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Abstract. Clinical decision support systems (CDSSs) implementing cancer clinical 

practice guidelines (CPGs) have the potential to improve the compliance of 

decisions made by multidisciplinary tumor boards (MTB) with CPGs. However, 
guideline-based CDSSs do not cover complex cases and need time for discussion. 

We propose to learn how to predict complex cancer cases prior to MTBs from breast 

cancer patient summaries (BCPSs) resuming clinical notes. BCPSs being 
unstructured natural language textual documents, we implemented four semantic 

annotators (ECMT, SIFR, cTAKES, and MetaMap) to assess whether complexity-

related concepts could be extracted from clinical notes. On a sample of 24 BCPSs 
covering 35 complexity reasons, ECMT and MetaMap were the most efficient 

systems with a performance rate of 60% (21/35) and 49% (17/35), respectively. 

When using the four annotators in sequence, 69% of complexity reasons were 
extracted (24/35 reasons).  
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1. Introduction 

In many countries, the treatment of cancer patients must be decided in multidisciplinary 

tumor boards (MTBs). These meetings have been introduced to provide a collaborative 

and multidisciplinary approach to cancer care, bringing together surgery, oncology, 

radiology, and pathology specialists to optimize the decision-making process. Prior to 

MTBs, physicians in charge of patients whose cases will be discussed prepare a breast 

cancer patient summary (BCPS) as the basis of the oral presentation of the patient case 

to all MTB clinicians. However, the benefits of MTBs, which have long been taken for 

granted, are recently being challenged. Positive outcomes from MTBs depend on the 

presence of qualified and effective faculty, good preparation of patient cases, efficient 

leadership, sound discussions, and contributive interactions among MTB clinicians [1]. 
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Clinical decision support systems (CDSSs) are software components that aim to 

support clinicians in their decision-making process. CDSSs have proven to increase the 

compliance of clinician decisions with clinical practice guidelines (CPGs) [2]. DESIREE 

is a European project which aimed at developing web-based services for the management 

of primary breast cancer by MTBs. During the evaluation of the guideline-based CDSS 

of DESIREE, we found that for some patient cases the system did not provide any 

therapeutic proposals or gave recommendations that were not followed by MTB 

clinicians [3]. These clinical cases were considered as “complex cases”, and we made 

the assumption that such cases were not correctly handled by guideline-based CDSSs. In 

the perspective of ultimately building a CDSS able to distinctly support therapeutic 

decision for complex and non-complex breast cancer cases, the first issue is to identify 

complex breast cancer cases. 

Replicating the mode of operation of MTBs, the aim is to use BCPSs to predict 

complexity. The first step is to check whether BCPSs do embed complexity-related 

concepts. As BCPSs are expressed as natural language clinical, non-structured notes, we 

used different annotators and compared the annotations automatically generated to the 

reasons of complexity established by a group of clinicians on a sample of BCPSs2. 

2. Material and Methods 

2.1. Breast cancer patient summaries 

We worked on a sample of 24 BCPSs available as textual unstructured documents. They 

provide a portrait of patients with all relevant information that MTB clinicians need to 

know to make the best patient-specific therapeutic decision. BCPSs contain different 

types of information: reason for presentation, type of tumor, biometric data, personal 

history, family history, TNM classification, etc. However, unstructured formats make 

information extraction complicated (e.g., there are many abbreviations, acronyms, and 

specialized terms.). These 24 BCPSs were manually annotated as “complex” or “non-

complex” by a group of seven MTB clinicians of different levels of expertise (from junior 

to senior) and from different domains (5 oncologists, 2 surgeons). When a clinician 

considered a clinical case was “complex”, (s)he had to explain why and give the reason 

of the complexity in terms of patient characteristics.  

2.2. Annotation tools: ECMT, SIFR, cTAKES, and MetaMap 

We implemented four automatic semantic annotators to extract data from BCPSs. 

Currently, two systems are widely used in the biomedical field for the English language 

[4], MetaMap and cTAKES. Since we work on a corpus of French BCPSs, we also 

considered two systems that work for the French language, i.e., ECMT and SIFR [5].  

� MetaMap was developed by the National Library of Medicine (NLM) to map 

biomedical text to concepts in the Unified Medical Language System (UMLS). 
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The tool uses a hybrid approach combining natural language processing (NLP), 

knowledge-intensive approach, and computational linguistic techniques. 

� cTAKES for Clinical Text Analysis and Knowledge Extraction System uses 

rule-based and machine learning to extract information from clinical text. 

� ECMT (Extracteur de Concepts Multi-Terminologique http://ecmt.chu-

rouen.fr) is a webservice inspired by the CISMef algorithm for information 

retrieval with Doc’CISMeF. ECMT works for the French language with seven 

terminologies and supports semantic expansion features. 

� SIFR for Semantic Indexing of French Biomedical Data Resources 

(http://bioportal.lirmm.fr/annotator) annotator is an openly available web 

service enabling both recognition and contextualization of concepts from 30 

medical terminologies and ontologies.  

2.3. Pre-treatment of clinical notes  

As cTAKES and MetaMap work on English notes, we translated BCPSs from French to 

English. However, BCPSs contain a lot of acronyms related to the oncological field (e.g., 

“HTA”, “IRM”, “TEP”), difficult to translate with a translator. To solve this issue, we 

created a local dictionary with medical acronyms and their definition based on online 

available dictionaries. Then, we replaced acronyms in BCPSs by their definition to get a 

“translatable” text. We finally used a pre-trained Opus-MT translation model. As a result, 

all BCPSs were available in French and English in textual format (.txt) used as input by 

the four annotators. For each system, concepts, CUIs (if available), negation, and 

certainty were extracted. With ECMT, we used the labels of extracted terms to extract 

CUIs, but we didn’t have information about the context (negativity and certainty) [6].  

2.4. Evaluation of annotators  

From the corpus of BCPSs, we considered that a BCPS described a complex case if it 

was considered as complex by at least one of the seven MTB clinicians. For each of the 

complex BCPSs, we collected the list of reasons of complexity as provided by MTB 

clinicians, and we manually checked whether each element of the list was present in the 

list of extracted annotations.  

3. Results 

Among the 24 BCPSs, 14 were considered as complex cases, with seven considered as 

complex by all MTB clinicians. We got 35 reasons of complexity. ECMT and MetaMap 

were the most efficient systems in terms of complexity parameters extraction, ECMT 

extracted 60% (21/35) of complexity reasons and MetaMap 49% (17/35). SIFR identified 

11 complexity parameters (31%) and cTAKES was the less efficient annotator with only 

7 parameters (20%). When using the four annotators in sequence, 24 out of the 35 

complexity reasons were extracted (69%). Table 1 shows for each BCPS the reasons of 

complexity and by which annotator they were retrieved. 
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Table 1. Evaluation of the four annotators on MTB-clinician-provided complexity-related concepts 

BCPS # MTB 
clinicians Reason of complexity ECMT SIFR cTAKES MetaMap 

1 7 

Pregnancy yes yes yes yes 

Patient preference (Refusal of recommended 
treatment) 

no no no yes 

Social situation yes no no yes 

2 7 

Radio chemotherapy before surgery yes yes no yes 

No response to standard treatment yes no  no yes 

Inflammatory syndrome yes yes yes yes 

3 7 

Patient preference (Refusal of recommended 

treatment) 
yes no no yes 

Incomplete histology no no no no 

4 7 

Comorbidities (age, obesity) yes no no yes 

Incomplete record no no no no 

Inadequate margins of excision yes yes no  no 

Use of Oncotype DX yes no no no 

5 7 

Comorbidities (age) yes yes yes yes 

Double cancer yes no no yes 

Polymedication yes yes yes yes 

6 7 Complex surgical decision no no no no 

7 7 

Rare situation no no no no 

Comorbidities (type 2 diabetes) yes yes yes yes 

Unclear history of the disease  no no no no 

8 6 

Prophylactic situation yes yes no yes 

Family antecedents of breast cancer yes no no no 

Multifocal cancer no no no no 

9 5 
Use of Oncotype DX yes no no no 

Malignancy yes yes yes yes 

10 5 
Incomplete record no no no no 

Use of Oncotype DX yes no no no 

11 3 

Complex surgical decision no no no no 

Complex surgical decision yes no no yes 

Multiple imaging procedures needed no no no no 

12 3 

Use of Oncotype DX yes no no no 

Discrepancies between ultrasound and MRI no no no no 

Multiple metastatic lymph nodes and malignancy yes yes no yes 

13 3 
Discrepancies between biopsy and excised tissues no no no no 

Comorbidities (age) yes yes yes yes 

14 2 
Patient preference (Refusal of recommended 
treatment) 

no no no no 
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4. Discussion and conclusion 

We implemented four annotators to assess whether they were able to extract relevant 

complexity-related concepts from BCPSs. All systems are efficient to extract clear 

medical concepts (pregnancy, inflammatory syndrome, etc.). ECMT and MetaMap were 

the most efficient systems as they extracted six parameters that were not extracted by 

SIFR and cTAKES. ECMT was able to identify two parameters (“Use of Oncotype DX” 

and “Family antecedents of breast cancer”) that were not identified by the other 

annotators, which can be explained by the fact that ECMT is linked to terminologies that 

contain these concepts. MetaMap was able to detect one parameter related to patient 

preference (“Refusal of recommended treatment”) that was not extracted by the other 

annotators. However, this parameter was present in two BCPSs and MetaMap only 

extracted it once. Three parameters were specifically not extracted by cTAKES, which 

can be explained by the fact that we used the default clinical pipeline of cTAKES. Indeed, 

studies reported that other pipelines used for extracting cancer-related information 

showed good results [7]. It is noticeable that one parameter was only extracted by French 

annotators (“Inadequate margins of excision”), which may be due to a translation 

problem. Complexity-related concepts not found by the annotators are context or patient-

related parameters, e.g., “Refusal of the recommended treatment”, “Complex surgical 

decision”, “Discrepancies between ultrasound and MRI”. These parameters are 

interpreted by clinicians during MTBs but are not explicitly written in BCPSs. 

Annotation of BCPSs is time-consuming and labor-intensive for MTB clinicians and 

automatic semantic annotators when used in sequence may help extracting complexity-

related structured concepts from non-structured BCPSs. This would allow us to train 

machine learning algorithms from automatically generated annotations to categorize 

complex and non-complex cases ahead of MTBs.  
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