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Introduction/ Background

Recently, histopathology has seen the introduction of several tools such as slide scanners and virtual slide
technologies, creating the conditions for broader adoption of computer aided diagnosis based on whole slide
images (WSI) to reduce observation variability between pathologists. This change brings up a humber of new
scientific challenges such as the sustainable management of the semantics associated to the grading process,
image analysis and annotation in order to facilitate pre-filled report generation. The College of American
Pathologists cancer checklists and protocols (CAP-CC&P) [1] are reference resources for complete Anatomic
Pathology (AP) reporting of malignant tumors. Current terminology systems for AP structured reporting gather
terms of very different granularity [2, 3] and have not yet been compiled in a systematic approach. Semantic
data models are formal representations of knowledge in a given domain that allow both human users and
software applications to consistently and accurately interpret domain terminology [4, 5].

Aims
Our objective is to i) analyze the histopathological knowledge for breast cancer grading available in the
reference CAP CC&P and ii) to build a sustainable formal representation of this knowledge based on existing
biomedical ontologies in NCBO Bioportal [6, 7] and UMLS semantic types [8].

Methods

Our methodology was first experimented in the context of two cancer grading methods for invasive (Nottingham
system) and ductal in situ breast carcinoma. A corpus consisting of 5 texts or “notes” was first selected by
an AP expert from the two corresponding CAP CC&Ps. From each note the expert also extracted a list of key
concepts to be used as a “gold standard”. We used NCBO Annotator [9] for automatic analysis of the corpus.
Annotator supports the biomedical community in tagging raw texts automatically with concepts from relevant
biomedical ontology and terminology repositories. The methodology used consists in:

i) Automatic textual analysis and annotation of the corpus based on the 417 ontologies available on the NCBO
platform. We selected a subset of ontologies based on the number of identified concepts and evaluated their
relevancy with respect to the gold standard.

ii) Semantic modeling of the automatically extracted concepts into a sustainable formal representation based on
their UMLS semantic types.
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Results

We identified NCIT, SNOMED-CT, NCI CaDSR Values set, LOINC and PathLex as the ontologies
providing the highest number of annotated concepts. Table 1 shows as percentages the coverages of the
concepts of each note by the annotations of the 5 reference ontologies. Percentages can add to more than 100
for a single note due to the possible overlap in ontologies coverages. Table 2 uses the same format when only
concepts from the gold standards are counted to quantify annotations. From the list of extracted concepts, we
made a preliminary formal representation of the histopathological knowledge based on the UMLS semantic
types of concepts. Figure 1 shows the so proposed semantic modeling in the context of tubular
differentiation. The novelty of this approach is the federation of the knowledge issued from different
sources (CAP CC&P, NCBO ontologies and UMLS Metathesaurus) and the sustainable management of the
associated semantics. This opens the perspective of building an AP observation ontology that will allow an
accurate representation of AP reports understandable by both human and software applications.

Ontologies
NCIT SNOMED-CT NCI caDSR Value Sets | LOINC PathLey
Number of | Concepts Coverage | Concepts | Coverage | Concepts | Coverage | Concepts | Coverage | Concepts | Coverage
Concepts (%) (%) (%) (%) (%)
Note#1 23 15 65 10 43 5 22 6 26 1 4
Note#2 102 68 67 40 39 25 25 18 18 3 3
Note#3 58 31 53 28 48 15 26 12 21 6 10
Note#4 47 33 70 17 36 6 13 11 23 3 6
Note#5 103 71 69 31 30 29 28 12 12 3 3
Total Total Average | Teotal Average | Total Average | Total Average | Total Average
coverage coverage coverage coverage coverage
(%) (%) (%) (%) (%)
333 218 65 126 38 80 24 59 18 16 5
Table 1.
Gold standard Ontologies
NCIT LOINC NCI caDSR Value Sets | SNOMED-CT PathLex
Number of | Concepts | Coverage | Concepts | Coverage | Concepts | Coverage | Concepts | Coverage | Concepts | Coverage
Concepts (%) (%) (%) (%) (%)
Note#1 2 2 100 2 100 0 0 0 0 0 0
Note#2 8 4 50 0 0 0 0 0 0 0 0
Note#3 14 7 50 1 7 0 0 1 7 1 7
Note#4 5 4 80 3 60 1 20 1 20 1 20
Note#5 26 10 38 1 4 6 23 4 15 1 4
Total Total Average Total Average Total Average Total Average Total Average
coverage coverage coverage coverage coverage
(%) (%) (%) (%) (%)
55 27 49 7 13 7 13 6 11 3 5
Table 2.
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