ih]‘_tg:“is;vericﬂfs'rudv{rtﬂfsﬂ-l 567Q005 _

] & D

Menu
Studies
List
Search
Create New

Current Study
Overview
Collaborators
Properties
Protocols

Selected Protocal
Protocol
Results

TRANSFoRm Query Tool

Detailed Query Results: Protocol V1

Query Started: 15 June 2012

Time Taken So Far: 00:05:45

Data Source | Progress

NIVEL In Progress
GPRD Completed

Time Taken | Total Count
00:05:45 125

00:03:47 175

Count So Far: 300
Filter: None

Home | Contact | Log Out

Version V1.0

Figure 55: Incomplete Query Results
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Appendix B

Several example user interface instances for the query formulation workbench have been developed by
using simple HTML and the jQuery framework. These medium fidelity mock ups support some user
interaction and are useful in understanding user requirements for rich interfaces. Although they are running
on a web server, the underlying web application necessary for data processing and integration with other
software such as the TRANSFoRm distributed infrastructure is not present. The supporting code for the
interface is developed entirely client side.

TRANSFoRm Query Tool

' Welcome, Test User » ] Home  Contact [+ Logout

Study: Test Study 1 Query: Protocol V1

O i
~ Studies Add Inclusion Criteria l ’ Save Protocol ] l Submit Query

List
Search
Create New

® Current Study
Owverview
Collaborators
Properties

Queries

® selected Query

Results

Figure 56: Medium fidelity mock up - initial loading of the query tool
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TRANSFoRm Query Tool

' Welcome, Test User ﬂ' Home Contact [ Logout

Study: TestStudy 1 Query: Protocol V1

® Studi
Studies l Add Inclusion Criteria ] l Save Protocol ] [ Submit Query ]
List — Inclusion Criteria Group : Diabetes
Search
[ Add Criteria ] [ Add Subgroup ] [ Edit Group Properties ] [ Delete Group ]
Create Mew

Sub Group : Definite T2D

Current StUd\"' [ Add Criteria ] [ Add Subgroup ] ’ Edit Group Properties ] [ Delete Group ]

Overview

Criteria Attributes
Collaborators P m Type 2 Diabetes  Mone Set
Properies
Queries

® selected Query

Protocol

Results

Figure 57: Medium fidelity mock up - after addition of an inclusion criteria group
with nested sub group and criterion.
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TRANSFoRm Query Tool

' Welcome, Test User ﬂ' Home Contact [+ Logout

Study: Test Study 1 Query: Protocol V1

® i
Studies l Add Inclusion Criteria ] [ Save Protocol l l Submit Query l
List — Inclusion Criteria Group : Diabetes
Search
[ Add Crteria ] [ Add Subgroup ] [ Edit Group Properties l [ Delete Group l
Create New

Sub Group : Definite T2D

Current StUdB [ Add Criteria ] [ Add Subgroup ] ’ Edit Group Properties ] [ Delete Group ]

Overview

Criteria Attributes
Collaborators & m Type 2 Diabetes MNone Set
Properties

Sub Group : Probable T2D

® selected Query

Protocol [ Add Criteria ] ’ Add Subgroup ] ’ Edit Group Properties ] [ Delete Group

Results Criteria Attributes

| m Maturity-onset Diabetes MNaone Set
& m Mon-insulin dependent diabetes mellitus  MNone Set

& m NIDDM MNone Set

Sub Group : Type 1 diabetes and Type 2 Diabetes

[ Add Criteria l [ Add Subgroup ] [ Edit Group Properties ] [ Delete Group

Criteria Attributes

7 m Type 1 diabetes MNone Set

& m Type 2 Diabetes MNone Set

Sub Group : Possible T2D

[ Add Criteria l [ Add Subgroup ] [ Edit Group Properties ] [ Delete Group

Criteria Attributes

' [ SteroidInduced Diabetes None Set
.’ [ Gestational Diabetes  None Set

& m Diabetes Mellitus Mone Set

Figure 58: Medium fidelity mock up - after creation of an inclusion criteria group
containing more complex query criteria
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TRANSFoRm Query Tool

Study: TestStudy 1 Query: Protacol V4

® studies

List

Search

Create New

® Current Study
Overview
Collaborators
Properties

Queries

® Selected Query

Results

Version V1.0

[ Add Inclusion Criteria | [ Save Protocol | [ SubmitQuery |

— Inclusion Criteria Group : Diabetes

[ Add Criteria | | Add Subgroup | [ Edit Group Properties | [ Delete Group |

Sub Group : Definite T2D

[ Add Criteria ] [ Add Subgroup ] [ Edit Group Properties ] [ Delete Group ]

Criteria Attributes
[ Type 2Diabetes None Set

Sub Group : Probable T2D

| AddCiiteria | [ Add Subgroup | [ Edit Group Propetiies | [ Delete Group

Criteria Attributes

[ Maturit-onset Diabetes None Set
o+ fir Non-insulin dependent diabetes mellius None Set
[ NoDH None Set

Sub Group : Type 1 diabetes and Type 2 Diabetes

[ Add Criteria | [ Add p | [ EditGroup Prop | [ Delete Group

Criteria Attributes

[ Tvoe 1diabetes None Set

. i Type 2 Diabetes None Set

Sub Group : Possible T2D

[ Add Criteria ] [ Add Subgroup ] [ Edit Group Properties ] [ Delete Group

Criteria Attributes
i [ Steroidinduced Diabetes None Set

. fif Gestational Diabetes  None Set

El ﬁ Diabetes Mellitus None Set

— Inclusion Criteria Group : Drug Therapy

[ Add Criteria | | Add Subgroup | [ Edit Group Properties | [ Delete Group |

Sub Group : Insulin Only

[ Add Criteria ] [ Add Subgroup ] [ Edit Group Properties ] [ Delete Group ]

Criteria _ Attributes
.~ fir Insulin  Dailyfrequency <3

Sub Group : Insulin, OGLA, Metformin

[ Add Criteria ] [ Add Subgroup ] [ Edit Group Properties ] [ Delete Group ]

Sub Group : Insulin and OGLA

[ Add Criteria ] [ Add Subgroup ] [ Edit Group Properties ] [ Delete Group ]

Criteria Attributes

o insulin None Sst

o [ Oralglucose lowering agents  None Set

Sub Group : Insulin and OGLA and Metformin

[ Add Criteria ] [ Add Subgroup ] [ Edit Group Properties ] [ Delete Group

Criteria Attributes
&1 [ Insulin None Set

] m Oral glucose lowering agents  None Set

< il Metformin None Set

Sub Group : OGLA, Metformin

[ Add Criteria ] [ Add Subgroup ] [ Edit Group Properties ] [ Delete Group

Criteria Attributes
Eil m Oral glucose lowering agents  None Set

Sub Group : OGLA and Metformin

[ Add Criteria ] [ Add Subgroup ] [ Edit Group Properties ] [ Delete Group

Criteria Attributes
Eil ﬁl Oral glucose lowering agents None Set

o T Metformin None Set

Sub Group : Metformin

[ Add Criteria ] [ Add Subgroup ] [ Edit Group Properties ] [ Delete Group

Criteria  Attributes
o ] Mefformin None Set

Sub Group : No Drug Therapy

[ Add Criteria ] [ Add Subgroup ] [ Edit Group Properties ] [ Delete Group

Criteria Attributes
i fi] NoDrugTherapy MNane Set

— Inclusion Criteria Group : Lal y Data

[ Add Criteria ] [ Add Subgroup ] [ Edit Group Properties ] [ Delete Group

Criteria Attributes
Eil ﬁl Fasting blood glucose  ==7.0 mmoll
El m Random blood glucose == 11.1 mmol/l

S ] Hoate = 6.5%

— Inclusion Criteria Group : Dy

[ Add Criteria ] [ Add Subgroup ] [ Edit Group Properties ] [ Delete Group

Criteria  Attributes
El m Age >= 35

Figure 59: Medium fidelity mock up - completed query design based on diabetes use case.

18" of July 2012

91




