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Abstract This paper describes a methodology for
redesigning the clinical processes to manage diagnosis, fol-
low-up, and response to treatment episodes of breast cancer.
This methodology includes three fundamental elements: (1)
identification of similar and contrasting cases that may be of
clinical relevance based upon a target study, (2) codification of
reports with standard medical terminologies, and (3) linking
and indexing the structured reports obtained with different
techniques in a common system. The combination of these
elements should lead to improvements in the clinical manage-
ment of breast cancer patients. The motivation for this work is
the adaptation of the clinical processes for breast cancer cre-
ated by the Valencian Community health authorities to the
new techniques available for data processing. To achieve this
adaptation, it was necessary to design nine Digital Imaging
and Communications in Medicine (DICOM) structured report
templates: six diagnosis templates and three summary tem-
plates that combine reports from clinical episodes. A proto-
type system is also described that links the lesion to the
reports. Preliminary tests of the prototype have shown that
the interoperability among the report templates allows corre-
lating parameters from different reports. Further work is in

progress to improve the methodology in order that it can be
applied to clinical practice.
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Introduction

The influence of digital medical images in the improvement of
clinical diagnostic process has caused a major revolution in
medicine. However, despite the widespread use of computer-
based systems like picture archiving and communication sys-
tem (PACS) [1], radiology information system (RIS) [2], or
hospital information system (HIS) [3], these systems do not
totally fit the requirements for collaboration among different
administrative domains (e.g., sharing information about rele-
vant cases between two hospitals). However, research projects
based on grid computing [4], peer to peer [5], and cloud
computing [6] propose collaborative frameworks among un-
affiliated centers [7–9] addressing this issue.

The exploitation of such distributed information has led to
new research lines, which are mainly focused on the guidance,
organization, and extraction of knowledge to assist radiolo-
gists and researchers to access and use existing medical infor-
mation repositories. This constitutes a major advantage when
compared to other approaches relying on less information on
which to base their decisions and will be translated in the
improvement of the clinical management of patients. In this
process, the quality of input data is a key factor to achieve the
best results.

Medical informatics has long ago focused on the identifi-
cation and definition of standard terminologies to provide
physicians with an unambiguous and precise schema to create
reports that can be processed by computers. They have proven
to be useful to facilitate data mining procedures on the coded
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reports and images [10]. Natural text searching presents many
ambiguities and false positives [11, 12], which reduce their
applicability in patient health care. In this sense, the use of
ontologies can improve the way in which data is organized
[13], reducing the ambiguities of plain text descriptions
[14–17]. Structuring radiology reports constitutes a step be-
yond coding and defining terminologies, as they are bound to
the clinical pathway and objectives of the study.

However, the definition of general-purpose structured re-
ports is often ineffective due to the particularities of different
image modalities, clinical protocols, and medical disciplines
[18]. Notwithstanding their difficulties, structured reports of-
fer a homogeneous way to define the reports, enhancing the
capability of computer-enabled tools to extract knowledge and
to search and compare reports.

To cope with this limitation, the present work defines six
templates for structured reports for six diagnostic modalities
present in clinical pipelines of breast cancer (clinical exami-
nation, mammography, ultrasound, magnetic resonance imag-
ing (MRI), pre- and postsurgical biopsy), ending up with one
single, comprehensive report.

The structured reports provide the basis on which a knowl-
edge database was built. The objective of this database is to
facilitate the search for relevant reports and, in the future, to
support training and clinical decision. Currently, a prototype
implementation exists that automatically identifies retrospec-
tive cases together with the associated diagnosis and other
relevant information. This is currently done by comparing a
case provided by the radiologist with the reports stored in the
database, which is possible through the use of the fields of the
report that are annotated with standard terminologies. The
system returns additional evidence that the radiologist can
use for the assessment of the diagnostic.

The use of such a tool can assist in identifying cases with
similar (or dissimilar) clinical features. Clinical information
retrieval has been revealed as a powerful tool to improve
diagnosis [19]. However, searching for similarities on medical
databases is often not an effective task. This is especially the
case when annotations are provided in natural language, since
very different annotations could lead to similar diagnosis.

Extracting all relevant concepts from a narrative report is
especially challenging, since text data has a very high vari-
ability that limits its clinical usefulness. For example,
searching free text for negative statements usually causes
many false negatives. Also, synonyms can be used by differ-
ent radiologists to annotate the same finding. For example,
one radiologist may prefer the term nodule, while others may
use mass or lesion. Searching for reports annotated in this
manner will reduce the chance to find all relevant information
when not all synonyms are considered, which is impractical in
many cases. Another challenge is to deal with semantic as-
pects of the information. For example, a report can be anno-
tated as mass in the upper outer quadrant, but a user can

search for cancer in the right breast. The software that imple-
ments the search must then identify whether this annotation
belongs to the right breast or not.

Basing searches on standard annotations is of great value,
since it produces more clinically relevant results than free text
searches [20]. For example, many relationships can be
expressed in terms of standard terminologies and ontology
[21].

On the other hand, dealing with structured information
retrieval is a complex task, which often requires a significant
effort to establish a direct correspondence between the user
needs and the content of the document [22]. Therefore, struc-
tured reports have been often criticized as impractical for
complex cases [23]. Usability evaluates whether users per-
form tasks in an effective manner through a tool in a specific
environment [24]. In this work, usability was used to measure
the success of the clinical processes redesign.

This paper presents an overview of the work done at the
clinical and information technology sides to define the clinical
processes, data items, and applicable terminologies, reporting
schemes and using cases to systematize breast cancer diagno-
sis and follow-up through structured reports. It focuses espe-
cially on the definition of report templates and the redesign of
clinical processes, covering also the implementation of a
prototype system on top of the TRENCADIS (Towards a gRid
Environment for proCessing and shAring DIcom objectS)
framework. Additional references are given for specific tech-
nical details and usability tests, already published in other
journals.

The rest of this paper is structured as follows: “Back-
ground” section introduces the concepts in which the redesign
of the clinical process of breast cancer is based. “Clinical
Process Redesign Overview” section presents an overview
of the methodology used in the redesign of the clinical process
and the actors that are involved in it. The new clinical process
is described in “Enhanced Clinical Process” section, while
“Lessons Learned from Redesigning a Clinical Process” sec-
tion presents a review of our experience, developing this new
process. Conclusions and future lines of work are presented in
“Conclusion” section.

Background

Terminologies and Ontologies

SNOMED CT (Systematized Nomenclature of Medicine
Clinical Terms) aims at providing a comprehensive terminol-
ogy for encoding electronic health records [25]. SNOMED
CT also provides an ontological layer and a mechanism to
build customized vocabularies. In addition to SNOMED CT,
there are several projects trying to develop modularized
SNOMED CT ontologies in order to increase computability
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(e.g., scalability for querying data) and usability (e.g., under-
standability or context awareness) [26]. These subsets of
SNOMED CT ontologies should facilitate the development
of more usable applications.

ICD-10 (International Statistical Classification of Diseases
and Related Health Problems, 10th revision) provides codes to
classify diseases and a variety of related terminologies, such
as symptoms or findings [27]. The ICD-10 Clinical Modifi-
cation (CM) identifies diseases, disorders, symptoms, human
response patterns, and medical signs, while the Procedure
Coding System (PCS) identifies specific health interventions
taken by medical professionals.

However, those general-purpose terminologies were found
to be ineffective in radiology reports, especially in oncology
where terms are highly specialized. Therefore, specific termi-
nologies in oncology have arisen, such as BI-RADS (Breast
Imaging-Reporting and Data System) [28], ICD-O-3 (ICD for
Oncology, 3rd version) [29], or TNM (tumor, node, metastasis
classification of malignant tumors) [30, 31]. BI-RADS is a
radiology terminology that provides a standardized nomencla-
ture or lexicon for describing breast imaging findings and
assessments. BI-RADS is commonly used in mammography,
ultrasound, and MRI reports. It also provides a categorization
of breast lesions, depending on their suspected malignancy
(BI-RADS code). Each category (between 0 and 6) leads to a
specific therapeutic procedure. ICD-O-3 is used principally to
code the topography and the morphology of neoplasms. Path-
ological TNM (pTNM) is a scoring system based on biopsied
tissue, while clinical TNM (cTNM) uses other clinical infor-
mation to describe the extent and spread of cancer.

The increasing variety of terminologies and standards has
led to a non-coherent nomenclature that is inconsistent be-
tween terminologies and often confusing to the radiologists
who use them. RadLex provides a unified language of radiol-
ogy terms for standardized indexing and retrieval of radiology
information resources [21]. To this end, RadLex unifies and
supplements radiology terms in other terminologies, such as
SNOMED CT, ICD-10, or BI-RADS.

Digital Imaging and Communications in Medicine Structured
Reporting

Digital Imaging and Communications in Medicine (DICOM)
is a standard for managing digital images that is widely used in
clinical practice. DICOM structured reporting (SR) extends
DICOM to encode structured information, allowing applica-
tions to share documental information [32], besides medical
images. Furthermore, DICOM SR has proven to be particu-
larly valuable in improving the expressiveness, precision, and
comparability of documentation about diagnostic images [33].

DICOM SR supports different standard medical terminol-
ogies and ontologies that can be combined with custom

codification schemes to code the structured reports. This fea-
ture facilitates indexing and searching on large databases.

Customization is required in many cases to include addi-
tional information in the reports. For example, BI-RADS
divides breast density into four standardized categories. BI-
RADS 3 or 4 for breast density indicates that the breasts are
extremely dense, which lowers the sensitivity of mammogra-
phy and can lead to a larger inter- and intra-observer variabil-
ity [34]. In those cases, the reports must include customized
terminologies for expressing fine-grain details, which might
help to reduce ambiguous conclusions [35]. A customization
is presented in this paper that complements BI-RADS with
additional annotations, which helps in reducing this ambiguity
in mammography reports.

DICOM SR Templates

DICOM SR also provides a means of establishing patterns of
applications that are called DICOM SR templates [36]. These
patterns describe and constrain the information that can be
represented through a DICOM SR document. For example,
the Supplement 50 to the DICOM standard defines the
computer-aided detection templates for mammography. This
template uses BI-RADS.

One limitation on applying DICOM SR in clinical practice
is that only a few templates are available, covering a particular
application or medical procedure, and therefore, the informa-
tion is often reported as free text. However, even with this
limitation, DICOM SR represents an important step towards
achieving clinical data integration within the imaging depart-
ment and with the rest of the health-care team, enhancing the
quality and efficiency of diagnostic services [33].

There are efforts ongoing to provide an XML schema that
will be flexible enough to represent DICOM SR. XML is the
standard format for data exchange between applications and
for format-independent data storage. Health Level Seven
(HL7) is an example of medical standard that specifies the
structure and semantics of clinical documents encoded in
XML [37]. The Supplement 135 to DICOM provides the
guidelines to transform DICOM SR diagnostic imaging re-
ports to and from HL7.

TRENCADIS Framework

TRENCADIS is a grid software framework and development
toolkit that aims at sharing and processing distributed DICOM
objects in virtual storages that are built from ontology-based
searches, performed in a secure context [38, 39].

The group of experts who are collaborating in the devel-
opment of TRENCADIS includes physicians and radiologists
from several hospitals and medical schools. They provide an
excellent level of expertise and knowledge, which enables
TRENCADIS developers to build highly polished data
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models and to focus their efforts in developing end user
services and applications. TRENCADIS was first deployed
in the project CVIMO, which demonstrated the usefulness of
this approach for securely sharing medical images in a multi-
institutional environment [38]. More recently, TRENCADIS
was extended to include breast cancer [40]. Also, an interna-
tional collaboration was started in the context of the
IBERGRID initiative towards the implementation of a trans-
national federated database in breast cancer [41].

Structured Document Retrieval

The goal of a structured document retrieval system is to
retrieve relevant parts of a document, instead of complete
documents, as conventional methods do. This approach is
particularly advantageous when the documents cover a wide
variety of topics, since it can reduce the effort required to
locate relevant information [42]. This is of great interest for
computer-aided diagnosis, since it provides a means of com-
paring report parts with respect to known patterns, drawing
radiologist’ attention to possible targets in the interpretation of
a study.

However, despite the potential of this approach to improve
the quality and the efficiency of diagnosis, it has not been
widely adopted in clinical practice. Structured document re-
trieval has been most commonly criticized in terms of its lack
of compatibility with the information systems (e.g., PACS)
used in the hospitals [43]. To cope with this limitation, several
grid-based DICOM storages have been proposed as an alter-
native to PACS for sharing findings and other results among
radiologists and physicians. TRENCADIS is an example of
such a framework that provides developers with a means for
creating virtual storages outside the PACS environment.
TRENCADIS DICOM storages support advanced features
to index, search, and share DICOM objects.

Clinical Process Redesign Overview

The redesign of the clinical process to manage diagnosis,
follow-up, and response to treatment episodes of breast cancer
is mainly driven by three processes: (1) the analysis of the
existing clinical processes, (2) the results of a prototype for the
creation and retrieval of structured reports, and (3) a usability
study performed by 11 radiologists working on selected cases.

Figure 1 shows the framework that captures the aspects of
information processing and decision support that were used to
redesign and evaluate the clinical processes as well as the
different experts who participated in this activity.

In summary, medical experts from diagnostic imaging and
oncology identified the issues that can be improved in the
existing clinical processes through the introduction of

structured reports and terminologies. They also defined the
DICOM SR templates and the terminologies and ontology to
be used. At this point, a group of software analysts gathers the
requirements and implemented the first prototype with
TRENCADIS.

Approaching clinical process analysis and redesign around
this prototype allowed the medical experts to interact with
intermediate versions of the system and to bemore involved in
the development [44]. Also, the software developers could
experiment with alternative system designs.

Once the implementation of the first prototype was com-
pleted, a validation study was performed by the team of
medical experts. The objective of this study was to test the
completeness and correction of the protocols, templates, and
terminologies deployedwith the prototype. Potential improve-
ments were fed back in the system, which iteratively improved
the prototype.

The final prototype integrated a clinical information re-
trieval tool to search for cases based on fields selected from
the structured reports.

A combination of system testing and customer acceptance
testing was applied to the final prototype in order to reduce
inter-operator variability in the assignment of the codes to the
report. In particular, these tests were applied to breast compo-
sition, tumor stage, and prognosis factors.

Finally, a test was performed to evaluate the usability of the
system.

These steps are further described in the following sections.

Original Clinical Processes

The clinical processes for diagnosis, follow-up, and re-
sponse to treatment in breast cancer currently in practice
in the University Hospital Dr. Peset are shown in Figs. 2
and 3. These processes are based upon the oncological
guide for breast cancer from the Valencian Community
health authorities [45], which defines the health-care
guidelines for public hospitals in the Spanish autonomous
community known as Valencian Community (the fourth
largest region with 10.6 % of the total population of
Spain—over 4.5 million people).

Figure 2 shows a diagram of the complete clinical process.
In this paper, we focus on the diagnosis of breast cancer
through different image modalities (mammography, ultra-
sound, and MRI) and clinical examination. The results of
these explorations are originally documented in free text for-
mat. Further confirmation of the diagnosis includes invasive
studies, such as presurgical biopsy, and noninvasive studies,
such as mammography, ultrasound, and MRI. A treatment
plan is formulated by the physician when the malignancy of
a tumor is surgically confirmed in a biopsy. In contrast,
follow-up studies evaluate other unconfirmed lesions
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(including those that are discarded in biopsy). Figure 3 (left)
shows the data and clinical path for a follow-up episode.

The clinical path for response to treatment episodes in
patients with treated tumors is described in Fig. 3 (right).

TRENCADIS Structured Report Management Prototype

Radiology reports are often stored along with provenance
information (author, creation time, etc.). Such a description
does not describe the content of the report and inherently fails
to reveal any discernible similarity between the different re-
ports stored with the repository.

The prototype for managing structured reports described in
this paper uses a series of conventional feature extraction
routines to classify the images into different groups, which
are provided by the DICOM SR templates. For example, the
DICOM content items are examined to extract breast compo-
sition, tumor stage, and prognosis factors. These fields are
then used to build automatic indexes that reference the reports
and their associated images.

Depending on the context of a study, a radiologist may need
to study more cases to confirm a conclusion. DICOM SR
indexing facilities introduced by the prototype also allow

radiologists to use additional content items to build more
indexes, facilitating the classification and comparison of
reports.

The prototype followed the reference implementation de-
scribed in the study of Blanquer et al. [39] to implement the
redesigned clinical process. It deploys two TRENCADIS
sites: one at a hospital and the other at a university.

A user interface was also developed which allows the
creation of new reports in the system and also permits radiol-
ogists to update the reports with new findings and studies.
Guidance is one of the fundamental premises of this interface,
with the purpose of assisting radiologists to reach a minimum
standard of training and comply with the best practices for the
use of the system.

Assessing the Impact: a Usability Study

A usability study was conducted to validate the effectiveness,
efficiency, and usability of the prototype and the methodology.
This study was conducted by 11 radiologists from different
profiles and backgrounds. The methodology used for evalua-
tion of the usability was previously described by Maestre et al.
[46], and the metrics used in this study are described in Table 1.

Fig. 1 Actors and processes involved in the redesign of the clinical pipelines
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Enhanced Clinical Process

Structured Report Templates Specific to Breast Cancer
Diagnosis

Figures 4, 5, and 6 show the new DICOM SR templates
developed to support radiologist in the diagnosis of breast
cancer, which are applicable to six different types of

explorations: Fig. 4 shows clinical examination; Fig. 5 shows
mammography, ultrasound, and MRI, and Fig. 6 shows biop-
sy and surgical biopsy. These templates include a standardized
terminology that is common to all the reports produced,
regardless of the type of exploration used. This terminology
is a subset of the RadLex terminology (including BI-RADS to
describe lesions), combined with a subset of terms selected
from SNOMEDCTand TNM to encode clinical reports. Also,

Fig. 2 Free text-based clinical
process for the management of
breast cancer
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a small set of customized terminologies is used to report
internal parameters of the hospital, which are necessary to
integrate the structured reports in the HIS system.

Along with the terminology, the DICOM SR templates of
clinical examination, mammography, ultrasound, and MRI
share a common tree structure, as depicted in Fig. 4. This tree
has two main branches that describe left and right breasts.
Each breast branch has one branch per finding type, and each
finding type branch may have none or several lesion
descriptions.

Similarly, the DICOM SR templates of biopsy and surgical
biopsy share some common elements. Reports generated with

these templates document the study of one single lesion. In
particular, the biopsy template reports the study of material
obtained in a presurgical biopsy and the surgical biopsy re-
ports the study of material removed in a surgical intervention.
The field procedure identifies the type of surgical procedure
performed in a surgical biopsy, for example, a mastectomy.

One of the main features of the DICOMSR templates is the
use of BI-RADS codes to quantify the malignancy grade of
breast tumors and to record all features associated, which
provide a quantitative key indicator for the definition of the
actions to be taken for the treatment of the patient. Depending
on the BI-RADS code, some actions still need an evaluation of
the physician and the consensus with the patient, but in other
cases, therapeutic actions are totally determined, which could
enable the systematization of the process.

Redesigned Clinical Process

Figure 7 shows the new clinical process for the management
of breast cancer, redesigned from the original process to
include the new DICOM SR templates. Figure 8 shows the
extensions made to the original formulation of the follow-up
and response to treatment procedures.

In the case of diagnosis, the reports generated from the
different explorations (mammography, ultrasound, MRI, and
clinical examination) are automatically combined in a sum-
mary report. This template merges the findings of all explo-
rations in one unique document. In particular, a summary of

Fig. 3 Clinical process for the follow-up (left) and response to treatment (right) in breast cancer

Table 1 Usability metrics

Metric Description

Effectiveness Degree of success achieved in the execution of a task,
measuring the deviation of the user result from the
reference result and differentiating between tasks
that have reached any of their objectives and tasks
that have failed

Relative user
efficiency

Deviation with respect to the efficiency of the expert
user that performs the same task, with the same
results, under the same conditions

User-perceived
usability

User satisfaction and perception of the degree of
success achieved in operating the tool, measured in
the Computer System Usability Questionnaire
(CSUQ) [47]
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each lesion is included in the summary report as well as a
reference to the original report where the complete informa-
tion of the lesion is found. A final BI-RADS classification is
computed as the BI-RADS of the lesion with the higher
likelihood of malignancy. The BI-RADS computed in this
manner defines the conclusion of the summary report and
the recommended action.

In all cases that go through a presurgical biopsy, the results
of the biopsy are documented using the presurgical DICOM
SR template. Also in these cases, the summary report is
automatically compiled from the available reports, but it also
includes the SNOMEDCT terms from the presurgical reports.
A cTNM stratification index is automatically computed (ex-
cept for the M term, which requires information about the
existence of additional sites of cancer) and added to the
summary report. Biopsy discriminates between malignant
and benign lesions (BI-RADS 6). When a lesion is classified
as benign, it is then necessary to open a follow-up episode.
Otherwise, in the case of a malignant lesion, the physician has
to assess the adequacy of a neoadjuvant treatment followed by
a response episode or a surgical treatment followed by a
postsurgical biopsy. Similar to presurgical biopsy, the results
of the postsurgical biopsy are documented using the postsur-
gical DICOMSR template. Also in this case, the summary SR
is automatically computed and includes the SNOMED CT
terms and the computed pTNM.

In the case of the follow-up and response episodes, the
clinical process was modified to include the DICOM SR
templates previously described for diagnosis. In addition,
two new summary DICOM SR templates were created for
follow-up and response, respectively. The system computes
automatically the cTNM scores from the exploration reports
and writes them to the summaries.

A significant feature of the designed DICOM SR templates
is the possibility of linking the exploration findings with the
different reports that are produced in the complete clinical
process. To this end, the same identifier assigned to a lesion
in an exploration study is maintained in the subsequent stud-
ies. This feature is supported in the prototype with a set of
tools that provide users with the means to select and visualize
previous lesions. For example, one of these tools allows users
to load all the lesions found in a breast quadrant in previous
explorations. Users can browse the lesions and the associated
information. Also, a lesion can be selected and a new report
can be added to that lesion in particular.

Usability

The usability study was performed simultaneously by 11
radiologists. More details of this study are presented in the
study of Maestre et al. [46]. Eight of the 11 radiologists who
participated in the study reported to reach 60–99 % of com-
pleteness of the study goals. Several metrics were used in this
study to measure usability, such as effectiveness and efficien-
cy. In general, no case exceeded a deviation from the mea-
sured value greater than 27 %. All radiologists reached an
effectiveness rate greater than 85 %, and the relative user
efficiency was greater than 52 % (see Table 1).

The average usability perceived by all participants in this
study was 5.3073, which exceeds the minimum threshold
level of 4.3726 Computer System Usability Questionnaire
(CSUQ) units (mean item score), proposed by Lewis et al.
[48].

Additionally, the Shapiro-Wilk test [49] of normality (sig-
nificance at 0.05) demonstrated that the data for CSUQ did
followed a normal distribution (Shapiro-Wilk statistic=0.879,
df=11, sig=0.098).

Lessons Learned from Redesigning a Clinical Process

During the clinical process redesign, nine new DICOM SR
templates were created specific to breast cancer diagnosis: one
template for clinical exploration, three templates for imaging-
based studies, one for each imaging modality (mammography,
ultrasound, and MRI), one template for presurgical biopsy,
and one for postsurgical biopsy. Finally, three summary

Fig. 4 SR templates for clinical examination
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templates were created, one for each episode type (diagnosis,
follow-up, and response to treatment).

Although the structure of the summary templates is not
shown in the paper, their content is redundant with respect to
the templates that originate them. Instead, a description of the
generation process is included in the previous section.

In the case of diagnosis, the main contributions with
respect to the existing clinical process are the use of
DICOM SR templates with standardized terminology to

document the diagnosis and definition of decision rules,
depending on the classification of the tumors. These fea-
tures were positively evaluated by the team of radiologists
who collaborated in the development and validation of the
system. In particular, they were found useful to assist
radiologists in their decisions.

DICOM SR templates for diagnosis are identical to those
for follow-up and response to treatment episodes, and there-
fore, they are completely interoperable. This improves the

RDX::Mammography Report

T::RDX::Patient Identifier (M)

T::SNM::Identifier (M)

T::SNM::Identifier (M)

TRM::Findings (M)
RDX::Right Female Breast (M)

RDX::Architectural Distortion(U)

D::SNM::Date of Report (M)

TNM::Location (M)

….( idem Architectural Distortion)
RDX::Asymmetry (U)

TRM::Associated Findings (M)
NB::RDX::Axillary Adenopathy (M)
NB::RDX::Parasternal Lymph Node (M)
NB::RDX::Intramammary Lymph Node Group (M)
NB::RDX::Foreign Body (M)

RDX::Right Female Breast(M)
… (Idem left Female Breast)

T::TRM::DICOM Study Identifier (M)

...

NB::RDX::Calcification (M)
CD:RDX::Morphology (MC)

TRM::Tumour Size (U)
N::SNM::Tumor size, dimension 1( U)
N::SNM::Tumor size, dimension 2( U)
N::SNM::Tumor size, dimension 3( U)

N::TRM::Distance to the nipple (U)

RDX::Mass (U)
T::SNM::Identifier (M)

TRM::Location (M)
...

NB::RDX::Calcification (M)
CD:RDX::Morphology (MC)

CD:TRM::Morphology (M)
CD::RDX::Margin (M)

TRM::Tumour Size (U)
...
N::TRM::Distance to the nipple (U)
Calcification
T::SNM::Identifier (M)

TNM::Location (M)
...

CD:RDX::Morphology (M)

TRM::Tumour Size (U)
...

N::TRM::Distance to the nipple (U)

NB::RDX::Nipple Retraction (M)

NB::RDX::Trabecular Thickening (M)

NB::RDX::Skin Invasion (M)
NB:RDX::Chest Wall Invasion (M)
NB:RDX::Pectoralis Muscle Invasion (M)
NB::RDX::Prosthesis (M)
NB::RDX::Skin Retraction (M)

TERMINOLOGIES

SNOMED (SNM)
RadLex (RDX)
TRENCADIS_MAMO (TRM)

RDX::Ultrasound Report

T::RDX::Patient Identifier (M)
T::SNM::Identifier (M)

TRM::Findings (M)
RDX::Right Female Breast (M)

D::SNM::Date of Report (M)

TRM::Associated Findings (M)
NB::RDX::Axillary Adenopathy (M)

NB::RDX::Intramammary Lymph Node Group (M)

RDX::Right Female Breast(M)
… (Idem left Female Breast)

T::TRM::DICOM Study Identifier (M)

RDX::Mass (U)
T::SNM::Identifier (M)

TNM::Location (M)
...

NB::RDX::Calcification (M)
CD:RDX::Morphology (MC)

CD::TRM::Morphology (M)
CD:RDX::Margin (M)

TRM::Tumour Size (U)
...
N::TRM::Distance to the nipple (U)

RDX::Calcification (U)
T::SNM::Identifier (M)

Location...
Tumour Size...

N::TRM::Distance to the nipple (U)

NB::RDX::Foreign Body (M)

CD::RDX:Lesion Boundary (M)
CD::RNM:Orientation (M)
CD::Echogenecity Characteristic (M)
CD::Posterior Acoustic Features (M)

NB::RDX::Skin Edema (M)
NB::RDX::Trabecular Thickening (M)
NB:RDX:Hematoma/Blood Signal (M)

RDX::Magnetic Resonance Imaging Report

T::RDX::Patient Identifier (M)
T::SNM::Identifier (M)

TRM::Findings (M)
RDX::Right Female Breast (M)

D::SNM::Date of Report (M)

TRM::Associated Findings (M)
NB::RDX::Axillary Adenopathy (M)

RDX::Right Female Breast(M)
… (Idem left Female Breast)

T::TRM::DICOM Study Identifier (M)

RDX::Mass (U)
T::SNM::Identifier (M)

TNM::Location (M)

CD:RDX::Morphology (MC)
CD:RDX::Margin (M)

TRM::Tumour Size (U)
...

N::TRM::Distance to the nipple (U)

Non-mass like Enhancement (U)
T::SNM::Identifier (M)

TNM::Location (M)...
TRM::Tumour Size (U)...

N::TRM::Distance to the nipple (U)

CD::RDX::Internal Enhancement (M)
CD::RDX:Delayed Phase (M)

CD::TRM::Spatial Distribution (M)
CD::RDX::Internal Enhancement (M)
CD::RDX:Delayed Phase (M)
N::RDX:Focus (M)

NB::RDX::Skin Edema (M)

NB::TRM::Skin Thickening (M)

DICOM-SR TYPE

TT ext
DD ate
NN umeric
NB Numeric Boolean
CD Code

Container

FEATURES
Duplicate Field

M Mandatory
MC Mandatory Conditional
U User

CD::Type of Not Circunscribed Margin (M)

NB::RDX::Parasternal Lymph Node (M)

NB::TRM::Supraclavicular Adenopathy (M)

NB::RDX::Skin Invasion (M)
NB:RDX::Chest Wall Invasion (M)
NB:RDX::Pectoralis Muscle Invasion (M)
NB::RDX::Prosthesis (M)
NB::RDX::Complicated Cysts (M)
NB::RDX::Cyst (M)

NB::RDX::Nipple Retraction (M)
NB::RDX::Skin Retraction (M)

CD:RDX::Distribution Pattern (M)

...

N::RDX:Foci (M)

NB::RDX::Parasternal Lymph Node (M)
NB::RDX::Intramammary Lymph Node Group (M)
NB::RDX::Foreign Body (M)
NB::RDX::Trabecular Thickening (M)
NB:RDX:Hematoma/Blood Signal (M)
NB::TRM::Skin Thickening (M)
NB::RDX::Skin Invasion (M)
NB:RDX::Chest Wall Invasion (M)
NB:RDX::Pectoralis Muscle Invasion (M)
NB::RDX::Cyst (M)
NB::RDX::Skin Retraction (M)
NB::RDX::Nipple Retraction (M)
NB::RDX::Pre-contrast High Duct Signal (M)
NB::RDX::Abnormal Signal Void (M)

Fig. 5 SR templates for mammography, ultrasound, and MRI
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existing report templates, allowing radiologists to corre-
late parameters between different reports, even from dif-
ferent exploration techniques or different patients. For
example, it allows the reports generated on diagnosis to
be searched and compared to the reports generated on
follow-up episodes.

The redesigned clinical process automates several clinical
decisions, whenever is possible. This was also evaluated
positively, since radiologists found it useful to improve their
efficiency.

One goal of the work was to demonstrate an effective
methodology for accomplishing breast cancer diagnosis. This
included adding new information to the reports and searching
for relevant information on remote DICOM storages.

Virtual storages built from ontologies were proven useful
in improving the relevance of search results. This would not
be the case if the structured reports do not reflect the objectives
of the clinical studies that they represent. In other words, in
our experience, the careful selection of terminologies and

ontologies that fit the requirements of the radiologists is a
key to correlate the results acquired with different techniques,
possibly in different hospitals. This should help in creating
new models that improve the accuracy of computer-assisted
breast cancer diagnosis [50].

Prototyping the clinical process allowed radiologists
and developers to gain appreciation of the system through
active engagement with iterative prototypes, while usabil-
ity studies provided developers with information about the
effectiveness, efficiency, and user-perceived usability of
the system.

The final prototype also provides radiologists with the
means to search structured report databases for similar and
contrasting cases (or even possibly conflicting interpretations)
that may be of clinical relevance based upon a target study.
The user interface allows end users to select a field of interest
from the list of fields available in the structured reports and to
enter the query in an input text box. Different fields can be
combined in a single query by using logical operators like

SNM::Biopsy of Breast

T::RDX::Patient Identifier (M)
T::SNM::Identifier (M)

SNM::Biopsy of Breast(M)

D::SNM::Date of Report (M)

NB::SNM::Histological Type (M)

T::TRM::DICOM Study Identifier (M)

T::TRM::Lesion Identifier (M)

CD::TRM::biopsy Category(core needdle) (M)

SNM::Histologic descriptor (M)
N::SNM::Rapidly Proliferating Cell Marker(M)

CD::SNM::Staining Method (M)

TERMINOLOGIES

SNOMED (SNM)
RadLex (RDX)
TRENCADIS_MAMO (TRM)

DICOM-SR TYPE

T Text
D Date
N Numeric
NB Numeric Boolean
CD Code

Container

FEATURES
Duplicate Field

M Mandatory
MC Mandatory Conditional
U User

D::TRM::Date of Biopsy (M)

NB::SNM::Ductal Carcinoma in Situ – category (M)
NB::SNM::Infiltrating Duct Carcinoma (M)
NB::SNM::Medullary Carcinoma (M)
NB::SNM::Mucinous Adenocarcinoma (M)
NB::SNM::Papillary Carcinoma (M)
NB::SNM::Tubular Adenocarcinoma (M)
NB::SNM::Inflammatory Carcinoma (M)
NB::SNM::Scirrhous Carcinoma of Breast (M)
NB::SNM::Lobular Carcinoma in Situ (M)

NB::SNM::Adenoid Cystic Carcinoma (M)
NB::SNM::Phyllodes Tumor, Malignant (M)

NB::SNM::Sarcoma (M)

NB::SNM::Paget's disease, mammary (M)
NB::SNM::Malignant lymphoma(M)

NB::SNM::Infiltrating lobular carcinoma of breast(M)

NB::SNM::PMetastasis from Malignant Tumor of Breast (M)

CD::SNM::Histologic Grade(M)
N::SNM::Vascular Invasion by Tumor Present(M)
N::SNM::Necrosis(M)
N::SNM::Calcification(M)

SNM::Estrogen(M)

N::SNM::Receptor (M)

CD::SNM::Staining Method (M)
SNM::Progestogen(M)

N::SNM::Receptor (M)
CD:SNM::HER2-Positive Carcinoma of Breast (M)
CD:SNM::Fluorescence in situ hybridization(M)
NB:SNM::Gene Amplification(M)
CD:SNM::Excisional biopsy of lesion of breast with axillary (M)
CD:SNM::Fine needle aspiration of breast(M)

SNM::Surgical biopsy of breast

T::RDX::Patient Identifier (M)
T::SNM::Identifier (M)

SNM::Surgical biopsy of breast(M)

D::SNM::Date of Report (M)

NB::SNM::Histological Type (M)

T::TRM::DICOM Study Identifier (M)

T::TRM::Lesion Identifier (M)

CD::TRM::procedure (M)

SNM::Histologic descriptor (M)

N::SNM::Rapidly Proliferating Cell Marker(M)

CD::SNM::Staining Method (M)

D::TRM::Date of Biopsy (M)

NB::SNM::Ductal Carcinoma in Situ – category (M)
NB::SNM::Infiltrating Duct Carcinoma (M)
NB::SNM::Medullary Carcinoma (M)
NB::SNM::Mucinous Adenocarcinoma (M)
NB::SNM::Papillary Carcinoma (M)
NB::SNM::Tubular Adenocarcinoma (M)
NB::SNM::Inflammatory Carcinoma (M)
NB::SNM::Scirrhous Carcinoma of Breast (M)
NB::SNM::Lobular Carcinoma in Situ (M)

NB::SNM::Adenoid Cystic Carcinoma (M)
NB::SNM::Phyllodes Tumor, Malignant (M)

NB::SNM::Sarcoma (M)

NB::SNM::Paget's disease, mammary (M)
NB::SNM::Malignant lymphoma(M)

NB::SNM::Infiltrating lobular carcinoma of breast(M)

NB::SNM::PMetastasis from Malignant Tumor of Breast (M)

CD::SNM::Histologic Grade(M)
N::SNM::Vascular Invasion by Tumor Present(M)

SNM::Estrogen(M)

N::SNM::Receptor (M)

CD::SNM::Staining Method (M)
SNM::Progestogen(M)

N::SNM::Receptor (M)
CD:SNM::HER2-Positive Carcinoma of Breast (M)
CD:SNM::Fluorescence in situ hybridization(M)
NB:SNM::Gene Amplification(M)

CD::SNM::Tumor Distribution (M)
N::SNM::Tumor Size, Dimension 1(M)
N::SNM::Tumor Size, Dimension 2(M)
N::SNM::Tumor Size, Dimension 3(M)

Fig. 6 SR templates for biopsy and surgical biopsy reports
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AND, OR, and NOT. The user interface sends the query to the
service back end, which executes the query and returns the
reports that match the search parameters.

Tests provided valuable information to medical experts and
developers about the suitability of potential changes to im-
prove the system. Relying on clinical aspects, such as inter-
operator variability, has proven to shorten development cycle
time and to enhance the quality of the final prototype. For

example, the time it takes to complete an iteration cycle (to
develop a new version of the prototype) is shorter when our
development team receives instructions that include the opin-
ion of our medical experts (e.g., the query interface must filter
out the lesions before presenting them to the user to avoid that
the server response would include any unwanted items) than
when our development team only receives technical instruc-
tions (e.g., the server response includes invalid items).

Fig. 7 SR-based clinical process
for the management of breast
cancer
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Changes to the prototype were applied when they were ap-
proved by the medical experts in oncology and radiology who
participated in the development of the system.

On the other hand, the results obtained in the usability
study have corroborated our initial hypotheses that the rede-
sign of the clinical process may lead to a significant improve-
ment in accuracy and reproducibility of automatic identifica-
tion of similar and contrasting cases of breast cancer. In
particular, the high level of effectiveness (over 85 % in all
cases, regardless of the professional experience of the partic-
ipants) achieved by the radiologists who participated in the
study in the three different test scenarios has confirmed the
validity of the DICOM SR templates and the redesigned
clinical process. Similarly, the consistency of the results (nor-
mally distributed with reasonable variability) obtained from
the 11 participants demonstrated a low inter-operator
variability.

Conclusion

Having redesigned the clinical process to manage breast can-
cer in the Valencian Community, we have developed and

validated a prototype of clinical information retrieval system,
which implements the new process. This system aims at
becoming a practically useful tool for medical experts who
treat, teach, or research in breast cancer areas. To this end, it
was designed with usability in mind, with particular attention
to aspects of the current data and clinical path that can be
improved to facilitate diagnosis. Although the preliminary
studies presented in this paper have probed the capability of
the system to identify similar and contrasting (dissimilar)
cases of breast cancer from a large dataset of medical reports
of this disease, further studies must be undertaken before the
system receives the approval of the public health authorities
and can be used in routine practice. This is a common require-
ment in health applications.

Although focused in diagnosis, the clinical process present-
ed in this paper has potential for radiation therapy planning
and surgical planning. Furthermore, the presented methodol-
ogy is not specific to any particular disease and can be applied
to improve other clinical processes.
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